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A B S T R A C T

The biological milieu and clinical picture of myelodysplastic syndromes (MDS) is characterised by a variety of
immune mechanisms and manifestations, including an increased frequency of autoimmune disorders. The pre-
sent review will try to shed some light on the potential clinical and pathogenetic implications of these immune
processes in MDS by focusing on the beneficial effects exerted by some MDS-modifying therapies on autoimmune
manifestations.

1. Introduction

In Taoism yin and yang describes how in the natural world see-
mingly opposite or contrary forces may actually be complementary and
interdependent and how they may potentially give rise to each other.
Myelodysplastic syndromes (MDS) are a heterogeneous group of clonal
haematologic diseases, the pathogenesis of which is driven by specific
molecular lesions involving the stem cell compartment (Papaemmanuil
et al., 2013). However several findings suggest that the immune system
of MDS patients is widely deranged and potentially involved in mod-
ulating disease evolution (Fig. 1) (Fozza et al., 2016). In fact, auto-
immune disorders (AD) are reported in around one third of MDS pa-
tients (Komrokji et al., 2016; Fozza, 2018a) and the debate is still open
about their potential prognostic implications (Fozza, 2018b). Moreover
a fraction of MDS patients are known to respond to immunosuppressive
treatments such as for instance antithymocyte globulin (Molldrem
et al., 1997). Several immune cell subsets display anomalies in MDS
patients (Fozza et al., 2016, 2012a; Fozza et al., 2012b) and in parti-
cular cytotoxic T-cells have been advocated in the functional inhibition
of hematopoietic precursors (Smith and Smith, 1991; Fozza and
Longinotti, 2013). All these data, along with the evidence that AD may
respond to some MDS-modifying therapeutic approaches, potentially
suggest that MDS and AD represent medical conditions which, like yin
and yang, are deeply interconnected and can reciprocally influence
each other (Fig. 2).

2. Autoimmune manifestations in patients with myelodysplastic
syndromes

As already mentioned, around one third of MDS patients suffer form
a variety of AD (Komrokji et al., 2016). The most frequent scenarios are
autoimmune haemolytic anaemia (AHA) and vasculitis but the poten-
tial involvement of several different sites and organs has been described
including skin, joints, gastrointestinal system and kidneys (Fozza,
2018a), as shown in Table 1. Apart form some anecdotal reports, such a
clinical association has been more systematically addressed within
registry studies, some of which were focalized on the potential impact
of AD on the MDS kinetic, as shown in Table 2, while others evaluated
the reciprocal risk existing between MDS and autoimmunity.

2.1. Prognostic implications of autoimmunity in MDS patients

Within the former some studies suggested a potential negative
prognostic impact for AD in MDS patients. Among 153 patients, 19 of
which experienced AD, there was no significant difference in the dis-
tribution of age, MDS subtype or sex between patients with and without
immune clinical or laboratory abnormalities. However the survival of
subjects with immune abnormalities was significantly worse due to
both infection and leukemic progression (Okamoto et al., 1997). Among
117 MDS patients in which the most frequent autoimmune manifesta-
tions were rheumatoid arthritis and ulcerative colitis, subjects experi-
encing AD had a shorter median overall survival (OS) although leu-
kemic transformation was not increased (Zhao et al., 2002). A possible

https://doi.org/10.1016/j.critrevonc.2019.07.018
Received 8 May 2019; Received in revised form 25 June 2019; Accepted 22 July 2019

⁎ Corresponding author at: Hematology Unit, Department of Medical, Surgical and Experimental Sciences, University of Sassari, Viale San Pietro 12, 07100, Sassari,
Italy.

E-mail address: cfozza@uniss.it (C. Fozza).

Critical Reviews in Oncology / Hematology 142 (2019) 51–57

1040-8428/ © 2019 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/10408428
https://www.elsevier.com/locate/critrevonc
https://doi.org/10.1016/j.critrevonc.2019.07.018
https://doi.org/10.1016/j.critrevonc.2019.07.018
mailto:cfozza@uniss.it
https://doi.org/10.1016/j.critrevonc.2019.07.018
http://crossmark.crossref.org/dialog/?doi=10.1016/j.critrevonc.2019.07.018&domain=pdf


negative prognostic impact was suggested by a further study, above all
in patients suffering from vasculitis and/or cryoglobulins (de Hollanda
et al., 2011). A following report based on 67 MDS patients with AD
suggested that certain clinical pictures were associated with distinctive
karyotypes and worse survival. Neutrophilic dermatosis and vasculitis
usually appeared at the time of diagnosis whereas other manifestations
occurred years after MDS diagnosis. Deletion of 5q was associated with
neutrophilic dermatosis whereas trisomy 8 with Behḉet disease (BD).
Neutrophilic dermatosis was also associated with a 1.8-fold increase in
mortality (Lee et al., 2016). In a series of 142 patients diagnosed with
MDS and chronic myelomonocytic leukaemia (CMML) 48% of patients
were diagnosed as having AD, being hypothyroidism the most com-
monly reported clinical manifestation (8%) and antinuclear antibodies

Fig. 1. The immune landscape of myelodysplastic syndromes.

Fig. 2. Several clinical and laboratory findings suggest that myelodysplastic
syndromes and autoimmune disorders represent medical conditions which, like
yin and yang, are deeply interconnected and can reciprocally influence each
other.

Table 1
Most frequent autoimmune manifestations in MDS patients.

Haematological Gastrointestinal system
autoimmune haemolytic anaemia Behcet disease
immune thrombocytopenia autoimmune pancreatitis
Vessels autoimmune hepatitis
large-vessel vasculitis Kidneys
Henoch Schönlein purpura membranous gromerulonephritis
leukocytoclastic vasculitis Other organs and conditions
Joints systemic lupus erythematosus
relapsing polychondritis Sjogren disease
rheumatoid arthritis hypothyroidism
Skin
neutrophilic dermatosis
psoriasis
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the most frequently identified serological parameter (23.2%). The
presence of AD was associated with female gender, lower hemoglobin
levels, and higher revised international prognostic scoring system
(IPSS-R) and much more importantly with inferior OS (69 vs. 88% at 30
months). Notably, such a negative prognostic impact was associated
with clinical but not isolated immune serological parameters (Montoro
et al., 2018).

On the other hand some studies did not suggest a correlation be-
tween MDS prognosis and occurrence of AD. Among 70 prospectively
enrolled patients, 13 of which experienced autoimmune complications,
no differences were detected concerning bone marrow blast count, in-
ternational prognostic scoring system (IPSS), favourable cytogenetic
abnormalities, leukaemic transformation and survival. Noteworthy the
onset of AD preceded the diagnosis of MDS in a minority of patients,
while in most of them they developed during the course of MDS
(Giannouli et al., 2004). Similar results were suggested by a following
study (Marisavljević et al., 2006). Within a study overall including 788
patients, interestingly 127 patients with MDS or CMML with systemic
inflammatory disorders and AD were compared with 665 patients
without these manifestations. The former were younger, male, less
often had refractory anaemia with ring sideroblasts (RARS), more often
had a poor karyotype and less frequently belonged to low and inter-
mediate-1 IPSS categories, but no survival differences could be de-
monstrated (Mekinian et al., 2016). In a different cohort immune-
mediated complications were shown to preferentially develop in pa-
tients with secondary MDS, in younger subjects and in patients with
cytogenetic abnormalities (Billström et al., 1995). Our knowledge about
the prognostic implications of autoimmune manifestations in MDS was
markedly improved by the largest ever reported analysis performed on
1408 patients in the context of a joint effort from the Moffitt Cancer
Center in Tampa and King's College Hospital in London. Twenty-eight
percent of the patients had AD with hypothyroidism, idiopathic
thrombocytopenic purpura, rheumatoid arthritis and psoriasis being the
most common subtypes and accounting for 44%, 12%, 10% and 7% of
patients respectively. AD were more common in female patients, in
those with refractory anaemia (RA) or refractory cytopenia with mul-
tilineage dysplasia (RCMD) and in subjects less dependent on red blood
cell transfusion. Quite strikingly median OS was 60 months for patients
with AD versus 45 months for those without and by multivariate ana-
lysis AD were a statistically significant independent factor for OS.
Moreover the rate of transformation into AML was 23% in patients with
AD versus 30% in those without (Komrokji et al., 2016). A monocentric
retrospective study evaluated 801 patients with MDS patients, 11% of
which presented with AD. The most frequent manifestations were
polyarthritis and autoimmune cytopenias. In the case control study
WHO classification, karyotype abnormalities, IPSS-R and IPSS were
similar in both groups. Noteworthy OS from MDS diagnosis was better
in patients with AD (10.3 ± 0.6 versus 4.8 ± 1.1 years) and such a
positive impact was confined to patients with low or intermediate-1
IPSS. The better survival was observed only when AD appeared con-
comitantly or after MDS and also steroid dependence was associated
with a better survival (Seguier et al., 2019). We may hypothesize that
the heterogeneous interpretation of the prognostic implications of AD
in MDS patients could be at least partially ascribable to the different
criteria adopted to classify AD. In fact, some clinical immune-mediated
conditions, such as for instance thyroid disorders, were included in
some studies but not in others and serological abnormalities were
considered only within a minority of the reported analyses. However it
is worth mentioning that all the largest reported studies suggested ei-
ther a positive prognostic effect or a lack of impact.

2.2. Risk of developing MDS in patients with autoimmunity

Moving to projects exploring the reciprocal risk between MDS and
autoimmunity, a registry study focusing on the risk of developing
myeloid malignancies in patients with different AD, reported an

increased risk for MDS, particularly high in AHA and polyarteritis no-
dosa (Anderson et al., 2009).

Within a large population-based central central registries in
Sweden, including 9219 patients with AML, 1662 patients with MDS
and 42,878 matched controls, chronic immune stimulation was further
advocated as a possible trigger for the development of both AML and
MDS. In fact, overall a history of any infectious disease was associated
with a significantly increased risk of both AML (odds ratio -OR- 1.3) and
MDS (OR 1.3). These associations were significant even when focusing
on infections occurring 3 or more years before AML/MDS. A previous
history of any AD was associated with a 1.7-fold increased risk for AML
and 2.1-fold increased risk for MDS (Kristinsson et al., 2011). In a fol-
lowing study a slightly increased risk of MDS in patients with any AD
was demonstrated and it was confined to patients diagnosed over 10
years prior to the index date and involved both untreated and heavily
treated patients (Wilson et al., 2014).The association of cytotoxic, anti-
inflammatory, and immunomodulating agents to treat patients with AD
with the risk for developing myeloid neoplasm was specifically ad-
dressed within a retrospective case-control study including 86 patients
who developed MDS or AML. Among them rheumatoid arthritis, psor-
iasis and systemic lupus erythematosus (SLE) were the most common
autoimmune profiles. Median time from onset to diagnosis of myeloid
neoplasm was 8 years. A total of 57 out of 86 cases (66.3%) received a
cytotoxic or an immunomodulating agent. Azathioprine sodium use was
observed more frequently in cases, with a 7-fold risk for myeloid neo-
plasm. No significant association between a specific length of time of
exposure to an agent and the drug category was observed (Ertz-
Archambault et al., 2017). When investigating possible mechanistic
links between chronic inflammation and MDS, it is worth mentioning
that over the last few years, aberrant innate immune activation and
proinflammatory signaling within the malignant clone and the bone
marrow microenvironment were advocated as key pathogenic drivers of
MDS. Among them, S100A9-mediated NOD-like receptor protein 3
(NLRP3) inflammasome activation drives pyroptosis, an inflammatory
and lytic form of cell death underlying many of the hallmark features of
this disorder. This mechanism, along with the release of other danger-
associated molecular patterns, expands bone marrow myeloid-derived
suppressor cells, thus creating a feed-forward process and therefore
propagating inflammasome activation (Sallman and List, 2019).

3. Response of autoimmune manifestations to therapies for MDS

The biological link existing between MDS clones and the occurrence
of autoimmune manifestations is somehow mirrored by the described
responses of the latter after MDS modifying therapeutic approaches, as
shown in Table 3. 5-Azacytidine and haematopoietic stem cell trans-
plantation (SCT) have been more often reported in this context.

3.1. Azacytidine

Azacytidine is a pivotal therapeutic option for patients with MDS
(Fenaux et al., 2009). Noteworthy, beside the well known effects on
bone marrow precursors, it is able to influence T-cell polarization both
in vivo and in vitro (Bontkes et al., 2012) as well to modulate function
and number of regulatory T cells (Treg) (Costantini et al., 2013). Even
more interestingly, this drug modulates the sensitivity of cancer cells to
cytotoxic T-cells (Gang et al., 2014). All these premises have even
prompted the possible use of Azacytidine as a possible immune-ther-
apeutic tool in the post- transplant setting (Sánchez-Abarca et al.,
2010). Therefore not unexpectedly most of the T-cell abnormalities
observed in MDS patients (Fozza et al., 2009; Fozza and Longinotti,
2012) tend to revert during therapy with Azacytidine, especially within
the CD4+ subset (Fozza et al., 2015).

When focusing on the potential beneficial effects on AD, the first
reports described MDS patients showing a complete response of deep
neutrophilic dermatosis (Raj et al., 2007) and an improvement of
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systemic lupus erythematosus (SLE) after treatment, which was inter-
estingly paralleled by a reduction in the frequency of Treg (Al Ustwani
et al., 2011). Also BD was shown to significantly improve with Azacy-
tidine (Tanaka et al., 2013; Endo et al., 2015). In two following reports
describing 3 and 4 patients respectively, different autoimmune condi-
tions were reported to respond to this hypomethylating agent, such as
Sweet's syndrome (Pilorge et al., 2011; Frietsch et al., 2014), poly-
arthritis (Pilorge et al., 2011), vasculitis (Pilorge et al., 2011; Frietsch
et al., 2014) as well as seronegative rheumatoid arthritis and fluctu-
ating lupus-like symptoms (Frietsch et al., 2014). Further responses
were more recently reported in patients once again with neutrophilic
dermatosis, along with a reduction in the level of the inflammatory
marker matrix metalloproteinase-3 (Kudo et al., 2017), relapsing
polychondritis (Erden et al., 2018) and inflammatory bowel disease
(Kono et al., 2018). In the latter, the disappearance of multiple round
ulcers was mirrored by a marked decreased expression of tumour ne-
crosis factor-α, interleukin-12 and interleukin-17 in colonic biopsy
samples, suggesting that the efficacy of Azacytidine in improving this
AD was based on the suppression of pro-inflammatory cytokine

responses (Kono et al., 2018). In most of these patients autoimmune
conditions were resistant to several lines of immunosuppressive therapy
and their improvement was usually paralleled by the haematological
response to Azacytidine.

In the largest available study the efficacy of Azacytidine on AD was
retrospectively assessed in 22 patients with MDS or CMML. Responses
of a wide range of AD to Azacytidine were observed in 19 patients
(86%) and reduction or discontinuation of steroids and/or im-
munosuppressive therapy was possible in 16 cases (73%). The evolution
of MDS/CMML and AD was parallel in 13 cases (59%), being both fa-
vourable in 11 cases and both unfavourable in 2. All responses of AD to
Azacytidine were observed by the third cycle, although about one third
of responses improved and became complete between 3 and 6 cycles.
Noteworthy, although less than 50% of the patients received more than
6 cycles, only 3 relapses were observed (Fraison et al., 2016). In a
different study describing 11 patients treated with Azacytidine, re-
sponses of their AD were recorded in 9/11 (80%) and 6/11 (55%) pa-
tients at 3 and 6 months, respectively (Mekinian et al., 2016).

All these findings suggest that this hypomethylating agent is able to

Table 3
Response of autoimmune manifestations to therapies for MDS.

Autoimmune disorder Treatment n Outcome Reference Correlatives for response

antiphospholipid syndrome azacytidine 1 CR (Fraison et al., 2016) NA
Behcet disease azacytidine 6 2 improvement (Tanaka et al., 2013) NA

3 CR (Endo et al., 2015)
1 PR (Fraison et al., 2016)

fluctuating lupus-like
symptoms

azacytidine 1 CR (Frietsch et al., 2014) NA

giant cell arteritis azacytidine 2 CR (Fraison et al., 2016) NA
inflammatory bowel disease azacytidine 1 CR (Kono et al., 2018) disappearance of multiple round ulcers mirrored by a marked decreased expression

of tumour necrosis factor-α, interleukin-12 and interleukin-17 in colonic biopsy
samples

neutrophilic dermatosis azacytidine 2 CR (Raj et al., 2007) reduction in the level of the inflammatory marker matrix metalloproteinase-3
(Kudo et al., 2017)

polyarthritis azacytidine 3 CR (Pilorge et al., 2011) NA
(Fraison et al., 2016)

polychondritis azacytidine 5 5 CR (Fraison et al., 2016) NA
1 PR (Fraison et al., 2016)

polymyalgia rheumatica azacytidine 4 2 CR (Fraison et al., 2016) NA
2 NR

seronegative rheumatoid
arthritis

azacytidine 1 CR (Frietsch et al., 2014) NA

Sjogren disease azacytidine 1 CR (Fraison et al., 2016) NA
small vessel vasculitis azacytidine 1 NR (Fraison et al., 2016) NA
Still’s disease azacytidine 1 PR (Fraison et al., 2016) NA
Sweet's syndrome azacytidine 4 CR (Pilorge et al., 2011) NA

(Frietsch et al., 2014)
(Fraison et al., 2016)

systemic lupus erythematosus azacytidine 3 CR (Al Ustwani et al.,
2011)

reduction in the frequency of regulatory T cells

(Fraison et al., 2016)
Vasculitis azacytidine 3 CR (Pilorge et al., 2011) NA

(Frietsch et al., 2014)
(Fraison et al., 2016)

Behcet disease aSCT 5 CR (Yamato, 2003) NA
(Tomonari et al.,
2004)
(Nonami et al., 2007)
(Kook et al., 2014)
(Lee et al., 2017)

Pyoderma Gangrenosum aSCT 1 improvement (Lee et al., 2017) NA
polyarteritis nodosa aSCT 1 CR (Stavenga et al.,

2016)
NA

relapsing polychondritis aSCT 1 CR (Tomomatsu et al.,
2012)

NA

seronegative symmetrical
synovitis

aSCT 1 CR (Ishii et al., 2016) NA

spondyloarthritis aSCT 1 CR (Simonetta et al.,
2015a)

NA

Takayasu arteritis aSCT 1 CR (Kato et al., 2014) NA

List of abbreviations: allogeneic stem cell transplantation (aSCT), complete response (CR), no response (NR), not applicable (NA), partial remission (PR).
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beneficially modulate some of the AD associated with MDS. It is still
necessary to delineate the mechanisms underlying such an improve-
ment as we may hypothesize either an indirect impact based on the
control of the MDS clone or a direct immunomodulatory activity.

3.2. Stem cell transplantation

SCT is very well known to induce an overall immune reprogram-
ming which has even lead to suggest a possible therapeutic application
for the management of AD. This is especially true for autologus SCT but
also allogeneic SCT has to be considered for carefully selected cases
(Snowden et al., 2017). It is more often reserved to younger patients
with high risk diseases for which fully myeloablative and reduced in-
tensity conditioning essentially offer similar outcomes (Scheid et al.,
2017). When considering that only few MDS patients are candidate to
allogenic SCT and that AD are a possible contraindication to trans-
plantation, it is worth mentioning that the resolution of concomitant
AD has been reported after SCT in some patients. The condition most
often reported in this field was BD, which was resolved after cord blood
SCT in 3 patients (Yamato, 2003; Tomonari et al., 2004; Nonami et al.,
2007) and after peripheral blood SCT in one patient each with fully
myeloablative (Kook et al., 2014) or reduced intensity conditioning
(Lee et al., 2017). In the latter case BD was associated with Pyoderma
Gangrenosum which also improved (Lee et al., 2017). Interestingly also
relapsing polychondritis was reported to respond to non myeloablative
SCT (Tomomatsu et al., 2012), Takayasu arteritis (Kato et al., 2014) and
remitting seronegative symmetrical synovitis (Ishii et al., 2016) to cord
blood SCT whereas spondyloarthritis (Simonetta et al., 2015a) and
polyarteritis nodosa (Stavenga et al., 2016) to fully myeloablative SCT.
Similarly to what reported for Azacytidine, the resolution of AD after
SCT was almost always associated with the efficacy of transplantation
towards the MDS clone. As already mentioned, very few data are
available in this context. However, when considering the limited frac-
tion of patients with concomitant MDS and AD undergoing SCT beside
the clinical improvements reported in different immune-mediated
conditions, we suggest that the possible impact of SCT on MDS-asso-
ciated AD should be further investigated within the already available
transplant registries including MDS patients.

4. Response of autoimmune disorders to immunotherapy

Apart from the above mentioned improvements of MDS-associated
AD after therapies specific for MDS, their outcome has been specifically
addressed after more conventional immune-therapeutic approaches. In
particular a French multicenter retrospective study assessed the efficacy
and safety of different biologics such as TNF-α antagonists, tocilizumab,
rituximab and anakinra for systemic inflammatory and AD associated
with MDS. Noteworthy when multiple lines of treatment were applied,
data were analyzed before and at the end of each line and were pooled
to compare overall responses. Among the 29 included patients the most
common associated disorders were arthritis, relapsing polychondritis
and vasculitis. During a 3-year median follow-up a total of 114 lines of
treatments were used in the whole cohort: steroids alone (22%), dis-
ease-modifying antirheumatic drugs (23%), TNF-α antagonists (14%),
anakinra (10%), rituximab (10%), tocilizumab (7%) and azacytidine
(9%). When considering all 114 lines, overall responses were observed
in 54% cases and were more frequent with steroids (78%) and ritux-
imab (66%) than after disease-modifying antirheumatic drugs (45%)
and other biologics (33%). Moving to specific conditions, rituximab
offered better response in vasculitis and TNF-α antagonists in arthritis.
During follow-up, 20 patients (71%) presented at least one severe in-
fection (Mekinian et al., 2017). These data confirm that, even though a
fraction of patients with concomitant MDS and AD can be potentially
managed with conventional immune-therapeutic treatments, some of
these autoimmune manifestations display unsatisfactory responses to
such an approach, further highlighting the potential value of clinical

responses obtained with MDS-modifying drugs.

5. The other side of the coin

When considering a specular point of view, haematologic im-
provements have been observed in some MDS patients receiving im-
munosuppressive treatments for their AD. Such results have been re-
ported anecdotally in patients receiving methotrexate for
dermatomyositis (Tsuji et al., 2003) or rituximab for SLE (Simonetta
et al., 2015b) but also more systematically when response to im-
munosuppressive therapy was assessed in 30 patients with AD asso-
ciated with MDS, among which the most frequent clinical manifesta-
tions were skin vasculitis and arthritis. Overall AD responded to
immunosuppressive therapy (primarily prednisone) in 26/27 patients
treated. Quite unexpectedly, cytopenias improved substantially in 6
patients, including complete normalization of peripheral blood counts
in 2 patients with cytogenetic remission in one. Noticeably patients
with haematological responses to immunosuppressive therapy showed
improved survival. On the other side the AD was implicated as a pri-
mary cause of death in 8/17 patients who died, further highlighting the
relevant clinical role exerted by these associated conditions in patients
with MDS (Enright et al., 1995). Although these findings are obtained
within a single study involving a limited number of patients, taking into
account the strong pathogenetic and therapeutic interplays between
MDS and AD, they would deserve to be more systematically addresses
in a prospective manner or in the context of already available registries
including MDS patients.

It is worth mentioning that, apart from the reported haematologic
improvements observed in some MDS patients receiving im-
munosuppressive treatments for their AD, several immune-modulating
approaches are routinely used to directly tackle dysplastic hemopoiesis.
Even though the first results in this context were obtained with an-
tithymocyte globulin (Molldrem et al., 1997), several other drugs have
offered extremely promising responses. Lenalidomide, which shares
most of the immunological properties of Thalidomide, has initially
showed its efficacy in a non selected MDS population (List et al., 2005).
Since then a number of different studies have shown a specific efficacy
in patients with 5q deletion especially in the low risk (Fenaux et al.,
2011) but potentially also in the high risk setting (Adès et al., 2009).
The immunomodulatory activity of lenalidomide in low-risk MDS pa-
tients is at least partially related to its effects on T-cell activity, in-
cluding reduction in T-cell tolerance, increased effector function and
establishment of a normal T-cell homeostasis (Mc Daniel et al., 2012).
Several other immune-modulating strategies have been specifically
tested in MDS patients with various results. Among them checkpoint
inhibitors have been widely studied and are approved for several solid
tumours and other hematologic malignancies. Besides cytotoxic T-
lymphocyte associated protein 4 (CTLA-4) and programmed cell death
protein 1 (PD-1), T-cell immune checkpoints, such as T-cell im-
munoglobulin mucin-3 (TIM-3) and lymphocyte activation gene-3
(LAG-3) as well as macrophage checkpoint CD47 are also under in-
vestigation as therapeutic targets for AML and MDS (Liu et al., 2019).
Interestingly also INCB024360, an oral inhibitor of the enzyme in-
doleamine 2,3-dioxygenase (IDO), which catalyzes the degradation of
tryptophan to kynurenine, increases T cell proliferation and decreases T
regulatory cells and myeloid derived suppressor cells suppressive ac-
tivity, has shown potential activity within a phase II study (Komrokji
et al., 2019).

6. Conclusions

Even in the context of a pathogenesis dominated by well defined
molecular defects, over the last few years several findings have un-
derlined the role of different immune pathways and mechanisms in the
biological and clinical scenario of MDS patients. One of the most
striking demonstration of this link is depicted by the improvement of
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AD after disease-modifying therapeutic approaches for MDS. On the
other side the deep interconnection between these two group of con-
ditions is somehow corroborated by the observation that at least in a
fraction of MDS patients haematologic improvements can be observed
with immune-therapeutic approaches or even with im-
munosuppressants administered to tackle their AD. Such a specular
behaviour may further strengthen the hypothesis that, like yin and
yang, MDS and AD represent clinical conditions which can broadly
influence and modulate each other. Additional studies should help to
elucidate which specific mechanisms sustain the preferential develop-
ment of AD in MDS patients and if specific disease subgroups or mo-
lecular defects are more often associated with AD, in order to delineate
the biological premises for new therapeutic approaches.
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