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Abstract Autoimmune lymphoproliferative syndrome
(ALPS), a disorder characterized by immune dysregulation
due to disrupted lymphocyte homeostasis, is mainly resulted
from the mutations in FAS-mediated apoptotic pathway. In ad-
dition, other mutations of the genes such as Fas-ligand
(FASLG), Caspase 10 (CASP10) and Caspase 8 (CASP8),
NRAS and KRAS have also been observed in a small number
of patients with ALPS or ALPS-related disorders. However,
approximately 20-30%of patients withALPS have unidentified
defect. Its clinical manifestations observed in multiple family
members include unexplained lymphadenopathy,
hepatosplenomegaly, autoimmune cytopenias such as thrombo-
cytopenia, neutropenia, and anemia due to excessive production
of antibodies by lymphocytes, elevated number of double-
negative T (DNT) cells, and increased risk of lymphoma. As a
very rare disease, ALPS was first characterized in the early

1990s. More than 300 families with hereditary ALPS have been
reported till now; nearly 500 patients from these families have
been studied and followed worldwide over the last 20 years.
ALPS has historically considered as a primary immune defect
presenting in early childhood, however, recent studies have
shown that it may be more common than previous thought
because adult onset presentation is increasingly becoming re-
cognized and more adult ALPS patients are diagnosed. The
new genetic and biological insights have improved the under-
standing of ALPS and a number of targeted therapeutic strate-
gies such as mycophenolate mofetil, sirolimus, and pentostatin
have been successfully applied inALPS patients with promising
treatment efficacy. This article comprehensively reviews the clin-
ical and laboratory manifestations, new research advances in the
molecular pathogenesis, diagnosis and treatments of this disorder.
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Introduction

Autoimmune lymphoproliferative syndrome (ALPS), a typi-
cally genetic disorder associated with apoptosis, has very low
incidence. The exact prevalence is still unknown. According
to the revised criteria for the diagnosis and classification of
ALPS from 2009 International Workshop at the National In-
stitutes of Health (NIH), only approximately 500 patients with
ALPS originating from more than 300 families have been
investigated all over the world [1]. In 1967, five patients with
lymphadenopathy, splenomegaly, and autoimmune cytopenia
have been diagnosed as malignant lymphoma with similar
characteristics by Canale and Smith [2] and named as
Canale-Smith syndrome. In 1992, Sneller et al. [3] have found
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that ALPS exhibits similar manifestations from two lympho-
proliferative mouse models caused by lpr and gldmutations as
previously described in systemic lupus erythematosus (SLE).
Subsequently, the homozygous mutations of FAS and FASLG
genes in lpr and gld mice have been confirmed by Watanabe-
Fukunaga and Takahashi et al. [4, 5]. Later, Rieux-Laucat
et al. [6] and Fisher et al. [7] have documented that the onset
cause of eight patients is due to the mutation of FAS gene.
Therefore, this disease is officially named as ALPS responsi-
ble for the FAS-mediated defects of lymphocyte apoptosis. In
the past few years, some ALPS patients are often
misdiagnosed as other diseases such as idiopathic autoim-
mune disorder (Evans syndrome, ES), SLE, or histiocytic dis-
order. But, in recent years, significant research advances in
pathophysiology, diagnostic criteria, and targeted therapeutic
strategies of ALPS have already been achieved. Herein, the
research advances in ALPS have been summarized and
discussed in this article.

Clinical Manifestations

ALPS is often misdiagnosed due to variable phenotypic ex-
pressions and the overlap of symptoms with many other he-
matological disorders [8]. ALPS has been diagnosed in both
sexes and in people with diverse racial backgrounds. It is a
genetic disorder with the median age of 24 months for the first
onset; however, the onset of ALPS patients at 3 weeks of age
and 36 weeks of gestation in utero is recently reported [9].
With increasing awareness of this disease, adult ALPS pa-
tients are also now being diagnosed more frequently [10].

Lymphoproliferation is the most common clinical manifes-
tation in ALPS accompanying with lymphadenopathy, hepa-
tomegaly, or splenomegaly [11]. More than 80 % of patients
with ALPS experience the prolonged period for the enlarge-
ment of palpable and non-tender lymph nodes [12]. The com-
mon manifestation with the involvement of lymphadenopathy
can be observed in cervical, axillary, and inguinal chains, and
sometimes in preauricular, submental, epitrochlear, mediasti-
nal, and retroperitoneal nodes. Lymphoproliferation in ALPS
must be chronic (>6 months), neoplastic and infectious etiol-
ogy should be ruled out. If the isolated lymphadenopathy is
present, it can affect at least two distinct nodal regions [13].
The moderate to massive splenomegaly is detected in more
than 85 % of patients, and mild to moderate hepatomegaly is
also common in ALPS patients [14]. Lymphadenopathy, he-
patomegaly, and splenomegaly reveal a frequent improvement
as the increase of age.

Autoimmunity is the second most common clinical mani-
festation in ALPS patients. Systemic autoimmunity is the dis-
ease manifestation frequently requiring medical intervention.
Autoimmunity usually affects over 70 % of patients. Many
patients have multiple cytopenias such as Coombs positive

autoimmune hemolytic anemia (AIHA) and immune mediat-
ed thrombocytopenia [10]. Autoimmune neutropenia is, how-
ever, uncommon. Teachey et al. have diagnosed 12 patients
with ES through flow cytometric analysis for CD4−/CD8−

(double negative) Tcells (DNTs) and definitive test for ALPS,
as well as defective Fas-mediated apoptosis in vitro. Six pa-
tients (50 %) with ES have an elevated number of DNTs, as
the suggestive indicator of ALPS [15]. Same as lymphopro-
liferation, hepatosplenomegaly in autoimmune manifestations
may also achieve improvement as the extension of the age. In
addition, rashes especially urticarial, immune-mediated pul-
monary fibrosis, and SLE are also reported as the common
manifestations in ALPS [16]. Other autoimmune manifesta-
tions including autoimmune nephritis, hepatitis, gastritis, ar-
thritis, and uveitis are infrequently observed [8].

ALPS patients have an increased risk of secondary malig-
nancies. The risk is approximately 10–20 % and is most prev-
alent in FAS mutant ALPS [17]. Increased risk of cancers has
also been observed in unaffected family members who may
inherit the same gene mutation without the development of a
clinical ALPS phenotype. Straus et al. have investigated 223
members from 39 families, and their risk of non-Hodgkin and
Hodgkin lymphoma was 14 and 51 times higher than the
expected risk, respectively. The median onset age of
Hodgkin’s disease (HD) and non-Hodgkin lymphoma
(NHL) was 11 and 21 years old, respectively. The type of
lymphoma was reported as B-cell-derived lymphomas includ-
ing HD, Burkitt’s lymphoma, follicular B lymphoma, and T-
cell-rich B cell lymphoma [14].

Laboratory Findings

The elevation of T cell receptor (TCR) αβ+/CD4-/CD8- T cells
in peripheral blood and lymphoid tissues is the most significant
characteristic of ALPS patients, but some patients maybe have
normal numbers. Patients with other autoimmune diseases such
as SLE and autoimmune thrombocytopenic purpura (ITP) may
have mild reactive elevation of TCR α/β+ DNT cells, but not
exceeding 5 %. The population of TCR αβ+ DNT cells re-
quired for the diagnosis is higher than or equal to 1.5 % of total
lymphocytes or 2.5 % of CD3+ T lymphocytes [18]. DNTcells
in ALPS patients reveal the co-expression of CD45RA, CD57,
CD27, CD28, perforin, and HLA-DR, but lack the expression
of CD45RO and CD56 [19]. The population of DNT cells de-
tected by flow cytometry in normal people can be varied
among laboratories based on different gating, so it is important
to set up the normal value for a particular laboratory. The
origin of DNT cells is not very clear. It is thought to originate
from CD8+ Tcells or thymus-derived regulatory T (Treg) cells
[20, 21].

The apoptotic assay of abnormal lymphocytes is previously
thought to be the gold standard for the diagnosis of ALPS and
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documented in the required diagnostic criteria. Apoptotic as-
say measures the percentage of activated primary lympho-
cytes undergoing apoptosis after FAS activation (using recom-
binant Fas ligand/TCR re-stimulation/cytokine starvation)
[22]. Approximately 50 % or less cell death than the control
is considered as abnormal [18]; however, this test is labor
intensive and expensive and is available in only few laborato-
ries. Moreover, patients with somatic mutation in FAS and
germline FASLG mutations have normal Fas-induced apopto-
sis assay [23]. So this test is no longer considered as the man-
datory diagnosis of ALPS. But, this test is also useful for the
diagnosis of patients without the mutation of FAS, FASLG, or
CASP10 genes.

Cytopenia is the one of the most common abnormal find-
ings in laboratory due to autoimmune destruction or splenic
sequestration, which is commonly observed in Coombs-
positive hemolytic anemia and immune thrombocytopenia
(together referred as Evans syndrome), while autoimmune
neutropenia is less common. Autoimmune cytopenia may be
difficult to distinguish from concomitant hypersplenism, and
the examination of blood smears for hemolysis and measure-
ment of autoantibodies may be helpful for establishing the
distinction. Autoantibodies may be present in more than
92% of patients and include positive Coombs’ direct antiglob-
ulin, antiplatelet antibodies, antineutrophil antibodies, rheu-
matoid factor (RF), antinuclear antibodies (ANAs), and
antiphospholipid antibodies. The titers of these antibodies
are correlated with the number of DNT cells, which may be
due to the elevated production of interleukin (IL)-10 that can
induce the generation of anti-apoptotic protein Bcl-2 in both B
and Tcells and inhibit the cell death, and decreased production
of IL-12 that can result in the decrease of T helper 1 (Th1) and
the increase of T helper 2 (Th2) as well as the release of IL-4
and IL-5 in ALPS patients. Taken together, a series of these
responses contribute to the production of antibodies and auto-
immunity of ALPS [24].

Serum IL-10, IL-18, soluble FAS ligand (FasL), and vita-
min B12 exhibit the common elevation in ALPS patients with
FAS mutation and can be the useful biomarkers for the diag-
nosis of these patients [25, 26]. Recent studies have demon-
strated that the presence of elevated TCR αβ+-DNT cells
combined with high serum or plasma levels of either IL-10,
IL-18, soluble FAS ligand (sFASL), or vitamin B12 can predict
the mutation of germline or somatic FAS gene with the accu-
rate rate of 85–97 % [25], which is confirmed by genetic
analysis of Fas gene. Due to high specificity, these biomarkers
have also documented as the diagnostic criteria [18], and the
application of these biomarkers greatly facilitates the diagno-
sis in hospitals lacking the instruments of advanced genetic
analysis or functional testing.

Hypergammaglobulinemia is also frequently present in
ALPS patients [27]. Most patients have elevated IgG, IgA,
or IgM. Nevertheless, only a small part of patients with ALPS

(<10%) have hypogammaglobulinemia and are susceptible to
infection. In addition, 5–10% of ALPS patients have common
variable immunodeficiency disease (CVID) [28].

Histopathological findings in ALPS reveal the paracortical
expansion due to the infiltration by polyclonal TCR α/β+

DNT cells accompanied by follicular hyperplasia and poly-
clonal plasmacytosis. Marked infiltration of DNT cells can
lead to the architectural effacement of lymph nodes and lead
to the erroneous diagnosis of T cell lymphoma in some pa-
tients. Moreover, although these DNT cells also express high
proliferation index with mitosis and elevated expression of
Ki-67, typically CD45RO negative, and express TIA-1
and CD57, which is opposite to lymphoma patients [18]. Sim-
ilar with lymph nodes, the spleen also shows markedly ex-
panded Tcell areas dominated byDNTcells. Occasionally, the
expansion of the splenic red pulps due to atypical T cell pro-
liferation and extramedullary erythropoiesis in patients with
anemia were reported [29]. In addition, the detection of TCR
or BCR gene rearrangement does not show any monoclonal T
or B cell population in ALPS.

Diagnostic and Classification Criteria and Differential
Diagnosis

Since the investigators from NIH have established a triad of
criteria for the diagnosis of ALPS in 1999 (Table 1) [30],
important research advances have been achieved, which is a
benefit for our understanding of this disease. In 2009, an in-
ternational workshop from NIH has revised the criteria for the
diagnosis and classification of ALPS and published the re-
vised criteria in 2010 (Table 2) [18]. Uniformed and simplified
diagnosis and classification of ALPS are highly desired,
which will facilitate to the collaboration and data exchange
between different clinicians and research centers all over the
world. Based on these criteria, definitive diagnosis is based on
the presence of two required criteria and one primary acces-
sory criterion. A probable diagnosis is based on both required
criteria plus one secondary accessory criterion. Compared
with diagnostic criteria issued in 1999 [30], new diagnostic
criteria do not require the apoptosis analysis of lymphocytes,
because it is intensive resource during the accomplishment
process and the variable results in different centers. In addi-
tion, apoptosis assay of lymphocytes is unable to identify pa-
tients with somatic FAS or germline FASLGmutations. Genet-
ic information and other biomarkers such as mutated FAS,
FASLG, or CASP10 and the levels of sFAS, IL-10, IL-18,
and vitamin B12 with excellent prediction capacity of ALPS
have been listed in the new criteria. The elevated number of
CD3+TCRαβ+CD4−CD8− DNT cells has been set up as
≥1.5 % of total lymphocytes or 2.5 % of CD3+ lymphocytes.
Moreover, histopathological examination and family history
have not been used in the current diagnostic criteria. The
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addition of secondary accessory criteria may be helpful for
supporting the diagnosis, even when both primary criteria
may not meet the diagnostic requirements. Patients with prob-
able ALPS should be treated and monitored in the same way
as the patients with a definitive diagnosis from a clinical per-
spective, and are advised to be conducted a genetic or apopto-
sis assay-based diagnostic work whenever it is possible.

There is an absolute requirement for the presence of lymph-
adenopathy and/or splenomegaly persistent for more than
6 months. If the isolated lymphadenopathy is present, it can
affect at least two distinct nodal regions. Lymphadenopathy
caused by neoplasia and infections must be excluded. In many
cases, hepatomegaly may be present, but it is not a diagnostic
criterion [31].

The new revised criteria for the classification of ALPS are
shown in Table 3 [18]. Patients with germline homozygous, or
heterozygous mutations in FAS, previously classified as ALPS
type 0 and Ia, respectively, are now named as ALPS-FAS.
Similarly, patients with somatic FASmutations should be clas-
sified as ALPS-sFAS. In addition, patients harboring Fas li-
gand mutations should be classified as ALPS-FASLG, and
patients with caspase-10 mutations should be classified as
ALPS-CASP10. Patients who fulfill diagnostic criteria for
ALPS without genetic diagnosis can be classified as ALPS-
U (undetermined), instead of ALPS type III. Despite the lack
of a genetic diagnosis, these patients have a clinical progres-
sion similar to other patients with ALPS. Approximately two
thirds of ALPS patients have an identified genetic defect in
FAS gene. Among them, a germline mutation in FAS is the
most commonly identified genotype. Somatic FAS mutation
accounts for 0.5 % of ALPS patients, but patients with the
defects of FasL and caspase 10 genes are less than 1 %, re-
spectively. ALPS-U accounts for approximately 20 % of
ALPS patients [32, 33].

ALPS is a rare disease that has achieved some novel ad-
vances in pathogenic mechanisms with an increasing attention
in recent years. Recently, a study from Argentina has first
reported a founder event in ALPS. In addition, two patients
with homozygous mutation from a consanguineous family
and three patients with heterozygous mutation from three

unrelated families have been reported to have a missense mu-
tation affecting the extracellular cysteine-rich domain 2 of Fas,
p.Cys107Tyr (C107Y), which has evidenced that this muta-
tion represents a single haplotype of FAS gene [34]. CASP10
defect is a specific abnormality in patients with ALPS type IIa
according to new diagnostic criteria. But, recent studies have
shown that the suspected patients caused by CASP10 defect
could not be diagnosed as ALPS. Tadaki et al. [35] have di-
agnosed 50 patients with systemic juvenile idiopathic arthritis
(s-JIA) by single-nucleotide polymorphism (SNP) array anal-
ysis and confirmed a 13-kb intragenic deletion of CASP10
through RT-PCR in one patient with symptoms including
lymphadenopa thy and sp lenomega ly ; however,
TCRaβ+CD4⁄CD8 DNT cells in the peripheral blood are not
at a high level and lymphocyte apoptosis induced by anti-Fas
antibody is normal in this patient. The UNC13D gene
encoding Munc13-4 is involved in the secretion of perforin
and associated with the development of familial
hemophagocytic lymphohistiocytosis (F-HLH) and is consid-
ered as a candidate risk gene of ALPS and DALD [36]. Re-
cently, somatic mutations in KRAS gene have also been re-
ported to be associated with a non-malignant syndrome of
autoimmunity and breakdown of leukocyte homeostasis with
normal TCRα/β+ DNTcells [37, 38] and can be designated as
RALD. Another study has found that miRNAs may play an
important role in the pathogenesis of ALPS. Guo et al. have

Table 1 Diagnostic criteria for ALPS in 1999 [30]

Required criteria

Chronic non-malignant lymphadenopathy and/or splenomegaly

Increased peripheral CD3+TCRαβ+CD4−CD8− (DNT) cells

Lymphocyte apoptosis defect

Supporting criteria

Family history of ALPS

Characteristic histopathology

Autoimmune manifestations

DNT double negative T cell

Table 2 Diagnostic criteria for ALPS revised in 2009 [18]

Required:

1. Chronic (>6 months), non-malignant, non-infectious
lymphadenopathy and/or splenomegaly

2. Elevated CD3+TCRαβ+CD4−CD8− DNT cells (≥1.5 % of total
lymphocytes or 2.5 % of CD3+ lymphocytes) in the setting of normal
or elevated lymphocyte counts

Accessory:

Primary

1. Defective lymphocyte apoptosis (two separate assays)

2. Somatic or germline mutation in FAS, FASLG, or CASP10 gene

Secondary

1. Elevated plasma sFASL levels (>200 pg/mL) or elevated plasma IL-10
levels (>20 pg/mL) or elevated serum or plasma vitamin B12 levels
(>1500 ng/L) or elevated plasma IL-18 levels >500 pg/mL

2. Typical immunohistological findings as reviewed by an experienced
hematopathologist

3. Autoimmune cytopenias (hemolytic anemia, thrombocytopenia, or
neutropenia) and elevated IgG levels (polyclonal
hypergammaglobulinemia)

4.Family history of a non-malignant/non-infectious lymphoproliferation
with or without autoimmunity

Definitive diagnosis: both required criteria plus one primary accessory
criterion. Probable diagnosis: both required criteria plus one secondary
accessory criterion

FASLG FAS ligand gene, CASP10 caspase 10 gene, sFASL soluble FAS
ligand, IL interleukin, Ig immunoglobulin
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reported that the enhanced expression of miR-146 may be
involved in the pathogenesis of ALPS via the downregulation
of Fas, suggesting that transgenic mouse line with the overex-
pression of miR-146a can develop spontaneous immunity
mimicking human ALPS, including enlarged spleen and
lymph nodes, inflammatory infiltration in the liver and lung,
increased levels of DNT cells in peripheral blood, and in-
creased serum immunoglobulin G level [39].

The diagnosis of ALPS is based on clinical observation,
laboratory abnormalities such as the defect of Fas-mediated
apoptosis in vitro, and elevated number of TCRαβ+ DNT
cells in peripheral blood. The recommended flow chart of
the diagnosis for the suspected patients with ALPS is shown
in Fig. 1 [18].

ALPS patients have highly heterogeneous clinical pheno-
types similar with malignant, infectious, autoimmune, rheu-
matologic conditions and other lymphoproliferative disorders.
These disorders are often distinguishable by histopathology of
tissue biopsy (bone marrow and/or lymph node) at initial on-
set. Patients with germline mutations of caspase 8 (CASP8)

presenting manifestations of lymphadenopathy and/or spleno-
megaly, marginal elevation of DNT cells, and recurrent infec-
tions are named as caspase-8-deficient state (CEDS) now, al-
though they are previously classified as ALPS type IIb [40].
These patients show defective activation of T, B, and NK
cells, and consequent recurrent bacterial and viral infections,
which is different with other ALPS cases. The patients with
clinical syndromes of autoimmune phenomena, lymphocyte
accumulation and/or splenomegaly, elevated or normal DNT
cells, and somatic mutations in NRAS, previously designated
as ALPS type IV, have been classified as Ras-associated lym-
phoproliferative disorder (RALD) now [41]. No nomenclature
modifications are suggested for the ALPS-associated
Dianzani autoimmune lymphoproliferative disease (DALD)
[42], which is characterized as autoimmunity, lymphadenop-
athy and/or splenomegaly, normal DNT cells, and defective
Fas-mediated apoptosis of lymphocytes in vitro, and the ge-
netic defects are not clear [28, 43]. The last type of ALPS-
related disorder, the X-linked lymphoproliferative disease
(XLP1), is caused by mutations or deletions in SH2D1A gene.

Table 3 Revised classification of ALPS [18]

Previous nomenclature Revised nomenclature Gene Definition

ALPS type 0 ALPS-FAS FAS Patients diagnosed ALPS and have germline homozygous mutations in FAS

ALPS type Ia ALPS-FAS FAS Patients diagnosed ALPS and have germline heterozygous mutations in FAS

ALPS type Im ALPS-sFAS FAS Patients diagnosed ALPS and have somatic mutations in FAS

ALPS type Ib ALPS-FASLG FASLG Patients diagnosed ALPS and have germline mutations in FAS ligand

ALPS type IIa ALPS-CASP10 CASP10 Patients diagnosed ALPS and have germline mutations in caspase 10

ALPS type III ALPS-U Unknown Patients diagnosed ALPS; however, genetic defect is undetermined
(no FAS, FASL, or CASP10 defect)

Fig. 1 The suggested flow chart
of the diagnosis for patients with
suspected ALPS [18]
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These patients frequently present with fulminant Epstein-Barr
viral infection, hypogammaglobulinemia, or lymphoma [44].
Revised classification of ALPS-related disorders and other
disorders needing to be differentially diagnosed is shown in
Tables 4 and 5 [16, 18], which includes ES, hemophagocytic
lymphohistiocytosis (HLH), Castleman’s disease, chronic
Epstein-Barr virus (EBV) infection, juvenile myelomonocytic
leukemia (JMML), s-JIA, and other lymphoproliferative dis-
orders [39, 45, 46]. Diligent review of family history in both
children and adults is helpful for the diagnosis of inheritable
genetic disorders including ALPS.

Treatment

ALPS is an incurable disease, and its treatments mainly focus
on the elimination of lymphadenopathy, autoimmune disease,
lymphoma, and other concurrent diseases.

The initial therapy for autoimmune multilineage cytopenia
is similar to that for other immune-mediated cytopenia and
applies high-dose corticosteroids with or without intravenous
injection of immunoglobulin (IVIG). High-dose pulse therapy
with intravenous injection of methylprednisolone (starting at
5–10 mg/kg), followed by low-dose oral administration of
prednisone (1–2 mg/kg) as the therapeutic maintenance, has
been successfully applied in many patients. Autoimmune

cytopenia reveals the excellent response to corticosteroids,
and short courses of high-dose treatment are more effective
at controlling these conditions. While corticosteroids are too
toxic for the application in chronic diseases, many patients
reveal the relapse after drug withdrawal. Unlike many patients
with sporadic immune-mediated thrombocytopenia, ALPS as-
sociated with thrombocytopenia may not respond to intrave-
nous injection of immunoglobulin G [19].

Rituximab is usually used in a subset of ALPS patients with
refractory autoimmune cytopenia. However, 5–10% of ALPS
patients can develop as CVID, and this risk is increased with
the application of rituximab. Moreover, the treatment efficacy
of rituximab is generally transient, and many patients also
reveal the disease relapse after its withdrawal [47, 48]. There-
fore, the application of rituximab is not recommended in
ALPS now.

Previously, splenectomy was performed in almost half of
patients with ALPS tomanage severe hypersplenism or refrac-
tory cytopenia or splenic rupture [1]. However, patients after
splenectomy have a very high risk for the development of
sepsis such as fatal pneumococcal bacteremia, even the com-
binatorial application of antibiotic prophylaxis and vaccina-
tion [27]. The reason may be lack of circulating CD27+ mem-
ory B lymphocyte population that can sustain protective levels
of antibodies against pneumococcal polysaccharide antigens
[1] or is related to anti-polysaccharide IgM antibody produc-
tion for the specific defect in ALPS patients [49]. More than
50 % of ALPS patients relapse with severe cytopenia after
splenectomy, which proves it to be a failed strategy only in-
creasing risk of pneumococcal sepsis [33]. If patients have
splenectomy prior to their diagnosis, it is recommended to
provide long-term antibiotic prophylaxis against pneumococal
sepsis using penicillin V or fluoroquinolones such as
levofloxacin and to maintain the vaccination every 4 or
5 years. In addition, these patients should be educated about
the importance of seeking medical care promptly for a signif-
icant febrile illness requiring intravenous antibiotics until bac-
terial sepsis is ruled out [1]. Now, splenectomy is recommend-
ed to be a final choice except in patients with uncontrolled
hypersplenism and failure in other medical management
and life-threatening cytopenia due to splenic sequestra-
tion. For these patients, partial splenectomy or splenic
embolization may be a more suitable method instead of
complete splenectomy [29].

Mycophenolate mofetil (MMF), mammalian target of
rapamycin (mTOR) inhibitors including sirolimus, and
pentostatin have also been successfully applied in some chil-
dren with refractory cytopenia [50–52]. MMF, a mycopheno-
lic acid, is a reversible inhibitor of inosine monophosphate
dehydrogenase (IMPDH) during purine (guanine) biosynthe-
sis that is ultimately necessary for the growth of both T and B
cells. Rao et al. [53] have analyzed 13 ALPS patients subject-
ed to MMF treatment to reveal a measurable improvement in

Table 4 Differential diagnosis of ALPS [16, 17]

Autoimmune cytopenia

Autoimmune hemolytic anemia, immune thrombocytopenia, or
neutrophils

ES (Evans syndrome)

Other autoimmune disease

Systemic juvenile idiopathic arthritis (s-JIA)

Systemic lupus erythematosus (SLE)

Lymphoproliferative disorders

Caspase 8 deficiency state (CEDS), RAS-associated autoimmune
leukoproliferative disease (RALD), Dianzani autoimmune
lymphoproliferative disease (DALD), X-linked lymphoproliferative
syndrome (XLP1), Rosai-Dorfman (RD) disease, Castleman disease,
Kikuchi-Fujimoto disease

Malignancy

Lymphoma

Other disorders

Juvenile myelomonocytic leukemia (JMML)

Common variable immunodeficiency (CVID)

Hyper IgM (HIGM) syndrome

Wiskott-Aldrich syndrome (WAS)

Hemophagocytic lymphohistiocytosis
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80 % of patients with autoimmune diseases due to its charac-
teristic of high treatment efficacy, convenient application, and
high tolerance, thereby avoiding the application of splenecto-
my and/or steroids at the growth-impairing dose in children.
However, these patients did not show an obvious improve-
ment in lymphoproliferation or normalization of DNT cells
although only partial patients reveal these therapeutic re-
sponses. The side effects of MMF include diarrhea and cyto-
penia as well as neutropenia. Therefore, the patients treated
with MMF should be given close follow-up examination or
observation. Sirolimus, an mTOR inhibitor, has also been suc-
cessfully used to treat refractory cytopenia, and ALPS with
other autoimmune manifestations in those cases with the
failed treatment of initial corticosteroids and IVIG. Sirolimus
has better treatment efficacy than conventional therapies,

including MMF [53]. Sirolimus can cause the apoptosis
of lymphocytes and the increase of Treg cells, so that it
may be superior to MMF that inhibits lymphocyte pro-
liferation without inducing the cell death of lympho-
cytes and the increase of Treg cells. Common toxicity
observed in patients receiving sirolimus treatment in-
cludes hypercholesterolemia, hypertension, and mucosi-
tis [51]. The flow chart of the management recommend
by NIH for patients with ALPS-associated chronic re-
fractory cytopenia is shown in Fig. 2 [1].

Other targeted therapies are undergoing preclinical test and
clinical trials. It is still not in consensus that pyrimethamine
and sulfadoxine are effective in patients with ALPS, but their
partial treatment efficacy is observed in some patients.
Pentostatin, arsenic, and histone deacetylase (HDAC)

Table 5 Revised classification of ALPS-related disorders [16, 18]

Previous nomenclature Revised nomenclature Gene Characteristics

ALPS type IIb CEDS CASP8 Lymphadenopathy and/or splenomegaly, marginal DNT elevation, recurrent infections,
and germline mutations in caspase 8

ALPS type IV RALD NRAS KRAS Autoimmunity, lymphadenopathy and/or splenomegaly, elevated or normal DNTs, and
somatic mutations in NRAS or KRAS

DALD DALD Unknown Autoimmunity, lymphadenopathy and/or splenomegaly, normal DNTs, and defective
in vitro FAS mediated apoptosis

XLP1 XLP1 SH2D1A Fulminant Epstein-Barr virus infection, hypogammaglobulinemia, or lymphoma

CEDS caspase 8 deficiency state, RALD RAS-associated autoimmune leukoproliferative disease, DALD Dianzani autoimmune lymphoproliferative
disease, XLP1 X-linked lymphoproliferative syndrome, DNT double negative T cell

Fig. 2 Recommended flow chart
of managements for patients with
ALPS associated chronic
refractory cytopenia [1]
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inhibitor are also effective in ALPS patients and preclinical
models of ALPS [52, 54, 55].

The only curative therapy for ALPS is hematopoietic stem
cell transplantation (HCT). Bone marrow transplantation is
required for patients with rare homozygous or compound het-
erozygous mutations for long-term survival. However, ALPS
cases that experienced stem cell transplantation are extremely
limited in currently published case reports. Long-term out-
comes for the majority of ALPS patients treated with a single
agent therapy are highly desired. As the development of new
targeted therapies, bone marrow transplantation could be re-
served only for those patients with highly refractory disease.

Conclusion

In summary, over the past decade, new insights of ALPS have
been updated. More effective options for the management of
refractory autoimmune complications have been applied in
patients with ALPS to improve the life quality and relieve
the clinical symptoms of these patients, which may lead to a
new era of improved treatment outcome for ALPS.
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