DE GRUYTER

Original Article

Novel insights from a large cohort:
Elucidating incidence, risk factors,
treatment, and prognostic predictors
in autoimmune hemolytic anemia after
allogeneic hematopoietic stem cell
transplantation

Zhuoyu An'**# Liqgian Zhang!?*#, Peng Zhao'??, Jin Wu'%?, Haixia Fu'*?,
Yuanyuan Zhang'*?, Xiaodong Mo"?*?, Fengrong Wang"*?, Chenhua Yan'??,
Yugian Sun'#3, Meng Lv**?, Yuhong Chen'*?, Yingjun Chang'*?, Yu Wang"*?,
Lanping Xu'??, Xiangyu Zhao'?3, Xiaojun Huang'?3, Xiaohui Zhang'?*?
'Peking University People's Hospital, Peking University Institute of Hematology, Beijing, China;
National Clinical Research Center for Hematologic Disease, Beijing, China;

*Beijing Key Laboratory of Cell and Gene Therapy for Hematologic Malignancies, Peking University, Beijing, China

ABSTRACT

Background and Objectives: Autoimmune hemolytic anemia (AIHA) is a rare but serious
complication after allogeneic hematopoietic stem cell transplantation (allo-HSCT). Current
understanding of post-allo-HSCT AIHA remains insufficient. This study aimed to elucidate
the features and significant predictors of post-allo-HSCT AIHA to guide precise clinical
management. Methods: A retrospective nested case-control study was conducted at Peking
University People's Hospital from 2013 to 2024. A total of 61 patients with post-allo-HSCT
AIHA were enrolled. For each case, three AlHA-free allo-HSCT recipients were randomly
matched by sex, age ( 3 years), and transplant timing (x 3 months). Treatment modalities
and responses of AIHA patients were analyzed. Cox regression analyses were employed to
identify risk factors for post-allo-HSCT AIHA, as well as predictors of AIHA relapse and patient
mortality. Results: The incidence of post-allo-HSCT AIHA was 0.72%. During follow-up, 14
(22.95%) AIHA patients died (mostly because of severe infection-related complications) and 6
(9.84%) experienced AlHA relapse. Multivariate analysis showed that an unrelated donor was an
independent risk factor for post-allo-HSCT AIHA (Hazard Ratio [HR] 2.323, P=0.027), whereas
a history of acute graft-versus-host disease was a protective factor (HR 0.340, P = 0.001).
Corticosteroids combined with rituximab significantly increased the likelihood of treatment
response (P = 0.003), with no significant adverse reactions or treatment-related mortality
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Autoimmune hemolytic anemia (AIHA)  destruction of red blood cells (RBCs),

JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / MAR-APR 2026 / VOL 14 | ISSUE 2 225



An et al.: Novel insights into autoimmune hemolytic anemia following allo-HSCT

in which autoantibodies target antigens on the RBC
surface.l"?! While allogeneic hematopoietic stem cell
transplantation (allo-HSCT) is well recognized as the most
effective therapeutic option for a wide range of malignant
and nonmalignant hematological disorders, AIHA has
been identified as an infrequent complication following
allo-HSCT.P* The incidence of AIHA in patients who
underwent HSCT varies among studies, ranging from less
than 1% to 6%.5 1

On the basis of differences in clinical manifestations
and antibody types, AIHA can be categorized into warm
antibody-mediated AIHA (wAIHA), cold agglutinin
disease (CAD), cold agglutinin syndrome (CAS),
paroxysmal cold hemoglobinuria (PCH), and other rare
subtypes.!"'?l The incidence rates of different AIHA
subtypes following allo-HSCT have not been fully
clarified. Current evidence suggests that post-allo-HSCT
AIHA is likely associated with post-transplant immune
system dysregulation and immune intolerance.l'"">'
The risk factors for post-allo-HSCT AIHA reported
in previous studies include underlying non-malignant
diseases, blood group incompatibility (predominantly
ABO incompatibility), the use of unrelated donors,
human leukocyte antigen (HLA) mismatching, graft-
versus-host disease (GVHD), and post-transplant
infections.P**!*151 ATHA can significantly complicate
post-transplant patient management and increase the risk
of adverse prognostic outcomes.*'! However, current
therapeutic interventions for AIHA following allo-
HSCT remain mainly derived from conventional AIHA
treatments and lack robust clinical evidence for efficacy
in this special context. In addition, few studies have
identified prognostic predictors of AIHA following allo-
HSCT. Therefore, studies identifying robust prognostic
predictors of post-allo-HSCT AIHA are urgently needed
to guide more precise clinical management and improve
patient outcomes. Furthermore, key clinical and biological
markers influencing relapse after remission or predicting
ultimate mortality remain poorly understood, leading to
a lack of effective risk-stratification strategies in clinical
management.

In the present study, we used data from the largest
cohort of AIHA patients after allo-HSCT to elucidate
the associated clinical characteristics, risk factors,
clinical outcomes, and prognostic predictors. This
study systematically identified independent prognostic
predictors for relapse and mortality in patients with
post-allo-HSCT AIHA, which may facilitate more precise
guidance for individualized risk-based management of
these patients and thereby improve outcomes following
allo-HSCT.

MATERIAL AND METHODS

Study patients

This was a retrospective, nested case-control study
conducted from January 2013 to November 2024. A
total of 8445 consecutive patients received allo-HSCT at
Peking University People's Hospital. Based on medical
records, 75 patients suspected of having AIHA were
diagnosed with the condition. Patients who did not meet
the diagnostic criteria for AIHA in this study and those
who developed AIHA prior to allo-HSCT were excluded.
Finally, 61 patients with AIHA following allo-HSCT were
included in the case group (Figure 1). For each case, three
AIHA-free allo-HSCT recipients were randomly selected
from the 8445 patients to form the control group, which
was matched on the basis of the following matching
criteria: sex, age (£ 3 years) , and timing of allo-HSCT (£
3 months) . Patients were followed for at least 24 months
for relapse and overall survival (OS) vz outpatient visits
at the dedicated posttransplant clinic of our center. All
enrolled patients submitted signed informed consent forms
in compliance with the Declaration of Helsinki, and this
study obtained approval from the Ethics Committee of
Peking University People's Hospital.

Conditioning therapy and prophylaxis of GVHD
In this study, the majority of patients received allografts
obtained from partially HLA-matched donors and
underwent transplantation using a previously described
regimen.'”?I This regimen comprised cytosine arabinoside
(Ara-C, 4 g/m?*/day on days —10 to —9), busulfan (BU,
3.2 mg/kg/day on days —8 to —0), cyclophosphamide
(Cy, 1.8 g/m?/day on days —5 to —4), and anti-human
thymocyte globulin (ATG, 2.5 mg/kg/day on days —5
to —2); additionally, oral methyl-N-(2-chloroethyl)-N-
cyclohexyl-N-nitrosourea (Me-CCNU) was given at a
dose of 250 mg/m?* on day —3. Most HLA-matched
recipients were administered the same regimen without
ATG. Additionally, patients older than 55 years, with a
hematopoietic cell transplantation-specific comorbidity
index > 3, or who were intolerant to standard drugs,
received reduced-intensity conditioning, which included
the Bu/Cy/fludarabine (Flu)/ATG regimen and Bu/Cy/
Flu regimen. For patients with specific clinical statuses (e.g,
a history of prior transplantation), a conditioning protocol
based on total body irradiation was adopted.!'®*"]

For the prophylaxis of GVHD, a combination regimen was
used, which included cyclosporine A (CsA), mycophenolate
mofetil (MMF), and short-term methotrexate (MTX).?>%!
CsA was intravenously administered at 2.5 mg/kg per
day starting on day —9; once the patient's bowel function
returned to normal, the administration route was switched
to oral administration. Serum CsA concentrations were

226 JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / MAR-APR 2026 / VOL 14 | ISSUE 2



An et al.: Novel insights into autoimmune hemolytic anemia following allo-HSCT

Patients received
HSCT between 2013 and 2024
(n=11757)

Patients received

v

Patients received allo-
HSCT between 2013 and 2024
(n=8445)

Auto-HSCT or CB-HSCT
(n=3312)

Patients without clinical diagnosis

y

Clinical diagnosis of AIHA
(n=172)

of ATHA (n=8373)

Failed to meet the diagnostic criteria
of ATHA (n=2);

/

Patients with ATHA following
allo-HSCT (n = 61)

Exclusion of other causes of
hemolysis (rn = 8);
ATHA before allo-HSCT (n=1)

Patients with wAIHA (n = 58)

!

Patients with CAS (n = 3)

Figure 1: Flow chart of patient screening. HSCT: hematopoietic stem cell transplantation; Auto-HSCT: Autologous HSCT; CB-HSCT: cord blood HSCT; allo-HSCT:
allogeneic HSCT; AIHA: autoimmune hemolytic anemia; wAIHA: warm antibody-mediated AIHA; CAS: cold agglutinin syndrome.

monitored weekly, and dosage adjustments were made as
required to maintain a minimum concentration of 150-
250 ng/mL. A gradual reduction in CsA dose was then
initiated in the absence of evidence of GVHD. MMF was
administered orally at 0.5 g every 12 hours, starting from
day —1 to day +30, while MTX was given intravenously
at 15 mg/m?® on day +1 post-transplantation, followed by
doses of 10 mg/m? on days +3, +6, and +11. In instances
where patients were intolerant to CsA, tacrolimus was used
as an alternative, with a daily dosage of 0.02-0.03 mg/kg
and a treatment course lasting 3 to 6 months.'***%!

Definition

(1) AIHA was diagnosed based on the following criteria:
anemia;* evidence for hemolysis—including decreased
serum haptoglobin, elevated total bilirubin (with a
predominance of unconjugated bilirubin), increased serum
lactate dehydrogenase (LDH), or either a reticulocyte
percentage exceeding 4% or an absolute reticulocyte
count above 120X10?/L; a positive direct antiglobulin test
(DAT); and ruling out of alternative causes (especially the

hemolytic transfusion reaction identified by positive blood
group antibodies).!"

(2) The diagnostic criteria for wAIHA encompassed
all the core AIHA diagnostic criteria, along with the
absence of cold-related symptoms, a DAT positive for
immunoglobulin G (IgG), immunoglobulin A (IgA), or
complement 3d (C3d) £ IgG, and exclusion of clinically
significant cold-reactive antibodies. CAD was diagnosed
in AIHA patients who have a strongly positive DAT for
C3d, a cold-agglutinin titre = 64 at 4 °C and no identifiable
underlying conditions as triggers, whereas CAS was
defined by the same laboratory findings in the presence
of an associated clinical condition. PCH was diagnosed
in patients with autoantibody-mediated hemolysis and a
positive Donath-Landsteiner test.!"

(3) Treatment response included complete response (CR)
and response (R). CR was defined as normalization of
hemoglobin, no evidence of hemolysis (normal bilirubin,
LDH, haptoglobin and reticulocytes), and freedom from
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transfusions. R was characterized by either a hemoglobin
increase of > 2 g/dL or hemoglobin normalization
(without complete biochemical resolution of hemolysis),
with no transfusions administered in the preceding 7 days.!"!

(4) AIHA relapse was defined as the recurrence of disease
manifestations meeting the diagnostic criteria for AIHA
after achievement of CR or a sustained R lasting for more
than four weeks. OS was defined as the time interval from
the date of AIHA to death from any cause.

(5) Treatment-related adverse events reported in this
study included infections and infestations (all episodes
of bacterial, fungal, or viral infection that were either
directly induced or clinically exacerbated by the treatment),
blood and lymphatic system disorders (neutropenia or
thrombocytopenia), gastrointestinal disorders (nausea,
anorexia, vomiting, abdominal pain, diarrhea, or
constipation), hepatobiliary disorders (elevated hepatic
enzymes), nervous system disorders (headache, dizziness,
hypoesthesia, paresthesia or tremor), renal disorders
(elevated serum creatinine or other renal impairment
evidence), and immune system disorders (allergic reactions
or infusion-related reactions). The severity of each adverse
event was graded according to the Common Terminology
Criteria for Adverse Events version 5.0.

Treatments of AIHA following allo-HSCT

For patients in whom AIHA was triggered by an underlying
clinical condition, treatment of that condition was initiated
promptly. In individuals with wAIHA or PCH, prednisolone
ot prednisone (1 mg/kg/day) for 2-3 weeks was the first-
line treatment and is applied immediately."? If a sustained
treatment response was achieved, the predniso(lo)ne was
tapered over 4 weeks to 20.0-30.0 mg/day and thereafter
reduced by 2.5-10.0 mg/day each month, with complete
discontinuation within 3-6 months. For patients with
severe anemia, inadequate response to or dependency
on corticosteroids, corticosteroid dosages were further
adjusted on the basis of the patient's clinical status and
rituximab (RTX) was generally applied. The standard
regimen for RTX was 375 mg/m?* once weekly for 4
consecutive weeks.”) Two alternative regimens were
also available: a fixed high-dose regimen (RTX 1 g/day,
administered twice at a two-wecek interval) and a low-dose
regimen (RTX 100 mg/day, once weekly for 4 consecutive
weeks).?3% For patients with CAD or CAS, RTX was the
preferred intervention, with the same regimen of 375
mg/m?* once weekly for 4 consecutive weeks. For ATHA
patients with hemoglobin < 60 g/L, the administration of
intravenous immunoglobulin (IVIG, 0.4-0.5 g/kg/day for
five consecutive days) was administered based on clinical
considerations.’'! Transfusion is used as a supportive
care measure as needed. Plasma exchange, CsA (initial

oral dosage of 2.5 mg/kg twice per day), bortezomib
(intravenous dosage of 1.3 mg/m?” weekly for 1-4 weeks),
and MMF (initial oral dosage of 500 mg twice daily)
were considered potential alternative options when prior
treatment was ineffective.”

Statistical analysis

Continuous variables in this study are reported as the
mean T standard deviation or median (interquartile range),
depending on whether their distribution was normal. For
the assessment of between-group differences, the Student's
t-test or the Mann-Whitney U test was utilized, depending
on the data distribution characteristics. For categorical
variables, Pearson's chi-square test and Fisher's exact
test were employed to analyze group-level discrepancies.
Potential risk factors for AIHA occurrence were identified
using univariate Cox analyses, and variables with P < 0.1
were further included in multivariate Cox analyses. The
cumulative incidence of treatment response and OS was
respectively estimated using the Kaplan-Meier method
with group comparisons conducted »a the log-rank test.
Cox regression analyses were also used to identify potential
predictors of relapse and mortality. All of the tests were
two-tailed, and P < 0.05 was considered statistically
significant. All the statistical analyses were conducted with
SPSS version 26 software (IBM Inc, Armonk, NY, USA)
and R software version 4.2.2 (Murray Hill, New Jersey).

RESULTS

Patient characteristics and incidence of AIHA

A total of 8445 patients underwent allo-HSCT at the
Peking University Institute of Hematology between 2013
and 2024, among whom 61 patients with post-allo-HSCT
AIHA were retrospectively identified. The clinical data
and follow-up records of enrolled patients were complete.
The incidence of AIHA following allo-HSCT at Peking
University People's Hospital from 2013 to 2024 was 0.72%
(6.02 per 10,000 person-years). No statistically significant
difference in OS was detected between the AIHA group
and the control group (23.0% »s. 14.8%, P = 0.138).
Significant differences in unrelated donors, history of acute
GVHD (aGVHD), cytomegalovirus (CMV) infection after
allo-HSCT, acute kidney injury (AKI) before AIHA onset,
and history of chronic GVHD were observed between
groups. Table 1 summarizes the baseline and clinical
characteristics compared between the AIHA group and
the control group.

Clinical characteristics of patients with AIHA

The baseline characteristics and clinical features of the
included patients with post-allo-HSCT AIHA are presented
in Supplementary Table S1. Among the 61 AIHA patients,
42 (68.9%) were males, and 19 (31.1%) were females.
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Table 1: Baseline and clinical characteristics compared between AIHA group and control group

Variables Control (n = 183) AIHA (n = 61) P
Gender, n (%) 0.81
Male 129 (70.49) 42 (68.85)
Female 54 (29.51) 19 (31.15)
Age (years) , M (Q,, Q,) 24.00 (8.00, 36.50) 23.00 (8.00, 37.00) 0.86
Follow-up duration (day), M (Q,, Q,) 915.50 (373.75, 1360.50) 649.00 (222.00, 1257.00) 0.08
MNC (x 108/kg), M (Q,, Q,) 8.99 (7.42, 10.38) 8.92 (7.38, 10.03) 0.24
CD34 positive (x 10%kg), M (Q,, Q,) 2.71 (1.77, 4.06) 2.48 (1.60, 3.55) 0.50
Mortality, n (%) 27 (14.75) 14 (22.95) 0.14
Underlying disease, n (%) 0.40
AML 75 (40.98) 18 (29.51)
ALL 63 (34.43) 25 (40.98)
MDS 15 (8.20) 8 (13.11)
Lymphoma 9 (4.92) 1(1.64)
AA 13 (7.10) 5 (8.20)
Others 8 (4.37) 4 (6.56)
Prior HSCT, n (%) 7 (3.83) 4 (6.56) 0.59
Related Donor, n (%) 176 (96.18) 53 (86.89) 0.02
Gender match, n (%) 0.65
Match 75 (40.98) 27 (44.26)
Mismatch 108 (569.02) 34 (55.74)
HLA match, n (%) 0.47
Match 157 (85.79) 50 (81.97)
Mismatch 26 (14.21) 11 (18.03)
ABO match type, n (%) 0.38
Match 99 (54.10) 31 (50.82)
Major Mismatch 32 (17.49) 14 (22.95)
Minor Mismatch 42 (22.95) 10 (16.39)
Bidirectional Mismatch 10 (5.46) 6 (9.84)
Source of grafts, n (%) 0.21
PB 43 (23.50) 18 (29.51)
PB+BM 140 (76.50) 43 (70.49)
Conditioning regimen, n (%) 0.68
MAC 170 (92.90) 55 (90.16)
Non-MAC 13 (7.10) 6 (9.84)
DLI, n (%) 26 (14.21) 6 (9.84) 0.38
aGVHD, n (%) 88 (48.09) 12 (19.67) < 0.001
GVHD level, n (%)
| 40 (21.86) 6 (9.84)
I 23 (12.57) 3 (4.92)
il 10 (5.46) 1(1.64)
v 14 (7.65) 2 (3.28)
Sepsis, n (%) 4 (2.19) 2 (3.28) 1.00
Bacterial infection, n (%) 51 (27.87) 22 (36.07) 0.23
Fungal infection, n (%) 41 (22.40) 19 (31.15) 0.17

(T be continued)
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(Lable 1 Continned)

Viral infection, n (%) 87 (47.54)
CMV infection, n (%) 73 (39.89)
EBV infection, n (%) 20 (10.93)
AKI, n (%) 4 (2.19)
Liver injury, n (%) 20 (10.93)
Hypertension, n (%) 12 (6.56)
Diabetes, n (%) 11 (6.01)
Heart failure, n (%) 5(2.73)
cGVHD, n (%) 23 (12.57)

25 (40.98) 0.37
15 (24.59) 0.03
3(4.92) 0.16
6 (9.84) 0.03
10 (16.39) 0.26
6 (9.84) 0.57
4 (6.56) 1.00
1(1.64) 1.00
2 (3.28) 0.04

M: Median; Q;: 1st Quartile; Q,: 3rd Quartile; AIHA: autoimmune hemolytic anemia; MNC: mononuclear cell count at allogeneic hematopoietic stem cell
transplantation (allo-HSCT); CD34 positive: count of CD34 positive cells at allo-HSCT; AML: acute myeloid leukemia; ALL: acute lymphoblastic leukemia; MDS:
myelodysplastic syndrome; AA: aplastic anemia; HSCT: hematopoietic stem cell transplantation; HLA: human leukocyte antigen; ABO: ABO blood group;
PB: peripheral blood; BM: bone marrow; MAC: myeloablative conditioning; DLI: donor lymphocyte infusion; aGVHD: acute graft-versus-host disease; CMV:
cytomegalovirus; EBV: Epstein-Barr virus; AKI: acute kidney injury; cGVHD: chronic graft-versus-host disease.

Fifty-eight (95.1%) patients were identified as having
wAIHA, while the remaining 3 (4.9%) patients had CAS.
No patient was identified as having PCH. The median age
at allo-HSCT was 23 years (interquartile range [IQR]: 8-37
years), and the median time of AIHA onset was 195 days
(IQR: 105-375 days) after allo-HSCT. Fourteen (23.0%)
AIHA patients died during the follow-up period, whereas
six (9.8%) experienced AIHA relapse. Severe infection-
related complications accounted for 12 deaths (85.7%),
with the remaining two deaths attributed to hepatic failure
and severe hemolysis, respectively. We also conducted the
first comparison of available bone marrow morphological
examination results among AIHA patients within one
year of AIHA onset, and no significant differences were
observed.

Risk factors of AIHA

Univariate Cox regression identified an unrelated donor
as a risk factor for AIHA following allo-HSCT, whereas
a history of aGVHD was associated with a reduced risk.
Multivariate analysis further revealed that an unrelated
donor (HR 2.323, P = 0.027) was an independent risk
factor for AIHA following allo-HSCT, whereas a history
of aGVHD (HR 0.340, P = 0.001) was a protective factor.
Table 2 shows the results of the Cox regression analyses
and Figure 2 presents a forest plot of the multivariate Cox
regression results. Analysis of other variables, including
sex, underlying disease, conditioning regimens, ABO match
type, and others, showed no significant association with
ATHA occurrence. Furthermore, in the review of direct
triggers for AIHA following allo-HSCT in this study, no
AIHA episode was attributed to drugs or autoimmune
diseases. Among the 61 AIHA patients, 54 (54/61, 88%)
exhibited a clear temporal association with an infectious
episode. The infectious etiologies identified included
parvovirus B19 (# = 2), Mycoplasma pneumoniae (7 =
3), CMV (n = 3), Epstein-Barr virus (EBV, » = 1), other

bacterial infections (7 = 5), fungal infections (» = 3), and
polymicrobial infections (# = 37). One patient with CAS
was strongly suspected to have developed an AIHA episode
in the context of underlying lymphoma relapse.

Treatment and outcomes

Fifty-two (85.2%) patients achieved a treatment response
during the treatment course. The median time from onset
of ATHA to achievement of CR/R was 21.5 days (IQR: 16-
42 days). All patients with wAIHA received corticosteroid
therapy, while all patients with CAD received the standard
regimen for RTX. Prednisolone/prednisone in combination
with RTX—serving as one of the first-line therapeutic
regimens—was shown to increase the probability of
achieving CR/R in wAIHA patients (log-rank P = 0.0027,
Figure 3), however, this treatment protocol did not improve
overall survival (log-rank P = 0.422). Among the 18 patients
with wAIHA treated with prednisone/prednisolone
plus RTX, 14 received the standard RTX regimen, three
received the fixed high-dose RTX regimen, and one
received the low-dose RTX regimen. Sensitivity analysis
for RTX regimens revealed no significant differences in
efficacy between the groups (Supplementary Figure S1).
With respect to the three patients with post-allo-HSCT
CAS, RTX-based treatment achieved treatment response
in all cases. Furthermore, other currently recommended
therapeutic interventions, including corticosteroids
alone and intravenous immunoglobulin administration
demonstrated no significant positive effects on treatment
response or long-term survival. Two patients who
underwent plasma exchange ultimately died, whereas those
treated with bortezomib (» = 1), CsA (# = 1), or MMF
(n = 2) all achieved a treatment response and long-term
survival. However, given the limited number of patients
receiving these treatments, the efficacy of these therapeutic
options warrants further evaluation. Table 3 presents the
major types of therapies and the frequency of patients
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Table 2: Risk factors of AIHA following allo-HSCT

Variables Univariate Multivariate

HR 95% CI P HR 95% ClI P
Unrelated donor 2.668 1.268-5.616 0.010 2.323 1.101-4.902 0.027
aGVHD 0.264 0.132-0.530 < 0.001 0.340 0.180-0.640 0.001

HR: Hazard Ratio; Cl: Confidence Interval; AIHA: autoimmune hemolytic anemia; allo-HSCT: allogeneic hematopoietic stem cell transplantation; aGVHD: acute

graft versus host disease.

Variables HR 95%CI P Value
aGVHD 0.340  0.180-0.640 re= 0.001
Unrelated Donor  2.323  1.101-4.902 o SEE— 0.027

I T T T T 1

0 1 2 3 4 5 6
HR (95%CI)

Figure 2: Forest plot of multivariable Cox regression analysis for risk factors
of AIHA after allo-HSCT. AIHA: autoimmune hemolytic anemia; allo-HSCT:
allogeneic hematopoietic stem cell transplantation; aGVHD: acute graft
versus host disease.
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Figure 3: Survival curve for treatment response over time in warm antibody-
mediated AIHA patients receiving corticosteroids combined with rituximab
and corticosteroids alone. AIHA: autoimmune hemolytic anemia.

receiving these therapies during their hospital stay or
follow-up period within eight weeks. Moreover, patients
who received different treatments did not significantly
differ in terms of relapse. Additionally, no significant
treatment-related adverse reactions or treatment-related
mortality were observed.

Prognostic predictors of patients with AIHA

According to the results of the prognostic analysis, only
the mononuclear cell count at allo-HSCT (HR 1.720, P =
0.011) was identified as being associated with AIHA relapse
(Supplementary Table S2). Univariate regression analyses
screened out the following variables as potential mortality-
related risk factors: age, LDH and C-reactive protein (CRP)

levels at AIHA onset, and a history of AKI prior to AIHA
onset. Multivariate regression analysis indicated that age
(per 10-year increase, HR 1.669, P = 0.005), LDH levels at
the onset of AIHA (per 100-unit increase, HR 1.178, P =
0.020), and CRP levels at the onset of AIHA (HR 1.018,
P =0.031) were correlated with mortality in patients with
post-allo-HSCT AIHA (Table 4, Figure 4).

DISCUSSION

Despite its rarity, the increased clinical management
difficulty and elevated risk of adverse prognoses among
post-transplant patients induced by AIHA cannot be
overlooked.[“">!l The current limited understanding
of AIHA after allo-HSCT continues to pose ongoing
challenges to its diagnosis and management in clinical
practice. With the growing demand for HSCT and allo-
HSCT emerging as the primary transplantation modality,
detailed investigations into AIHA following allo-HSCT are
needed. Herein, we report the incidence, characteristics,
risk factors, prognosis, and treatment of AIHA after allo-
HSCT based on the largest cohort to date in this field.
Furthermore, we systematically identify the prognostic
predictors of post-allo-HSCT patients.

The long-term cumulative incidence of AIHA following
allo-HSCT in this study was 0.72%, which is lower than
that in most previous reports.>**!"l This discrepancy
might be attributable to differences in underlying diseases,
transplant types, transplant-related therapeutic strategies,
and the stringent diagnostic criteria for AIHA employed
herein. However, this incidence remains significantly
higher than that of ATHA in the general population,'*?
underscoring the necessity for vigilance against post-allo-
HSCT AIHA. Regarding the distribution of different
AIHA subtypes, we found that AIHA following allo-HSCT
remained predominantly wAIHA. These results were not
only consistent with findings from relevant post-HSCT
ATHA studies,” but also aligned with the epidemiological
features of ATHA in the general population.’” The median
time of AIHA onset identified in our cohort was 195 days
(IQR: 105-375 days) after allo-HSCT, which was generally
consistent with the previously reported onset times of
ATHA following HSCT.P**I 'This suggests that ATHA may
not present as a short-term complication of HSCT. Instead,
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Table 3: Major treatments used at diagnosis and afterwards in AIHA patients within 8 weeks

Treatments Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
Corticosteroid 60 (98.4%) 58 (95.1%) 56 (91.8%) 56 (90.2%) 54 (88.5%) 54 (88.5%) 54 (88.5%) 54 (88.5%)
Rituximab 6 (9.8%) 11 (18.0%) 16 (26.3%) 181(29.5%) 14 (23.0%) 4 (6.6%) 3 (4.9%) 0
Transfusion 38 (62.3%) 34 (55.7%) 23 (37.8%) 19(31.1%) 13(21.3%) 8(13.1%) 7 (11.5%) 6 (9.8%)
IVIG 45 (73.8%) 21 (34.4%) 6 (9.8%) 3 (4.9%) 2 (3.3%) 0 1(1.6%) 0
R/CR 0] 10 (16.4%) 25 (41.0%) 31 (560.8%) 35(57.4%) 41(67.2%) 43(70.5%) 44(72.1%)
AIHA relapse - - - - (0] 0 0 0
Death 2 (3.3%) 3 (4.9%) 4 (6.6%) 4 (6.6%) 4 (6.6%) 4 (6.6%) 4 (6.6%) 4 (6.6%)
AIHA: autoimmune hemolytic anemia; IVIG: intravenous immunoglobulin; R: response; CR: complete response.
Table 4: Predictors of mortality in patients with AIHA following allo-HSCT
Variables Univariate Multivariate

HR 95% ClI P HR 95% ClI P
Age per 10 1.615 1.234-2.113 < 0.001 1.669 1.166-2.391 0.005
LDH per 100 1.162 1.051-1.285 0.003 1.178 1.027-1.353 0.020
CRP 1.020 1.009-1.031 < 0.001 1.018 1.002-1.034 0.031
AKI 6.792 2.110-21.868 0.001

AIHA: autoimmune hemolytic anemia; allo-HSCT: allogeneic hematopoietic stem cell transplantation; Age per 10: age per 10-year increase; LDH per 100:
lactate dehydrogenase levels at the onset of AIHA per 100-unit increased; CRP: C-reactive protein levels at the onset of AIHA; AKI: history of acute kidney

injury before AIHA onset.

Variables HR 95%CI P Value
CRP 1.018 1.002 - 1.034 0.031
LDH per 100 1.178 1.027 - 1.353 ——t 0.020
Ageperl0  1.669 1.166 - 2.391 —_— 0.005

T T T 1
0 1 2 3

HR (95%CI)

Figure 4: Forest plot of multivariable Cox regression analysis for significant
factors associated with mortality in patients with post-allo-HSCT AIHA. allo-
HSCT: allogeneic hematopoietic stem cell transplantation; AIHA: autoimmune
hemolytic anemia; CRP: C-reactive protein levels at the onset of AIHA; Age
per 10: age per 10-year increase; LDH per 100: lactate dehydrogenase levels
at the onset of AIHA per 100-unit increased.

monitoring for AIHA in the months to even one year
post-transplantation is necessary as part of post-transplant
management, particularly in high-risk patients.

Our study revealed a post-allo-HSCT AIHA recurrence
rate of 9.8%, and this relapsed outcome appeared to have
no evident impact on patients' OS. Given the paucity of
relevant reports in the current literature, these findings are
of particular interest. The previously reported mortality
rates among patients with AIHA after allo-HSCT

GILIHI6T Our study found an overall

varied considerably.!
mortality rate of 23.0% in patients with post-allo-HSCT
AIHA. Although this percentage was higher than that of

the control group (14.8%), the difference did not reach

statistical significance (P = 0.138). Notably, among the
14 deaths, only one was attributable to severe hemolysis.
Severe infection (85.7%) remained the leading cause of
death in patients with post-allo-HSCT AIHA. Previous
studies have also reported that AIHA may not directly
increase post-transplant mortality,****! although several
studies have suggested otherwise.'"! However, ATHA did
increase the complexity of clinical management in this
population. Although hemolysis may not be the direct
cause of death, most treatments for AIHA—such as
corticosteroids and RTX—are immunosuppressive, which
significantly complicates infection control in patients with
concomitant infections.*"*!! Transfusion requirements in
patients with severe AIHA further add to the challenges of
clinical management. Moreover, the potential correlation
between AIHA and other post-HSCT complications merits
careful consideration./**

The complex immune reconstitution process after
transplantation makes it difficult to identify clear
predisposing factors for AIHA following allo-HSCT.
Allo-HSCT significantly affects patients' immune systems
and may itself act as a trigger for AIHA.[N Additionally,
multiple post-transplant factors (e.g., infections and relapse
of undetlying diseases) can serve as a "second hit",
further exacerbating immune dysregulation in patients and
promoting the development of AIHA.P By comparing
and analyzing the baseline and clinical characteristics
between the AIHA and control groups, we found that
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unrelated donors were an independent risk factor, whereas
a history of aGVHD was a protective factor. Unrelated
donors in transplant have been reported as a risk factor
of post-HSCT AIHA in previous studies.>**'3 Unrelated
donors in transplant are associated with delayed immune
reconstitution due to lymphodepleting regimens, which
may increase the risk of immune dysregulation in transplant
recipients.*”! Given that no increased incidence of ATHA
was observed in patients who underwent allo-HSCT
from donors with HLA or ABO antigen mismatches,
directly attributing this phenomenon to the donor's
immune system reacting to the recipient's mismatched
antigens may lack sufficient justification. Although several
previous studies have suggested that aGVHD may be a
risk factor for AIHA following allo-HSCT,”! our study
yielded opposite findings. From a pathophysiological
perspective, GVHD can damage thymic tissue, resulting
in impaired development of self-tolerance,* which might
increase the risk of AIHA. Notably, the vast majority of
patients in our cohort received GVHD prophylaxis and
treatment regimens containing MMF and CsA, which are
recognized as alternative treatments for AIHA; MME,
in particular, is regarded as a steroid-sparing agent in
post-HSCT AIHA, aimed at reducing the duration of
concurrent steroid therapy.!'”! Besides, corticosteroids
are among the therapeutic options for aGVHD, which
also act as the first-line therapeutic agents for wAIHA.*!
The use of these immunosuppressants may contribute to
the lower incidence of AIHA observed in our study and
suggests a possibility that aGVHD itself may not directly
act as a protective factor for post-allo-HSCT AIHA.
Instead, therapeutic interventions for aGVHD might
reduce the likelihood of AIHA development. In our study,
the incidence of ¢cGVHD was also significantly lower
in the AIHA group, which also indicates from another
perspective that the prophylaxis/treatment of aGVHD
has achieved satisfactory efficacy in patients with AIHA.
Furthermore, despite the lack of statistical evidence, given
the observed temporal associations between infections,
underlying disease recurrence, and the development of
AIHA, the impact of "second hits" triggered by these
clinical conditions on AIHA remains unclear. Specifically,
when such clinical events occur alongside unexplained
hemolysis, it is of great necessity to be alert to the potential
development of AIHA.

In terms of treatment, the response rate in our study was
85.2%, indicating slightly better efficacy than that reported
in previous studies.”'**" We found that corticosteroids
combined with RTX—the current first-line recommended
therapy for wAIHA—effectively improved the treatment
response rate in AIHA patients. RTX functions as an
anti-CD20 monoclonal antibody, which achieves selective
depletion of B cells through binding to CD20 molecules

expressed on the surface of B cells, thereby reducing the
production of autoantibodies or allogeneic antibodies.
Previous studies have not only confirmed that RTX can
significantly increase the remission rate in AIHA patients
but also demonstrated its efficacy in treating refractory/
relapsing ATHA ¥ Tts benefits in patients with ATHA
after HSCT have been proved as well.""">*"l Howevert, since
RTX requires time to deplete B cells, it may not rapidly
reduce autoantibody levels. Thus, combination therapy
with corticosteroids and RTX is recommended for ATHA
patients with rapid disease progression. This regimen
could not only rapidly control hemolysis but also suppress
antibody production in the long term.*®*! Although
subsequent survival analyses revealed no improvement
in OS with this therapy, as noted earlier, AIHA may
not directly reduce post-transplant OS. This does not
mean that effective therapies for post-allo-HSCT AIHA,
including corticosteroids combined with RTX, lack clinical
significance. They can ameliorate AIHA conditions, thereby
reducing patients' transfusion dependence and shortening
hospital stays, which plays a positive role in alleviating the
complexity of clinical management and improving quality
of life in the post-transplant population. Our results also
support the current per spective that bortezomib, CsA, and
MMF may also be applicable to patients with post-allo-
HSCT AIHA.P1%73% Furthermore, although transfusion
and IVIG—two intervention measures that are widely used
in clinical practice for treating post-HSCT AIHA, even
in critically ill patients—did not yield significant positive
outcomes in the present study, they remain potential
effective life-saving measures for patients with AIHA
following allo-HSCT, considering the favorable patient
prognosis observed in this research.P*

Few studies have focused on the prognostic factors
for AIHA after allo-HSCT, especially the predictors of
AIHA relapse. We explored the predictors of AIHA
relapse and mortality in patients who underwent allo-
HSCT. Mononuclear cell count at allo-HSCT was found
to be linked to AIHA relapse. Post-allo-HSCT immune
reconstitution is a highly complex process, in which both
the quantity and function of mononuclear cells may affect
the restoration of immune homeostasis. Mononuclear cells
play a crucial role in the immune system: they participate
in immune regulation by differentiating into macrophages
or dendritic cells and are deeply involved in post-allo-
HSCT immune reconstitution.”*? A higher mononuclear
cell count at allo-HSCT may impact the immune function
of transplant recipients by affecting lymphocytes or
antibodies, making AIHA patients who achieve remission
more prone to recurrence. Previous studies have rarely
addressed the field of post-transplant AIHA relapse,
and our findings provide new insights for guiding the
relapse monitoring and long-term management of post-
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allo-HSCT AIHA. Multivariate Cox regression further
identified age as well as LDH and CRP levels at the onset
of AIHA as factors associated with mortality in patients
with AIHA following allo-HSCT. Elderly patients may
be more severely affected by immunosenescence, which
can be associated with a higher risk of post-transplant
complications and poor tolerance to treatment. Previous
studies have also reported an increased risk of infection-
related hospitalization and mortality in elderly ATHA
patients.”** LDH is an intracellular enzyme treleased into
the bloodstream when cells are injured or destroyed. LDH
levels are generally correlated with the extent of red blood
cell destruction and serve as biomarkers for the severity of
hemolytic diseases.” The association between more severe
hemolysis and poor patient prognosis is understandable.
Severe infectious complications represent one of the major
causes of death in patients after allo-HSCT. In patients
with AIHA following allo-HSCT, infections may directly
actas a trigger for AIHA and be further exacerbated by the
application of immunosuppressive therapy for AIHA.P"!
This factor significantly increases the difficulty of clinical
management and the risk of adverse prognosis for patients.
These findings suggest a practical framework for risk
stratification. For patients who develop post-allo-HSCT
AIHA, particularly elderly patients, those with significantly
elevated LDH levels, or those with evidence of infections,
clinicians should maintain a high level of vigilance. Such
patients may warrant more aggressive upfront therapy,
intensive monitoring for infections and organ function,
and proactive supportive care to mitigate their high risk
of mortality.

This study has several limitations. First, although this cohort
of 61 patients with post-allo-HSCT AIHA represented the
largest population reported to date, the absolute event
numbers, especially the 14 deaths and six relapses, remain
small. The impact of the limited sample size and number of
endpoint events on our findings should be acknowledged.
Consequently, our conclusions require validation in clinical
studies based on larger cohorts. Second, the single-center
retrospective design inherently limits generalizability. Given
the rarity of post-allo-HSCT AIHA, we plan to conduct a
collaborative consortium with major domestic allo-HSCT
centers to launch a prospective, multicenter study. This
initiative will enroll patients treated with diverse graft
sources, variable conditioning intensities, and distinct
GVHD-prophylaxis platforms, thereby validating our
findings. Third, mechanistic studies on post-allo-HSCT
AIHA remain limited. Our findings, like those of previous
studies, are based on clinical cohort analyses only. Further
basic experimental studies are needed to support these
clinical observations and deepen understanding of post-
allo-HSCT AIHA.

CONCLUSION

This study enrolled the largest known cohort of patients
with AIHA after allo-HSCT to date, reporting its incidence
and clinical features. We revealed that an unrelated donor is
a risk factor for AIHA after allo-HSCT, whereas aGVHD
and its associated treatments may act as protective factors.
We also found that corticosteroids combined with RTX
constitutes an effective treatment. Furthermore, we
revealed that a higher mononuclear cell count at allo-
HSCT is correlated with AIHA relapse, and that older
age and higher LDH and CRP levels are associated with
mortality in post-allo-HSCT AIHA patients. These findings
innovatively highlight key prognostic markers, providing
guidance for risk stratification and the management of
post-allo-HSCT AIHA.

Supplementary Information: Supplementary materials are only
available at the official site of the journal (www.intern-med.com).
Acknowledgements: The authors thank the patients and
medical staff (all from the Department of Hematology, Peking
University People’s Hospital, Peking, China) who participated
in this study.

Author Contributions: X. Zhang, Z. An and L. Zhang
contributed to the concept and design. P. Zhao, ]. Wu, H. Fu, Y.
Zhang, X. Mo, F. Wang, C. Yan, Y. Sun, M. Ly, Y. Chen, Y. Chang,
Z. An and L. Zhang collected the data. Z. An and L. Zhang
contributed to data interpretation and data analysis. X. Zhang, Z.
An and L. Zhang performed statistical analysis. Y. Wang, L. Xu,
X. Zhao, X. Huang and X. Zhang revised it critically. X. Zhang,
Z. An and L. Zhang wrote the manuscript. X. Zhang designed,
conceived and supervised the study, analyzed the data, and drafted
and revised the manuscript. All authors critically reviewed and
approved the final version of the manuscript.

Source of Funding: This work is supported by Beijing Natural
Science Foundation (No.7232188, 1.248044, and 7242154),
National Key Research and Development Program of China
(No. 2023YFC2507803), Key Program of the National Natural
Science Foundation of China (No. 824300006, 82230004, and
82130008) and Beijing Tongzhou Science and Technology
Foundation (No. CXTD2024005).

Ethics Approval: This study obtained approval from the Ethics
Committee of Peking University People’s Hospital.

Informed Consent: All enrolled patients submitted signed
informed consent forms in compliance with the Declaration
of Helsinki.

Conflict of Interest: The authors have no conflicts of interest
to declare.

Use of Large Language Models, Al and Machine Learning
Tools: None.

Data Availability Statement: The data analyzed during the
current study are available from the corresponding author on
reasonable request.

234 JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / MAR-APR 2026 / VOL 14 | ISSUE 2



An et al.: Novel insights into autoimmune hemolytic anemia following allo-HSCT

REFERENCES

10.

11.

12.

13.

14.

15.

Jager U, Barcellini W, Broome CM, Gertz MA, Hill A, Hill QA, et al.
Diagnosis and treatment of autoimmune hemolytic anemia in adults:
Recommendations from the First International Consensus Meeting.
Blood Rev 2020;41:100648.

Hill QA, Stamps R, Massey E, Grainger JD, Provan D, Hill A, et al. The
diagnosis and management of primary autoimmune haemolytic anaemia.
Br ] Haematol 2017;176:395-411.

Gabelli M, Ademokun C, Cooper N, Amrolia PI. Pathogenesis, risk fac-
tors and therapeutic options for autoimmune haemolytic anaemia in the
post-transplant setting. Br ] Haematol 2022;196:45-62.

Kennedy C, Jackson DE. The effect of HLA matching and donor related-
ness on the risk of autoimmune haemolytic anaemia in haematopoietic
stem cell transplant recipients: A systematic review and meta-analysis.
EJHaem 2022;3:609-618.

O'Brien TA, Eastlund T, Peters C, Neglia JP, Defor T, Ramsay NKC, et
al. Autoimmune haemolytic anaemia complicating haematopoietic cell
transplantation in paediatric patients: high incidence and significant
mortality in unrelated donor transplants for non-malignant diseases.
Br ] Haematol 2004;127:67-75.

Sanz ], Arriaga F, Montesinos P, Orti G, Lorenzo I, Cantero S, et al.
Autoimmune hemolytic anemia following allogeneic hematopoietic
stem cell transplantation in adult patients. Bone Marrow Transplant
2007;39:555-561.

Faraci M, Zecca M, Pillon M, Rovelli A, Menconi MC, Ripaldi M, et al.
Autoimmune Hematological Diseases after Allogeneic Hematopoietic
Stem Cell Transplantation in Children: An Italian Multicenter Experi-
ence. Biol Blood Marrow Transplant 2014;20:272-278.

Chang TY, Jaing TH, Wen YC, Huang IA, Chen SH, Tsay PK. Risk
factor analysis of autoimmune hemolytic anemia after allogeneic he-
matopoietic stem cell transplantation in children. Medicine (Baltimore)
2016;95:5396.

Lv W, Fan Z, Huang F, Xu N, Xuan L, Yu G, et al. Autoimmune hema-
tological diseases following haploidentical donor hematopoietic stem
cell transplant compared with matched sibling and unrelated donor.
Oncotarget 2017;8:26505-26514.

Lv W, QuH, Wu M, Fan Z, Huang F, Xu N, et al. Autoimmune hemolytic
anemia after allogeneic hematopoietic stem cell transplantation in adults:
A southern China multicenter experience. Cancer Med 2019;8:6549-
6558.

Miller PDE, Snowden JA, De Latour RP, Tacobelli S, Eikema DJ, Knol C,
et al. Autoimmune cytopenias (AIC) following allogeneic haematopoietic
stem cell transplant for acquired aplastic anaemia: a joint study of the
Autoimmune Diseases and Severe Aplastic Anaemia Working Parties
(ADWP/SAAWP) of the European Society for Blood and Marrow
Transplantation (EBMT). Bone Marrow Transplant 2020;55:441-451.
Hill QA, Hill A, Berentsen S. Defining autoimmune hemolytic anemia: a
systematic review of the terminology used for diagnosis and treatment.
Blood Adv 2019;3:1897-1906.

Migdady Y, Pang Y, Kalsi SS, Childs R, Arai S. Post-hematopoietic stem
cell transplantation immune-mediated anemia: a literature review and
novel therapeutics. Blood Adv 2022;6:2707-2721.

Gonzélez-Vicent M, Sanz J, Fuster JL, Cid ], de Heredia CD, Morillo D, et
al. Autoimmune hemolytic anemia (AIHA) following allogeneic hemat-
opoietic stem cell transplantation (HSCT): A retrospective analysis and a
proposal of treatment on behalf of the Grupo Espafiol De Trasplante de
Medula Osea en Niflos (GETMON) and the Grupo Espanol de Trasplante
Hematopoyetico (GETH). Transfus Med Rev 2018;S0887-7963:30164-
30165.

Yang Z, Wu B, Zhou Y, Wang W, Chen S, Sun A, et al. Clinical and
serological characterization of autoimmune hemolytic anemia after
allogeneic hematopoietic stem cell transplantation. Chin Med ] (Engl)
2014;127:1235-1238.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Wang M, Wang W, Abeywardane A, Adikarama M, McLornan D, Raj
K, et al. Increased Mortality in Patients with Autoimmune Hemolytic
Anemia after Allogeneic Hematopoietic Stem Cell Transplantation. Blood
2014;124:2512.

Huang X]J, Liu DH, Liu KY, Xu LP, Chen H, Han W, et al. Haploidentical
hematopoietic stem cell transplantation without in vitro T-cell depletion
for the treatment of hematological malignancies. Bone Marrow Trans-
plant 2006;38:291-297.

Sun YQ, Chang YJ, Huang XJ. Update on current research into haploi-
dentical hematopoietic stem cell transplantation. Expert Rev Hematol
2018;11:273-284.

Lai YR, Chen YH, Hu DM, Jiang M, Liu QF, Liu L, et al. Multicenter
phase II study of a combination of cyclosporine a, methotrexate and
mycophenolate mofetil for GVHD prophylaxis: results of the Chinese
Bone Marrow Transplant Cooperative Group (CBMTCG). ] Hematol
Oncol 2014;7:59.

Yan CH, Xu LP, Wang FR, Chen H, Han W, Wang Y, et al. Causes of
mortality after haploidentical hematopoietic stem cell transplantation
and the comparison with HLA-identical sibling hematopoietic stem cell
transplantation. Bone Marrow Transplant 2016;51:391-397.

Apperley ], Niederwieser D, Huang XJ, Nagler A, Fuchs E, Szer J, et al.
Haploidentical Hematopoietic Stem Cell Transplantation: A Global
Overview Comparing Asia, the European Union, and the United States.
Biol Blood Marrow Transplant 2016;22:23-26.

Huang XJ, Liu DH, Liu KY, Xu LP, Chen H, Han W, et al Treatment of
acute leukemia with unmanipulated HLA-mismatched/haploidentical
blood and bone marrow transplantation. Biol Blood Marrow Transplant
2009;15:257-265.

Wang Y, Wang HX, Lai YR, Sun ZM, Wu DP, Jiang M, et al. Haploidenti-
cal transplant for myelodysplastic syndrome: registry-based comparison
with identical sibling transplant. Leukemia 2016;30:2055-2063.

Zhao P, Wu YJ, He Y, Chong S, Qu QY, Deng RX, et al. A prognostic
model (BATAP) with external validation for patients with transplant-
associated thrombotic microangiopathy. Blood Adv 2021;5:5479-5489.
Xiao M, Zhou J, Zhu X, He Y, Wang E, Zhang Y, et al. A prognostic score
system in adult T-cell acute lymphoblastic leukemia after hematopoietic
stem cell transplantation. Bone Marrow Transplant 2024;59:496-504.
Garcia-Casal MN, Pasricha SR, Sharma A]J, Pefia-Rosas JP. Use and
interpretation of hemoglobin concentrations for assessing anemia status
in individuals and populations: results from a WHO technical meeting.
Ann N'Y Acad Sci 2019;1450:5-14.

Reynaud Q, Durieu I, Dutertre M, Ledochowski S, Durupt S, Michallet
AS, et al. Efficacy and safety of rituximab in auto-immune hemolytic
anemia: A meta-analysis of 21 studies. Autoimmun Rev 2015;14:304-313.
Michel M, Terriou L, Roudot-Thoraval F, Hamidou M, Ebbo M, Le
Guenno G, et al. A randomized and double-blind controlled trial evaluat-
ing the safety and efficacy of rituximab for warm auto-immune hemolytic
anemia in adults (the RATHA study). Am ] Hematol 2017;92:23-27.
Barcellini W, Zaja F, Zaninoni A, Imperiali FG, Battista ML, Di Bona
E, et al. Low-dose rituximab in adult patients with idiopathic autoim-
mune hemolytic anemia: clinical efficacy and biologic studies. Blood
2012;119:3691-3697.

Fattizzo B, Zaninoni A, Pettine L, Cavallaro F, Di Bona E, Barcellini W.
Low-dose rituximab in autoimmune hemolytic anemia: 10 years after.
Blood 2019;133:996-998.

Flores G, Cunningham-Rundles C, Newland AC, Bussel JB. Efficacy of
intravenous immunoglobulin in the treatment of autoimmune hemolytic
anemia: results in 73 patients. Am ] Hematol 1993;44:237-242.
Blackall D, Dolatshahi L. Autoimmune Hemolytic Anemia in Children:
Laboratory Investigation, Disease Associations, and Treatment Strategies.
] Pediatr Hematol Oncol 2022;44:71-78.

Barcellini W, Fattizzo B, Zaninoni A. Management of refractory au-
toimmune hemolytic anemia after allogeneic hematopoietic stem cell
transplantation: current perspectives. ] Blood Med 2019;10:265-278.

JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / MAR-APR 2026 / VOL 14 | ISSUE 2 235



An et al.: Novel insights into autoimmune hemolytic anemia following allo-HSCT

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

236

Wang M, Wang W, Abeywardane A, Adikarama M, McLornan D, Raj
K, et al. Autoimmune hemolytic anemia after allogeneic hematopoietic
stem cell transplantation: analysis of 533 adult patients who underwent
transplantation at King's College Hospital. Biol Blood Marrow Transplant
2015;21:60-66.

Koo J, Giller RH, Quinones R, McKinney CM, Verneris MR, Knight-
Perry J. Autoimmune cytopenias following allogeneic hematopoietic
stem cell transplant in pediatric patients: Response to therapy and late
effects. Pediatr Blood Cancer 2020;67:¢28591.

Kruizinga MD, van Tol M]D, Bekker V, Netelenbos T, Smiers FJ, Brest-
ers D, et al. Risk Factors, Treatment, and Immune Dysregulation in
Autoimmune Cytopenia after Allogeneic Hematopoietic Stem Cell
Transplantation in Pediatric Patients. Biol Blood Marrow Transplant
2018;24:772-778.

Yang K, Li Q, Zhuang X, Ma H, Chen B, Yu K, et al. A retrospective
analysis of autoimmune hemolytic anemia after allogeneic hematopoietic
stem cell transplantation for transfusion-dependent 3-thalassemia: focus
on T and B lymphocyte reconstitution. Ann Hematol 2025;104:721-728.
Hillier K, Harris EM, Berbert L, Pai SY, Grace RE. Characteristics and
outcomes of autoimmune hemolytic anemia after pediatric allogeneic
stem cell transplant. Pediatr Blood Cancer 2022;69:¢29410.

Ahmed ], Teruya J, Murray-Krezan C, Krance R. The incidence of autoim-
mune hemolytic anemia in pediatric hematopoietic stem cell recipients
post-first and post-second hematopoietic stem cell transplant. Pediatr
Transplant 2015;19:391-398.

Perreault S, Schiffer M, Zhao ], McManus D, Foss F, Gowda L, et al.
Incidence and Outcomes of Positive Outpatient Surveillance Blood
Cultures in Hematopoietic Stem Cell Transplant (HSCT) Patients with
Graft versus Host Disease (GvHD) On High Dose > 0.5 mg/kg/day (HD)
and Low Dose < 0.5mg/kg/day (LD) Steroid Therapy. Open Forum Infect
Dis 2020;7:5353-354.

Nie Y, Zhang N, Li ], Wu D, Yang Y, Zhang L, et al. Hypogammaglobu-
linemia and Infection Events in Patients with Autoimmune Diseases
Treated with Rituximab: 10 Years Real-Life Experience. ] Clin Immunol
2024;44:179.

Shah S, Padrnos L. Complications of Autoimmune Hemolytic Anemia.
Hematol Oncol Clin North Am 2022;36:353-363.

de Lima M, Champlin R. Unrelated donor hematopoietic transplantation.
Rev Clin Exp Hematol 2001;5:100-134.

Chaudhry MS, Velardi E, Malard F, van den Brink MRM. Immune Re-
constitution after Allogeneic Hematopoietic Stem Cell Transplantation:
Time To T Up the Thymus. ] Immunol 2017;198:40-46.

Xu Z, Mo X, Kong Y, Wen Q, Han T, Lyu M, et al. Mini-dose methotrex-
ate combined with methylprednisolone as a first-line treatment for acute

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

graft-versus-host disease: A phase 2 trial. ] Transl Int Med 2023;11:255-
264.

Zecca M, Nobili B, Ramenghi U, Perrotta S, Amendola G, Rosito P, et al.
Rituximab for the treatment of refractory autoimmune hemolytic anemia
in children. Blood 2003;101:3857-3861.

Barcellini W, Fattizzo B. Autoimmune Hemolytic Anemias: Challenges
in Diagnosis and Therapy. Transfus Med Hemother 2024;51:321-331.
Birgens H, Frederiksen H, Hasselbalch HC, Rasmussen IH, Nielsen O],
Kjeldsen L, et al. A phase III randomized trial comparing glucocorticoid
monotherapy versus glucocorticoid and rituximab in patients with
autoimmune haemolytic anaemia. Br ] Haematol 2013;163:393-399.
Tuliano F, Di Maio M, Infusino S, Perricelli A, Pomillo A, Russo A, et
al. REP Regimen (Rituximab, Erythropoietin and Prednisone) in the
Treatment of Refractory Autoimmune Hemolytic Anemia (R-AIHA).
Blood 2008;112:3842.

Pasquale R, Giannotta JA, Barcellini W, Fattizzo B. Bortezomib in
autoimmune hemolytic anemia and beyond. Ther Adv Hematol
2021;12:20406207211046428.

Gu G, Yang JZ, Zhang JQ, Sun LX. Regulatory T cells in allogeneic
hematopoietic stem cell transplantation: From the lab to the clinic. Cell
Immunol 2019;346:103991.

Zhou G, Zhan Q, Huang L, Dou X, Cui J, Xiang L, et al. The dynamics of
B-cell reconstitution post allogeneic hematopoietic stem cell transplanta-
tion: A real-world study. J Intern Med 2024;295:634-650.

Maquet J, Lafaurie M, Sommet A, Lapeyre-Mestre M, Moulis G. Autoim-
mune Hemolytic Anemia: A Disease of the Elderly and the Very Elderly
with Increased Mortality and Increased Rates of Hospitalization for
Thrombosis and Infection. Blood 2020;136:41.

Lafarge A, Bertinchamp R, Pichereau C, Valade S, Chermak A, Theo-
dose I, et al. Prognosis of autoimmune hemolytic anemia in critically ill
patients. Ann Hematol 2019;98:589-594.

Ray GK, Mishra D, Jena RK, Mahapatra S, Palai S, Parida AA. Clinical
Profile and Severity of Hemolysis in Adult Patients of Primary Autoim-
mune Hemolytic Anemia and Their Response to Steroid: A Prospective
Cohort Study from Single Institution. Indian ] Hematol Blood Transfus
2021;37:119-125.

How to cite this article: An Z, Zhang L, Zhao P, Wu J, Fu H, Zhang Y,
et al. Novel insights from a large cohort: Elucidating incidence, risk
factors, treatment, and prognostic predictors in autoimmune hemolytic
anemia after allogeneic hematopoietic stem cell transplantation. J
Transl Int Med 2026; 14: 225-236.

JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / MAR-APR 2026 / VOL 14 | ISSUE 2



