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Key Points

• Recombinant
erythropoietin induced
an Hb response >50%
at 15 days and 70% at
1 month in AIHA with
inadequate bone
marrow compensation.

• Treatment was
effective independently
by AIHA subtype and
safe without increased
risk of thrombosis.
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Up to 30% of patients with autoimmune hemolytic anemia (AIHA) show inadequate bone

marrow (BM) compensatory response with inappropriately low levels of reticulocytes and

endogenous erythropoietin. Ineffective BM compensation is associated with more severe

anemia, transfusion need, and hospital admission, and treatment with recombinant

erythropoietin (rEPO) may be beneficial. Here, we prospectively analyzed the efficacy and

safety of rEPO in a single-center cohort of 47 patients with AIHA with inadequate

reticulocytosis and endogenous erythropoietin at baseline. Epoetin alpha 40 000

international units per week were administered subcutaneously until hemoglobin (Hb) >11

g/dL and then tapered off. Overall response was 55% at 15 days, 74% at 1 month, 74% at

3 months, 80% at 6 months, and 91% at 12 months. Consistently, Hb values significantly

increased from baseline to each subsequent time point (P<.001) with a median increase

of +1.4, +2.4, +3.4, +3.8, and +4.4 g/dL, respectively. Transfusion needs reduced from 30% to

<10% at 15 days and thereafter (P < .001). Concomitant medications included prednisone or

methylprednisolone (N = 40, stable since >2 weeks from enrollment), mycophenolate

mofetil (N = 1, ongoing since >3 months from enrollment), and rituximab (N = 7 patients

with cold agglutinin disease from day 8). No association between concomitant medications

and response to rEPO was found. Treatment was generally safe without rEPO-related severe

adverse events. The comparison with an AIHA population not treated with rEPO showed a

significant benefit of rEPO at 15 days and 1 month on response and Hb increase. These data

support the use of rEPO as an add on to standard immunosuppression in AIHA with

inadequate BM compensation. This trial was registered at www.clinicaltrials.gov as

#NCT05931718.
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Introduction

Autoimmune hemolytic anemia (AIHA) is a rare disease characterized by immune mediated destruction
of erythrocytes.1 AIHA is classified according to the isotype and thermal features of the autoantibody in
warm (wAIHA), cold (cold agglutinin disease [CAD]), mixed, and atypical forms; the disease is further
termed primary or secondary according to the presence of concomitant conditions.1,2 The clinical
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presentation is highly heterogeneous, from compensated to rapidly
worsening, and treatment is based on immunosuppressive drugs,
particularly steroids and rituximab, along with transfusion support.2

The role of bone marrow (BM) compensation has recently emerged
as an important determinant of AIHA prognosis. It has been
reported that 1 of 3 patients may have reticulocyte levels inap-
propriately low for hemoglobin (Hb) values; these subjects showed
more severe anemia and transfusion need than those with
adequate reticulocytosis.3-5 Furthermore, a recent multicenter
retrospective analysis of patients with AIHA showed the benefit of
boosting erythropoiesis by recombinant erythropoietin (rEPO),
particularly in subjects with inadequate reticulocyte counts.6 With
the aim of confirming these results in a prospective study, we
evaluated the safety and efficacy of epoetin α in patients with AIHA
with inadequate reticulocytosis and inappropriate levels of endog-
enous erythropoietin.

Materials and methods

Patient population

Forty-seven patients with primary AIHA followed at the Fondazione
IRCCS Ca’ Granda Ospedale Maggiore Policlinico di Milano were
consecutively enrolled from January 2019 until December 2022.

The study was approved by the local ethical committee as a sub-
study of the CYTOPAN observational trial (NCT05931718) and
was conducted according to the Declaration of Helsinki.

Inclusion criteria were (1) AIHA diagnosis as per current recom-
mendations,2 (2) Hb <10 g/dL with lactate dehydrogenase (LDH)
>1.5 × upper limit of normality (ULN), and (3) inadequate retic-
ulocytosis (BM responsiveness index [BMRI] <121) and inappro-
priate levels of endogenous erythropoietin.6 BMRI was calculated
as (patient absolute reticulocytes × Hb/normal Hb)/1000. Appro-
priateness of endogenous EPO per Hb levels was determined
according to previous publications as (log[EPO] = 4.478 −

[0.284 × Hb]).6

Exclusion criteria were presence of nutrient deficiency, bleeding,
kidney failure (ie, creatinine >1.5 × ULN or glomerular filtration rate
<50 mL/min), liver enzyme alteration (>1.5 × ULN), and inability of
signing an informed consent. Additional exclusion criteria were
treatment with steroids (prednisone or methylprednisolone), if not
on stable dose since at least 2 weeks, rituximab given <3 months
before enrollment, IV immunoglobulins (IVIG) <3 weeks before
enrollment, and cytotoxic immunosuppressants (cyclosporine,
cyclophosphamide, mycophenolate mofetil, and azathioprine), if not
on stable dose since at least 3 weeks. Concomitant treatments
were allowed on clinical basis and included transfusions, steroid
increase, IVIG, and rituximab (from day 8), and were systematically
recorded. Patients were stratified according to the type of direct
antiglobulin test (DAT) positivity as wAIHA (IgG or IgG plus com-
plement [C]), CAD (DAT positive for C and cold agglutinin titer
≥64 at 4◦C), mixed (IgG and C and high titer cold agglutinins), and
atypical forms (IgA and DAT-negative). Hematologic parameters at
diagnosis and at enrollment, along with previous AIHA therapies,
were collected at baseline.

Treatment with recombinant EPO and outcomes

Patients were treated with epoetin α at the flat dose of 40 000
international units (IUs) subcutaneously per week. The dose was
12 MARCH 2024 • VOLUME 8, NUMBER 5
selected based on previous retrospective experience,6 as well as
on the dose used for myelodysplastic neoplasms whose marrow
features may be similar to that of active AIHA with inadequate
reticulocytosis. The first injection was delivered at the hospital and
the next at home. Hematologic parameters (Hb g/dL, LDH U/L, and
reticulocytes × 109/L) and number of red blood cell units trans-
fused were evaluated at baseline, at 15 days, and at 1, 3, 6, and
12 months. Response was defined complete response for Hb ≥ 12
g/dL with normalization of hemolytic parameters, and partial
response for Hb ≥ 10 g/dL or Hb increase from baseline of at least
2 g/dL without transfusions. Relapses were defined as decrease in
level of Hb <10 g/dL or at least 2 g/dL from the previous visit, along
with evidence of worsening hemolysis. Adverse events were sys-
tematically registered according to the Common Terminology
Criteria for Adverse Events, version 5.0.

For patients reaching Hb >11 g/dL, rEPO was tapered to 40 000
IU every 14 days and stopped if Hb >12 g/dL or in case of drug-
related adverse events.

Comparison with an AIHA population not treated with

rEPO

Data from patients diagnosed with AIHA within the period between
January 2019 and December 2022, showing a BMRI < 121 and
inadequate endogenous EPO but not receiving rEPO as per
physician or patient choice, were systematically recorded within the
observational CYTOPAN protocol. This population served as a
comparison for the study population (ie, those treated with rEPO)
but not as a formal “control cohort” because of the lack of
randomization.

Statistical analysis

Descriptive statistics were used to define mean, median, standard
error, and ranges of each continuous variable. Student t test or
Wilcoxon test were used for continuous variables. For categorical
variables, we used χ2 test or Fisher exact test when >20% of
observations had expected frequencies of <5.

Results

Demographic and hematologic features at baseline

A total of 47 patients were enrolled (Table 1). Median age was 69
years (range, 19-94) and 29 patients (62%) were older adults (ie,
>60 years), with a male to female ratio of 1.13. Forty-seven percent
of the patients had a warm type, 40% a CAD, and 13% a mixed or
atypical form; 6 patients had a concomitant immune neutropenia or
thrombocytopenia, namely Evans syndrome.

At enrollment, 57% had severe anemia (ie, Hb values <8 g/dL),
without significant differences among AIHA categories; median
reticulocytes and endogenous EPO were 121 × 109/L (range,
10-266) and 55.9 U/L (range, 10-457), respectively, inadequate
in all patients as per inclusion criteria. Particularly, median
endogenous EPO was ~20% of that expected for Hb levels (ie,
~300 U/L for Hb 7.5 g/dL). BM trephine biopsy showed
hypercellularity in 60% of cases, dyserythropoiesis in 79%, and
reticulin fibrosis (grade 1 according to the World Health Orga-
nization) in 41%, along with a polyclonal lymphoid infiltrate in
almost all subjects (mainly T cell, median 5% of total cellularity;
range, 3%-12%).
RECOMBINANT ERYTHROPOIETIN IN AIHA 1323



Table 1. Clinical and hematologic features of patients with AIHA at enrollment

All (N = 47) wAIHA (N = 22) CAD (N = 19) Mixed/atypical (N = 6)

Distribution % 100% 47% 40% 13%

Median age, y (range) 69 (19-94) 71 (19-89) 66 (33-94) 80 (25-89)

Males/females, N 25/22 12/10 9/10 4/2

Hematologic parameters

Hb (g/dL) 7.6 (3.2-10) 7.4 (5-10) 7.6 (5.8-10) 8.2 (3.2-9.7)

Hb < 8 g/dL, n (%) 27 (57%) 13 (59%) 11 (58%) 3 (50%)

Ht (%) 22.7 (8.4-33) 23 (13.8-33) 23 (17-30) 21 (8.4-28.4)

LDH (U/L) 374 (153-2083) 422 (195-2083) 341 (153-1073) 293 (228-430)

Ret (×109/L) 121 (10-266) 106 (42-266) 130 (44-191) 136 (10-204)

BMRI 76 (2.7-120) 83 (2.7-117) 73 (26.8-119.8) 77 (17.5-120)

EPO (U/L) 56 (10-457) 51 (10.8-230) 62 (17-457) 91 (10-327)

BM features

Cellularity, % 48 (10-95) 45 (10-80) 43 (18-80) 75 (40-95)

Hypercellularity, n (%) 26 (60) 10 (56) 11 (58) 5 (83)

Dyserythropoiesis, n (%) 34 (79) 14 (78) 15 (79%) 5 (83)

Fibrosis, n (%) 17 (41) 7 (39) 8 (47) 2 (33)

Lymphoid infiltrate, n (%) 37 (90) 14 (88) 17 (89) 6 (100)

Lymphoid infiltrate, % 5% (1-13) 7.5% (2.5-13) 7% (2.5-12) 5% (1-5)

Atypical AIHA were 2 DAT-negative patients. Values are given as median (range) unless otherwise specified.
Ht, hematocrit; Ret, reticulocytes; BMRI, bone marrow responsiveness index; BM, bone marrow; EPO, endogenous erythropoietin.
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Clinical data at diagnosis and AIHA medical history are summarized
in supplemental Tables 1 and 2. In brief, 40% of patients required
red blood cell transfusions (median, 2 units per patient; range, 1-6),
and 91% received a previous AIHA medication (median, 2 lines;
range, 0-6), including steroids (87%), rituximab (47%), IVIG (25%),
and cytotoxic immunosuppressors (36%, azathioprine, cyclo-
sporine, or cyclophosphamide). Only 1 patient had undergone
splenectomy.

Treatment and response evaluation

Median time from AIHA diagnosis to rEPO was 15 months
(range, 0-34), with 9 patients (19%) being treated upfront. As
shown in Figure 1, overall response rate (ORR, complete
response + partial response) was 55% at day 15, 74% at month
1, 74% at month 3, 80% at month 6, and 91% at month 12.
Consistently, Hb values significantly increased from baseline to
each subsequent time point (P < .001). Median increase
was +1.4, +2.4, +3.4, +3.8, and +4.4 g/dL at the various time
points. Transfusion needs progressively reduced to 9%, 6%,
4%, 7%, and 0% at day 15, month 1, 3, 6, and 12, respectively
(P < .001). Notably, Hb values were obtained before each
transfusion episode.

At day 15, ORR and Hb values were higher in patients with wAIHA
than those with CAD (73% vs 26%, P = .004; and 11.3 [range, 72-
147] vs 9.7 g/dL [range, 49-129], P = .03), irrespective of Hb
values at baseline, and were equal at the subsequent time points
(supplemental Figure 1). LDH progressively decreased (273
[range, 167-1657] at 15 days vs 374 U/L [range, 153-2083] at
baseline; P = .02), whereas reticulocytes increased at 15 days
(184 × 109/L [range, 28-510], P < .001 vs baseline) and then
progressively decreased.
1324 FATTIZZO et al
In total, 12 patients relapsed (26%, 9 wAIHA, 1 CAD, and 2 mixed),
at 3 months (N = 5), 6 months (N = 5), and 1 year (N = 2) of follow-
up.

Concomitant medications

At enrollment, 94% of patients were receiving a concomitant
medication, mainly prednisone or methylprednisolone (N = 40,
85%, 20 wAIHA, 14 CAD, 4 mixed, 2 atypical) at a median dose of
0.5 mg/kg per day (range, 0.01-1), stable since at least 2 weeks.
Seven patients (19%, 6 wAIHA, 1 mixed) had received IVIG at least
3 weeks before, and 1 patient with wAIHA had mycophenolate
mofetil ongoing since at least 3 months. During the study, 7 CAD
subjects received 4 weekly doses of rituximab 375 mg/sm from day
8. No association between concomitant medications and response
to rEPO was found. Responses were observed in patients with
CAD irrespective of rituximab treatment (supplemental Figure 2).

Treatment duration and safety

Median treatment duration was 4 months (range, 1 week-4 years),
and 5 patients (19%) received a single dose of epoetin α (3 CAD
and 2 wAIHA), with subsequent discontinuation owing to rapid Hb
increase. At 1 year, 35 patients (74%) had stopped rEPO mainly
because of persistent response (64%). Other reasons included
nonresponse (4%), adverse events (1%, grade 3 pulmonary
embolism during admission for pneumonia and active hemolysis),
and death in 2 (4%) older patients with wAIHA (1 heart attack and
1 metastatic colorectal carcinoma).

A total of 5 adverse events were registered: 2 thrombosis (the
abovementioned pulmonary embolism, and 1 deep venous throm-
bosis of the lower limb in the patient with active wAIHA who had
undergone splenectomy); 1 acute renal failure during active
12 MARCH 2024 • VOLUME 8, NUMBER 5
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Figure 1. Efficacy of rEPO in patients with AIHA. (A) Response rates (complete response/partial response); (B) Hb levels; (C) LDH; and (D) reticulocytes values along the

follow-up. Values are given as mean and standard errors. CR, complete response; PR, partial response; NR, no response; SE standard error.
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wAIHA; and 2 infections (grade 3 Legionella spp pneumonia in a
CAD, and Listeria monocytogenes sepsis in a wAIHA).

Comparison with an AIHA population not treated with

rEPO

Forty-three patients with AIHA with BMRI < 121 and inadequate
endogenous EPO treated at our center in the same period did not
receive rEPO as per physician or patient choice. Demographic
and hematologic features and previous AIHA therapies were
comparable with the rEPO cohort (supplemental Tables 3 and 4,
P > .05). Specifically, median Hb at baseline was 8.1 g/dL (range,
4.2-10.1), BMRI 86 (range, 3-121), and endogenous EPO 106 U/
L (range, 36-200). Endogenous EPO was higher than that in
patients treated with rEPO, but with largely overlapping ranges,
and inadequate in all cases. AIHA medications during observation
were similar between patients treated with rEPO and those not
treated with rEPO (steroids 88%, rituximab 19%, IVIG 12%,
traditional immunosuppressors 14%; P > .05 for all). As shown
in Table 2, ORR was higher in the rEPO cohort than in the
12 MARCH 2024 • VOLUME 8, NUMBER 5
non-rEPO cohort at all time points, reaching statistical signifi-
cance at day 15 (55% vs 32%, odds ratio [OR] 2.39; 95%
confidence interval, 1.00-5.67; P = .04). Consistently, Hb values
were significantly higher in the former at day 15 (9.4 g/dL [range,
5.8-12.3] vs 8.6 g/dL [range, 4.4-12.2]; P = .04), at month 1 (10.5
g/dL [range, 4.9-13.7] vs 9.5 [range, 6.4-13.9]; P = .05), and 1
year (12.2 g/dL [range, 8.8-15.1] vs 11.2 g/L [range, 7.3-17]; P =
.03). Even transfusion need at day 15 was lower in patients
treated with rEPO than in those not treated with rEPO (9% vs
15%), although not significantly. The frequency of adverse events
was the same in the 2 cohorts, with 2 thromboses, 2 infections,
and 1 acute renal failure in patients not receiving rEPO. With
regard to mortality, 1 patient died of progression to T-cell lym-
phoma in the non-rEPO cohort.

Discussion

This prospective study demonstrates the efficacy of rEPO as an add
on to standard immunosuppression in a prospective cohort of 47
patients with AIHA with inadequate BM compensatory response,
RECOMBINANT ERYTHROPOIETIN IN AIHA 1325



Table 2. Response rates and hematologic values in patients

receiving rEPO vs the comparison population

rEPO (N = 47) No rEPO (N = 43)

Baseline

Hb g/dL, mean (SD) 7.6 (1.7) 7.8 (1.4)

Transfusions (%) 14 (30) 15 (35)

15 d 47 43

ORR (%) - CR/PR* 26 (55) - 3/23 14 (32) - 1/3

Hb g/dL, mean (SD)* 9.5 (1.5) 8.8 (1.5)

Transfusions (%) 4 (9) 7 (15)

1 mo 47 43

ORR (%) - CR/PR 35 (74) - 10/25 25 (58) - 4/21

Hb g/dL, mean (SD)* 10.5 (1.9) 9.8 (1.5)

Transfusions (%) 3 (6) 4 (9)

3 mo 47 43

ORR (%) - CR/PR 35 (74) - 19/16 30 (69)- 12/18

Hb g/dL, mean (SD) 11.2 (1.9) 10.8 (1.9)

Transfusions (%) 2 (4) 1 (2)

6 mo 44 42

ORR (%) - CR/PR 35 (80) - 22/13 30 (71) - 13/17

Hb g/dL, mean (SD) 11.3 (2.1) 10.8 (1.8)

Transfusions (%) 3 (7) 2 (5)

12 mo 34 39

ORR (%) - CR/PR 31 (91) - 25/6 29 (74) - 13/16

Hb g/dL, mean (SD) 12.1 (1.4) 11.1 (2)

Transfusions (%) 0 (0) 1 (3)

CR, complete response; PR, partial response; SD, standard deviation.
*P < .05.
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independently from previous therapy lines or concomitant
medication.

The prospective analysis carries the additional value of selecting a
homogenous AIHA population as per serologic subtype distribu-
tion, diagnosis of primary AIHA, and baseline reticulocyte and
endogenous EPO levels.

Importantly, a rapid median increase of 1.4 g/dL of Hb was already
evident at 15 days and progressively increased along time. This
early response was associated with a reduction of transfusion need
from 30% to 9%. This may contribute to reduce the risk of
alloimmunization, reported to be as high as 30% in large retro-
spective series.1,2,7,8 Moreover, addition of rEPO to the traditional
immunosuppressive approach may be useful to fasten the
response, particularly to rituximab that may require even months to
be effective.3,9,10 Finally, rEPO addition may be particularly bene-
ficial in the setting of severe acute AIHA, marked by high rate of
complications and admission to an intensive care unit. A recent
French study reported a mortality as high as 12.9% in AIHA
admitted to intensive care unit, at a median of 3.5 days of admis-
sion. Interestingly, 92% of patients had inadequate reticulocytosis,
and only 22.6% of them had received rEPO.11

The use of rEPO in AIHA may change the treatment paradigm of
such “increased turn over anemia” and allows the reduction of the
1326 FATTIZZO et al
immunosuppressive burden in this patient population, at higher risk
of infections, a main cause of morbidity and mortality.3,4

The inadequate BM response in AIHA has been related to the
presence of anti-erythroblast autoantibodies,5,12,13 to a “shocked”
BM incapable of reacting during the acute phase, or to the pres-
ence of an underlying hematologic or infectious disease.6,14 In the
European retrospective analysis, ineffective erythropoiesis in AIHA
was associated with an altered cytokine profile suggesting a role of
BM microenvironment in this setting.6 The relatively high preva-
lence of CAD in the study population (40%) may indicate that
inadequate BM response is a prevalent feature in patients with
CAD who are generally older and comorbid as compared with
those with wAIHA; the nature of our tertiary center being the
referral for difficult-to-treat AIHA forms, including CAD, may be a
second reason.

Treatment with rEPO was safe as documented by a similar rate
of adverse events in patients with AIHA receiving the drug vs a
comparison group not treated with rEPO, although with the
caveat of a nonrandomized trial. Thrombotic events, a potential
life-threatening complication,1-3 were observed in only 2 cases
with active AIHA and concomitant risk factors (ie, active infec-
tion and previous splenectomy). This frequency is consistent
with previous reports disclosing a 10% to 20% rate of throm-
bosis in AIHA, particularly in patients with LDH > 1.5 × ULN and
concomitant risk factors.2,15 One could postulate that the same
AIHA population deserving rEPO may also benefit from low
molecular weight heparin prophylaxis thus further reducing the
risk.15

Notably, most patients interrupted rEPO after a median time of
2 months, as in persistent response. For clinical practice, this
indicates that a use “on demand” is more frequent as compared
with a continuous therapy. From a biological perspective, this
feature is consistent with a “transitory ineffective erythropoiesis” in
AIHA vs BM failures.

Our study carries several limitations because of the relatively
small number of patients and the lack of a randomized controlled
cohort. We decided to perform an open label study because
some prior evidence of effectiveness and safety was already
available in the literature2,6,16; however, we included the AIHA
population not treated with rEPO as per physician or patient
choice, enrolled in the prospective CYTOPAN protocol, to allow
some comparison. In addition, the contribution of concomitant
medication to response cannot be excluded, although the
inclusion of patients unresponsive or with inadequate response
to stable doses of steroids or cytotoxic immunosuppressants
may overcome the bias. Rituximab was administered from day 8
of rEPO in 7 patients with CAD, but hematologic response did
not differ between patients receiving and those not receiving the
drug. Notwithstanding the limited numbers, it may be hypothe-
sized that the effect of rEPO is mainly evident within the first
month from rEPO start, thus not affecting the comparison of
rEPO efficacy in the 2 subgroups of patients. Moreover, the
comparison with a cohort of AIHA not treated with rEPO in the
same time strengthened the early benefit of rEPO treatment. In
any case, the effect of concomitant immunosuppression remains
essential for establishing AIHA response (particularly ameliora-
tion of hemolytic markers), so that we propose rEPO as an add-
on treatment.
12 MARCH 2024 • VOLUME 8, NUMBER 5



D
ow

nl
In conclusion, this prospective study supports the use of rEPO on
top of immunosuppressive therapy to obtain an early erythroid
response and to reduce transfusion need in AIHA with inadequate
BM compensation.
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