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Abstract: Systemic auto-inflammatory or autoimmune diseases (SIADs) develop in up to a quarter
of patients with myelodysplastic syndromes (MDS) or chronic myelomonocytic leukemia (CMML).
With or without the occurrence of SIADs, the distribution of MDS subtypes and the international
or CMML-specific prognostic scoring systems have been similar between MDS/CMML patients.
Moreover, various SIADs have been described in association with MDS, ranging from limited clinical
manifestations to systemic diseases affecting multiple organs. Defined clinical entities including
systemic vasculitis, connective tissue diseases, inflammatory arthritis and neutrophilic diseases are
frequently reported; however, unclassified or isolated organ impairment can also be seen. Although
the presence of SIADs does not impact the overall survival nor disease progression to acute myeloid
leukemia, they can help with avoiding steroid dependence and make associated adverse events
of immunosuppressive drugs challenging. While therapies using steroids and immunosuppres-
sive treatment remain the backbone of first-line treatment, increasing evidence suggests that MDS
specific therapy (hypomethylating agents) and sparing steroids may be effective in treating such
complications based on their immunomodulatory effect. The aim of this review was to analyze the
epidemiological, pathophysiological, clinical and therapeutic factors of systemic inflammatory and
immune disorders associated with MDS.

Keywords: myelodysplastic syndrome; chronic myelomonocytic leukemia; autoimmune disease;
inflammatory diseases; hypomethylating agents

1. Introduction

Myelodysplastic syndromes (MDS) are clonal hematopoietic stem cell disorders predomi-
nant in the elderly population, characterized by ineffective and dysplastic hematopoiesis, lead-
ing to one or more cytopenias. Chronic myelomonocytic leukemia (CMML) is characterized
by persistent monocytosis with medullar dysplastic features. Patients with MDS/CMML
are at risk of symptomatic anemia, infection and bleeding and with risk of transformation
to acute myeloid leukemia (AML) [1]. The pathophysiology of MDS/CMML is complex
and not fully understood and is characterized by a multi-step process involving cytoge-
netic changes and/or gene mutations in a hematopoietic stem cell [2] where alterations
in the function of the bone marrow microenvironment—or niche—[3] and widespread
gene hypermethylation at advanced stages [4,5] result in an accumulation of abnormal,
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immature myeloid cells in the bone marrow and the impairment of normal hematopoiesis.
In the last few years, diagnosis, prognostic staging and management of MDS/CMML has
changed with the emergence of blood and/or bone marrow next-generation sequencing
(NGS), which has allowed doctors to identify somatic mutations in more than 90% patients
suffering from MDS/CMML [6].

In the 1980s, Mufti et al. reported the existence of immunological abnormalities in 104
patients with MDS including polyclonal hypergammaglobulinemia, hypogammaglobu-
linemia, positive direct antiglobulin test, organ and non-organ specific autoantibodies and
clinical diseases such as pernicious anemia, hypothyroidism or seronegative rheumatoid
arthritis [7]. Since then, various systemic inflammatory or autoimmune diseases (SIADs)
have been reported (Figure 1). In 2002, SIADs were categorized into five groups: systemic
vasculitis, connective tissue disorders (such as systemic lupus erythematosus and Sjogren’s
syndrome), isolated autoimmune manifestations (such as skin vasculitis, polyneuropathy,
glomerulonephritis and vitiligo), immunological-mediated hematological abnormalities
(including immune thrombocytopenia and autoimmune hemolytic anemia) and asymp-
tomatic serological immunologic abnormalities (such as cryoglobulinemia, antinuclear
antibodies, polyclonal hypergammaglobulinemia and positive direct antiglobulin test) [8].

The features of these MDS-related disorders differ from idiopathic autoimmune or
inflammatory diseases, with more frequent unclassified and incomplete forms [9,10]. In the
presence of features consistent with autoimmune or inflammatory disorders, the pathophys-
iological link between both disorders should be determined since fortuitous association
could be raised. The aim of this review was to analyze the epidemiological, pathophysio-
logical, clinical and therapeutic factors of systemic inflammatory and immune disorders
associated with MDS.

1 
 

 Figure 1. The spectrum of inflammatory and immune disorders associated with myelodysplastic syndromes. RS3PE:
Remitting seronegative symmetrical synovitis with pitting edema; CPP: calcium pyrophosphate; CRP: C-reactive protein.
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2. Epidemiology

According to the largest retrospective series, various SIADs can be associated with
MDS or CMML [10–15]. The prevalence and incidence may vary because of differing
definitions of SIADs among physicians, disparities in patient’s selection and the small
number of included patients. Autoimmune diseases are more frequent in patients with
MDS than without MDS (32% vs. 4%, p < 0.001) [16] or those with lymphoid malignancies
(5–7%) [17]. Conversely, patients with a prior autoimmune disease have an increased risk
for developing MDS [18–20] with an odds ratio varying between 1.5 and 3.5, although the
contribution of immunosuppressive/cytotoxic drugs cannot be excluded.

Patients with MDS-associated SIADs appear to be younger in age with a median age
of 67–70 years [10,15] versus the age range of 71–73 years having an absence of SIADs.
Regarding sex [1], MDS-associated SIADs disappear considerably in male patients with
MDS [11,15].

Autoimmune disorders precede the diagnosis of MDS or occur concomitantly with
MDS in 30% of cases. In the remaining cases, SIADs develop during the course of MDS
with a median time of eight months [10]; however, they have been shown to sometimes
emerge several years after MDS onset [16].

3. Pathophysiology of MDS-Related Immune Dysregulation Disorders

Various immune disorders have been described in MDS patients. An aberrant response
of both innate and adaptive immune system is reported during MDS depending on the
stage of MDS:

- Low-risk MDS is characterized by increased apoptosis of hematopoietic progeni-
tors [21,22] secondary to: (i) the production of pro-inflammatory cytokines such as
interleukin 6 (IL-6) or tumor necrosis factor alpha (TNF-α) [21,23–27], (ii) the ex-
pansion of oligoclonal CD8 T lymphocytes directed against Wilms’ tumor 1 (WT1)
antigen or other epitopes overexpressed by the myelodysplastic clone [28–30] and
(iii) a Th17/Treg imbalance characterized by a quantitative and functional defect of T
regulatory lymphocytes (Treg) associated with an excessive Th17 response [31–33].

- High-risk MDS is characterized by excess proliferation secondary to: (i) acquisition of
resistance to apoptosis by overexpression of the anti-apoptotic TNFR2 receptors of
TNF-α [34,35]), (ii) an escapement of the anti-tumor response to the malignant clonal
cells [36] by an increase of functional T regulatory lymphocytes [37,38] and (iii) a lack
of cytotoxicity of NK cells [34,39] and expansion of myeloid-derived suppressor cells
(MDSC) [40,41].

Studies analyzing the pathophysiological mechanisms and factors in patients with
MDS-related SIADs is limited. However, different hypotheses have been raised including:

- Th17/Treg imbalance reported during low risk MDS could promote the emergence
of dysimmune manifestations through an excess of pro-inflammatory Th17 lympho-
cytes and a defect of regulatory T lymphocytes at the origin of an immune tolerance
breakdown.

- A higher level of interferon regulatory factor 1 (IRF-1), a mediator of type 1 interferon-
signaling pathway demonstrated in MDS patients with SIADs compared to MDS
patients without SIADs [42].

- During CMML, increased secretion of cytokines such as TNF-α and IL-6 caused by the
proliferation of monocytes could promote polyclonal proliferation of B lymphocytes
and the production of auto-antibodies. Additionally, a defect in antigen presenta-
tion by macrophages could lead to the persistence of deleterious chronic immune
activation.

- The quantitative and functional decrease in T-γδ lymphocytes in patients with MDS
associated with SIADs could be comparable to that observed in patients with isolated
autoimmune diseases [43].
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- The inactivating mutations of TET2 and DNMT3A could favor a pro-inflammatory
state of monocytic and macrophagic cells [44,45] and/or modify the activity of CD8 T
lymphocytes and the polarization of the CD4 T lymphocytes, since TET2 regulates the
methylation of the promoter regions of FOXP3 gene [46] and genes of transcription
factors TBET, GATA3 and RORgT [47].

- Activation of autoinflammatory pathways (NOD-like receptor family pyrin domain
containing 3, or Familial Mediterranean Fever Gene) in the clonal cells of myeloid
disorders may be involved in the pathophysiology of myeloid malignancy-associated
neutrophilic dermatoses [48–50].

To date, most studies have not made a clear distinction between primarily autoim-
mune conditions (involving adaptive immunity such as rheumatoid arthritis and Sjögren’s
syndrome) and autoinflammatory conditions involving innate immunity, such as Crohn
disease [21,51]. Watad and Kacar recently postulated that autoinflammatory disorders
could be more common in MDS than autoimmune diseases given the links between autoin-
flammation and MDS within myeloid lineage cells [52].

4. Characteristics of the Underlying MDS

Among the different series reported in the literature, there is variability in the distri-
bution of MDS subtypes that may reflect different periods and changes of World Health
Organization (WHO) classifications. In a recent cohort of 89 patients and extensive literature
review [14], the distribution of MDS subtypes, the international prognostic scoring system
(IPSS) and CMML-specific prognostic scores (CPSS) were similar between MDS/CMML
patients with or without SIADs. Most studies failed to identify a correlation between the
types of MDS and SIADs. Nevertheless, several authors emphasized the link between
CMML and vasculitis [53,54]. Concerning MDS cytogenetic features, the karyotype distri-
bution did not appear to be influenced by the presence of SIADs. Moreover, the rates of
favorable cytogenetic findings (normal karyotype, del(5q), del(20q) or –Y) did not differ
between MDS patients with or without SIADs [10,11,42].

Associations between phenotype and genotype have been recently identified within
SIADs that are associated with MDS. Wesner et al. reported a French retrospective case-
series with a literature review of 39 patients with Behçet’s-like syndrome associated with
trisomy-8 positive MDS, characterized by orogenital aphtosis, skin features and severe
ulcerative digestive disease of ileocecal distribution [55]. Other clinical manifestations of
Behçet’s disease, such as arthritis or neutrophilic dermatosis, have also been described in
MDS patients with trisomy 8, with the exception of ocular and neurologic manifestations
that are usually absent. Other inflammatory manifestations associated with MDS with
trisomy 8 have been reported less frequently: pyoderma gangrenosum (PG) [56], sweet
syndrome (SS) [57], pulmonary alveolar proteinosis [58] and inflammatory arthritis [59].
Moreover, Zhao et al. reported a higher incidence of TET2/IDH and SRSF2 mutations in a
cohort of MDS/CMML patients with SIADs compared to MDS/CMML patients without,
and identified that TET2/IDH and not SRSF2 mutations deeply modified the Treg and
CD8+ T-cell subsets distribution [60]. Similarly, Oh et al. found a higher incidence of TET2
mutations in a cohort of MDS/CMML patients with SIADs [61].

5. Autoimmune Disorder Characteristics

Various autoimmune and inflammatory diseases have been described in MDS patients.
In a French cohort of 123 patients with MDS/CMML, systemic diseases were classified as
vasculitis (32%), connective tissue diseases (25%), inflammatory arthritis (23%), neutrophilic
diseases (10%) or unclassified disorders (11%) [10].

5.1. Systemic Vasculitis

MDS/CMML-associated vasculitis displayed a highly wide clinical spectrum without
any correlation to the hematological disease status. In a French retrospective cohort of 70
patients with MDS/CMML-associated vasculitis, the main subtypes included giant cell
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arteritis (GCA) in 24 patients (34%), Behçet’s-like syndrome in 11 patients (20%), polyarteri-
tis nodosa in six patients (9%), ANCA-positive vasculitis in seven patients (10%) among
which five had microscopic polyangiitis and two with granulomatosis with polyangiitis,
cryoglobulinemia vasculitis in three patients (4%), IgA vasculitis in two patients (3%) [62].
Unclassified vasculitis was observed in 17 patients (24%) characterized with symptoms
suggestive of vasculitis (unexplained fever, weight loss, arthritis, purpura, deep vein throm-
bosis and/or eye involvement with histological evidence of leukocytoclastic vasculitis).
This study showed no correlation of vasculitis diagnoses with subtypes and severity of
MDS/CMML, and there was no impact of vasculitis on overall survival in comparison to
MDS/CMML without vasculitis.

As idiopathic GCA is the most frequent vasculitis in older persons, it remains difficult
to distinguish fortuitous co-occurrence of the two distinct diseases from a paraneoplastic
inflammatory disease. A French retrospective cohort and literature review of 41 patients
with MDS-associated GCA identified that: (i) a clinical phenotype with a lower incidence
of cephalic symptoms, due to the prevalence of headaches, jaw claudication and anterior is-
chemic optic neuropathy, was significantly lower in patients with MDS/CMML-associated
GCA compared to MDS/CMML-free “idiopathic” GCA; and (ii) a decreased hemoglobin
levels, platelet and neutrophil counts occurred [63]. Conversely, other clinical (frequencies
of polymyalgia rheumatica and aortitis), laboratory (C-reactive protein (CRP) levels) and
histopathological (positive temporal arteries biopsies) GCA features did not differ in idio-
pathic and MDS-associated GCA. MDS/CMML-associated GCA were characterized by a
higher risk of relapse and steroid dependence compared to idiopathic GCA.

5.2. Connective Tissue Diseases

Connective tissue diseases (CTDs) account for a quarter of MDS-related SIADs in
a French cohort [10], mostly of relapsing polychondritis (RP) (45%) and systemic lupus
erythematosus (SLE) (26%).

In Dion et al., a French monocentric cluster analysis of 142 patients with relapsing
polychondritis identified three distinct phenotypes including a “hematologic” phenotype
in 12 patients (9%) characterized by a concomitant hematologic malignancy mainly MDS
(83% of cases) [64]. The most severe phenotype occurred frequently in older men and was
strongly associated with skin and cardiac involvements, general symptoms and refractory
disease. Although usual manifestations (chondritis and arthritis) are common in the MDS-
associated RP, only one patient showed mild tracheobronchial involvement. Neutrophilic
dermatoses, especially SS were frequently associated to RP in patients with MDS [65–67].

Besides peripheral cytopenias, bone marrow (BM) abnormalities were reported in pa-
tients with SLE, including myelofibrosis, pure red cell anemia (PRCA), aplastic anemia and
features suggestive of myelodysplastic syndromes [68,69]. In a clinicopathological study
of 40 SLE patients with unexplained cytopenias, BM aspirations and/or biopsies showed
dyserythropoietic and dysmegakaryocytic findings in all patients, dysgranulopoiesis in 14
patients (35%) and less than a 5% blasts percentage in all samples [69]. More recently, in a
French multicenter series of 30 active SLE patients with significant BM abnormalities after
exclusion of differential diagnoses, a centralized review of BM aspirations and/or biopsies
showed MDS in three patients (10%) and that MDS features often accompanied BM fibrosis
in 17 patients [70]. Moreover, similar to BM fibrosis, myelodysplastic features may regress
with treatment [70–72]. However, in the absence of chromosomal or molecular abnormali-
ties, the study proposed that the term “dysmyelopoietic” would be more appropriate than
“myelodysplastic” for SLE patients because the latter term may refer to clonal disorders.
Some cases reported an authentic clonal MDS in systemic lupus progressing to AML.

Less frequent CTD in the French cohort included primary antiphospholipid syndrome
(13%), myositis (10%) and Sjogren’s syndrome (6%) [10]. No relevant cases of systemic
sclerosis (SSc) were reported. Nevertheless, Ricard et al. stated a higher prevalence of
clonal hematopoiesis of indeterminate potential (CHIP) in younger SSc patients (6/24,
25%) than in healthy donors (1/26, 4%) under 50 years, questioning the place of clonal
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hematopoiesis as the cause or consequence of a SSc-derived modified bone marrow micro-
environment [73].

5.3. Inflammatory Arthritis

No specific rheumatologic features suggest MDS-associated arthritis and despite pol-
yarticular symmetrical arthritis and frequent inflammatory syndrome, the presence of
rheumatoid factor was relatively rare [74]. Among 68 patients with MDS-associated inflam-
matory arthritis reported in a multicenter retrospective study with a literature review, four
rheumatologic patterns of MDS-associated arthritis were described where 21 patients (31%)
fulfilled the 1987 American College of Rheumatology (ACR) rheumatoid arthritis criteria,
18 patients (26%) were presented as polymyalgia rheumatica—sometimes associated with
giant cell arteritis [75,76]—eight patients (12%) had remitting seronegative symmetrical
synovitis with pitting edema (RS3PE) syndrome and 21 patients (31%) were presented
under undifferentiated arthritis. MDS-associated arthritis frequently precedes MDS, and
the possibility of inflammatory anemia could lead to the misdiagnosis of associated MDS.
Undifferentiated arthritis represents the most frequent subset and typically present as
polyarticular and symmetrical arthritis, usually without structural progression. In patients
with polymyalgia rheumatica, a poor response to steroids or steroid dependence suggests
the presence of associated MDS, particularly in the presence of cytopenia. Compared to
patients without MDS, patients with polymyalgia rheumatica tended to be older and male
with a more extensive joint involvement [77]. Similarly, RS3PE syndrome associated with
MDS has been characterized by more frequent steroids dependence [78].

Tedeschi et al. described a case report of an older aged male patient who had been
diagnosed with a de novo refractory chronic calcium pyrophosphate crystal inflammatory
arthritis affecting the ankle, knee and atlanto-occipital joint (crowned dens syndrome) that
developed simultaneously to an MDS with excess blasts [79].

5.4. Skin Manifestations

In a French monocentric prospective study of 157 patients with primary MDS followed
up for a median of 44 months, the prevalence of skin manifestations were close to 10% [80].
Skin lesions in patients with MDS include neutrophilic dermatosis such as SS and PG,
leucocytoclasic vasculitis, cutaneous manifestations related to systemic diseases already
mentioned (such as Behçet’s-like syndrome and systemic vasculitis), and less frequently
cutaneous granulomatosis [81,82]. Other skin lesions including cutaneous infections, drug
adverse reactions and leukemia cutis (blastic myeloid cell infiltration of the skin) could be
observed and must be distinguished from SIADs.

MDS and AML are the most frequent hematological malignancies associated with
neutrophilic dermatoses [83]. Up to 20% of patients with SS and 7% of patients with PG
have an underlying hematological malignancy, most commonly associated with MDS or
AML [84].

SS is characterized by the sudden onset of sensitive and painful erythematous plaques,
nodules, or papules with predominantly neutrophilic dermal infiltrate without vasculitis
on histologic examination and with concurrent fever and arthralgia. SS presents in three
clinical settings: classical (or idiopathic), malignancy-associated and drug-induced [85].
Patients with malignancy-associated SS would more likely develop extracutaneous mani-
festations such as pulmonary, hepatic or ocular involvement [86], and have leukopenia,
whereas neutrophilia is a usual feature of classical SS. Histiocytoid SS is a histological
variant of SS differing from classical neutrophilic SS by a dermal infiltrate composed of
lymphocytes and immature myeloid cells (histiocytoid CD68-positive myeloperoxidase-
positive mononuclear cells), and have been associated with myeloid malignancies [87–91].
As the immature skin myeloid cells seen in histiocytoid SS variants were clonally related
to the myeloid malignancy using different approaches [92–96], Osio et al. proposed to
designate the histiocytoid SS variant occurring in patients with MDS as “myelodysplasia
cutis” [97].
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PG is the most common neutrophilic dermatosis described in patients with MDS [98]
and may present in a classical or ulcerative form with violaceous undermined borders or in
atypical bullous, vegetative, or vesiculopustular variants [99]. Although histopathological
features in PG are not specific, biopsy is required to confirm neutrophilic infiltration and
rule out other causes of ulceration [100].

Even though cutaneous adverse events induced by azacitidine (AZA) are not entirely
SIADs, they should be cited, and a distinction should be made between erythematous
injection-site trivial reaction (often self-limiting without treatment) and more serious mani-
festations such as paradoxical neutrophilic dermatosis at injection-site (after subcutaneous
injection) requiring systemic corticosteroids administration, intravenous administration of
AZA or AZA discontinuation after a careful risk-benefit consideration.

5.5. Autoimmune Cytopenias

In 1977, Celada et al. first reported the case of a 75-year old man who developed refrac-
tory sideroblastic anemia secondary to autoimmune hemolytic anemia (AIHA), suggesting
a possible association between MDS and autoimmune phenomenon [101]. According to the
main series, autoimmune cytopenias have been documented in 1 to 16% of cases [13,14,102].
Moreover, AIHA have been reported in approximately 3% of patients with MDS [13,103],
although erythrocyte autoantibodies can be found in up to 35% of MDS patients [104].

In a cohort of 41 MDS/CMML patients with immune thrombocytopenia (ITP), defined
by response to steroids, including chronic ITP in 63%, low-risk myelodysplasia in 73% and
CMML in 59%, it was recently reported that MDS/CMML-associated ITP have a particular
outcome with more severe bleeding and multi-refractory profile than primary ITP, a similar
response profile to primary ITP therapy except for intravenous immunoglobulin, and less
progression toward acute myeloid leukemia than MDS/CMML without ITP [105].

The main difficulty in the setting of MDS/CMML is to distinguish immune-related
peripheral cytopenias from that of central origin (i.e., due to bone marrow failure). In a case-
series of five paradigmatic cases of refractory/relapsing autoimmune cytopenias (AIHA,
ITP and chronic idiopathic neutropenia) that evolved to idiopathic cytopenia/dysplasia of
uncertain significance (ICUS/IDUS) –two recently recognized provisional conditions char-
acterized by isolated unexplained cytopenia/dysplasia in <10% bone marrow cells [106,107]
—Barcellini et al. hypothesized a shift from autoimmunity against circulating blood cells
to bone marrow precursors, leading to an insufficient marrow compensatory response, a
progressive/variable degree of bone marrow dysplasia and ultimately overt bone marrow
failure [108]. Furthermore, Tabata et al. reported two cases of MDS patients with AIHA
in which the progression toward AML was paralleled by the disappearance of hemolysis,
corroborating the possible pathogenic link between both conditions [109].

5.6. Thrombosis

In a French retrospective multicenter case–control study among 162 patients with
MDS/CMML-associated SIADs, venous thromboembolism (VTE) occurred in 25% of
patients during a median follow-up of 14 months, including 70% of deep venous thrombosis
or pulmonary embolism and 19% of patients experienced two or more VTE (unpublished
personal data). The classic inherited or acquired prothrombotic risk factors, overall survival
and leukemia-free survival were not significantly different in MDS/CMML-associated
SIADs patients with and without VTE. In a multivariate analysis, MDS/CMML progression
at VTE diagnosis was the only factor independently associated with VTE (OR 16). When
patients were treated with an anticoagulation therapy, bleeding occurred in 21% of cases.

5.7. VEXAS Syndrome

In late 2020, Beck et al. reported that a series of 25 cases of older aged male adults
had characteristic late-onset severe treatment-refractory inflammatory disease associated
with hematological abnormalities named VEXAS syndrome (vacuoles, E1 enzyme, X-
linked, autoinflammatory, somatic) that were caused by somatic mutations of methionine-
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41 (p.Met41) in Ubiquitin-like modifier activating enzyme 1 (UBA1) gene that encodes
ubiquitylation-initiating E1 enzyme and is located on the X chromosome [110]. Clinical phe-
notype included recurrent fever, neutrophilic cutaneous and pulmonary inflammation, ear
and nose chondritis, vasculitis, venous thromboembolism, cytopenias especially macrocytic
anemia, characteristic vacuoles in myeloid and erythroid precursor cells and dysplastic
bone marrow. Most of the patients met diagnostic or classification criteria for various
inflammatory syndromes including polyarteritis nodosa, SS and relapsing polychondritis,
and/or non-benign hematologic conditions (multiple myeloma or myelodysplastic syn-
drome) or both. Subsequently, Obiorah et al. reported a series of 15 other male patients
with VEXAS syndrome and peripheral cytopenias, 10 of which had myeloid or lymphoid
clonal disease (MDS, plasma cell dyscrasias, and monoclonal B cell lymphocytosis) [111]. A
patient with VEXAS syndrome presented unusual infectious complications, also suggesting
a possible acquired immune deficiency in this syndrome [112].

5.8. Other Manifestations

Various other systemic or organ specific diseases have been reported in MDS patients,
including secondary pulmonary alveolar proteinosis (PAP), which is a rare syndrome that
predominantly affects the lungs, and is characterized by the accumulation of surfactant
lipids and proteins in the alveoli and terminal airways. Among secondary PAP (not associ-
ated with granulocyte-macrophage colony-stimulating factor (GM-CSF) autoantibodies)
representing 10% of all PAP cases and associated with a very poor prognosis (median
survival time of <20 months), myelodysplastic syndrome accounted for 65% of underlying
conditions [113].

Few cases of inflammatory bowel disease, especially Crohn disease with an unusually
high frequency of colorectal involvement, was also reported with MDS patients [114].

Besides well-defined inflammatory diseases, many patients with MDS have undif-
ferentiated autoinflammatory syndrome (UAD) defined by the presence of non-specific
symptoms such as recurrent fever, arthralgia, myalgia, skin rash, arthritis and pleuritic,
peritonitis in association with persistently elevated CRP that cannot be attributed to infec-
tion. In a cohort of 62 MDS patients with autoinflammatory complications, Watad et al.
found that 84% of patients had UAD [52]. Their study also linked MDS-related autoinflam-
mation to karyotype abnormalities (OR 2.76) and somatic mutations (OR 2.2), particularly
RUNX1, BCOR, WTI and TP53. In their findings, it was shown that inflammatory disorders
within the MDS spectrum were more strongly associated with autoinflammatory conditions
than autoimmune diseases, which was unsurprising given that disorders were collectively
linked to dysfunction of myeloid cells that are key players in the innate immune system.

6. Laboratory Immune Abnormalities in MDS Patients with and without
Clinical SIADs

Fraison et al. analyzed the prevalence of various autoantibodies in MDS/CMML
patients with and without associated SIADs [115]. In MDS patients without SIADS, au-
toantibodies were found in 50% of MDS patients without SIADs: 20% of which had
anti-nuclear antibodies (ANA), 6% with anti-DNA antibodies, 4% with anti-ENA antibod-
ies, 15% with antiphospholipid antibodies, 9% with anti-neutrophils cytoplasm antibodies
(ANCA)without anti-PR3 or anti-MPO specificity, 12% with rheumatoid factor, 3% with
anti-citrullinated peptide antibodies (ACPA) and 12% with anti-tissue antibodies. CMML
patients displayed higher frequencies of ANCA and antiphospholipid antibodies than
MDS patients. ANCA were reported in up to 5% of MDS patients compared to 2% in lym-
phoid malignancies and 0–1.8% in controls [17]. Interestingly, no differences were found
in the frequencies of various autoantibodies in MDS/CMML patients with and without
associated SIADs. As already discussed previously, this could be primarily explained by
the reasoning that contrary to idiopathic autoimmune diseases, MDS-related SIADs involve
autoinflammatory mechanisms rather than autoimmune. Thus, autoantibodies screening
remains negative or clinically irrelevant in most cases.
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7. Prognosis

The prognostic significance of MDS-associated SIADs remains controversial. In 123
patients with SIADs and MDS/CMML, compared to 665 MDS/CMML patients, median
overall survival was not significantly different (72 and 75 months, respectively), with simi-
lar rates of acute myeloid leukemia (22% and 21%, respectively) and deaths (44% and 48%,
respectively) during a median follow-up of 25 months. Similarly, no difference in overall
survival were shown in the study by De Hollanda et al., except a possible negative progno-
sis in the presence of systemic vasculitis or cryoglobulinemia [11]. In another prospective
study of 70 patients, median overall survival was 39 months in MDS-related SIADs patients
(n = 13) versus 26 months (n = 57) in MDS patients [15]. Conversely, some authors showed
that the presence of MDS/CMML-associated SIADs was associated with better overall
survival [13,14] while others remarked the association with poorer survival [116–119]. The
heterogeneity of these results was possibly due to a great diversity of immune manifes-
tations, median age of patients, percentage of MDS/CMML subtypes, the follow-up and
study periods reflecting the change of WHO classifications and therapeutic progress over,
and biases related to the retrospective nature of the majority of the studies. It may be worth
noting that all of the largest reported studies suggested either a beneficial effect or a lack of
impact in overall mortality. In the same way and for the same reasons, the rate of AML
transformation was not equivocal between different studies.

8. Treatment of MDS-Related SIADs

Treatment of MDS-related SIADs can be challenging because of the underlying cy-
topenias, the risk of infectious complications and the risk of secondary MDS with certain
immunosuppressive treatments [120]. Therapeutic indications and treatment regimens
must take account of the subtype, severity and relapse rates of SIADs, and the need for
specific hematological treatment for underlying MDS/CMML.

8.1. Systemic Glucocorticoids

In first-line treatment, glucocorticoids are the most used drugs and induce remission
in 80 to 90% of cases [9,10]. However, despite initial efficacy, steroid dependence or relapse
occurs in 50 to 70% of cases, justifying the use of second-line treatment for which only 60%
of patients will have a sustained response [10].

8.2. Conventional Synthetic and Biological DMARDs

In steroid-dependent or refractory patients or life-threatening disease at onset, im-
munosuppressive or immunomodulating drugs including conventional synthetic DMARDs
(methotrexate, azathioprine, mycophenolate mofetil and cyclophosphamide), biological
targeting agents (rituximab, anti-TNF-α, tocilizumab and anakinra) should be consid-
ered. It is to highlight that the hematological toxicity of methotrexate, azathioprine and
cyclophosphamide may limit their use in this context of myeloid neoplasms.

Few reports showed efficacy of biological targeting drugs, however in a French study
of 29 MDS/CMML patients with SIADs, biological targeted drugs have shown poor efficacy
to induce clinical remission [121]. Considering all 114 lines of treatments, overall response
(in other words complete or partial) occurred for 31% of patients with TNF-α antagonists,
25% anakinra, 33% tocilizumab and 58% with rituximab. Comparing response rates to that
with steroids, clinical remission was lower with DMARDs, TNF-α antagonists and anakinra
(HR 0.18, 0.17 and 0.26, respectively) but did not differ for rituximab and azacitidine (HR
0.49 and 0.4, respectively). Regarding safety, biological-targeted drugs in MDS patients
have been associated with high rates of severe infections (a total of 30 infections in 18 out
of 29 patients) during a three-year median follow-up.

8.3. Other Treatments (IMiDs, Low Dose Interleukin-2, JAK Inhibitors)

Efficacy of immunomodulatory imide drugs (IMiDs) such as thalidomide or lenalido-
mide, were reported for the treatment of neutrophilic dermatoses such as SS or PG in
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patients with MDS. However, lenalidomide has been described as a potential trigger of SS
in some patients with MDS [122–124].

Colchicine or dapsone could be used during mild forms of isolated leukocytoclastic
vasculitis.

Due to its ability to activate and expand regulatory T-cell without activating effector
T cells in various autoimmune and inflammatory diseases [125,126], the use of low dose
interleukin-2 (ld-IL-2) in association with AZA was safe and allowed, at least temporarily,
steroid-sparing effects, without inducing any progression of the MDS in two out of the
three patients with dysimmune features associated with MDS [127].

Efficacy of JAK inhibition was reported during the inflammation associated with
primary myelofibrosis, graft-versus-host disease and others immune-inflammatory dis-
eases [128–130]. Results were found with JAK inhibitors during VEXAS syndrome, subject
to retrospective small cohort study with short duration of follow-up [131], and needs to be
evaluated prospectively.

8.4. Hypomethylating Agents (HMAs)

In patients with higher-risk MDS without major comorbidities who are not immedi-
ately eligible for allogenic stem cell transplantation (SCT), AZA is recommended as the
first-line reference treatment [132].

AZA efficacy in MDS-related SIADs was reported in few case reports, mainly with
refractory MDS-related SIADs, including neutrophilic dermatosis, SLE, inflammatory
bowel diseases, polyarthritis, vasculitis and relapsing polychondritis [133–139].

In addition to its direct action on the tumor clone in a context of paraneoplastic syn-
drome, the potential efficacy of hypomethylating agents in inflammatory or autoimmune
disorders associated with MDS may be supported by immunomodulatory effects on vari-
ous immune cells as CD4+ T-cells including Treg lymphocytes [135,140,141], especially in
the context of post-allogenic SCT [142], NK cells [143–145], dendritic cells [146], myeloid-
derived suppressor cells (MDSCs) [147] and pro-inflammatory cytokines modulation, in
particular IL-6 [148].

In the largest available retrospective study, the efficacy of AZA was reported in 22
MDS/CMML patients with concomitant SIADs, half of whom with low or int-1 IPSS and
the other half with int-2 or high-IPSS [149]. AZA was initiated for transfusion dependence,
severe thrombocytopenia or refractory SIADs in lower-risk MDS, and according to the drug
label in higher-risk MDS. At AZA onset, 15 patients had uncontrolled SIADs. Response
of SIADs to AZA was observed in 19 patients (86%) and reduction or discontinuation of
steroids and/or immunosuppressive therapy was possible in 16 cases (73%). The change
in MDS/CMML and SIADs was parallel in 13 cases (59%), being both favorable in 11
cases and both unfavorable in two cases. All responses of SIADs to AZA were seen by
the third cycle, although about one third of responses improved and became complete
between three and six cycles. Furthermore, although less than 50% of the patients received
more than six cycles of AZA, only three relapses of SIADs were observed after three, 19
and 19 months, respectively. To confirm these preliminary data, an ongoing phase II trial
is currently assessing the efficacy and safety of AZA in patients with MDS/CMML and
steroid-dependent or resistant SIADs (NCT02985190) on behalf of the French MDS network
(Groupe Francophone des Myélodysplasies, GFM) and the French Network of dysimmune
disorders associated with hemopathies (MINHEMON).

8.5. Bone Marrow Engraftment

Few studies report cases of severe or refractory inflammatory or autoimmune dis-
eases in response after hematopoietic SCT, whether in MDS-related context [150–156] or
not [157,158]. Similar to what was reported for AZA, the resolution of SIADs after SCT
was almost always associated with the efficacy of transplantation towards the MDS clone.
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9. Conclusions and Perspectives

Systemic inflammatory and autoimmune disorders develop in up to a quarter of
MDS/CMML patients with various subtypes and sometimes in unclassified forms. The
understanding of common pathways linking MDS and autoimmunity are growing with
identification of deregulation in innate and adaptive immune cells, cytokine secretion and
genetic landscape underlying MDS. Recent advances in the field of clonal hematopoiesis are
opening new pathophysiological perspectives, bringing together the concepts of somatic
mutations, myeloid cell dysfunction, innate immunity deregulation and auto-inflammation,
suggesting that some of these disorders could be borderline between clonal and inflamma-
tory phenomena.

Although the presence of SIADs does not impact neither overall survival nor dis-
ease progression to AML, they can make therapy challenging when it comes to avoiding
steroid dependence and associated adverse events of immunosuppressive drugs. Increas-
ing evidence suggests that MDS specific therapy such as AZA, particularly through its
immunomodulatory effect, may be effective in treating patients with SIADs and sparing
steroids concomitantly to MDS disease control. Prospective studies should be conducted to
address the place of AZA in such situations and to help physicians in choosing the best
therapeutic strategy.
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