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Abstract
Hematopoietic stem cell transplantation (HSCT) represents a curative option for pediatric patients affected by malignant and
non-malignant disorders. Several complications may arise during the post-transplantation period, including immune-mediated
disorders. Immune-mediated cytopenias (IMCs) account for up to 22% of pediatric HSCT complications, representing an
important cause of morbidity and mortality post-HSCT. So far, their pathogenesis is not well-understood, and their man-
agement may be very challenging. Further, most patients are refractory to first-line treatment which is based on high-dose
intravenous steroids, immunoglobulin, and the monoclonal anti-CD20 antibody — rituximab. No clear consensus has been
reached for second- and third-line therapeutic options.

Conclusion: We reviewed the epidemiology, risk factors, pathogenesis, and treatment of IMCs, aiming to offer a deeper
understanding of these complications as a guide to improving the management of these fragile patients and a cue for the
design of tailored clinical trials.

What is Known:

o IMC:s arising in the post-HSCT setting represent a rare but potentially life-threatening complication. Younger patients affected by non-malignant
disorders are at the greatest risk of IMCs arising after HSCT. Corticosteroids, intravenous immunoglobulin, and rituximab represent the
undiscussed first-line therapeutic approach.

What is New:

o This review highlitghts how children present unique risk factors for post HSCT IMCs, which are the result of the complex relationship
between the immaturity of their infantile immune system and all the perturbing agents and factors which characterize the post-HSCT setting.
Future efforts are warranted to establish the best option for refractory patients, for whom a standard and validated approach is not currently
available. Among new agents, ibrutinib or bortezomib and fostamatinib or low-dose IL-2 could represent a good therapeutic option for
patients with graft-versus-host disease and hemolytic anemia or graft-versus-host disease and thrombocytopenia, respectively.
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IMCs Immune-mediated cytopenias
ORR Overall response rates

PBSC Peripheral blood stem cells
Th2 T helper cell type 2

UCB Unrelated cord blood
Introduction

Hematopoietic stem cell transplantation (HSCT) represents
the main therapeutic option for several non-malignant dis-
orders, including bone marrow failure syndromes, primary
immunodeficiencies, and inborn errors of metabolism. The
delicate immune balance characterizing immune reconstitu-
tion post-HSCT [1] could be disrupted by the development
of immune-mediated cytopenias (IMCs) [2]. This is par-
ticularly evident in pediatric patients transplanted for non-
malignant diseases, in whom IMCs represent an important
cause of morbidity and mortality post-HSCT [3]. However,
the increasing awareness, prompt recognition, and a broader
range of therapeutic approaches have led to improving sur-
vival in this cohort of patients [3]. We reviewed current
evidence in epidemiology, risk factors, pathogenesis, and
available treatment options for these complications with the
aim to exploit a better understanding of these potentially
life-threatening complications for a more accurate clinical
management and better outcomes.

Epidemiology and risk factors

IMCs occurring post-HSCT in patients affected by non-
malignant diseases have a reported incidence that varies
widely through literature: from a 1.5 to 22% of pediatric
reports [4—17]. IMCs may manifest as hemolytic anemia,
thrombocytopenia, and neutropenia, alone or in combina-
tion (e.g., Evans syndrome, which results from the asso-
ciation of immune hemolytic anemia and thrombocytope-
nia or neutropenia). The median reported time to develop
IMC:s is approximately 2 to 40 months post-HSCT, regard-
less of the ongoing immunosuppression for prophylaxis or

treatment of graft-versus-host disease (GvHD) [4-10, 18,
19]. Hemolytic anemia remains the most frequent form of
IMC [2, 6, 8-10, 17, 18, 20, 21]. Immune thrombocytope-
nia has been reported in 0.5-2% of pediatric HSCT patients
[3, 6, 14]. Immune neutropenia is rare, and no data about
its incidence is available to date [22]. Risk factors related
to IMCs post-HSCT might be classified in patient-specific,
donor-recipient HLA matching-related, and transplant-
associated [3] (see Table 1). For the first group, patient
age and the underlying disease appeared to have the utmost
influence on the development of IMCs [3]. Particularly, a
greater incidence of IMCs has been highlighted in several
reports among younger patients [2, 5-10, 17-19, 23] and in
patients transplanted for non-malignant diseases (especially
primary immunodeficiencies and inborn errors of metabo-
lism) [4, 6, 9, 10, 20, 23, 24]. It could be stated that being
transplanted for inherited disorders represents per se a risk
factor for developing IMCs post-HSCT [23]. Interestingly,
a recently published retrospective single-center study found
pediatric patients transplanted for hemoglobinopathies as
having an increased 1-year cumulative incidence of IMCs
[25]. This suggests that previous alloimmunization conse-
quent to multiple transfusions might somehow contribute
to the development of these complications [26], even if
it is difficult to demonstrate its pathogenicity, because of
the multiple concurrent factors increasing the risk in this
cohort of patients. Moreover, Szanto et al. demonstrated that
chemo-naivety presented a stronger relationship (P =0.004)
than “non-malignant indication” (P =0.02), highlighting
that the chemo itself prevents the development of IMCs,
perhaps because chemotherapy removes the immune cells
involved in IMCs development, prior to HSCT [15]. From
a donor-recipient compatibility standpoint, the choice of
unrelated donors, particularly if mismatched, and haploi-
dentical ones have been related to the development of these
complications [4, 6, 13, 27]. Finally, the HSCT procedure
itself and its following complications might increase the risk
of immune cytopenias [2]. Indeed, the use of lymphodeplet-
ing agents to prevent GVHD during the conditioning regimen
has been reported in several pediatric reports as a crucial
risk factor (alemtuzumab > ATG) [2, 9, 13, 15, 26]. Besides,

Table 1 Risk factors associated to post-HSCT IMC development in pediatric patients affected by non-malignant disorders

Patient-specific

Donor-recipient HLA matching-related

Transplant-associated

Younger age at HSCT

Non-malignant disease (especially primary
immunodeficiencies and inborn errors of
metabolism)

Chemo-naivety prior to HSCT

Matched and mismatched unrelated donors
Haploidentical donors

Use of lymphodepleting agents to prevent GYHD
(alemtuzumab > ATG)

Reduced intensity conditioning

Source of stem cells (UCB >PBSC >BM)
aGvHD grades II-1V

cGvHD

Viral infections (particularly CMV)

Mixed chimerism
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the conditioning choice may increase the risk for IMCs: this
has been demonstrated in patients affected by severe aplastic
anemia, in whom the use of reduced intensity conditioning
was associated with the development of post-HSCT immune
complications [14, 26]. Indeed, it has been postulated that
the development of mixed chimerism (that often follows a
reducedintensity conditioning regimen and is more tolerated,
as well as found, after HSCT for a non-malignant indica-
tion) could further increase the risk of IMCs after HSCT,
even if this point is still a matter of great debate (9,12,15).
Some pediatric reports are identified as a risk factor even the
source of stem cells (UCB >PBSC > BM), but multivariate
analysis did not confirm the findings [6, 14, 15, 17-19, 26,
28]. Likewise, the development of GVHD seemed to increase
the risk of immune complications, but only a single-center
retrospective study was able to classify aGvHD grades
II-IV as an independent risk factor for IMCs in the pedi-
atric population [15]. Interestingly, this study was also able
to underline that pediatric patients treated with serotherapy,
chemo-naive prior to HSCT, and who developed aGVHD
grades II-1V before IMC development had a 22% chance to
develop immune cytopenias post-HSCT [15]. Furthermore,
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Fig. 1 Pathogenesis of IMCs post-HSCT. Different pathomechanisms
have been proposed: an impaired central tolerance due to thymic
damage arising from chemotherapy or immunosuppressant drugs
employed in HSCT setting or related to the immaturity of the thymus
in young children; the donor could transfer to the recipient autore-
active B and T cells; and the delicate immune balance between the
reconstituting donor immune system and the depleted but still present
recipient immune system could be shifted toward aberrant immune

Viral Infections post HSCT\

Expansion of
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chronic GvHD has been reported as one of the key risk fac-
tors for developing IMCs, even for pediatric patients [2].
Finally, infectious complications, particularly viral reacti-
vations, could act as a trigger for the development of IMC
post-HSCT during pediatric age [2, 26]. This has been high-
lighted especially for CMV [9], which has been recognized
as one of the primary risk factors.

Pathogenesis

The mechanisms behind the development of IMCs post-HSCT
are not completely understood (see Fig. 1). This is because
of the unique picture characterizing the post-transplantation
period, in which a delicate balance between the reconstitut-
ing donor immune system and the depleted but still present
recipient immune system is crucial for avoiding immune com-
plications [1]. In this scenario, it is of paramount importance a
prompt reconstitution and appropriate functioning of T regu-
latory cells (Tregs) which suppress autoreactive T and B cells,
ultimately preventing their expansion which leads to conse-
quent aberrant immune responses [2, 3]. Indeed, a paucity

» 3

GvHD prophylaxis, treatment and GvHD itself

Delicate immune balance between
reconstituting donor immune system
and the depleted but still present
recipient immune system
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responses — by graft-versus-host disease and its related therapies
or prophylaxis or by viral reactivations. All these factors could lead
toward the expansion of autoreactive T and B cells and toward the
shift to a T helper 2 response which could amplify itself the expan-
sion of autoreactive B cell and their transformation into plasma cells
producing antibodies that definitely recognize antigens present on red
blood cells, platelets, or neutrophils
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of Tregs is characteristic of younger patients in whom the
thymus is still under development [2, 3, 7, 17] and, broadly, of
the early post-HSCT setting (because the thymus is damaged
by the conditioning regimen) or late post-HSCT setting (in
which additional complications, such as GVHD and its related
treatments, could further damage the thymus) or, finally, of
the T-deplete haploidentical setting [29]. Similarly, patients
with IMCs showed inadequate Tregs’ capabilities in control-
ling T helper cell type 2 (Th2) activation, which ultimately
resulted in Th2-driven autoimmunity [9]. Besides Tregs/Th2
imbalance, pediatric patients presenting IMCs showed also
aberrant immune reconstitution profiles, with a trend toward
lower NK, CD3 + CD8 +cells, and higher values of IgM at the
time of IMC onset [15]. Taken all together, these data confirm
that both T cell and B cell dysfunction lay the foundation
for the development of immune cytopenias, and it is quite
challenging to distinguish auto- from allo-immunity in this
context. Thus, the definition of “immune cytopenias” better
fits these complications. Besides the proposed mechanisms,
the donor could cause the transfer of autoantibodies and auto-
reactive B and T cells, or both, into the recipient, triggering
the development of IMCs [22]. Furthermore, taking advantage
of lessons learned from patients affected by inborn errors of
immunity, in whom several immune mechanisms breaking
immune tolerance have been proposed [30], we could also
speculate that other pathomechanisms could be implied in
autoreactive B and T cells expansion in patients with IMCs
post-HSCT. Indeed, from a T cell standpoint, aberrant T
cell receptor signaling could compromise central tolerance
by affecting negative selection of autoreactive T cells, while
defective lymphocyte apoptosis could lead to a failure in con-
trolling lymphocyte expansion in the context of an adaptive
immune response [30]. On the other hand, the central B cell
tolerance, which is deployed within the bone marrow and is
achieved through several mechanisms (e.g., anergy, clonal
ignorance, clonal deletion, and receptor revision), could be
incomplete leading to a considerable proportion of autore-
active B cells escaping the bone marrow [30]. Considering
the limited information on these variables, further studies are
needed for a thorough exploration of the interconnection of T
cell- and B cell-mediated pathomechanisms.

In this context, it has to be considered that all the fac-
tors which influence the speed and quality of donor immune
reconstitution may lead toward IMCs’ development: the
underlying disease, the use of lymphodepleting agents (ATG
or alemtuzumab), the source of the stem cells, the choice of
a mismatched donor, the development of GvHD, and the
administration of calcineurin inhibitors to prevent GvHD
or infectious complications [1, 31]. This reflects the known
reported data about the relationship between the cited vari-
ables and IMCs’ development.

Finally, we could speculate that all the cited factors are
interrelated in children affected by non-malignant disorders

@ Springer

as compared to those with hematological malignancies who
undergo HSCT. As explained above, these patients are rela-
tively younger (with a still immature and under development
thymus), and they also have an underlying immune system
that is presumably intact because of no prior exposure to
chemotherapy. In some of them presenting with metabolic
diseases, even lysosomal glycosaminoglycan accumulation
could be implicated in innate and adaptive immune system
dysfunction, while others with hemoglobinopathies (espe-
cially those affected by thalassemia) could present an allo-
immunization consequent to multiple transfusions which
could eventually hamper post-HSCT immune dysregulation.

Diagnosis

IMCs could be related to several causes when they occur
in the post-HSCT setting. Hence, important SCT-related
complications which usually present with overlapping
features should be ruled out before considering IMCs:
graft-versus-host disease, hemolytic anemia owing to ABO
blood group incompatibility, transplantation-associated
thrombotic microangiopathy, graft failure, disease relapse,
active infections, side effects of drugs, and disseminated
intravascular coagulation.

A stepwise diagnostic approach is recommended [22],
starting from a proper review of the transplantation pro-
cedure itself (evaluating patient-specific, donor-recipi-
ent HLA matching-related and transplant-associated risk
factors).

First-line diagnostic tests include differential blood
count with reticulocytes and a blood smear, chemistry
including creatinine and hemolytic parameters (i.e., direct
and indirect bilirubin, lactate dehydrogenase, and hapto-
globin), and urinalysis. It is worth remarking that very
young infants could falsely show decreased haptoglobin
because they often have poor synthesis capabilities for this
protein [3].

In case of hemolytic anemia, a direct antiglobulin test
(DAT) is mandatory, and it is often positive in patients with
post-HSCT autoimmune hemolytic anemia, even if a nega-
tive DAT does not rule out the condition [32]. DAT usu-
ally reveals complement (C3) and/or immunoglobulin (IgM
or IgG) antibodies on the surface of red blood cells. Indi-
rect Coombs testing may also yield the presence of serum
antibodies.

In case of immune thrombocytopenia and neutropenia,
anti-human platelet antigen or anti-human neutrophil anti-
gen antibodies may be present on testing, but their pres-
ence does not exclude other causes of these cytopenias, and
their absence does not exclude a diagnosis of an immune-
mediated destructive process [15]. Indeed, the relatively
low sensitivity of anti-platelet and anti-neutrophil antibody
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testing compared to that for immune hemolytic anemia adds
another hurdle to diagnose multiple lineage cytopenias or
isolated immune thrombocytopenia and neutropenia. For
both platelet and neutrophil antibody testing, the earlier
techniques, ELISA-based, have low specificity and sensi-
tivity (60-70%) [23]. The more recent assays, often flow
cytometric immunobead assays, are only marginally bet-
ter, reaching a sensitivity and specificity of about 80% [33,
34]. For these reasons, the diagnostic criteria for immune
thrombocytopenia and neutropenia could not be routinely
and exclusively based on the presence of antibodies alone.
Further, in case of thrombocytopenia, a pattern of transient
response or refractoriness to platelet transfusions could help
corroborate diagnosis, while a trial with granulocyte colony-
stimulating factor (G-CSF) administration could help con-
firm immune neutropenia (poor or no response is expected)
[22]. A bone marrow aspirate and biopsy should be consid-
ered to evaluate chimerism and confirm normal megakary-
opoiesis in case of immune thrombocytopenia, while islands
of neutrophil precursors and occasionally clear evidence of
myeloid maturation arrest are seen in patients presenting
immune neutropenia.

Treatment

There are no guidelines for IMCs’ treatment post-HSCT;
therefore, therapy is usually performed following the
treatment of immune cytopenias presenting in non-trans-
planted patients. However, children undergoing HSCT
who develop IMCs post-HSCT usually present refractory
forms of cytopenias, and second- or third-line therapies
are often required.

First-line treatment

First-line treatment is based on transfusions (even if most
patients may be transfusion refractory, because of antibodies
in their serum), G-CSF administration in case of neutropenia
(isolated or associated with involvement of other cell lines),
and hemodynamic supportive therapy. A careful approach
must be maintained, such as these complications could pre-
sent as medical emergencies (especially hemolytic anemia
and thrombocytopenia) or could rapidly evolve toward life-
threatening situations in such fragile patients. Attention must
be paid to transfusion indications: these should be reserved
only for patients presenting clinical symptoms of the under-
lying cytopenia rather than on Hb level or platelet number.
This is because autoantibodies could target even the best-
matched unit and may contribute to activating further the
immune-mediated destructive process. A very few patients
— those with the mildest form of isolated neutropenia

— might improve solely with this approach, and they would
not require any additional agent. However, in most cases,
exclusive supportive therapy is not sufficient. In these
patients, high-dose corticosteroids are the universal first-
line approach (methylprednisolone 2 mg/kg/day until trans-
fusion requirement is < q7 days and then carefully tapering
almost over 8—10 weeks) usually associated with intravenous
immunoglobulin (0.8-1 g/kg IV daily x 3 days and then con-
sider weekly to maintain goal, tapering based on response),
especially in patients affected by immune thrombocytopenia.
It is worth remarking that Koo J et al. reported that children
with post-HSCT hemolytic anemia had a higher incidence
of complications related to steroid treatment (e.g., avascular
necrosis and cataracts) as compared to adult patients, and
this has to be taken into account when considering the over-
all duration of steroid treatment [11]. In terms of response to
the first-line approach, for patients affected by post-HSCT
hemolytic anemia, overall response rates (ORR) vary among
reports, from 10 to 90%; however, complete response (CR)
with corticosteroids only is generally achieved in 30% or
less of cases [26]. Overall, we may state that only one-third
of these patients respond to first-line treatment, whereas the
remaining two-thirds would require additional agents.
Rituximab, an anti-CD20 chimeric monoclonal anti-
body that depletes CD20-expressing B cells, has been
used both as first-line besides steroid therapy in high-
risk patients or as early second-line therapy when a faster
steroid tapering is required, following the principle “the
sooner the better” [18] (375 mg/m2 dose x4 doses q7 days)
and, ultimately, as second-line treatment. The benefit of
rituximab addition in pediatric patients was especially
highlighted by Faraci et al. who reported an improve-
ment in IMC outcomes with CR of 100% in first-line and
87% in second-line administration [6]. Indeed, rituximab
showed encouraging results in literature reports, with an
ORR ranging from 66 to 100% and CR ranging from 22
to 100% as well as administered as a first- or second-line
agent with a good profile of safety and efficacy. The main
complication experienced while using rituximab was
hypogammaglobulinemia, with the majority of patients
needing immunoglobulin replacement at a median time
of 10.5 years after this therapy (range 2.6—15.2 years) [13].

Treatment beyond first-line therapy

Treatment of refractory patients with second-line agents
did not receive full consensus, and clear guidelines for the
management of these patients are not always available. So
far, several agents have been used. First, various immuno-
suppressant agents have been added to first-line therapy:
sirolimus, mycophenolate mofetil, and azathioprine. It is
worth remarking that among patients with hemolytic ane-
mia, sirolimus showed excellent results, with all reported
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patients developing partial (1 patient) or complete response
(10/10 patients from three different case series reported
between 2018 and 2020). In patients with persistent severe
thrombocytopenia following HSCT, thrombopoietin agonists
(e.g., eltrombopag and romiplostim) have also been used
and reported achieving a successful response rate, although
response takes several weeks [35-38]. Patients presenting
immune cytopenias have been treated also by plasmapher-
esis, but this has been used especially in the acute setting
when a cold antibody-mediated hemolysis is suspected,
as an additional treatment, while waiting for the response
to immunosuppressive therapy [39]. Moreover, cytotoxic
agents such as cyclophosphamide could be considered as
a salvage therapy if no other options are available [26].
Usually, a regimen based on various combinations of the
above-cited agents is preferred. From this standpoint, ther-
apy should be optimized by taking advantage of myeloid
growth factors and thrombopoietin and erythropoietin ago-
nist administration, with the aim of reducing to the absolute
minimum the transfusion support. For sake of completeness,
it should be mentioned that splenectomy is another option;
however, it should be considered only in severe forms after
the failure of other medical treatments, because of the lower
response rate registered in post-HSCT immune cytopenias
[26]. From a transplant specialist’s point of view, in patients
with mixed chimerism and IMCs, the use of donor lympho-
cyte infusion or a second HSCT could represent an alterna-
tive, but limited data about their effectiveness are available
to date [9, 13, 16, 40].

New agents and ongoing trials for non-responders

Bortezomib is a proteasome inhibitor that has been used to
target plasma cells in patients with post-HSCT autoimmunity
and confirmed laboratory antibodies and in patients affected
by cGvHD [41]. Likewise other pharmacological approaches,
few data are available about its beneficial effect in this cohort
of patients, but clear conclusions cannot be drawn, since only
case reports or small case series have been described with a
high risk of reporting bias [42—44]. Two new drugs, daratu-
mumab, an anti-CD38 monoclonal antibody, and abatacept, a
fusion protein that modulates the T cell co-stimulatory signal
that is mediated through the CD28-CD80/86 pathway, have
been used in pediatric patients with refractory autoimmun-
ity with interesting results in some published case series [11,
45-47]. However, no clinical trials are currently ongoing to
better clarify their efficacy and safety. For the sake of com-
pleteness, alemtuzumab, ofatumumab, and eculizumab have
also been used in rare cases, without efficacy [26]. A new
option for refractory patients is represented by ibrutinib, a Bru-
ton’s tyrosine kinase (BTK) inhibitor, which has already been
used for immune cytopenias presenting in patients affected by
chronic lymphocytic leukemia (CLL) [48, 49] and for treating
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chronic GvHD [50, 51], also in pediatric patients [52], and is
nowadays been testing in pediatric patients affected by hemo-
lytic anemia (NCT04398459), even if, so far, not in the post-
HSCT setting. Further, a monoclonal antibody, orilanolimab
(SYNTO0O01), that blocks the interaction between the neonatal
crystallizable fragment receptor (FcRn) and the Fc portion of
IgG, ultimately increasing clearance of IgG, has been investi-
gated for its safety and efficacy in adult patients with immune
hemolytic anemia (NCT03075878), even if so far there are no
available trials for pediatric patients. On the other hand, new
promising drugs have been approved in adult patients affected
by IMCs post-HSCT, such as fostamatinib — a tyrosine kinase
inhibitor — for immune thrombocytopenia, and clinical trials
should be designed to extend their administration also to the
pediatric population, especially considering that this drug is
already been studying in HSCT patients affected by cGvHD
(NCT02611063). Finally, another therapeutic option against
immune thrombocytopenia could be represented by low-dose
IL2, which preferentially induces Treg expansion in vivo and
has already been used in some adult patients with thrombocy-
topenia [53] and for steroid-refractory cGvHD [54]. Further-
more, low-dose IL2 has been used in several pilot studies and
clinical trials, even some randomized trials, in patients affected
by different autoimmune diseases (including but not limited
to systemic lupus erythematosus, type 1 diabetes, rheumatoid
arthritis, and different forms of vasculitis) showing a good
safety and efficacy profile, independent of the underlying dis-
ease [55].

Unmet needs and future perspectives

The greatest challenge is to make conclusions from currently
available reports (see Table 2 for a summary of the most
relevant cited studies and Fig. 2 for a compendium of thera-
peutic options). Indeed, most of the available treatments
have been reported in single case reports or very small case
series, so no evidence supports their administration in treat-
ing patients with IMCs post-HSCT. Further studies, possibly
perspective or even better randomized controlled trials, are
needed to address this question. Moreover, preclinical stud-
ies should be devoted to correctly assessing the pathogen-
esis of IMCs arising post-HSCT, with the aim of developing
tailored approaches in this unique cohort of patients. The
aim of clinicians should be to enroll refractory patients in
designed clinical trials aiming to search for the best thera-
peutic options in a controlled setting.

Expert opinion

Notwithstanding the difficulties in drawing conclusions
from the available data, the authors suggest that some unique
patient subgroups (e.g., those expected as refractory to
standard therapies) could benefit from a prompt second- or
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Fig.2 Summary of available
therapeutic options for IMCs
arising post-HSCT

Therapeutic Options for post-HSCT IMCs

Immune Hemolytic Anemia

Immune Thrombocytopenia

Immune Neutropenia

First line treatment:

- Supportive therapy +
Steroids
(methylprednisolone 2
mg/kg/day until
transfusion requirement
is < q7 days, then
carefully tapering almost
over 8-10 weeks)

- Rituximab (with or
without steroids or to
allow a faster steroid
tapering) (375 mg/mq

dose x 4 doses q7 days)

Second line treatment
-Sirolimus

-New agents:
Daratumumab,
Bortezomib, Eculizumab,
Orilanolimab

-Plasmapheresis
-DLI

Third line therapy and
beyond

-Combination of first and
second line agents (or
other IS: AZA, MMF, CY)

-Splenectomy
-Second HSCT

even third-line treatment based on the newest drugs, even if
their potential effectiveness deserves to be further assessed,
so far. Indeed, patients presenting mixed chimerism should
receive DLI or a second HSCT, either if affected by hemo-
lytic anemia or immune thrombocytopenia. For young
patients with hemolytic anemia after HCT and concomi-
tant GVHD, a good choice could be to administer drugs that
could indirectly help manage the GvHD itself: ibrutinib or
bortezomib could be the best option, from this standpoint.
Ultimately, for patients with immune thrombocytopenia and
GvHD, low-dose IL2 or fostamatinib could represent a valid
therapeutic approach. A careful risk/benefit balance should
always guide the clinician’s decision.

@ Springer

First line treatment:

- Supportive therapy +
steroids
(methylprednisolone 2
mg/kg/day until
transfusion requirement
is < q7 days, then
carefully tapering almost
over 8-10 weeks)

- IVlgs (0,8-1 gram/kg IV
daily x 3 days, then
consider weekly to
maintain goal, tapering
based on response)
-Rituximab (375 mg/mq
dose x 4 doses q7 days)

Second line treatment
-Thrombopoietin

First line treatment:

- Supportive therapy
(Filgastrim)

Second line treatment

-Steroids
(methylprednisolone 2
mg/kg/day until
transfusion requirement
is < q7 days, then
carefully tapering almost
over 8-10 weeks)

-IVigs (0,8-1 gram/kg IV
daily x 3 days, then
consider weekly to

maintain goal, tapering
based on response)

t ist
LECEpLof BOms -Rituximab (375 mg/mq

-Ibrutinib, Fostamatinib dose x 4 doses q7 days)
-Low-dose IL-2
-Daratumumab
DUl Third line therapy and
beyond

Third line therapy and -Combination of first and
beyond second line agents (or

-Combination of first and other IS: AZA, MMF, CY)

second line agents (or -DUI
other IS: AZA, MMF, CY) -Second HSCT

-Splenectomy
-Second HSCT

Conclusion

IMCs arising in the post-HSCT setting represent a rare
but potentially life-threatening complication. It is widely
reported that younger age at transplantation carries a higher
risk of IMCs post-HSCT, especially considering young
patients transplanted for non-malignant disorders. Moreover,
as compared to adults, children present unique risk factors
which could be interpreted as the result of the complex rela-
tionship between the immaturity of their infantile immune
system and all the perturbing agents and factors which char-
acterize the post-HSCT period. Corticosteroids, intravenous
immunoglobulin, and rituximab represent the undiscussed
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first-line therapeutic approach, whereas future efforts
should be directed to establish the best option for refrac-
tory patients, for whom a standard and validated approach
is not currently available. Notwithstanding this uncertain
scenario, the last decade has witnessed an improvement in
the management of these challenging immune diseases, but
further studies are warranted to offer a better outcome for
these fragile patients.
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