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Abstract

Background: Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is a potentially curative treatment for severe ap@
anemia (SAA). In China, the number of SAA patients undergoing allo-HSCT has risen considerably. However, owing to variations
in clinical practices between China and other countries, certain aspects of transplantation demonstrate unique and distinct charac-
teristics. To address these unique challenges and standardize clinical practice, we developed evidence-based guidelines tailored to
the management of Chinese SAA patients undergoing allo-HSCT.

Methods: This clinical practice guideline was developed using the Evidence to Decision framework and the Grading of Recommen-
dations Assessment, Development, and Evaluation (GRADE) system to formulate evidence-based recommendations. In instances
where high-quality evidence was lacking, the Delphi method was used to integrate expert opinions. The guidelines adhere to the
Appraisal of Guidelines for Research and Evaluation II (AGREE II) framework and the Reporting Items for Practice Guidelines
in Health Care (RIGHT) statement to ensure methodological rigor and transparency.

Results: The guidelines present 32 recommendations encompassing key aspects of allo-HSCT for SAA, including patient eligibility
criteria, donor and graft selection, pretransplant assessment, conditioning strategies, graft-versus-host disease prophylaxis, early
management of posttransplant complications, and long-term follow-up. These recommendations are based on the latest clinical
evidence and expert consensus, offering a structured approach to optimize transplantation outcomes.

Conclusions: These guidelines establish standardized protocols to enhance allo-HSCT management for SAA in China by integrat-
ing current evidence and expert consensus. Its widespread adoption is expected to improve donor selection strategies, conditioning
regimen applications, posttransplant care, and long-term patient outcomes. Ultimately, these recommendations aim to increase the
quality of patient care, improve survival rates, and contribute to the advancement of national health care standards.
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Introduction In recent years, allogeneic hematopoietic stem cell trans-
plantation (allo-HSCT) has significantly improved survival

Aplastic anemia (AA) is a rare and heterogeneous disease outcomes for patients with SAA.I-1! China has witnessed

characterized by pancytopenia with reduced bone marrow rapid increase in the number of SAA patients undergo-
(BM) cellularity in the absence of abnormal infiltration ing allo-HSCT,"" facilitating the progressive realization
or BM fibrosis.!") In Asian populations, the incidence of  f universal donor availability. Currently, among patients
AA is two to three times greater than that in Western  with SAA receiving allo-HSCT in China, 56% undergo
countries, reaching 3.0 to 5.0 cases per million.” Epide-  haploidentical donor (HID) transplantation, 23% receive
miological studies estimate the annual incidence of AAin  matched sibling donor (MSD) transplantation, 17%
China to be 7.4 per million, with severe aplastic anemia  receive unrelated donor (URD) transplantation, and 4%
(SAA) accounting for 1.4 per million.®! receive cord blood (CB) transplantation.!"
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Owing to the differences between China and Western
countries in the practice of allo-HSCT, the monitoring,
prevention, and treatment of Chinese patients after
allo-HSCT cannot be entirely managed according to the
current recommendations in Western countries. Currently,
China has reached a consensus on the management of
leukemia patients.['?! However, existing international
guidelines on SAA management incorporate limited
clinical data from Chinese patients.!>!3"71 Similarly,
owing to differences in transplantation practices, such as
indications, donor selection strategies, and conditioning
regimens, direct adoption of Western recommendations
may not be entirely applicable in China. Given China’s
large patient population and extensive clinical experience
with allo-HSCT, its transplantation strategies have the
potential to inform global practices.

This guideline establishes evidence-based recommenda-
tions tailored to the unique clinical landscape in China,
incorporating the latest scientific evidence, particularly
from Chinese studies. This guideline is intended for
hematologists involved in the administration of allo-
HSCT for patients with SAA and includes 32 graded
recommendations outlining key aspects of transplan-
tation management. These recommendations are based
on multiple factors, such as age and human leukocyte
antigen (HLA) matching ([Figure 1]; the specific recom-
mendations are presented in Table 1).

Guideline Development Group

The guideline development group (GDG) consists of 33
experts from the Chinese Society of Hematology specializ-
ing in HSCT and/or immunosuppressive therapy (IST) for
SAA. These experts represent 25 institutions across China.
Conlflicts of interest were documented and evaluated in
accordance with the principles outlined by the Guidelines
International Network. All the GDG members declare
that they have no financial or intellectual conflicts of
interest and are fully eligible to participate in the guideline
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development process. These guidelines have been organized
by the Stem Cell Application Group, Chinese Society of
Hematology, and Chinese Medical Association.

Guideline Development Process

The development of these guidelines followed a structured,
evidence-based approach. The process began with GDG
members identifying key clinical questions requiring guid-
ance, particularly those relevant to allo-HSCT in patients
with SAA. Afterward, a literature search was conducted
using PubMed and Google Scholar between October 2024
and May 2025 without date or language limits. The paper
retrieval strategy and the criteria for including and exclud-
ing literature are detailed in the Supplementary Material,
http:/links.lww.com/CM9/C704. Recommendations were
formulated using the Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE)
framework, which categorizes the quality of evidence as
high, moderate, or low and classifies recommendations
as strong or weak; the specific criteria are presented in
Table 2.1318] When sufficient evidence was unavailable,
expert consensus was sought. A structured voting process
using a 9-point Likert scale was implemented, where
1-3 indicated disagreement, 3.01-6.99 indicated partial
consensus, and 7-9 indicated agreement.!'”) Recommen-
dations were accepted if at least 50% of the voting experts
supported them, with fewer than 20% opposing. Those
achieving >70% agreement were designated as strong
recommendations, whereas those with lower agreement
were classified as weak recommendations.*”! The voting
on the guideline recommendations was conducted using
the Delphi method. If consensus was not reached in the
initial voting round, contentious recommendations were
revised iteratively based on expert feedback, followed by a
second round of voting to achieve agreement.

The complete guideline report underwent external peer
review by independent guideline methodologists and
clinicians who were not involved in its development. The
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Figure 1: Treatment of acquired severe aplastic anemia. HLA: Human leukocyte antigen; IST: Inmunosuppressive therapy.
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Table 1: Summary and strength of the recommendations.

Recommendations Strength of recommendation

Part 1. Indications and timing of allo-HSCT for SAA
Patients with newly diagnosed SAA

Recommendation 1.1: Allo-HSCT is recommended as the first-line treatment for newly diagnosed pediatric and adult Strong recommendation, moderate-quality
patients under 50 years old with SAA or vSAA. evidence

Recommendation 1.2: For patients with poor prognostic factors, including those who are expected to respond poorly to  Strong recommendation, strength of
IST treatment and those with vSAA, infection, hemorrhagic complications, or high-risk clonal evolution, allo-HSCT consensus 8.04
can still be considered as a first-line treatment option even if they are over 50 years old.

Second-line treatment for patients with SAA

Recommendation 1.3: Allo-HSCT is recommended as a second-line treatment for patients with relapsed/refractory SAA.  Strong recommendation, moderate-quality

evidence
Recommendation 1.4: Early transplant evaluation should be performed for patients who fail to achieve a response Strong recommendation, strength of
after at least 4 months of IST. consensus 7.71

Recommendation 1.5: If the patient can benefit from second-line allo-HSCT and if the patient’s physical status is eligible Strong recommendation, strength of
for transplantation, the patient may be recommended for allo-HSCT with no further age restrictions. Age alone should  consensus 7.75
not be a limiting factor for second-line allo-HSCT. If a comprehensive pretransplant evaluation confirms that a patient is
physically fit for transplantation and may benefit from the procedure, allo-HSCT should be considered, regardless of

age.
Special considerations for unique patient populations
Recommendation 1.6: Patients with non-SAA who later progress to SAA are considered for allo-HSCT as a first-line Strong recommendation, moderate-quality
treatment option. evidence
Recommendation 1.7: The treatment principles for patients with HAAA align with those for patients with acquired Strong recommendation, moderate-quality
SAA, and allo-HSCT should be considered accordingly. evidence
Recommendation 1.8: Patients with BMF/PNH may benefit from allo-HSCT. Strong recommendation, moderate-quality
evidence

Part 2. Donor selection
Recommendation 2.1: HLA typing should be performed at diagnosis for all patients and their family members. If Strong recommendation, moderate-quality
available, an MSD is the preferred graft source for allo-HSCT. In the absence of an MSD, alternative donor options, evidence
including HIDs and MUDs, should be evaluated on the basis of institutional expertise, disease urgency, and patient
preference. If an unmatched donor is under consideration, DSA testing is recommended.

Recommendation 2.2: In patients who present with life-threatening complications, such as severe or high-risk infections, ~Strong recommendation, strength of

fatal bleeding, or other critical conditions requiring urgent transplantation, a related donor should be prioritized. consensus 8.11
Recommendation 2.3: MUDs or HIDs should be prioritized over UCB. Strong recommendation, moderate-quality
evidence

Recommendation 2.4: Optimal donor selection should adhere to high-resolution HLA typing, with a preference for 10/10 Strong recommendation, moderate-quality
HLA-matched related or URDs (HLA-A, -B, -C, -DRB1, -DQB1). MMUDs with a 9/10 HLA match should not be evidence
considered equivalent to MUD; however, MMUDs may be considered an alternative in cases where no fully matched
donors are available.
Part 3. Pretransplant workup
Pretransplant evaluation

Recommendation 3.1: All patients being considered for allo-HSCT should undergo a comprehensive risk-benefit assess-  Strong recommendation, strength of

ment comparing allo-HSCT with IST + TPO-RA to guide first-line treatment decisions. consensus 8.07

Recommendation 3.2: Patients should undergo a thorough reevaluation before transplantation to confirm the diagnosis ~ Strong recommendation, strength of
of SAA and rule out IBMF or other secondary etiologies. Recommended investigations include BM biopsy, cytogenet- consensus 8.68
ics, FISH analysis, flow cytometry, NGS, and chromosome breakage testing.

Recommendation 3.3: Patient comorbidities and physical status must be assessed before allo-HSCT. Strong recommendation, moderate-quality

evidence

Recommendation 3.4: Iron overload should be evaluated using SF level, and where available, noninvasive imaging Strong recommendation, moderate-quality
techniques such as MRI (T2* or R2*) should be used to assess cardiac and hepatic iron burden. evidence

Recommendation 3.5: Iron chelation therapy is recommended for patients with SF levels >1000 ng/mL; however, Strong recommendation, moderate-quality
allo-HSCT should not be delayed solely for iron chelation. evidence

Recommendation 3.6: Patients of reproductive age who wish to preserve fertility should consult an obstetrician- Strong recommendation, strength of
gynecologist before undergoing allo-HSCT, provided their clinical condition allows. consensus 8.43

Recommendation 3.7: For patients with SAA, consultation with a psychologist prior to allo-HSCT is encouraged if needed. Strong recommendation, strength of

Psychological consultation is encouraged for patients with psychological disorders before undergoing allo-HSCT. consensus 8.21
Part 4. The conditioning regimen for patients receiving allo-HSCT

Recommendation 4.1: For MRD and MUD-HSCT, CyATG + Bu consisting of a full dose of cyclophosphamide (Cy, Strong recommendation, moderate-quality
200 mg/kg) and rabbit anti-human thymocyte globulin (rATG, 10-12.5 mg/kg) is recommended. In high-risk patients, evidence
e.g., those with a long medical history, a history of significant hemorrhagic complications, or evidence of cardiotox-
icity, FAC + Bu consisting of fludarabine (Flu, 120-200 mg/m?), a decreased dose of Cy (100-200 mg/kg) and rATG
(10-12.5 mg/kg) is recommended.

Recommendation 4.2: For SAA patients undergoing HID-HSCT, a BCA regimen consisting of 6.4 mg/kg Bu, 200 mg/kg  Strong recommendation, moderate-quality
Cy, and 10 mg/kg rATG is recommended. For patients with medical comorbidities, heavy pretreatment, or advanced evidence
age, the BFCA regimen—consisting of Bu (6.4 mg/kg), Flu (120-150 mg/kg), and reduced doses of Cy (80-120 mg/kg)
and rATG (7.5-10 mg/kg)—is recommended.

(continued)
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(continued)
Recommendations Strength of recommendation
Recommendation 4.3: Currently, the optimal conditioning regimen for CBT requires further investigation. Strong recommendation, strength of

consensus 8.03
Part 5. The graft type for patients undergoing allo-HSCT
Recommendation 5.1: PBSCs with or without BM are recommended for MSD-HSCT. Strong recommendation, strength of
consensus 7.43
Recommendation 5.2: PBSCs are mostly accepted in MUD-HSCT. Strong recommendation, strength of
consensus 8.21
Recommendation 5.3: Both PBSCs alone and PBSCs combined with BM are equally recommended for HID-HSCT. Strong recommendation, strength of
consensus 7.11
Part 6. aGvHD prophylaxis

Recommendation 6.1: CsA combined with short term MTX and MMF is recommended as standard prophylaxis in Strong recommendation, moderate-quality
allo-HSCT, BMT, and PBSCT. evidence

Recommendation 6.2: For CBT recipients, a combination of CsA and MMF is recommended, and the addition of low Strong recommendation, strength of
dose rATG may further prevent GvHD. consensus 7.45

Part 7. Follow-up and management of early post-transplant issues
Recommendation 7.1: Long-term chimerism monitoring is essential for posttransplant care. Chimerism evaluations are ~ Strong recommendation, strength of
recommended monthly for the first 3 months, then every 3 months from months 3-12, and every 6 months thereafter consensus 8.24
using BM or peripheral blood mononuclear cells. The frequency may be adjusted based on blood counts and the
degree of mixed chimerism.

Recommendation 7.2: When mixed chimerism occurs, close monitoring is recommended to ensure appropriate immuno- Strong recommendation, strength of

suppressant levels while tracking blood counts and donor cell proportions, interventions should also be taken when consensus 8.03
necessary.

Recommendation 7.3: In cases of PGF, administration of hematopoietic growth factors (such as G-CSF and TPO-RA), Strong recommendation, strength of
infusion of additional selected donor CD34+ stem cells or MSCs, and secondary allo-HSCT may be considered. consensus 8.12

Recommendation 7.4: In case of GF, therapeutic options include G-CSF administration, boosting with selected donor Strong recommendation, low-quality
CD34* stem cell, and secondary allo-HSCT with the same or a different donor. evidence

Part 8. Long-term follow-up

Recommendation: Long-term posttransplant follow-up is essential to monitor transplant-related complications and Strong recommendation, strength of

overall patient health. Posttransplant monitoring should involve multidisciplinary evaluations of the cardiovascular, consensus 8.71

pulmonary, thyroid, and skeletal systems, fertility preservation assessments, surveillance for secondary malignancies,

and assessment of QoL.

aGvHD: Acute graft-versus-host-disease; allo-HSCT: Allogeneic hematopoietic stem cell transplantation; BCA: Busulfan, cyclophosphamide, and rabbit anti-human
thymocyte globulin; BECA: Busulfan, fludarabine, a decreased dose of cyclophosphamide, and rabbit anti-human thymocyte globulin; BM: Bone marrow; BMF/PNH: Bone
marrow failure-associated paroxysmal nocturnal hemoglobinuria; BMT: Bone marrow transplant; Bu: Busulfan; CBT: Cord blood transplantation; CsA: Cyclosporine;
Cy: Cyclophosphamide; CyATG: Cytotoxic anti-thymocyte globulin; DSA: Donor-specific anti-HLA antibody; FAC: Fludarabine, a decreased dose of cyclophosphamide
and rabbit anti-human thymocyte globulin; FISH: Fluorescence in situ hybridization; Flu: Fludarabine; G-CSF: Granulocyte colony-stimulating factor; GF: Graft failure;
GvHD: Graft-versus-host-disease; HAAA: Hepatitis-associated aplastic anemia; HID: Haploidentical donor; HLA: Human leukocyte antigen; HSCT: Hematopoietic stem
cell transplantation; IBMF: Inherited bone marrow failure; IST: Immunosuppressive therapy; MMF: Mycophenolate mofetil; MMUD: Mismatched unrelated-donor;
MRD: Matched related donor; MRI: Magnetic resonance imaging; MSC: Mesenchymal stem cell; MSD: Matched sibling donor; MTX: Methotrexate; MUD: Matched
unrelateddonor; NGS: Next-generation sequencing; PBSC: Peripheral blood stem cell; PBSCT: Peripheral blood stem cell transplantation; PGF: Primary graft failure;
QoL: Quality of life; rATG: Rabbit anti-human thymocyte globulin; SAA: Severe aplastic anemia; SF: Serum ferritin; TPO-RA: Thrombopoietin receptor agonist; UCB:
Unrelated cord blood; URD: Unrelated donor; vSAA: Very severe aplastic anemia.

feedback was systematically reviewed, and relevant modi-

11528 G DZE T eI 2 fications were integrated to enhance the scientific rigor and

ltems Definitions applicability of the guidelines. To ensure methodological
Recommendation quality, the guidelines were developed in accordance with
1A Strong recommendation, high-quality evidence the Appraisal of Guidelines for Research and Evaluation
1B Strong recommendation, moderate-quality I (AGREE 1I) framework and adhered to the Reporting
evidence Items for Practice Guidelines in Health Care (RIGHT)
1C Strong recommendation, low-quality evidence statement for structured and transparent reporting./2!-%!
2A Weak recommendation, high-quality evidence
2B Weak recommendation, moderate-quality . . .
evidence Recommendations and Evidence Profile
2C Weak recommendation, low-quality evidence
Quality of evidence Part 1. Indications and timing of allo-HSCT for SAA
A (High quality) Robustly designed RCTs
B (Moderate RCTs with limitations; large-scale, multiple, or Patients with newly diagnosed SAA
quality) methodologically robust observational studies
C (Low quality)  Limited observational studies, small case series, Clinical question 1.1: How should first-line treatment
or expert consensus in the absence of substan-  options be selected for newly diagnosed pediatric and
tial empirical data adult (under 50 years old) patients with SAA/very severe
RCT: Randomized controlled trial. aplastic anemia (vSAA)?
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Table 3: The conditioning regimen for SAA.

Conditioning regimen Bu or TBI Drugs Dose (total) Donor type
CyATG-based - Cy 200 mg/kg MRD/MUD
rATG 10.0-12.5 mg/kg
+ Bu Bu 6.4 mg/kg
Cy 160 mg/kg
rATG 10 mg/kg
FAC-based” - Flu 120-200 mg/m? MRD/MUD
Cy 100-200 mg/kg
rATG 10.0-12.5 mg/kg
+ Bu Bu 6.4 mg/kg
Flu 120-200 mg/m?
Cy 80-150 mg/kg
rATG 10.0-12.5 mg/kg
+ TBI TBI 2-4 Gy MUD
Flu 120-200 mg/m?
Cy 80-150 mg/kg
rATG 10.0-12.5 mg/kg
BCA N/A Bu 6.4 mg/kg HID
Cy 200 mg/kg
rATG 10 mg/kg
BFCAf N/A Bu 6.4 mg/kg HID
Flu 120-150 mg/kg
Cy 80-120 mg/kg
rATG 7.5-10.0 mg/kg

“For patients with high-risk clinical features—including a long medical history, history of significant hemorrhagic complications, or evidence of
cardiotoxicity. "For those with medical comorbidities or heavily pretreated or older patients. — For patients without addition of Bu or TBI; BCA: Bu,
Cy and rATG; BFCA: Bu, Flu, Cy and rATG; Bu: Busulfan; Cy: Cyclophosphamide; FAC: Flu, Cy and rATG; Flu: Fludarabine; HID: Haploidentical
donor; MRD: Matched related donor; MUD: Matched unrelated donor; N/A: Not applicable; rATG: Rabbit anti-thymocyte globulin; SAA: Severe

aplastic anemia; TBI: Total body irradiation.

Recommendation 1.1: Allo-HSCT is recommended as
the first-line treatment for newly diagnosed pediatric
and adult patients under 50 years old with SAA or vSAA
(Strong recommendation, moderate-quality evidence).

A multicenter, prospective study by Liu et all”! demon-
strated that among patients under 40 years of age with
SAA or vSAA, first-line matched related donor (MRD)
HSCT resulted in superior three-year failure-free survival
(FFS) compared with IST. Prior international guidelines
and expert consensus also recommend allo-HSCT as the
preferred first-line treatment for patients younger than 40
years of age.l"?’! Owing to its demonstrated benefits in
hematologic recovery, survival, and quality of life (QoL),
recent studies have evaluated the role of first-line allo-
HSCT in patients older than 40 years of age with SAA/
vSAA. Evidence suggests that patients aged 40-50 years
may achieve favorable long-term outcomes with first-line

allo-HSCT, supporting its consideration in this popula-
tion.110,24,25]

Clinical question 1.2: When should allo-HSCT be consid-
ered a first-line treatment for patients older than 50 years
of age?

Recommendation 1.2: For patients with poor prognostic
factors, including those who are expected to respond
poorly to IST treatment and those with vSAA, infection,
hemorrhagic complications, or high-risk clonal evolution,
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allo-HSCT can still be considered as a first-line treatment
option even if they are over 50 years old (Strong recom-
mendation, strength of consensus 8.04).

Existing evidence on first-line allo-HSCT for SAA/vSAA
patients in China focuses primarily on individuals under
50 years of age. However, for patients older than 50 years
of age, first-line allo-HSCT remains a viable option if IST
is expected to have poor efficacy. Prognostic indicators
of IST failure include significant telomere shortening,
adverse genetic mutations (ASXL1, TP53, RUNX1, and
DNMT3A), uncontrolled active infections, and progres-
sion from non-SAA to SAA.[23I Real-world studies indicate
that patients with vSAA frequently exhibit poor responses
to IST and that vSAA is an independent risk factor for
poor survival outcomes.?’! Liu et al*’! developed and
validated an early death risk score model for patients
with vSAA receiving first-line IST. This model revealed
that high-risk vSAA cases are significantly associated
with early mortality. The results of this study suggest that
in these high-risk patients with vSAA, alternative-donor
HSCT may yield better outcomes than IST, even in the
absence of an HLA-matched donor. In addition, clonal
evolution remains a major long-term concern for SAA
patients treated with IST. Patients older than 50 years
of age with a high risk of clonal evolution should be
considered for first-line allo-HSCT.I?®! For patients who
present with severe hemorrhagic complications, first-line
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allo-HSCT should also be considered, regardless of age.
Although studies on bleeding-related indications for allo-
HSCT in China are currently limited, expanding eligibility
beyond the conventional 50-year age limit may improve
overall survival (OS) and long-term outcomes.

Second-line treatment for patients with SAA

Clinical question 1.3: When should allo-HSCT be considered
a second-line treatment option?

Recommendation 1.3: Allo-HSCT is recommended as a
second-line treatment for patients with relapsed/refractory
SAA (Strong recommendation, moderate-quality evidence).

Patients with SAA receiving IST may develop relapsed
or refractory disease, necessitating alternative treatment
approaches. Relapsed SAA is defined as the recurrence
of pancytopenia meeting the criteria for SAA after initial
hematologic recovery.”’! Refractory SAA is character-
ized by the failure to achieve transfusion independence
or persistently meeting SAA diagnostic criteria in blood
counts and BM findings after 4-6 months of IST.3% Since
the outcomes of second-line allo-HSCT are superior to
those of repeated IST, timely identification of suitable
candidates is essential. A retrospective study by Zhang
et al®"l compared the long-term efficacy of second-line
allo-HSCT (including MSD, matched unrelated-donor
[MUD],and HID) vs. repeated IST. Compared with patients
who underwent repeated IST, patients who underwent
second-line allo-HSCT exhibited higher rates of hemato-
logic recovery at 3, 6, and 12 months and significantly
improved FFS.13! Pediatric patients who underwent allo-
HSCT also had superior OS and FFS.B! A multicenter
prospective study by Xu et al*’! specifically evaluated
the long-term outcomes of second-line HID HSCT in
patients with relapsed/refractory SAA. The study reported
a 93.4% rate of complete hematopoietic recovery, with
estimated 9-year OS and FFS rates of 85.4% and 84.0%,
respectively.l?”! In addition, the posttransplant QoL sig-
nificantly improved, with 74.0% of pediatric patients and
72.9% of adult patients successfully returning to school
or work at the last follow-up.*’! When no matched
MSDs are available, a retrospective analysis by Zhao
et al®”! revealed that for 40- to 50-year-old patients with
relapsed/refractory SAA, the outcomes in terms of FFS,
OS, and graft-versus-host disease-free survival (GRFS)
did not significantly differ between offspring donors and
MUD for second-line allo-HSCT. This suggests that for
patients undergoing second-line allo-HSCT, when there
is a significant delay in identifying a suitable MUD, the
option of using younger offspring as alternative donors
should be considered. With respect to the selection of dif-
ferent donors for patients with SAA over 50 years old, a
study by Xu et al3*! revealed that there was no significant
difference in 3-year OS among patients who underwent
allo-HSCT from MSDs, HIDs, and URDs (100.0% uvs.
71.8% vs. 60.0%, P = 0.053). This indicates that patients
over the age of 50 years can still achieve good survival
outcomes through allo-HSCT.

Clinical question 1.4: When should second-line allo-HSCT
be initiated for patients who do not respond to IST?
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Recommendation 1.4: Early transplant evaluation should
be performed for patients who fail to achieve a response
after at least 4 months of IST (Strong reommendation,
strength of consensus 7.71).

The response to anti-thymocyte globulin (ATG)-based IST
typically becomes evident within 3—4 months.!!! Given the
risks associated with prolonged IST, including infections,
hemorrhagic complications, drug-related toxicity, and
clonal evolution, previous guidelines have recommended
proceeding with allo-HSCT if no hematologic response is
observed within this timeframe and if a matched donor
is available.!'¥ These guidelines emphasize early prepara-
tion for second-line allo-HSCT if no response is observed
after at least 4 months of IST.

Clinical question 1.5: Should second-line allo-HSCT be
restricted to patients under 60 years of age?

Recommendation 1.5: If the patient can benefit from
second-line allo-HSCT and if the patient’s physical status
is eligible for transplantation, the patient may be recom-
mended for allo-HSCT with no further age restrictions.
Age alone should not be a limiting factor for second-line
allo-HSCT. If a comprehensive pretransplant evaluation
confirms that a patient is physically fit for transplantation
and may benefit from the procedure, allo-HSCT should
be considered, regardless of age (Strong recommendation,
strength of consensus 7.75).

As second-line allo-HSCT has demonstrated superior
efficacy over repeated IST, appropriate patient selection
is crucial. If a patient is deemed medically fit based on
a comprehensive pretransplant assessment, second-line
allo-HSCT should be considered regardless of age. There-
fore, age should not be the sole criterion for transplant
eligibility, which may enable more relapsed/refractory
SAA patients to receive effective treatment.

Special considerations for unique patient populations

Clinical question 1.6: Are patients with non-SAA who
later progress to SAA considered for allo-HSCT?

Recommendation 1.6: Patients with non-SAA  who
later progress to SAA are considered for allo-HSCT as
a first-line treatment option (Strong recommendation,
moderate-quality evidence).

Although most patients meet the SAA criteria at diag-
nosis, some initially present with non-SAA and later
progress to SAA, necessitating reassessment of treatment
strategies. A retrospective study by Liu et al** compared
treatment outcomes in three groups of patients: patients
who were diagnosed with SAA at onset and were treated
with first-line IST, those who progressed from non-SAA to
SAA and received first-line IST, and those who progressed
from non-SAA to SAA and received first-line allo-
HSCT. Among patients who progressed from non-SAA to
SAA, a significantly greater percentage of those in the allo-
HSCT group achieved normal hematologic parameters at
6 months than those in the IST group.** Furthermore,
compared with the IST group, the allo-HSCT group had a
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significantly higher estimated 5-year FFS rate and a lower
relapse rate.?* These findings suggest that IST has limited
efficacy in this patient population, whereas allo-HSCT
may offer superior long-term outcomes.3*

Clinical question 1.7: Should patients with hepatitis-asso-
ciated aplastic anemia (HAAA) undergo allo-HSCT?

Recommendation 1.7: The treatment principles for patients
with HAAA align with those for patients with acquired
SAA, and allo-HSCT should be considered accordingly
(Strong recommendation, moderate-quality evidence).

HAAA is a rare subtype of aplastic anemia, and its optimal
management has been evaluated in several studies. A study
by Li et al®5! compared outcomes between 30 patients
with HAAA and 90 non-HAAA patients, all of whom
underwent allo-HSCT. No significant differences were
observed between the two groups in terms of estimated
5-year OS, graft-versus-host-disease (GvHD)-free failure-
free survival (GFFS), engraftment success, rates of severe
infections, cytomegalovirus (CMV) and Epstein-Barr
virus (EBV) viremia, or incidence of acute and chronic
GvHD (cGvHD).?’! In addition, when stratified by donor
type, patients with HAAA who received MSD or HID
transplants had comparable survival rates, transplant-re-
lated mortality (TRM), and GvHD incidence.!®! Similarly,
a study by Ma et all® revealed no significant differences
in neutrophil engraftment time, 3-year OS, or liver event-
free survival (EFS) rates between patients with HAAA and
non-HAAA patients who underwent HID HSCT. These
findings indicate that allo-HSCT is a viable and effective
treatment option for HAAA.

Clinical question 1.8: Should patients with bone marrow
failure-associated paroxysmal nocturnal hemoglobinuria
(BMF/PNH) receive allo-HSCT?

Recommendation 1.8: Patients with BMF/PNH may
benefit from allo-HSCT (Strong recommendation, mod-
erate-quality evidence).

Allo-HSCT remains the only potentially curative therapy
for PNH.B7I A retrospective analysis compared outcomes
in patients with BMF/PNH and classic PNH (cPNH) fol-
lowing allo-HSCT.®”! This study revealed no significant
difference in three-year OS between the BMF/PNH and
¢PNH groups and a significant reduction in PNH clone
frequency following allo-HSCT.®”! In addition, a study
by Liu et al®® compared allo-HSCT outcomes between
Chinese patients with PNH and those with paroxysmal
nocturnal hemoglobinuria-aplastic anemia (PNH-AA) syn-
drome. Myeloid and platelet engraftment occurred more
rapidly in the PNH group, and no significant differences
were observed in 3-year OS, GFFS, or the incidence of
acute GvHD (aGvHD) and ¢cGvHD between the PNH and
PNH-AA groups. These findings suggest that allo-HSCT is
effective at reducing PNH clone burden and offers compa-
rable survival outcomes in patients with BMF/PNH.

In addition to patients with SAA, treatment principles for
SAA can also be applied to transfusion-dependent non-
SAA patients.
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Part 2. Donor selection

Clinical question 2.1: How should appropriate allo-
HSCT donors be selected for newly diagnosed pediatric
and adult patients under 50 years old?

Recommendation 2.1: HLA typing should be performed
at diagnosis for all patients and their family members.
If available, an MSD is the preferred graft source for
allo-HSCT. In the absence of an MSD, alternative donor
options, including HIDs and MUDs, should be evaluated
based on institutional expertise, disease urgency, and
patient preference. If an unmatched donor is under
consideration, donor-specific anti-HLA antibody (DSA)
testing is recommended (Strong recommendation, moderate-
quality evidence).

International guidelines, including the British Society
for Haematology Guideline (2024), the North American
Pediatric Aplastic Anemia Consortium (NAPAAC) Recom-
mendations (2024), the Italian Association of Pediatric
Hematology and Oncology (AIEOP) Guideline (2024),
the American Society for Transplantation and Cellular
Therapy Guidelines (2024), and the American Society
of Hematology Consensus (2024), consistently identify
MSD HSCT as the first-line treatment for SAA.14-17]
In addition, studies in Chinese patients with SAA/VSAA
have confirmed the superior therapeutic efficacy of MSD-
HSCT compared with IST.”) Therefore, HLA typing
should be performed at diagnosis for all patients and their
family members, and if an MSD is identified, the MSD
should be prioritized as the first-line donor choice.

A study by Shin ez al'*®! compared the outcomes of adult
SAA patients receiving allo-HSCT from MSD wvs. URD.
Although OS was significantly greater for MSD HSCT
than for mismatched unrelated-donor (MMUD) HSCT,
OS rates were comparable between MSD and MUD
HSCT. In pediatric patients with SAA, first-line URD
HSCT resulted in a 2-year EFS rate comparable to that of
MSD HSCT and superior to that of IST.[*?! These findings
suggest that in the absence of an MSD, MUD transplanta-
tion represents a viable first-line alternative.

In China, it is difficult for patients with SAA to obtain an
MSD. Moreover, finding a MUD in the BM transplan-
tation registry requires a long waiting period, which
increases the difficulty for patients to access MUDs. Now-
adays, HID HSCT is widely applied in China. Multiple
studies have evaluated the efficacy of HID in SAA/vSAA
patients.?43141 W et al®! reported that even among
patients with vSAA with an absolute neutrophil count
(ANC) of 0, HID HSCT resulted in significantly higher
OS and complete response rates than IST did.[>’! Moreo-
ver, for patients with SAA, compared with IST, HID was
associated with significantly higher 8-year FFS (83.7% vs.
38.5%) and a greater proportion of patients who achieved
hematologic recovery (83.1% vs. 38.2%), and there was
also a trend toward higher 8-year OS (83.7% vs. 75.6%) in
HID than in IST.*? In a retrospective study by Xu et al,[*’!
the cumulative incidence of myeloid and platelet engraft-
ment was comparable between first-line HID and MSD
HSCT at 97.75% vs. 97.10% and 96.63% wvs. 95.65%,
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respectively. The cumulative incidence of aGvHD was
higher in HID patients than in MSD patients. However,
the three-year incidence of extensive cGvHD was similar
between the two groups (3.4% wvs. 0.0%, P = 0.426).
In another long-term study, the 9-year OS (87.1% uvs.
89.3%) and FFS (86.5% wvs. 88.1%) were comparable
between HID and MSD. In terms of QoL after transplan-
tation, no significant differences were found between HID
and MSD either in children or adults.!®! With respect to
40- to 50-year-old patients with SAA, relevant studies in
China have also compared MSDs and HIDs. The findings
of Xu et al*¥ revealed that the incidence of GVvHD, as well
as survival outcomes, was comparable between the HID
and MSD groups. These data support HID as a first-line
alternative in patients lacking an MSD, including patients
aged 40-50 years.

Direct head-to-head comparisons between HID and
MUD in the Chinese population remain limited. Rec-
ommendations for prospective studies or registry-based
comparative effectiveness analyses are warranted.

When mismatched donor transplantation is considered,
DSA levels are critical, as high DSA titers increase the
risk of graft failure (GF) and reduce survival in patients
who have undergone HLA-mismatched allo-HSCT.!*’!
Yoshihara et al*®! demonstrated that among patients
who underwent HID HSCT, a pretransplantation DSA
median fluorescence intensity (MFI) >5000 was an
independent predictor of GE Furthermore, a prospec-
tive study by Chang et al*’! revealed that DSAs with an
MFI >10,000 were significantly associated with primary
graft rejection (GR), whereas an MFI >2000 correlated
with poor graft function. On the basis of this evidence,
DSA testing is strongly recommended when mismatched
donor HSCT is considered to optimize donor selection and
mitigate transplant-related risks. The specific management
principles may refer to those applied in transplantation
for hematologic malignancies. Previous expert consensus
recommended that for HSCT candidates with hematologic
malignancies, the order of selection for DSA-negative HID
should be as follows: Children, siblings, fathers, mothers,
and collateral relatives.*¥! However, for patients with
SAA, similar survival outcomes were observed when the
donors were fathers, mothers, siblings, or children, while
maternal donors had a higher incidence of ¢cGvHD.*”
In addition, ABO blood type compatibility between the
donor and recipient does not impact survival outcomes,
but minor ABO incompatibility can affect the incidence
of grade III-IV aGvHD.5%1]

Clinical question 2.2: How should first-line treatment options
be selected for patients with urgent clinical conditions?

Recommendation 2.2: In patients who present with life-
threatening complications, such as severe or high-risk infec-
tions, fatal bleeding, or other critical conditions requiring
urgent transplantation, a related donor should be prioritized
(Strong recommendation, strength of consensus 8.11).

For patients with SAA/vSAA who experience life-threaten-
ing complications, such as severe infections, a high risk of
sepsis, or critical bleeding, allo-HSCT should be initiated
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as soon as possible. Studies have shown that allo-HSCT
can still be beneficial for survival when infections are
controllable before transplantation.*>->4 Related donors,
including MSDs and HIDs, are typically more accessible,
whereas URD identification and matching require addi-
tional time, which may not be feasible in urgent cases.
Given the need for rapid donor availability, MSDs and
HIDs should be prioritized for patients requiring urgent
transplantation.

Clinical question 2.3: When should unrelated cord blood
transplantation (UCBT) be considered?

Recommendation 2.3: MUDs or HIDs should be
prioritized over UCB (Strong recommendation, moderate-
quality evidence).

Lu et al®® conducted a single-center retrospective analy-
sis involving 240 pediatric patients with SAA to compare
outcomes among different HSCT donor sources.!
UCBT was associated with significantly higher rates of
GF, including primary graft failure and secondary graft
failure (SGF), than MUD and HID HSCT were. In addi-
tion, UCBT resulted in lower rates of platelet engraftment
within 180 days post-HSCT, with prolonged platelet
recovery times.!*>! Furthermore, compared with MUD
and HID HSCT recipients, UCBT recipients had lower
3-year FFS and GRFS rates.’’! Given these findings,
UCBT should be considered a lower-priority option when
MUD or HID HSCT is available. However, further data
collection or inclusion in national registries should be
encouraged.

Clinical question 2.4: When should MMUDs be considered?

Recommendation 2.4: Optimal donor selection should
adhere to high-resolution HLA typing, with a preference
for 10/10 HLA-matched related or URDs (HLA-A, -B, -C,
-DRB1,-DQB1). MMUDs with a 9/10 HLA match should
not be considered equivalent to MUD; however, MMUDs
may be considered an alternative in cases where no fully
matched donors are available (Strong recommendation,
moderate-quality evidence).

Current guidelines establish high-resolution 10/10 HLA
matching as the optimal standard for donor selection,
whether related or unrelated.['! For allo-HSCT, ideal
donor matching should include high-resolution typing
at HLA-A, -B, and -C (class I) and at HLA-DRB1 and
-DQB1 (class II) to minimize transplant-related risks.
When a fully matched donor is unavailable, MMUD
transplantation (9/10 HLA match) may be considered;
however, it is associated with an increased risk of com-
plications. A multicenter retrospective study by Wu
et al>® compared MMUD (9/10 HLA-matched) HSCT
to MUD HSCT and IST in SAA treatment. Compared
with MUD HSCT, MMUD HSCT was associated with
a significantly greater incidence of grade II-III aGvHD.
Given these findings, MMUD HSCT should be considered
only when MUD or HID are unavailable, as it is
associated with an increased risk of GvHD and other
transplant-related complications.
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Part 3. Pretransplant workup

Pretransplant evaluation

Clinical question 3.1: Should response to IST and HSCT
outcomes be preestimated before treatment initiation?

Recommendation 3.1: All patients considered for allo-
HSCT should undergo a comprehensive risk—benefit
assessment comparing allo-HSCT with IST + thrombo-
poietin receptor agonist (TPO-RA) to guide first-line
treatment decisions (Strong recommendation, strength of
consensus 8.07).

Previous guidelines have identified several prognostic
factors influencing the response to IST + TPO-RA in
SAA patients.!?3 In addition, Liu et al*”! developed and
validated an early death risk score model to predict the
outcomes of first-line IST treatment in patients with
vSAA. This model enables early prognostic assessment
of IST treatment and assists in determining whether IST
or allo-HSCT is the most suitable first-line approach.
For patients with SAA/VSAA, pretreatment evaluation
should incorporate prognostic models and validated risk
stratification tools to compare first-line IST + TPO-RA
treatment with allo-HSCT. This individualized approach
ensures optimal treatment selection on the basis of disease
severity and patient-specific risk factors.

Clinical question 3.2: Is reevaluation necessary before
transplantation in patients with SAA?

Recommendation 3.2: Patients should undergo a thorough
reevaluation before transplantation to confirm the diag-
nosis of SAA and rule out inherited bone marrow failure
(IBMF) or other secondary etiologies. Recommended
investigations include BM biopsy, cytogenetics, fluores-
cence in situ hybridization (FISH) analysis, flow cytometry,
next-generation sequencing, and chromosome breakage
testing (Strong recommendation, strength of consensus 8.68).

A precise diagnosis of SAA is crucial for selecting the
most appropriate therapeutic strategy. Because SAA is a
diagnosis of exclusion, comprehensive clinical evaluation
and laboratory testing are needed.['®! Following initial
diagnosis, further examinations should be conducted to
differentiate SAA from unrecognized IBMF with germline
mutations and other secondary BM failure disorders. On
the basis of recommendations from previous guidelines and
clinical practice experience,'®1”! we propose a standardized
diagnostic approach that includes BM biopsy, cytogenetic
analysis, FISH analysis, flow cytometry, next-generation
sequencing, and chromosome breakage testing.

Clinical question 3.3: Should comorbidities be assessed
before allo-HSCT?

Recommendation 3.3: Patients” comorbidities and physical
status must be assessed before allo-HSCT (Strong recom-
mendation, moderate-quality evidence).

Comorbidities and overall physical condition are key
determinants of allo-HSCT outcomes. Several studies
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have identified risk factors associated with increased
treatment-related mortality (TRM) and adverse posttrans-
plant survival. In the study by Xu et al,®”! for patients
with SAA who underwent HID HSCT, a longer time from
diagnosis to transplantation, poor performance status as
assessed by the Eastern Cooperative Oncology Group
(ECOG) scale, and a higher hematopoietic cell transplan-
tation-specific comorbidity index (HCT-CI) score were
all independent risk factors for worse TRM according
to the final multivariate model. Similarly, a multicenter
retrospective cohort study by Zhang et all'® assessed SAA
patients who received MSD or URD HSCT. Poor ECOG
performance status (score >2) was the only independent
predictor of adverse transplant outcomes. Given the asso-
ciation between comorbidities and TRM, comprehensive
pretransplant evaluation is critical for risk stratification
and treatment optimization. Standardized assessment
tools such as the HCT-CI and ECOG performance status
score should be routinely used to assess transplant eligi-
bility and guide clinical decision-making.

Clinical question 3.4: How should iron overload be
assessed before allo-HSCT?

Recommendation 3.4: Iron overload should be evaluated
using serum ferritin (SF) levels, and where available,
noninvasive imaging techniques such as MRI (T2* or R2%*)
should be used to assess cardiac and hepatic iron burden
(Strong recommendation, moderate-quality evidence).

Owing to the frequent need for extensive red blood cell
transfusions, patients with SAA are at high risk for iron
overload, which can negatively impact allo-HSCT out-
comes.% Iron overload may have a negative effect on the
outcomes of allo-HSCT. A study by Zhang et al*®! defined
high SF levels as an SF concentration >1000 ng/mL and
evaluated the association between pretransplant iron bur-
den and survival outcomes in SAA patients undergoing
HSCT. In patients who underwent early transplantation
(within 2 months of diagnosis), elevated SF levels were
significantly associated with increased mortality.l*8! Ele-
vated SF is also correlated with an increased incidence
of bloodstream infections.°8! Among patients receiving
long-term pretransplant treatment, higher SF levels were
linked to prolonged red blood cell transfusion dependence
posttransplant.*®! Therefore, SF levels should be routinely
assessed before transplantation to evaluate iron overload.
In addition, previous guidelines recommend incorporat-
ing noninvasive imaging techniques such as T2* or R2*
MRI to assess iron deposition in the heart and liver.[’1523]
Where available, these imaging techniques should be
incorporated into routine pretransplant evaluations
to improve risk assessment. A separate study by Pan
et al® further demonstrated that patients with pretrans-
plant iron overload (SF >1000 ng/mL) had significantly
lower 1-year and three-year OS rates and higher TRM at
180 days and 1 year.

Clinical question 3.5: Is iron chelation (IC) therapy
required before allo-HSCT in patients with iron overload?

Recommendation 3.5: IC therapy is recommended for
patients with SF concentrations >1000 ng/mL; however,
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allo-HSCT should not be delayed solely for IC (Strong
recommendation, moderate-quality evidence).

In SAA patients with iron overload, Pan et al*°! evalu-
ated whether pretransplant IC therapy could improve
the outcomes of allo-HSCT. In this study, SAA patients
with iron overload underwent IC therapy before trans-
plantation.’”! Patients were classified into two groups on
the basis of chelation success: the IC-successful group (SF
<1000 ng/mL) and the IC-failure group (SF >1000 ng/mL).15"!
Compared with the IC-failure group, the IC-successful
group had significantly higher 1-year and 3-year OS
rates, whereas 180-day and 1-year TRM rates were signifi-
cantly lower.’”! Although this study revealed improved
transplant outcomes in patients with reduced SF levels,
it did not establish a direct causal relationship between
IC therapy and enhanced survival following allo-HSCT.
Given these findings, IC therapy may be considered for
patients with SF concentrations >1000 ng/mL; however,
allo-HSCT should not be postponed solely to achieve
target SF levels.

Clinical question 3.6: Should patients with reproductive
concerns consult an obstetrician—gynecologist before allo-
HSCT?

Recommendation 3.6: Patients of reproductive age who
wish to preserve fertility should consult an obstetri-
cian-gynecologist before undergoing allo-HSCT, provided
that their clinical condition allows (Strong recommenda-
tion, strength of consensus 8.43).

Most conditioning regimens for allo-HSCT lead to irreversible
gonadal damage, resulting in premature ovarian insuf-
ficiency in females and impaired spermatogenesis in
males.[®") To optimize fertility preservation, patients of
reproductive age should receive pretransplant counseling
with an obstetrician—gynecologist or reproductive special-
ist. Depending on their clinical status, fertility preservation
options should be discussed.

Clinical question 3.7: Should patients with psychological
disorders be referred to a psychologist before allo-HSCT?

Recommendation 3.7: Patients with SAA are encouraged
to consult a psychologist prior to allo-HSCT if needed.
Psychological consultation is encouraged for patients with
psychological disorders before they undergo allo-HSCT
(Strong recommendation, strength of consensus 8.21).

SAA not only affects physical health but also has a sub-
stantial psychological impact, contrlbutlng to anxiety,
depression, and emotional distress.!'> These psychological
challenges can influence treatment adherence, posttrans-
plant recovery, and overall QoL. Given these concerns,
patients experiencing psychological distress should be
referred for specialized psychological evaluation and
intervention.

Part 4. Conditioning regimen for patients receiving allo-HSCT

Appropriate immunosuppressive strategies can help
prevent the development of GvHD and improve the
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prognosis of patients.l®!] Rabbit anti-human thymocyte
globulin (rATG) is a commonly used approach for the
in vivo depletion of T cells, aiming to mitigate the develop-
ment of GvHD in patients undergoing HLA-matched or
HLA-mismatched allo-HCT.!®?l As recommended by the
“Guidelines for the Diagnosis and Management of Aplas-
tic Anemia in China (2022)” and “The Consensus from
The Chinese Society of Hematology on Indications, Con-
ditioning Regimens and Donor Selection for Allogeneic
Hematopoietic Stem Cell Transplantation: 2021 Update”,
rATG is recommended as part of the conditioning regimen
for MSD, MUD, and HID-HSCT for SAA patients.!?348]

Clinical question 4.1: What is the recommended con-

ditioning regimen for patients undergoing MRD or
MUD-HSCT?

Recommendation 4.1: For MRD and MUD-HSCT,
CyATG = busulfan (Bu) consisting of a full dose of
cyclophosphamide (Cy, 200 mg/kg) and rabbit anti-hu-
man thymocyte globulin (rATG, 10.0-12.5 mg/kg) is
recommended. In high-risk patients, e.g., those with
a long medical history, a history of significant hemor-
rhagic complications, or evidence of cardiotoxicity, Flu,
rATG and Cy(FAC) + Bu consisting of fludarabine (Flu,
120-200 mg/m?), a decreased dose of cyclophosphamide
(Cy) (100-200 mg/kg), and rATG (10.0-12.5 mg/kg)
is recommended (Strong recommendation, moderate-
quality evidence).

Patients with SAA who undergo upfront MRD or MUD-
HSCT are typically administered either the CyATG
regimen or the FAC regimen. Data from the Chinese Bone
Marrow Transplantation Registry (CBMTR) revealed
that in MRD-HSCT patients, the median time to myeloid
engraftment was 11 days (range, 8—19 days), with cumu-
lative incidences of grade III-IV aGvHD within 100 days
of HSCT and ¢GvHD of 1.5% and 4.4%, respectively.*?!
Furthermore, the estimated 3-year OS rate was 91.3%,
whereas the estimated 3-year FFS rate reached 89.8%.
A retrospective multicenter study demonstrated that for
patients aged 40 years and older, the median time to neu-
trophil recovery was 12 days (range, 8-21 days) in MSD
patients and 12 days (range, 9-22 days) in MUD patients.
Notably, no cases of grade II-IV 3-4 aGvHD were
observed. The incidence of cGVHD was 2.9% in the MSD
group and 27.3% in the MUD group.'%! In addition, for
patients older than 50 years who received the CyATG,
FAC, or Bu with FCA (BFCA) regimens, the 3-year overall
survival was 100%.13%!

Previous studies have reported that full-dose Cy is
associated with cardiotoxicity and hemorrhagic cystitis,
typically with a dose-dependent toxicity profile.l®3-31 On
the basis of clinical experience in China, the FAC regimen
may be a preferable alternative for CyATG-intolerant
patients, particularly high-risk or elderly individuals. Two
early phase 2 studies conducted in Korean pediatric and
young adult populations evaluated FAC-based regimens
for unrelated donor transplants. In 2010, Kang et all®®
reported that the FAC regimen (Flu 120 mg/m?, Cy 200
mg/kg ,and rATG 7.5 mg/kg) achieved 100% engraftment
success. However, TRM was high, with an overall survival
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of 67.9%; all deaths were treatment related. Given the
toxicity of Cy, in 2016 Kang et al'®”! reported a modified
FAC regimen with a reduced Cy dosage (Flu 200 mg/
m?, Cy 120 mg/kg, and rATG 7.5 mg/kg), which resulted
in improved outcomes regardless of whether patients
received BM or peripheral blood stem cells (PBSCs) trans-
plantation, with an OS rate of 96.6% and an EFS rate
of 67.9%. These findings indicate that for Asian patients
under 30 years old, the reduced-dose Cy (120 mg/kg) FAC
regimen may be more suitable because of its improved
safety profile.

However, a retrospective 10-year follow-up study revealed
that for patients receiving PBSC transplantation from
URD, the Bu-containing CyATG regimen (Bu 6.4 mg/kg,
Cy 200 mg/kg, and rATG 10 mg/kg) offered superior
outcomes relative to the FAC regimen (Flu 120 mg/m?, Cy
160 mg/kg, and rATG 10 mg/kg), including improved OS/
FFS and reduced epstein—barr virus infection, suggesting
that the Bu-containing CyATG regimen may be the pre-
ferred choice for SAA patients undergoing URD HSCT,
especially for those older than 30 years.[®8) However, it
is important to note that Bu in the BCA regimen exhibits
marked gonadotoxicity and may substantially elevate
the risk of infertility following transplantation. Further
prospective clinical trials are needed to verify the efficacy
of FAC and BCA in MUD.

MRD and MUD HSCT have relatively high incidences of
mixed chimerism, at 20.29% and 35.71%, respectively.
Notably, the incidence of mixed chimerism was signifi-
cantly greater in patients who did not receive Bu as part
of their conditioning regimen. Furthermore, compared
with donor chimerism, mixed chimerism was linked to a
significantly lower incidence of grade II-IV aGvHD but
higher rates of secondary GR and poorer OS.[°°! Thus, the
addition of Bu may be necessary to reduce the incidence
of mixed chimerism, and such clinical research in this area
is ongoing (No. NCT06069180).

Reproductive health is a critical consideration when
selecting a conditioning regimen for patients undergoing
allo-HSCT. In Chinese female patients who underwent
allo-HSCT, factors such as age at transplantation and
the use of total body irradiation or Bu were identified
as key determinants influencing the development of pri-
mary ovarian insufficiency.”"! In a retrospective study by
Borgmann-Staudt et all”'l, TBI was associated with gon-
adotoxic effects in males, whereas Bu treatment emerged
as the primary treatment-related risk factor for infertility
in females. In addition, initiating treatment after the age
of 13 was found to further increase the risk of infertility.
Given these reproductive considerations, for patients with
fertility needs, fertility preservation should be considered
before using BU. Some research centers in China have
adopted modified FAC-based conditioning strategies with
TBI (2-4 Gy on day 1) instead of Bu.l”»73! For patients
receiving TBI, local shielding of the genitals should also
be carried out during the irradiation process.

An early comparative study of TBI-containing vs. TBI-free
FAC conditioning regimen (analyzing patients from the
European Society for Blood and Marrow Transplantation
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database) demonstrated comparable OS between the two
groups. Notably, when stratified by median age, com-
pared with older patients, pediatric patients (<13 years)
receiving the FAC regimen had significantly superior sur-
vival (87% vs. 60%). By comparison, the survival rates of
the total body irradiation-containing FAC cohort (median
age 27 years) were consistent across all age groups (79 %
vs. 78%). In addition, the incidence of cGvHD was signif-
icantly higher in the TBI-containing arm (50% wvs. 27%
in the FAC-only group).”* Furthermore, a retrospective
study comparing conditioning regimens in pediatric SAA
patients from China undergoing allo-HSCT revealed that
while the time to neutrophil engraftment and 28-day
survival rates were comparable between the Bu-FAC and
FAC-only groups, the Bu-FAC regimen resulted in superior
platelet engraftment rates (P = 0.044) and significantly
reduced GF (0% vs. 20%, P = 0.004). The incidence of
both severe (grade II-IV/II-IV) aGVHD and cGVHD was
similar between the groups, as were the 3-year OS and
FFS.173

Clinical questions 4.2: What conditioning regimen is recom-
mended for HID-HSCT?

Recommendation 4.2: For SAA patients undergoing
HID-HSCT, a BCA regimen consisting of 6.4 mg/kg Bu,
200 mg/kg Cy, and 10 mg/kg rATG is recommended. For
patients with medical comorbidities, heavy pretreatment,
or advanced age, the BFCA regimen—consisting of Bu
(6.4 mg/kg), Flu (120-150 mg/kg), and reduced doses
of Cy (80-120 mg/kg) and rATG (7.5-10.0 mg/kg)—is
recommended.

The BCA protocol is most commonly used in China for
HID-HSCT.[*>*8] Patients receiving HID-HSCT with the
BCA regimen had a median time for myeloid engraftment
of 13 days (range, 10-21 days) and platelet recovery of
17.5 days (range, 7-101 days), with a cumulative incidence
of grade M-IV aGvHD of 6%, moderate-severe cGvHD
of 2.5% and 6.9% at 1 and 3 years, respectively, and both
a 3-year OS and FFS of 83.5% after a median follow-up
of 21.1 months.[”®! The BCA regimen is also suitable for
relapsed/refractory patients with SAA, with estimated
9-year OS and FFS of 85.4% and 84.0%, respectively.?’!

Full-dose Cy-containing regimens may face regimen-as-
sociated toxicity, such as hemorrhagic cystitis, sinusoidal
obstruction syndrome, or infection. Flu is an effective
immunosuppressant, and the addition of Flu with a reduc-
tion in Cy levels can reduce regimen-associated toxicity
levels.””l Older age, a longer interval from diagnosis to
transplantation, poor performance status as assessed by
the ECOG, and a higher hematopoietic cell transplanta-
tion-specific comorbidity index (HCT-CI) were identified
as independent risk factors for increased TRM in SAA
patients undergoing HID-HSCT.’7-78 Patients in the high-
risk group were characterized by a prolonged interval from
AA diagnosis to HSCT (>12 months), worse performance
status (ECOG score 2-3), and a greater comorbidity bur-
den (HCT-CI score >1) before HSCT.*”! Among high-risk
patients (those with >2 risk factors for survival) receiving
HID-HSCT, the BFCA regimen was associated with better
outcomes than the BCA regimen.!””!
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Clinical questions 4.3: What is the conditioning regimen
for patients undergoing cord blood transplant (CBT)?

Recommendation 4.3: Currently, the optimal condition-
ing regimen for CBT needs further investigation (Strong
recommendation, strength of consensus 8.03).

Research on CBT is limited and is primarily restricted to
single-center retrospective studies. Although FAC-based
regimens are commonly used, the optimal conditioning
regimen and dosage remains variable. A single-center study
employing a regimen of Cy (100 mg/kg), rATG (12.5 mg/kg),
and Flu (180 mg/m?), neutrophil engraftment was achieved
in 10 cases (76.29%) with a median recovery time of
19 days (range, 15-40 days), while platelet engraftment
occurred in 7 patients (53.8%) with a median recovery
time of 32 days (range, 22-80 days). The cumulative
incidence of grade II-IV aGVHD was 38.5%. After a
median follow-up of 61 months, 6 patients survived, with
predicted S-year OS and GFFS rates of 42.9% + 13.2%
and 14.3% + 9.4%, respectively.®% Recently, a case series
on pediatric SAA patients treated with the BFCA regimen
and receiving a single unrelated CB unit revealed that the
median durations for granulocyte and platelet engraft-
ment were 15 days and 26 days, respectively. Detailed
conditioning regimen and drug dose were summarized in

Table 3.181

Part 5. The graft type for patients undergoing allo-HSCT

Clinical questions 5.1: What type of graft should SAA
patients undergoing MSD, MUD or HID-HSCT choose?

Recommendation 5.1: PBSCs with or without BM are
recommended for MSD-HSCT (Strong recommendation,
strength of consensus 7.43).

For MSD-HSCT, BM is the preferred source of stem cells.
When syngeneic donors are available, hematopoietic stem
cells derived from peripheral blood (PB) can be used. In
China, a single stem cell source, either PB or BM, accounts
for 72% of MSD transplants, with PB comprising 98%
of these cases.!®?! The remaining 28% of MSD transplants
use multiple stem cell sources, predominantly BM +PB
combinations. A meta-analysis revealed that after 2010,
PBSC and BM transplants resulted in comparable 3-year
0S, GvHD risk, TRM, and GF rates.®!

In accordance with the European Working Group on
Severe Aplastic Anemia consensus on HSCT for aplastic
anemia,®® BM is the preferred stem cell source, with
unmanipulated BM ideally containing >3.5 x 10® nucle-
ated cells (NCs)/kg. For patients aged 35-50 years with
de novo SAA or vSAA, a combination of BM and PBSCs
has been used. In this approach, the target absolute NCs
counts from both the BM and PB are > § x 10%/kg, with
CD34* cells counts reaching > 2 x 10%kg of the recipi-
ent’s weight.[%5]

Recommendation 5.2: PBSCs are generally accepted in
MUD-HSCT (Strong recommendation, strength of con-
sensus 8.21).
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Although BM remains the preferred stem cell source,
PBSCs are often the only available option. In China,
nearly all MUD-HSCTs (97%) use PB as the stem cell
source.l®?] A retrospective study by the Viva-Asia Blood
and Marrow Transplantation Group revealed that PBSCs
were much more common and that the mean NCs
dose was 7.52 + 3.28 x 10%kg, with CD34* cells doses
averaging 4.10 + 2.24 x 10°kg.[%¢! The target absolute
NCs counts for unmanipulated BM was >3.5 x 10%/kg,
whereas for unmanipulated PBSCs, the target were >4 x
10° CD34* cells/kg but <10 x 10° CD34* cells/kg.34!

Recommendation 5.3: Both PBSCs alone and PBSCs com-
bined with BM are equally recommended for HID-HSCT
(Strong recommendation, strength of consensus 7.11).

In China, more than 60% of allo-HSCTs are from HIDs,
and the use of multiple stem cell sources, primarily BM
plus PBSCs, has become a distinctive feature of HID-
HSCTs.[3?l Data from the Chinese Blood and Marrow
Transplantation Registry Group indicate that PB has
become the predominant source of stem cells, accounting
for 77% of HID transplants.[3”!

Patients receive granulocyte colony-stimulating factor
(G-CSF)-primed BM combined with PBSCs, targeting >5 x
10® NCs/kg and >2 x 10° CD34* cells/kg based on recipi-
ent weight. In a retrospective multicenter study by Jiang
et al,!%¥ the graft types for upfront and salvage HID-HSCTs
included PBSCs+BM or PBSCs+BM+CB. The target
CD34* cells dose was >2.5 x 10%kg, with mononuclear
cells not exceeding 10 x 10® NCs/kg. For patients with
relapsed/refractory SAA, the recommended BM collection
target was 4 x 10% NCs/kg of ideal body weight, with
a minimum of 2.5 x 108 NCs/kg required for successful
engraftment and outcomes. !

Part 6. aGvHD prophylaxis

Clinical questions 6: What is the preferred aGvHD proph-
ylaxis regimen for patients with SAA?

Recommendation 6.1: Cyclosporine (CsA) combined
with short-term methotrexate (MTX) and mycophenolate
mofetil (MMF) is recommended as the standard proph-
ylaxis in allo-HSCT, bone marrow transplantation, and
peripheral blood stem cell transplantation (Strong recom-
mendation, moderate-quality evidence).

Recommendation 6.2: For CBT recipients, a combination
of CsA and MMF is recommended, and the addition of
low-dose rATG may further prevent GvHD (Strong rec-
ommendation, strength of consensus 7.45).

For HID-HSCT, the G-CSF/ATG-based “Beijing proto-
col” can promote haploidentical engraftment and reduce
the incidence of GvHD, and CsA with short-term MTX
and MMF for GvHD prophylaxis is recommended fol-
lowing the BCA regimen." An early retrospective study
indicated that patients receiving the “Beijing protocol”
achieved a median time for myeloid and platelet engraft-
ment of 12 and 18 days, respectively, with a cumulative
platelet engraftment incidence of 84.21%, a cumulative
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grade II-IV aGvHD incidence of 42.1%, a ¢GvHD inci-
dence of 56.2%, and an OS rate of 64.6%, with a median
follow-up of 746 days for surviving patients.”!l In a
further multicenter prospective study comparing 89 cases
of HID-HSCT with 69 cases of MSD-HSCT, the median
time for myeloid engraftment were similar between the
two groups at 12 and 11 days, with cumulative myeloid
engraftment rates of 97.8% and 97.1%, respectively,
while the incidence of grade II-IV aGvHD was 30.3% vs.
1.5%, that of grade III-IV aGvHD was 10.1% wvs. 1.5%,
and that of cGvHD was 30.6% vs. 4.4%.[43!

There are only a few studies on post-transplant cyclo-
phosphamide in China, and the application of modified
post-transplant cyclophosphamide currently represents
only a small-scale clinical exploration in HID-HSCT!*3!
and MUD-HSCT.">73l The mPTCy regimen was
typically used following the FAC-based conditioning
regimen.7%73-%2]

Part 7. Follow-up and management of early
posttransplantation issues

After HSCT, immune reconstitution occurs sequentially,
with neutrophils recovering first (days 14-30), followed
by natural killer cells (days 30-100), T cells (approximately
days 100), and finally B cells, which may take up to 1-2
years.[”3l Neutrophil engraftment is typically defined as
the first of three consecutive days with an ANC exceeding
0.5 x 10°/L. Platelet engraftment is defined as a platelet
counts greater than 20 x 10°/L and is sustained for at least
7 days without platelet transfusion.!%’!

At the time of neutrophil engraftment, donor chimerism is
assessed using short tandem repeat analysis. For gender-
mismatched HSCT, X/Y FISH can be used for chimerism
analysis.”¥ Donor chimerism is defined as >95% donor
cells, mixed chimerism as 5-95% recipient cells, and GF as
<5% donor cells at any time after HSCT.”’! The incidence
of mixed chimerism is 1.93% in HID transplants, 20.29%
in MRD transplants, and 35.71% in MUD transplants, and
the incidence of mixed chimerism is significantly greater in
patients who do not receive Bu in the conditioning regimen.®”!
Mixed chimerism tends to occur three months post-HSCT,
and the chimeric status after transplantation is typically a
dynamic process. Therefore, regular follow-up is necessary to
monitor chimerism in SAA patients after HSCT. If a decrease
in peripheral blood cell counts is observed, a chimerism eval-
uation should be performed at any time."*”!

Clinical questions 7: How should engraftment be moni-
tored following allo-HSCT, and how should chimerism,
PGE, and GF be managed?

Recommendation 7.1: Long-term chimerism monitoring
is essential for posttransplant care. Chimerism evaluations
are recommended monthly for the first 3 months, then
every 3 months from months 3-12, and every 6 months
thereafter using BM or peripheral blood mononuclear
cells. The frequency may be adjusted on the basis of blood
counts and the degree of mixed chimerism (Strong recom-
mendation, strength of consensus 8.24).
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Recommendation 7.2: When mixed chimerism occurs,
close monitoring is recommended to ensure appropriate
immunosuppressant levels while tracking blood counts
and donor cells proportions, interventions should also be
taken when necessary (Strong recommendation, strength
of consensus 8.03).

The serum concentrations of CsA and tacrolimus should
be maintained within the ranges of 150-250 ng/mL and
7-12 ng/L, respectively. If the amount of recipient DNA
spontaneously decreases over time, routine follow-up is
recommended until full chimerism is established.

Short-term use of glucocorticoids or mycophenolic
acid may be considered within the first three months to
enhance immunosuppression in cases of persistent mixed
chimerism. If mixed chimerism remains stable without
progression, routine follow-up is recommended.

Currently, data on stable mixed chimerism are limited.
A study comparing long-term stable mixed chimerism
patients and full-donor chimerism patients following
HSCT for nonmalignant diseases revealed no difference
in infection rates over a median follow-up of 10 years.
However, shortly after transplantation, the incidence of
bloodstream infections was higher in the donor chimerism
group. Although mixed chimerism and donor chimerism
patients exhibited similar hematopoietic cell subsets,
mixed chimerism patients had higher platelet counts and
an increased frequency of potential natural killer T cells
(CD56*CD8* and CD94*CD8* T cells). Overall, patients
with long-term stable mixed chimerism remained in
good health and appeared immunologically comparable
to patients with donor chimerism, suggesting tolerance
between the donor- and recipient-derived hematopoietic
systems.*®!

If the percentage of donor cells progressively decreases
along with cytopenia, donor stem cell infusion can be con-
sidered when stem cells from donor peripheral blood are
available. Cytopenia is defined as persistent hematologic
abnormalities unresponsive to therapeutic interventions,
with sustained reductions in neutrophil counts (<0.5 x
10°/L), platelet levels (<20 x 10%/L), and hemoglobin
concentrations (<60 g/L) despite at least 2 weeks of
appropriate treatment, including G-CSF, transfusions, or
other standard therapies. Following donor stem cells infu-
sion, the cells should be monitored closely for a minimum
of 2 months. Repeated donor stem cells infusion or a
second transplantation should be considered if cytopenia
persists.[*’!

Recommendation 7.3: In cases of PGEF, the administra-
tion of hematopoietic growth factors (such as G-CSF and
thrombopoietin receptor agonist), the infusion of additional
selected donor CD34* stem cells or mesenchymal stem
cells (MSCs), and secondary allo-HSCT may be considered
(Strong recommendation, strength of consensus 8.12).

PGF is characterized by persistent cytopenia despite full
donor chimerism and is assessed through the evaluation
of posttransplant blood counts relative to predefined
cytopenic thresholds; however, the definition of PGF varies
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across different studies.””?8! The current international

definition of PGF is primarily based on the number of
affected cytopenic lineages; the thresholds for thrombocy-
topenia, neutropenia, and anemia; the minimum duration
of cytopenia; and the time point after HSCT from which
blood counts are included for cytopenia. The three most
commonly used clinical definitions are comprehensively
detailed in Miiskens’ investigation.””! Risk factors for the
occurrence of PGF are a low dose of CD34* cells in the
graft, cytomegalovirus infection, GvHD, the presence of
donor-specific antibodies, and iron overload. There is nei-
ther consensus nor guidelines on how to reduce the risk or
manage this condition.

When PGF occurs, the treatment aims to resolve the
inadequate production of leukocytes, thrombocytes, and
erythrocytes.””) The most commonly used treatment
options include growth factors (such as G-CSF and
TPO-RA), infusion of a donor-derived stem cells boost,
and secondary allo-HSCT.[100:101]

A selected-donor CD34* stem cells boost is an effective
treatment for patients who develop PGF after allo-HSCT
without rejection and in the absence of active bacterial
or fungal infection, as it can enhance overall graft
function without the need for additional preparative
chemotherapy.!'>-1% In addition, a prospective multi-
center trial reported that a single intravenous injection
infusion of BM-derived MSCs from third-party donors
improved hematological function in patients with PGF
after allo-HSCT;!'°! within 90 days post-MSCs infusion,
53% of patients exhibited improved cytopenia in at least
one cell type, and 37% achieved a complete hematologi-
cal response.

Recommendation 7.4: In cases of GF, therapeutic options
include G-CSF administration, boosting with selected
donor CD34* stem cells, and secondary allo-HSCT with
the same or a different donor (Strong recommendation,
low-quality evidence).

If GF occurs, there is no established standard approach,
and no single drug or strategy has been definitively proven
superior to manage failure. G-CSF therapy to support BM
is recommended if it is not already initiated as part of
the treatment protocol of the transplant center. If patients
do not achieve hematological recovery by day 28 post-
HSCT, infusion of cryopreserved autologous stem cells or
a second transplant using related or unrelated donors can
be considered.””1* In a large multicenter study of second
transplantations for GF in China, 70.6% of patients used
a different donor, whereas the remaining 29.4% of
patients retained the initial donor.['! Compared with
second transplantation with the same donor, changing
to a different donor was related to improved neutrophil
(92.4% vs. 71.4%) and platelet engraftment (76.9% wvs.
51.8%), reduced 1-year TRM (34.8% wvs. 56.3%), and
superior OS (61.9% vs. 42.7%).

Part 8. Long-term follow-up

Clinical questions 8.1: How should long-term follow-up
be conducted after allo-HSCT?
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Recommendation 8.1: Long-term  posttransplant
follow-up is essential to monitor transplant-related
complications and overall patient health. Posttransplant
monitoring should involve multidisciplinary evaluations
of cardiovascular, pulmonary, thyroid, and skeletal sys-
tems; fertility preservation assessments; surveillance for
secondary malignancies; and assessments of QoL (Strong
recommendation, strength of consensus 8.71).

Patients with SAA undergoing allo-HSCT hope to achieve
long-term survival. However, data on the long-term
chronic health risks among Chinese SAA allo-HSCT
survivors have not been reported. A study by Sun
et al'%! analyzed 1022 HSCT survivors and 309 sibling
controls and revealed that 66% of the survivors had at
least one chronic condition and that 18% reported severe
or life-threatening conditions, whereas 39% and 8% of
the siblings reported severe or life-threatening conditions,
respectively. The 10-year cumulative incidence of any
chronic health condition among survivors was 59%,
whereas the incidence of severe/life-threatening condi-
tions or death from chronic conditions reached 35%.
HSCT survivors were twice as likely as siblings were to
develop chronic conditions and 3.5 times more likely
to experience severe/life-threatening conditions. Those
with ¢GvHD had a 4.7-fold increased risk of severe or
life-threatening conditions. A retrospective analysis of
childhood allogeneic BMT revealed that compared with
siblings, two-year survivors have a greater risk of CTCAE
5.0 grade 34 chronic health conditions, highlighting the
need for long-term follow-up.'%”) Detailed follow-up
recommendations and frequencies can be found in the
“Chinese Expert Consensus on the Management of
Long-Term Complications after Hematopoietic Stem Cell
Transplantation (2023 edition)”.

Discussion

Allo-HSCT is a curative treatment for patients with SAA,
either as an upfront or salvage therapy. In China, the
number of patients undergoing allo-HSCT has increased
annually, reaching 14,947 cases in 2023. Among these,
patients with SAA accounted for 13% of all transplants.
HID transplants constitute the majority of allo-HSCTs
(66%).137 Although guidelines for the diagnosis and
management of SAA exist, specific guidelines for the
comprehensive management of allo-HSCT for SAA are
needed to suit the current transplantation landscape in
China. Therefore, these guidelines have been developed
on the basis of the latest clinical research to address the
clinical practice for SAA patients undergoing allo-HSCT
in China.

On the basis of recent clinical practice in China, upfront
allo-HSCT is recommended for newly diagnosed pediatric
and adult patients under 40 years of age, as well as for
those aged 40-50 years with SAA or vSAA. MRD can
be used as a first-line treatment option. When a MRD
is unavailable, MUD and HID-HSCT can be considered.
However, there are currently insufficient data to compare
MUD-HSCT and HID-HSCT in the Chinese population.
A comparative study by the SAAWP EBMT revealed that
for patients with SAA lacking an MSD, MUDs are the
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preferable alternative donor option. The choice between
MMUD and HID remains uncertain and requires further
exploration.l'%®! The broad availability of donors for
HID significantly increases the likelihood of identifying
suitable donors for patients with SAA who are in urgent
need of transplantation and those without an MSD. Fol-
lowing HID transplantation, patients not only achieve
prolonged disease-free survival but also experience
significant improvements in their long-term QoL. The
risk of transplantation-related complications can be mit-
igated through optimized conditioning regimens, such as
reduced-intensity protocols. HID transplantation is also
characterized by high engraftment success rates and rapid
restoration of hematopoietic function.'”! Consequently,
in China, HID has emerged not only as an essential thera-
peutic option for patients with SAA but also as a hallmark
of breakthroughs and advancements in the field of HSCT.

The conditioning regimen consists of immunosuppressive
and myelosuppressive agents. The combination and inten-
sity of the regimens are determined by the genetic disparity
between the donor and recipient, the risk of rejection, and
age-related complications. The CyATG-based regimen is
the most commonly used conditioning regimen for SAA
patients undergoing MRD and MUD. An FAC-based
regimen is considered for high-risk patients in clinical
practice. The addition of Bu may reduce the incidence of
mixed chimerism in patients undergoing MRD and MUD;
however, further clinical trials are warranted. In Chinese
clinical practice, the BCA regimen serves as a standard
conditioning approach. For patients with medical comor-
bidities, such as those who are heavily pretreated or older
patients, Flu is added to reduce the dose of Cy, thereby
minimizing toxicity while maintaining effectiveness.

According to the latest Chinese Blood and Marrow
Transplantation Registry data (2022-2023), grafts of
PBSCs alone have been used in a significantly increasing
number of HSCTs in China.[*”! PBSC allografts contain
greater numbers of CD34* cells, are easier to collect from
donors without the need for BM harvesting, and have
faster engraftment, which is more likely to be sustained.
However, PBSC allografts are associated with an increased
incidence of cGvHD.!!'% Recent studies have shown com-
parable outcomes between adult acute myeloid leukemia
patients who underwent HID HSCT and those who
received PB alone or BM + PB.I"'") With respect to non-
malignant hematological disorders, the incidence of GR
was significantly lower in B-thalassemia major patients
who received PBSC than in those who received BM.!!?!
Recently, CB has also been widely used. The addition of
CB to PBSC + BM for upfront and salvage HID-HSCT
patients revealed that the incidence of II-IV aGvHD was
lower than that in the PBSC + BM group.®® With the
addition of unrelated CB to HID-HSCT compared with
HID-HSCT alone, the 5-year GvHD-free and failure-free
survival rates were similar; however, the 5-year OS was
more favorable in the CB-added HID-HSCT group than
in the HID-HSCT group, as was transplantation-related
mortality.[''3] These findings indicate that the addition of
unrelated CB helps reduce the occurrence of GvHD and
Improves prognosis.
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In Chinese clinical practice, the most commonly used
regimen for aGvHD prophylaxis in allo-HSCT recipients
is the combination of calcineurin inhibitors and MTX.
This same regimen is also recommended by both the
AIEOP guidelines for pediatric patients receiving ATGI!’!
and the Consensus Statement of the Indian Academy of
Pediatrics."'*) More clinical research is needed on mPT-
Cy-based regimens for aGvHD prophylaxis in China. In
addition to calcineurin inhibitor-based prophylaxis and
the mPTCy regimen, posttransplant ATG is reported as
a form of GvHD prophylaxis. A report from the EBMT
Acute Leukemia Working Party revealed that ATG alone
is less effective than PTCy is, but the combination of
PTCy and ATG is superior to monotherapy./'!3

In conclusion, the guidelines have been revised to align
with the current standards of care and the latest evidence
available for HSCT in China. The complexity of transplant
decisions and the rarity of SAA often result in a scarcity of
randomized, prospective controlled trials for many con-
ditions. Nonetheless, regularly updated recommendations
are essential to incorporate the latest advancements and
enhance patient outcomes in the context of HSCT. By
continuously integrating cutting-edge developments, these
guidelines aim to provide a comprehensive framework for
optimizing care and improving the prognosis for patients
undergoing HSCT.

Funding

This work was supported by the National Key Research and
Development Program of China (No. 2024YFC2510500)
and National Key Research and Development Program of
China (No. 2022YFA1103300).

Conflicts of interest

None.

References

1. Kulasekararaj A, Cavenagh J, Dokal I, Foukaneli T, Gandhi
S, Garg M, et al. Guidelines for the diagnosis and management
of adult aplastic anaemia: A british society for haematology
guideline. Br J Haematol 2024;204:784-804. doi: 10.1111/bjh.
19236.

. Issaragrisil S, Kaufman DW, Anderson T, Chansung K, Leaver-
ton PE, Shapiro S, et al. The epidemiology of aplastic anemia in
Thailand. Blood 2006;107:1299-1307. doi: 10.1182/blood-2005-
01-0161.

. Issaragrisil S, Leaverton PE, Chansung K, Thamprasit T, Porapa-
kham Y, Vannasaeng S, ef al. Regional patterns in the incidence
of aplastic anemia in Thailand. The aplastic anemia study group.
Am ] Hematol 1999;61:164-168. doi: 10.1002/(sici)1096-
8652(199907)61:3<164::aid-ajh2>3.0.co;2-r.

. Kojima S. Aplastic anemia in the Orient. Int ] Hematol
2002;76:173-174. doi: 10.1007/bf03165112.

. Wang W, Wang XQ, Li P, Lin GW. Incidence of adult aplastic ane-
mia in Shanghai, China. Chin J Intern Med 2011;50:284-286. doi:
10.3760/cma.j.issn.0578-1426.2011.04.005.

. Zhu XF, He HL, Wang SQ, Tang JY, Han B, Zhang DH, e¢ al.
Current treatment patterns of aplastic anemia in China: A prospec-
tive cohort registry study. Acta Haematol 2019;142:162-170. doi:
10.1159/000499065.

. Cao LQ, Xu LP, Zhang XH, Wang Y, Liu YR, Liu KY, et al.
Relationship of cell compositions in allografts with outcomes
after haploidentical transplantation for acquired severe aplas-



Chinese Medical Journal 2026;139(3)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

tic anemia: effects of CD34+ and CD14+ cell doses. Chin Med ]
2018;131:2185-2192. doi: 10.4103/0366-6999.240810.

. Xu ZL, Xu LP, Wu DP, Wang SQ, Zhang X, Xi R, et al. Com-

parable long-term outcomes between upfront haploidentical and
identical sibling donor transplant in aplastic anemia: A national
registry-based study. Haematologica 2022;107:2918-2927. doi:
10.3324/haematol.2022.280758.

. Xu LP, Xu ZL, Wang SQ, Wu DP, Gao SJ, Yang JM, et al. Long-term

follow-up of haploidentical transplantation in relapsed/refractory
severe aplastic anemia: A multicenter prospective study. Sci Bull
(Beijing) 2022;67:963-970. doi: 10.1016/j.scib.2022.01.024.
Zhang YY, Mo WJ, Zuo YY, Zhou M, Zhang XH, Wang Y,
et al. Comparable survival outcome between transplantation
from haploidentical donor and matched related donor or unre-
lated donor for severe aplastic anemia patients aged 40 years and
older: A retrospective multicenter cohort study. Clin Transplant
2020;34:€13810. doi: 10.1111/ctr.13810.

Xu LP, Lu PH, Wu DP, Huang H, Jiang EL, Liu DH, et al. Hemato-
poietic stem cell transplantation activity in china 2022- 2023. The
proportions of peripheral blood for stem cell source continue to
grow: A report from the Chinese blood and marrow transplanta-
tion registry group. Bone Marrow Transplant 2024;59:1726-1734.
doi: 10.1038/s41409-024-02419-8.

Wang Y, Chang Y], Chen ], Han M, Hu ], Hu ], et al. Consensus
on the monitoring, treatment, and prevention of leukaemia relapse
after allogeneic haematopoietic stem cell transplantation in China:
2024 update. Cancer Lett 2024;605:217264. doi: 10.1016/j.can-
let.2024.217264.

Shimano KA, Sasa G, Broglie L, Gloude NJ, Myers K, Nakano TA,
et al. Treatment of relapsed/refractory severe aplastic anemia in
children: Evidence-based recommendations. Pediatr Blood Cancer
2024;71:e31075. doi: 10.1002/pbc.31075.

Shimano KA, Rothman JA, Allen SW, Castillo P, de Jong JLO, Dror
Y, et al. Treatment of newly diagnosed severe aplastic anemia in
children: Evidence-based recommendations. Pediatr Blood Cancer
2024;71:¢31070. doi: 10.1002/pbc.31070.

Guarina A, Farruggia P, Mariani E, Saracco P, Barone A, Onof-
rillo D, et al. Diagnosis and management of acquired aplastic
anemia in childhood. Guidelines from the marrow failure study
group of the pediatric haemato-oncology Italian association
(AIEOP). Blood Cells Mol Dis 2024;108:102860. doi: 10.1016/j.
bemd.2024.102860.

Iftikhar R, DeFilipp Z, DeZern AE, Pulsipher MA, Bejanyan N,
Burroughs LM, et al. Allogeneic hematopoietic cell transplantation
for the treatment of severe aplastic anemia: Evidence-based guide-
lines from the American society for transplantation and cellular
therapy. Transplant Cell Ther 2024;30:1155-70. doi: 10.1016/j.
jtct.2024.09.017.

Babushok DV, DeZern AE, de Castro CM, Rogers ZR, Beenhouwer
D, Broder MS, et al. Modified Delphi panel consensus recommen-
dations for management of severe aplastic anemia. Blood Adv
2024;8:3946-3960. doi: 10.1182/bloodadvances.2023011642.
Schiinemann H, Brozek ], Guyatt G, Oxman A. GRADE hand-
book. 2013. Available at: https://gdt.gradepro.org/app/handbook/
handbook.html. Accessed April 2, 2022.

Russo G, Parodi E, Farruggia P, Notarangelo LD, Perrotta S, Casale
M, et al. Recommendations for the management of acute immune
thrombocytopenia in children. A Consensus Conference from the
Italian Association of Pediatric Hematology and Oncology. Blood
Transfus 2024;22:253-265. doi: 10.2450/BloodTransfus.501.
Jaeschke R, Guyatt GH, Dellinger P, Schiinemann H, Levy MM,
Kunz R, et al. Use of GRADE grid to reach decisions on clinical
practice guidelines when consensus is elusive. BMJ 2008;337:a744.
doi: 10.1136/bmj.a744.

Brouwers MC, Kho ME, Browman GP, Burgers JS, Cluzeau F, Feder
G, et al. AGREE II: Advancing guideline development, reporting
and evaluation in health care. CMA] 2010;182:E839-E842. doi:
10.1503/cmaj.090449.

Chen Y, Yang K, Marusic A, Qaseem A, Meerpohl JJ, Flottorp S,
et al. A reporting tool for practice guidelines in health care: The
RIGHT statement. Annals of internal medicine 2017;166:128-32.
doi: 10.7326/m16-1565.

Red blood cell disease (anemia) group, Chinese society of
hematology, Chinese medical association. Guidelines for the
diagnosis and management of aplastic anemia in China (2022).
Chin ] Hematol 2022;43:881-888. doi: 10.3760/cma.j.issn.
0253-2727.2022.11.001.

337

24

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

WWW.Cmj.org

. Liu L, Han B, Zhang Y, Lei M, Liu R, Lin Z, et al. First-line

treatment of severe aplastic anemia: Immunosuppressive therapy
plus eltrombopag versus haploidentical hematopoietic stem cell
transplantation, a multicenter prospective study. Bone Marrow
Transplant 2024;59:1449-1457. doi: 10.1038/s41409-024-02377-1.
Wu LQ, Huang LF, Yang H, Ye BD, Sheng JP, Yu QH, et al. Com-
parison of haploidentical-allogeneic hematopoietic stem cell
transplantation and intensive immunosuppressive therapy for
patients with severe aplastic anemia with an absolute neutrophil
count of zero: A retrospective study. Ann Hematol 2023;102:2015-
2023. doi: 10.1007/s00277-023-05256-9.

Vaht K, Goransson M, Carlson K, Isaksson C, Lenhoff S, Sandst-
edt A, et al. Low response rate to ATG-based immunosuppressive
therapy in very severe aplastic anaemia - A Swedish nationwide
cohort study. Eur ] Haematol 2018;100:613-620. doi: 10.1111/
¢jh.13057.

Liu X, Yang W, Zhang L, Jing L, Ye L, Zhou K, et al. Develop-
ment and validation of early death risk score model for emergency
status prediction in very severe aplastic anemia. Front Immunol
2023;14:1175048. doi: 10.3389/fimmu.2023.1175048.

Groarke EM, Patel BA, Shalhoub R, Gutierrez-Rodrigues F, Desai
P, Leuva H, et al. Predictors of clonal evolution and myeloid neo-
plasia following immunosuppressive therapy in severe aplastic
anemia. Leukemia 2022;36:2328-2337. doi: 10.1038/s41375-
022-01636-8.

Xu LP, Xu ZL, Wang SQ, Wu DP, Gao SJ, Yang JM, et al. Long-term
follow-up of haploidentical transplantation in relapsed/refractory
severe aplastic anemia: A multicenter prospective study. Science
Bull (Beijing) 2022;67:963-970. doi: 10.1016/j.scib.2022.01.024.
Zhao MY, Fu YW, Wang Q, Ai H, Wang YQ, Zhou J, et al. The
role of mesenchymal stem cells in allogeneic hematopoietic stem
cell transplantation for patients with refractory severe aplastic
nemia. Chin J Hematol 2019;40:726-731. doi: 10.3760/cma.j.i
ssn.0253-2727.2019.09.003.

Yuan M, Jia C, Ma J, Zhang M, Zhu G, Wang B, ez al. Haploidenti-
cal hematopoietic stem cell transplantation as a first-line treatment
for paediatric severe aplastic anemia: a single-center research. Int J
Med Sci 2024;21:1027-1036. doi: 10.7150/ijms.94012.

Zhao X, Zhang YP, Ye BD, Lu PH, Chen JP, Zhang JP, et al. Clinical
outcomes of offspring and matched unrelated donor transplant in
relapsed or refractory severe aplastic anemia patients aged 40-50:
A retrospective analysis from the CBMTR over the past decade.
Bone Marrow Transplant 2025;60:1282-1285. doi: 10.1038/
$41409-025-02617-y.

Xu ZL, Xu LP, Zhang YC, Zhou YH, Jiang EL, Zhang JP, et al.
The outcome of allogeneic hematopoietic stem cell transplantation
among elderly patients with severe aplastic anemia and a predic-
tive model from the Chinese blood and marrow transplant registry
group. Haematologica 2024;109:2000-2004. doi: 10.3324/hae-
matol.2023.284581.

Liu L, Zhao X, Miao M, Zhang Y, Jiao W, Lei M, et al. Inefficacy of
immunosuppressive therapy for severe aplastic anemia progressing
from non-SAA: Improved outcome after allogeneic hematopoie-
tic stem cell transplantation. Front Oncol 2021;11:739561. doi:
10.3389/fonc.2021.739561.

Li J, Wang Y, Zhang Y, Zhang X, Pang A, Yang D, et al. Haemato-
poietic stem cell transplantation for hepatitis-associated aplastic
anaemia and non-hepatitis-associated aplastic anaemia: A propen-
sity score-matched analysis. Br J Haematol 2023;201:1179-91.
doi: 10.1111/bjh.18779.

Ma X, Zuo Y, Xu Z, Zhang Y, Cheng Y, Han T, et al. Compa-
rable clinical outcomes of haploidentical hematopoietic stem cell
transplantation in patients with hepatitis-associated aplastic ane-
mia and non-hepatitis-associated aplastic anemia. Ann Hematol
2022;101:1815-1823. doi: 10.1007/s00277-022-04885-w.
Markiewicz M, Drozd-Sokolowska J, Biecek P, Dzierzak-Mietla
M, Boguradzki P, Staniak M, et al. Allogeneic hematopoietic stem
cell transplantation for paroxysmal nocturnal hemoglobinuria:
Multicenter analysis by the Polish adult leukemia group. Biol
Blood Marrow Transplant 2020;26:1833-1839. doi: 10.1016/j.
bbmt.2020.05.024.

Liu LM, Zhou HF, Wang QY, Qiu HY, Tang XW, Han Y, et al.
Outcomes of allogeneic hematopoietic stem cell transplantation
in patients with paroxysmal nocturnal hemoglobinuria compared
to paroxysmal nocturnal hemoglobinuria-aplastic anemia syn-
drome. Chin ] Hematol 2019; 40: 472-476. doi: 10.3760/ cma.j.i
ssn.0253-2727.2019.06.005.



Chinese Medical Journal 2026;139(3)

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

Shin SH, Park SS, Yoon JH, Yahng SA, Lee SE, Cho BS, et al.
Comparison of HLA-matched sibling and unrelated donor trans-
plantation in adult patients with acquired severe aplastic anemia.
Bone Marrow Transplant 2020;55:1570-1579. doi: 10.1038/
s41409-020-0820-x.

Dufour C, Veys P, Carraro E, Bhatnagar N, Pillon M, Wynn R,
et al. Similar outcome of upfront-unrelated and matched sibling
stem cell transplantation in idiopathic paediatric aplastic anaemia.
A study on behalf of the UK paediatric BMT working party, paedi-
atric diseases working party and severe aplastic anaemia working
party of EBMT. Br ] Haematol 2015;171:585-594. doi: 10.1111/
bjh.13614.

Gao M, Huang X, Gao S, Wang S, Deng J, Zhang Y, et al. Sim-
ilar outcomes between HLA-haploid and matched sibling donor
hematopoietic stem cell transplantation: A multicenter, retrospec-
tive study and severe aplastic anemia transplant-specific prognostic
scoring system. Ann Hematol 2025;104:781-791. doi: 10.1007/
$00277-024-06051-w.

Xu ZL, Zhou M, Jia JS, Mo WJ, Zhang XH, Zhang YP, et al.
Immunosuppressive therapy versus haploidentical transplanta-
tion in adults with acquired severe aplastic anemia. Bone Marrow
Transplant 2019;54:1319-1326. doi: 10.1038/s41409-018-0410-3.
Xu LP, Jin S, Wang SQ, Xia LH, Bai H, Gao S], et al. Upfront
haploidentical transplant for acquired severe aplastic anemia:
Registry-based comparison with matched related transplant. J
Hematol Oncol 2017;10:25. doi: 10.1186/s13045-017-0398-y.
Xu ZL, Zhang YP, Ye BD, Zhao X, Zhou M, Lu PH, et al.
Comparable survival outcomes in HLA-matched and haploiden-
tical hematopoietic stem cell transplantation for severe aplastic
anemia patients aged 40-50: A CBMTR registry-based propen-
sity score matching analysis over the last decade. Cancer Lett
2025;621:217594. doi: 10.1016/j.canlet.2025.217594.

Kongtim P, Vittayawacharin P, Zou J, Srour S, Shaffer B, Shap-
iro RM, et al. ASTCT consensus recommendations on testing
and treatment of patients with donor-specific anti-HLA antibod-
ies. Transplant Cell Ther 2024;30:1139-1154. doi: 10.1016/j.
jtct.2024.09.005.

Yoshihara S, Maruya E, Taniguchi K, Kaida K, Kato R, Inoue T,
et al. Risk and prevention of graft failure in patients with preex-
isting donor-specific HLA antibodies undergoing unmanipulated
haploidentical SCT. Bone Marrow Transplant 2012;47:508-515.
doi: 10.1038/bmt.2011.131.

Chang Y], Zhao XY, Xu LP, Zhang XH, Wang Y, Han W, ez al.
Donor-specific anti-human leukocyte antigen antibodies were
associated with primary graft failure after unmanipulated haploi-
dentical blood and marrow transplantation: A prospective study
with randomly assigned training and validation sets. ] Hematol
Oncol 2015;8:84. doi: 10.1186/s13045-015-0182-9.

Zhang XH, Chen ], Han MZ, Huang H, Jiang EL, Jiang M, ef al.
The consensus from the Chinese society of hematology on indi-
cations, conditioning regimens and donor selection for allogeneic
hematopoietic stem cell transplantation: 2021 update. ] Hematol
Oncol 2021;14:145. doi: 10.1186/s13045-021-01159-2.

Xu LP, Wang SQ, Ma YR, Gao SJ, Cheng YF, Zhang YY, et al.
Who is the best haploidentical donor for acquired severe aplastic
anemia? Experience from a multicenter study. ] Hematol Oncol
2019;12:87. doi: 10.1186/s13045-019-0775-9.

Wang Y, Wu DP, Liu QF, Xu LP, Liu KY, Zhang XH, ez al. Low-dose
post-transplant cyclophosphamide and anti-thymocyte globulin
as an effective strategy for GVHD prevention in haploidentical
patients. ] Hematol Oncol 2019;12:88. doi: 10.1186/s13045-019-
0781-y.

Ma YR, Wang W], Cheng YE, Zhang YY, Mo XD, Han TT, et al.
Impact of ABO incompatibility on outcomes after haploidentical
hematopoietic stem cell transplantation for severe aplastic ane-
mia. Bone Marrow Transplant 2020;55:1068-1075. doi: 10.1038/
s41409-020-0779-7.

Xu S, Wu L, Zhang Y, Mo W, Zhou M, Li Y, et al. Allogeneic
hematopoietic stem cell transplantation for the treatment o f severe
aplastic anemia patients with infection: A single-center retrospec-
tive study. Biol Blood Marrow Transplant 2018;24:2532-2529.
doi: 10.1016/5.bbmt.2018.07.018.

Liu L, Miao M, He H, Wang S, Zhang Y, Guo A, et al. Severe
aplastic anemia patients with infection who received an alloge-
neic hematopoietic stem cell transplantation had a better chance:
Long-term outcomes of a multicenter study. Front Immunol
2022;13:955095. doi: 10.3389/fimmu.2022.955095.

338

54.

55.

Sé.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

WWW.Cmj.org

Zhang Y, Chen X, Yang D, Pang A, Zhang R, Ma Q, et al. The
prognostic impact of previously infectious complications on
allogeneic hematopoietic stem cell transplantation for patients
with severe aplastic anemia: A single-center, retrospective study.
Front Immunol 2022;13:1004787. doi: 10.3389/fimmu.2022.
1004787.

Lu Y, Xiong M, Sun RJ, Zhang JP, Zhao YL, Wei Z], et al. Com-
parisons of unmanipulated haploidentical donor, unrelated cord
blood donor and matched unrelated donor hematopoietic stem
cell transplantation in pediatric acquired severe aplastic anemia:
A single center study. Leuk Lymphoma 2022;63:3307-3316. doi:
10.1080/10428194.2022.2118527.

Wu L, Liu L, Zhao X, Zhou M, Fu A, Zhang Y, et al. Unrelated
donor hematopoietic stem cell transplantation compared to immu-
nosuppressive therapy plus eltrombopag as first-line treatment for
adults with severe aplastic anemia. Blood Cancer J 2024;14:37.
doi: 10.1038/s41408-024-01021-x.

Xu LP, Yu Y, Cheng YE, Zhang YY, Mo XD, Han TT, et al. Devel-
opment and validation of a mortality predicting scoring system for
severe aplastic anaemia patients receiving haploidentical allogeneic
transplantation. Br ] Haematol 2022;196:735-742. doi: 10.1111/
bjh.17916.

Zhang X, Shi Y, Huang Y, Zhang G, He Y, Jiang E, e al.
Serum ferritin is a different predictor from transfusion his-
tory for allogeneic transplantation outcome in patients with
severe aplastic anemia. Hematology 2018;23:291-298. doi:
10.1080/10245332.2017.1390929.

Pan T, Ji Y, Liu H, Tang B, Song K, Wan X, et al. Impact of iron
overload and iron chelation with deferasirox on outcomes of
patients with severe aplastic anemia after allogeneic hematopoi-
etic stem cell transplantation. Transplant Cell Ther 2023;29:507.
e1-507.e8. doi: 10.1016/}.jtct.2023.04.016.

Balduzzi A, Dalle JH, Jahnukainen K, von Wolff M, Lucchini G,
Ifversen M, et al. Fertility preservation issues in pediatric hemato-
poietic stem cell transplantation: practical approaches from the
consensus of the pediatric diseases working party of the EBMT
and the international BFM study group. Bone Marrow Transplant
2017;52:1406-1415. doi: 10.1038/bmt.2017.147.

Dybko ], Giordano U, Pilch ], Mizera ], Borkowski A, Mor-
dak-Domagata M. Comparison of different rabbit anti-thymocyte
globulin formulations in the prophylaxis of graft-versus-host dis-
ease: A systematic review. J Clin Med 2023;12:5449. doi: 10.3390/
jem12175449.

Kumar A, Reljic T, Hamadani M, Mohty M, Kharfan-Dabaja MA.
Antithymocyte globulin for graft-versus-host disease prophylaxis:
An updated systematic review and meta-analysis. Bone Marrow
Transplant 2019;54:1094-1106. doi: 10.1038/s41409-018-0393-0.
Duléry R, Mohty R, Labopin M, Sestili S, Malard F, Brissot E, et al.
Early cardiac toxicity associated with post-transplant cyclophos-
phamide in allogeneic stem cell transplantation. JACC CardioOncol
2021;3:250-259. doi: 10.1016/j.jaccao.2021.02.011.

Ishida S, Doki N, Shingai N, Yoshioka K, Kakihana K, Sakamaki
H, et al. The clinical features of fatal cyclophosphamide-induced
cardiotoxicity in a conditioning regimen for allogeneic hemato-
poietic stem cell transplantation (allo-HSCT). Ann Hematol
2016;95:1145-1150. doi: 10.1007/s00277-016-2654-6.

Xu ZL, Xu LP, Zhang YY, Cheng YE Mo XD, Wang FR, et al.
Incidence and predictors of severe cardiotoxicity in patients with
severe aplastic anaemia after haploidentical haematopoietic stem
cell transplantation. Bone Marrow Transplant 2019;54:1694—
1700. doi: 10.1038/s41409-019-0509-1.

Kang HJ, Shin HY, Park JE, Chung NG, Cho B, Kim HK, et al.
Successful engraftment with fludarabine, cyclophosphamide, and
thymoglobulin conditioning regimen in unrelated transplantation
for severe aplastic anemia: A phase II prospective multicenter
study. Biol Blood Marrow Transplant 2010;16:1582-1588. doi:
10.1016/5.bbmt.2010.05.010.

Kang HJ, Hong KT, Lee JW, Kim H, Park KD, Shin HY, et al.
Improved outcome of a reduced toxicity-fludarabine, cyclophos-
phamide, plus antithymocyte globulin conditioning regimen
for unrelated donor transplantation in severe aplastic anemia:
Comparison of 2 multicenter prospective studies. Biol Blood
Marrow Transplant  2016;22:1455-1459. doi:  10.1016/j.
bbmt.2016.04.003.

Wu L, Chen X, Zhou M, Mo W, Zhou R, Li Y, et al. Comparative
study of Bu/Cy/ATG and Flu/Cy/ATG conditioning regimens for
unrelated donor hematopoietic stem cell transplantation in severe



Chinese Medical Journal 2026;139(3)

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

aplastic anemia. Transplant Cell Ther 2025;31:808.e1-808.¢13.
doi: 10.1016/.jtct.2025.06.014.

Xu ZL, Cheng YE Zhang YY, Mo XD, Han TT, Wang FR, et al.
The incidence, clinical outcome, and protective factors of mixed
chimerism following hematopoietic stem cell transplantation for
severe aplastic anemia. Clin Transplant 2021;35:e14160. doi:
10.1111/ctr.14160.

Su H, Zhou X, Zhao Y, Lu Y, Liu D, Zhang ], et al. Gynecological
complications in long-term survivors after allogeneic hemato-
poietic cell transplantation-a single-center real-life cross-sectional
study. Front Med 2022;9:956867. doi: 10.3389/fmed.2022.
956867.

Borgmann-Staudt A, Rendtorff R, Reinmuth S, Hohmann C,
Keil T, Schuster FR, et al. Fertility after allogeneic haematopoie-
tic stem cell transplantation in childhood and adolescence. Bone
Marrow Transplant 2012;47:271-276. doi: 10.1038/bmt.2011.
78.

Chen X, Chen C, Zhou M, Zhang Y, Wang C, Li Y, et al. Efficacy
of a modified post-transplant cyclophosphamide regimen for unre-
lated donor hematopoietic stem cell transplantation in patients
with severe aplastic anemia: A prospective study. Transplant Cell
Ther 2024;30:1099.1-1099.e10. doi: 10.1016/}.jtct.2024.08.
01le.

Wu L, Zhou M, Li Y, Chen X, Mo W, Wang C, et al. Prospective
study of a modified post-transplantation cyclophosphamide regi-
men for severe aplastic anemia patients with HLA-haploidentical
transplantation. Transplant Cell Ther 2023;29:463.e1-463.¢7.
doi: 10.1016/.jtct.2023.04.0135.

Bacigalupo A, Socie G, Lanino E, Prete A, Locatelli F, Locasciulli
A, et al. Fludarabine, cyclophosphamide, antithymocyte globulin,
with or without low dose total body irradiation, for alternative
donor transplants, in acquired severe aplastic anemia: A retrospec-
tive study from the EBMT-SAA working party. Haematologica
2010;95:976-982. doi: 10.3324/haematol.2009.018267.

SiY, Luo R, Qin M, Du Z, Zhang X, Wang Y, et al. Busulfan for
allogeneic hematopoietic stem cell transplantation in children
with severe aplastic anemia: A retrospective study. Acta Haematol
2023;146:466-473. doi: 10.1159/000531687.

Xu LP, Xu ZL, Wang FR, Mo XD, Han TT, Han W, et al. Unmanipu-
lated haploidentical transplantation conditioning with busulfan,
cyclophosphamide and anti-thymoglobulin for adult severe aplas-
tic anaemia. Bone Marrow Transplant 2018;53:188-192. doi:
10.1038/bmt.2017.237.

Kim H, Lee J-H, Joo Y-D, Bae SH, Hyun MS, Lee J-H, et al. A
randomized comparison of cyclophosphamide vs. reduced dose
cyclophosphamide plus fludarabine for allogeneic hematopoietic
cell transplantation in patients with aplastic anemia and hypoplas-
tic myelodysplastic syndrome. Ann Hematol 2012;91:1459-1469.
doi: 10.1007/s00277-012-1462-x.

Zain J, Bar M, Safdar A. Complications arising from preparatory
conditioning regimens for stem cell transplantation. In: Safdar A,
eds. Principles and practice of transplant infectious diseases. New
York, NY: Springer New York; 2019: 227-247.

Lin F, Xu L, Xu Z, Han TT, He Y, Zhang YY, et al. Comparison of
two conditioning regimens for haploidentical stem cell transplanta-
tion in patients with severe aplastic anemia. Blood 2024;144:3511.
doi: 10.1182/blood-2024-208246.

Liu Q, Zhang Y, Zhou H, Wang Q, Qiu H, Tang X, et al. First-line
unrelated double-unit umbilical cord blood transplantation for
acquired severe aplastic anemia. Transplant Proc 2021;53:2390-
2396. doi: 10.1016/j.transproceed.2021.07.004.

Hu M, Li ], Liu R, Zhang Z, Feng S, Zhong D, et al. Unrelated
umbilical cord blood transplantation with low-dose anti-thy-
mocyte globulin for children with severe aplastic anemia: A case
series. Ann Hematol 2024;103:2103-2111. doi: 10.1007/s00277-
024-05756-2.

Xu LP, Lu PH, Wu DP, Sun ZM, Liu QF, Han MZ, et al. Hemato-
poietic stem cell transplantation activity in China 2019: A report
from the Chinese blood and marrow transplantation regis-
try group. Bone Marrow Transplant 2021;56:2940-2947. doi:
10.1038/s41409-021-01431-6.

Zhang Z, Zhou X, Cheng Z, Hu Y. Peripheral blood stem cell
transplantation vs. bone marrow transplantation for aplas-
tic anemia: A systematic review and meta-analysis. Front Med
2023;10:1289180. doi: 10.3389/fmed.2023.1289180.

Bierings MKK, Masmas T, Schmugge M, Sedlacek P, Sevilla J,
Strahm B, et al. EWOG-SAA: Consensus for the treatment of SAA,

339

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

WWW.Cmj.org

version 1.7., 21.03.2023. EWOG-MDS/SAA European working
group of myelodysplastic syndrome (MDS) and severe aplastic
anemia (SAA) in children and adolescents; 2023.

Yang Y, Xu H, He H, Qi J, Yan J, Wang N, et al. Combination
of HLA-matched sibling allogeneic hematopoietic stem cell trans-
plantation with unrelated cord blood unit in patients aged 35 to 50
years with severe aplastic anemia: Preliminary summary of a sin-
gle-arm trial. Transplant Proc 2019;51:3431-3436. doi: 10.1016/j.
transproceed.2019.07.029.

Chen ], Lee V, Luo CJ, Chiang AK, Hongeng S, Tan PL, et al. Allo-
geneic stem cell transplantation for children with acquired severe
aplastic anaemia: A retrospective study by the Viva-Asia blood and
marrow transplantation group. Br ] Haematol 2013;162:383-391.
doi: 10.1111/bjh.12405.

Xu LP, Lu PH, Wu DP, Huang H, Jiang EL, Liu DH, ef al. Hemato-
poietic stem cell transplantation activity in China 2022-2023. The
proportions of peripheral blood for stem cell source continue to
grow: A report from the Chinese blood and marrow transplanta-
tion registry group. Bone Marrow Transplant 2024;59:1726-1734.
doi: 10.1038/s41409-024-02419-8.

Luo D, Qu Y, Wang D, Zhang B, Sun M, Xiong H, et al. Com-
parison of upfront haploidentical hematopoietic stem cell
transplantation and salvage haploidentical hematopoietic stem cell
transplantation after immunosuppressive therapy in children with
acquired severe aplastic anemia-A multicenter study. Front Immu-
nol 2024;15:1384640. doi: 10.3389/fimmu.2024.1384640.
DeZern AE, Eapen M, Wu J, Talano JA, Solh M, Davila Saldana B]J,
et al. Haploidentical bone marrow transplantation in patients with
relapsed or refractory severe aplastic anaemia in the USA (BMT
CTN 1502): A multicentre, single-arm, phase 2 trial. Lancet Hae-
matol 2022;9:e660-e669. doi: 10.1016/52352-3026(22)00206-X.
Huang X]J. The “Beijing protocol” for haploidentical hematopoietic
stem cell transplantation. Chin J Organ Transplant 2017;38:65-68.
doi: 10.3760/cma.j.issn.0254-1785.2017.02.001.

Xu LP, Liu KY, Liu DH, Han W, Chen H, Chen YH, et al. A novel
protocol for haploidentical hematopoietic SCT without in vitro
T-cell depletion in the treatment of severe acquired aplastic ane-
mia. Bone Marrow Transplant 2012;47:1507-1512. doi: 10.1038/
bmt.2012.79.

Li Y, Wang N, Li L, Cao Y, Xu ], Wang J, et al. Haploidentical
transplantation with modified post-transplantation cyclophos-
phamide for patients with primary aplastic anemia: A multicenter
experience. Transplant Cell Ther 2021;27:331.e1-331.e7. doi:
10.1016/j.jtct.2021.01.018.

Ogonek J, Kralj Juric M, Ghimire S, Varanasi PR, Holler E,
Greinix H, ef al. Immune reconstitution after allogeneic hemato-
poietic stem cell transplantation. Front Immunol 2016;7:507. doi:
10.3389/fimmu.2016.00507.

Delie A, Verlinden A, Beel K, Deeren D, Mazure D, Baron F,
et al. Use of chimerism analysis after allogeneic stem cell trans-
plantation: Belgian guidelines and review of the current literature.
Acta Clin Belg 2021;76:500-508. doi: 10.1080/17843286.2020.
1754635.

Zhang Y, Li Y, Wu L, Zhou M, Wang C, Mo W, et al. Mixed chi-
merism after allogeneic hematopoietic stem cell transplantation
for severe aplastic anemia. Hematology 2021;26:435-443. doi:
10.1080/16078454.2021.1938422.

Stikvoort A, Sundin M, Uzunel M, Gertow ], Sundberg B, Schaffer
M, et al. Long-Term stable mixed chimerism after hematopoietic
stem cell transplantation in patients with non-malignant disease,
shall we be tolerant? PloS one 2016;11:e0154737. doi: 10.1371/
journal.pone.0154737.

Miiskens KF, Collot-d’Escury WNR, Dandis R, Haitjema S, Kuball
J, de Witte MA, et al. Definitions matter: Multicenter investigation
of incidence and outcome of poor graft function after hematopoie-
tic cell transplantation. Hemasphere 2024;8:¢70059. doi: 10.1002/
hem3.70059.

McLornan DP, Hernandez-Boluda JC, Czerw T, Cross N, Joa-
chim Deeg H, Ditschkowski M, ez al. Allogeneic haematopoietic
cell transplantation for myelofibrosis: Proposed definitions and
management strategies for graft failure, poor graft function and
relapse: best practice recommendations of the EBMT chronic
malignancies working party. Leukemia 2021;35:2445-2459. doi:
10.1038/s41375-021-01294-2.

Ozdemir ZN, Civriz Bozdag S. Graft failure after allogeneic
hematopoietic stem cell transplantation. Transfus Apher Sci
2018;57:163-167. doi: 10.1016/j.transci.2018.04.014.



Chinese Medical Journal 2026;139(3)

100.

101.

102.

103.

104.

10S.

106.

107.

108.

109.

Todorovi¢-Balint M, Balint B, Puni¢ I, Besevi¢ N, Pesi¢ A, Stojkovi¢
O. Poor graft function- Causes and potential solutions. Med Pregl
2022;75(Suppl 1):45-49. doi: 10.2298/MPNS2251045T.

Servais S, Baron F, Lechanteur C, Seidel L, Baudoux E, Briquet
A, et al. Multipotent mesenchymal stromal cells as treatment
for poor graft function after allogeneic hematopoietic cell
transplantation: A multicenter prospective analysis. Front Immu-
nol2023;14:1106464. doi: 10.3389/fimmu.2023.1106464.
Shapiro RM, Kim HT, Dulery R, Liney D, Garrity HM, Panaro K,
et al. Active infection at the time of CD34+ selected stem cell boost
is associated with treatment failure and poor overall survival. Blood
Adv;8:4729-4737. doi: 10.1182/bloodadvances.2023012418.
Mohty M, Malard F. A boost for poor graft function. Blood Adv
2024;8:4727-4728. doi: 10.1182/bloodadvances.2024013581.
Kenyon M, Babic A, eds. The European blood and marrow trans-
plantation textbook for nurses: Under the auspices of EBMT.
Cham (CH): Springer, 2018.

Ma R, Zhu X, Zhang J, Chen ], Xuan L, Yuan H, et al. Changing
donor was critical for the successful salvage second transpla ntation
for graft failure after the first allogeneic stem cell transpl antation:
A Chinese multicenter retrospective study. Blood 2024;144(Suppl
1):2109. doi: 10.1182/blood-2024-205561.

Sun CL, Francisco L, Kawashima T, Leisenring W, Robison LL,
Baker KS, et al. Prevalence and predictors of chronic health con-
ditions after hematopoietic cell transplantation: A report from the
bone marrow transplant survivor study. Blood 2010;116:3129-
3139; quiz 377. doi: 10.1182/blood-2009-06-229369.

Holmgqvist AS, Chen Y, Hageman L, Landier W, Wu ], Francisco LF,
et al. Severe, life-threatening, and fatal chronic health conditions
after allogeneic blood or marrow transplantation in childhood.
Cancer 2023;129:624-633. doi: 10.1002/cncr.34575.

Montoro ], Eikema DJ, Tuffnell J, Potter V, Kalwak K, Halkes CJM,
et al. Alternative donor transplantation for severe aplastic anemia:
a comparative study of the SAAWP EBMT. Blood 2024;144:323-
333. doi: 10.1182/blood.2024024173.

Cao LQ, Xu LP, Zhang XH, Wang Y, Liu YR, Liu KY, ez al.
Relationship of cell compositions in allografts with outcomes
after haploidentical transplantation for acquired severe aplastic

340

WWW.Cmj.org

anemia: Effects of CD34+ and CD14+ cell doses. Chin Med ]
2018;131:2185-2192. doi: 10.4103/0366-6999.240810.

110. Anasetti C, Logan BR, Lee SJ, Waller EK, Weisdorf DJ, Wingard JR,
et al. Peripheral-blood stem cells versus bone marrow from unre-
lated donors. N Engl ] Med 2012;367:1487-1496. doi: 10.1056/
NEJMoa1203517.

111. Cao LQ, Huo WX, Zhang XH, Xu LP, Wang Y, Yan CH, et al. Peripheral
blood stem cell transplantation from haploidentical related donor
could achieve satisfactory clinical outcomes for intermediate or high-
risk adult acute myeloid leukemia patients. Bone Marrow Transplant
2024;59:203-210. doi: 10.1038/s41409-023-02117-x.

112. Mahmoud HK, Elhaddad AM, Fahmy OA, Samra MA, Abdelfat-
tah RM, El-Nahass YH, et al. Allogeneic hematopoietic stem cell
transplantation for non-malignant hematological disorders. ] Adv
Res 2015;6:449-458. doi: 10.1016/j.jare.2014.11.001.

113. Lei M, Zhang Y, Jiao W, Li X, Zhou H, Wang Q, et al. Compari-
son of haploidentical hematopoietic stem cell transplant with or
without unrelated cord blood infusion in severe aplastic anemia:
Outcomes of a multicenter study. Front Immunol 2022;13:912917.
doi: 10.3389/fimmu.2022.912917.

114. Danewa A, Kalra M, Sachdeva A, Sachdeva P, Bansal D, Bhat S,
et al. Diagnosis and management of acquired aplastic anemia: con-
sensus statement of Indian academy of pediatrics. Indian Pediatri
2022;59:467-475.

115. Bazarbachi AH, Labopin M, Raiola AM, Blaise D, Arcese W,
Santarone S, et al. Posttransplant cyclophosphamide versus
anti-thymocyte globulin versus combination for graft-versus-host
disease prevention in haploidentical transplantation for adult
acute myeloid leukemia: A report from the European society for
blood and marrow transplantation acute leukemia working party.
Cancer 2024;130:3123-3136. doi: 10.1002/cncr.35365.

How to cite this article: Xu LP, Zhang X, Wu DP, Zhang XH, Huang XJ;
Stem Cell Application Group, Chinese Society of Hematology, Chinese
Medical Association. Chinese Society of Hematology clinical practice
guidelines for the comprehensive management of allogeneic hematopoie-
tic stem cell transplantation in patients with severe aplastic anemia. Chin
Med J 2026;139:322-340. doi: 10.1097/CM9.0000000000003917



	﻿Chinese Society of Hematology clinical practice guidelines for the comprehensive management of allogeneic hematopoietic stem cell transplantation in patients with severe aplastic anemia
	﻿Introduction
	﻿Guideline Development Group
	﻿Guideline Development Process
	﻿Recommendations and Evidence Profile
	﻿Part 1. Indications and timing of allo-HSCT for SAA
	﻿Patients with newly diagnosed SAA
	﻿Second-line treatment for patients with SAA
	﻿Special considerations for unique patient populations

	﻿Part 2. Donor selection
	﻿Part 3. Pretransplant workup
	﻿Pretransplant evaluation

	﻿Part 4. Conditioning regimen for patients receiving allo-HSCT
	﻿Part 5. The graft type for patients undergoing allo-HSCT
	﻿Part 6. aGvHD prophylaxis
	﻿Part 7. Follow-up and management of early posttransplantation issues
	﻿Part 8. Long-term follow-up

	﻿Discussion
	﻿Funding
	﻿Conflicts of interest
	﻿References


