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Abstract: Acquired thrombotic thrombocytopenic purpura (aTTP) is a rare autoimmune
disorder characterized by auto-antibodies to Willebrand factor (vWF) cleaving enzyme
(ADAMTS13), resulting in unusually large vWF multimers that lead to platelet aggregation,
microthrombi formation and microangiopathic hemolytic anemia. Hemolysis in aTTP is
mechanical, thus direct antiglobulin test (Coombs test) is usually negative. Multiple
autoimmune conditions and various auto-antibodies have been described in the context of
chronic myelomonocytic leukemia (CMML). In this paper, we describe a first case of CMML
with auto-antibodies to ADAMTS13, presenting initially as plasmapheresis refractory Coombs

positive aT TP, which we succesfully treated with rituximab.
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Introduction: Chronic myelomonocytic leukemia (CMML) is a clonal hematopoietic stem cell
disorder with overlapping features of myelodisplastic and myeloproliferative neoplasms.
CMML is characterized by the presence of sustained (> 3 months) peripheral blood
monocytosis (>1x10%/L; monocytes 10% of white blood cell count) along with dysplastic
features in the bone marrow (BM) [1,2]. Approximately 30% of CMML patients can present
with antecedent or concomitant autoimmune diseases and poorly defined systemic
inflammatory syndromes [3-7].

The term thrombotic microangiopathy (TMA) describes an etiologically very heterogeneous
group of diseases, which in the presence of endothelial damage can lead to thrombosis of small
and micro vessels, both arterial and venous. TMA's are usually characterized by fever,
microangiopathic hemolytic anemia, thrombocytopenia, renal failure and neurological
manifestations. Acquired thrombotic thrombocytopenic purpura (aTTP) is a rare life-
threatening autoimmune syndrome characterized by microangiopathic hemolytic anemia and
thrombocytopenia. aTTP is usually caused by auto-antibodies to Willebrand factor (VWF)
cleaving enzyme (ADAMTSI13), resulting in unusually large vVWF multimers that lead to
platelet aggregation and subsequent thrombocytopenia and microthrombi. Hemolysis in aTTP
is mechanical and non-immune mediated, thus direct antiglobulin test (Coombs test) is usually
negative. First-line therapy is plasma exchange (PEX) and corticosteroids [8]. In recent years,
rituximab (RTX) has been increasingly used in refractory cases [9-11]. In this paper, we present
a case of CMML with auto-antibodies to ADAMTSI3, presenting initially as PEX refractory

Coombs positive aTTP, which we succesfully treated with RTX.



Case presentation: A 53-year-old Caucasian women was admitted to hospital due to fever and
confusion. She had fever for two days and became confused and agitated on the day of
admission. She was not recently exposed to any known drug that could cause aTTP, such as
quinine, chemotherapeutic agents or cyclosporin. The body temperature was 38°C on
admission and her blood pressure was 130/80 mmHg. Physical examination revealed small
ecchymoses on her legs. There was no focal neurological deficit. No lymphadenopathy was
noticed. Her spleen was palpable 3 cm below the left costal margin. Meningeal signs were
negative. Key laboratory findings included: platelet count 13 (normal range 100-400x10°/L);
hemoglobin 99 (normal range 120-150 g/L); leukocyte count 9.3x10°/L (mijelocytes 9%;
metamyelocytes 10%; granulocytes 42%; limfocytes 15%; monocytes 24%;); reticulocytes 1.5
% (normal range 0.5-1.5%); lactate dehydrogenase (LDH) 455 (normal range 100-235 IU/L);
total bilirubin 22 (normal range 3—20 pmol/L); and direct bilirubin 6 (normal range 0.24-7.1
umol/L); C-reactive protein 37.7 (normal range 0-5 mg/L); prothrombin time 0.95 (normal >
0.7 sec); acquired partial thromboplastin time 23.6 (normal 22 — 33 sec); fibrinogen 4.1 (normal
1.8 — 4.0 g/L). Peripheral blood smear revealed increased number (33%) of ,,atypical®
monocytes but no fragmented red blood cells (shistocytes). Direct Coombs test was positive
for IgG, but not for C3d. Electrocardiogram and X-ray were normal. A computed tomography
(CT) scan of the brain, neck, thorax, abdomen and pelvis showed mild splenomegaly (15 cm)

and no lymphadenopathy. Magnetic resonance imaging of the brain was unremarkable.

Differential diagnosis included acute monocytic leukemia with central nervous system (CNS)
involvement, meningoencephalitis, Evans syndrome (ES), immune thrombocytopenia (ITP),
systemic lupus (SLE) with catastrophic antiphospholipid syndrome and sepsis. Lumbar
puncture at admission revealed no pleocytosis and the potential diagnosis of CNS leukemia
was dismissed. She was started on intravenous aciklovir, ceftriaxone and vankomycine. Given

the evidence of immune-mediated hemolysis with thrombocytopenia, methylprednisolone (125



mg/day) and intravenous immunoglobulins (IVIG's) (40 g/day) were started. The next day
patient drastically improved; she was conscious, lucid but still severely thrombocytopenic
(13x10%/L) and anemic (Hgb 80 g/L). Bilirubin was normal (17.5 pmol/L) and LDH was
elevated (513 IU/L). Reticulocytes were slightly elevated (3%). Again, there was no shistocytes
in the peripheral blood smear. Blood cultures and spinal fluid were sterile. Due to quick clinical
recovery and the absence of pleocytosis in the spinal fluid, the diagnosis of
meningoencephalitis was excluded, so antiviral and antimicrobial therapy was omitted.
Serologic testing for human immuno-deficiency virus, cytomegalovirus, hepatitis B and C
virus, and Epstein-Barr virus was all negative. Rheumatoid factor, antinuclear and anti-double
stranded DNA antibodies were also negative. Lupus anticoagulans was absent. Anticardiolipin
and anti-beta2 glycoprotein antibodies were in the reference range. Testing for auto-antibodies
to platelet glycoproteins IIb/I1la and Ib/IX/V returned negative. BM smear was hypercellular
with granulocytic hyperplasia and dysplasia. There were 40% monocytes in the bone marrow
and there was no myeloblasts or lymphoblasts. Chromosome analysis revealed normal
karyotype (46, XX) with no Philadelphia-chromosome. JAK2-V617F mutation was negative.
A diagnosis of possible CMML with ES was made. Therapy with methylprednisolone and

IVIG's was continued.

On the third day patient presented abruptly with confusion, right-sided hemiplegia and motor
aphasia. Peripheral blood smear revealed 2% shistocytes.
A suspicion of trombotic microangiopathy (TMA) was made. She was placed on therapeutic
PEX (1.5x plasma volume exchange per day) and corticosteroids were continued. Further
workup revealed she had 0% of ADAMTSI3 enzyme activity and auto-antibodies to
ADAMTSI13 were present in high titer. After two days of PEX, patient clinically deteriorated
and lost consciousness. CT scan of the brain was again unremarkable. The

electroencephalogram (EEG) was focally abnormal. She was diagnosed with nonconvulsive



epileptic status and received continuus intravenous infusion of levatiracetam. She regained
consciousness the next day. In the next three days her right-sided hemiplegia and motor aphasia
slowly recovered. However, after seven days of continuus PEX her platelets were 77 (x10°/L)
and LDH 400 (IU/L). She was considered refractory to treatment so RTX was administered
(375 mg/m2 weekly for four doses). Daily PEX and corticosteroids were continued. Complete
remission [8] was achieved after four cycles of RTX and 27 PEX procedures. Monocytosis
remained stable during the treatment (Figure 1.). In good health she was dismissed from the
hospital. Six months later, her ADAMTSI3 activity was < 10%. However, blood cell recovery
was sustained; platelet counts were continuously > 150 (x10°/L) and hemoglobin levels > 120
(g/L). Coombs retesting was negative. Monocytosis was still prominent, but stable; leukocyte
counts were in the range of 6-12 (x10°/L), with 32-56% of monocytes. A substantial increase
in spleen length was noticed (10 cm below the left costal margin). Flow cytometry showed
increased (>94%) fraction of CD14+/CD16- monocytes in the peripheral blood [12]. A definite
diagnosis of CMML was made according to WHO 2016 criteria [1]. Bone marrow
reexamination did not show signs of transformation to acute leukemia. Allogeneic bone
marrow transplantation from a HLA-matched unrelated donor is being considered. The patient

is currently under pre-transplant evaluation.

Discussion: Retrospective studies suggest that the prevalence of autoimmune disorders, which
can be diagnosed concomitantly or shortly before or after CMML, is increased. The most
common autoimmune disorders reported are vasculitis, psoriasis, pyoderma gangrenosum,
rheumatoid arthritis and immune thrombocytopenia [3-7]. Various autoimmune antibodies
(rheumatoid factor, anti-nuclear antibodies, anti-cyclic citrullinate peptide and antineutrophil
cytoplasmic antibodies) can appear in up to 30% of CMML patients [3]. However, it is still
unknown if the chronic inflammatory state is the ground for CMML or CMML predisposes to

immune dysregulation [13]. To the best of our knowledge, this is the first paper to describe a



case of CMML with auto-antibodies to ADAMTSI3, presenting initially as PEX refractory
aTTP.

Acute episodes of aTTP are associated with severe ADAMTS13 deficiency, commonly defined
as <10%. Serum auto-antibodies to ADAMTS13 are present in the majority of aTTP patients.
These auto-antibodies cause profound loss of VWF-cleaving function with subsequent platelet
aggregation, microthrombi formation and microangiopathic hemolytic anemia. We found only
one report, which descibed a case of relapsing aTTP in a CMML patient, that highlighted the
possible connection between these two disorders [14]. However, in that case plasmatic
ADAMTSI3 activity was normal. As hypothesized by the authors, CMML is often
accompanied by vasculitis that causes direct damage to endothelium which could also cause a
rapid and substantial increase in vWF in the circulation beyond the clearing capacity od
ADAMTSI13. This endothelial damage has been described to cause TMA, especially in patients
with advanced cancer. In these patients, treatment of the underlying cause should be the first-
line therapy, as the efficacy of PEX is arguable [15]. Interestingly, although the ADAMTS13
levels were normal in that case, PEX and corticosteroids were effective. Possibly, some other
auto-antibodies or cytotoxins against endothelial cells might have caused TMA, with a good
clinical response to PEX. On the other hand, low plasmatic ADAMTS13 activity and the
presence of auto-antibodies to ADAMTSI13, as found in our CMML patient, indicate a different
underlying patophysiological process and clearly demonstrate the autoimmune nature of aTTP.
aTTP has high morbidity and mortality up to 90% if left untreated. PEX plus corticosteroids as
standard therapy reduces the mortality of aTTP to approximately 10—-15%. PEX provides new
source of ADAMTS13 and corticosteroids are used to target the autoimmune component of the
disease. However, the recurrence rate of aTTP is 50-60% by standard treatment. In case of
PEX-refractory aTTP, current guidelines advise to add RTX [8,16]. RTX rapidly depletes

circulating B lymphocytes, resulting in a reduction of the auto-antibodies. In several studies,



RTX has been shown to reduce the volume of PEX for acute procedures and to reduce the
recurrence rate [9-11]. In our case, alT TP was refractory to first-line treatment with PEX and
corticosteroids but was eventually successfully treated with RTX. Interestingly, CMML is by
definition a myelodisplastic/myeloproliferative neoplasm, however, due to the autoimmune
nature of aTTP, targeting the B cells with RTX in our patient has proven to be effective.
Although our patient was not treated for CMML, a complete remission of her refractory aTTP
was achieved with RTX. Extended follow up of our patient will provide further information
regarding the duration of response in this clinical context.

aTTP associated with a positive direct Coombs test is also a rare entity. Very few cases of aTTP
with a positive Coombs test have been reported and most of them were associated with SLE
[17]. A false-positive direct Coombs test is also possible with drugs such as penicillin,
cephalosporins, methyldopa and after blood transfusion but our patient had received none of
them. ES is also an uncommon disorder caused by auto-antibodies directed against self red
blood cells (RBC) and platelets. The pathophysiology of disease involves phagocytosis of auto-
antibody-coated RBCs and platelets in the spleen and complement-mediated hemolysis.
Positive direct Coombs test is considered to be the hallmark of the disease. Mild splenomegaly
is a frequent finding. ES can be idiopathic or secondary, due to lymphoproliferative, rheumatic,
and chronic inflammatory disorders (i.e. SLE) [18]. Workup for all this disorders in our case
returned negative.

Interestingly, although severe thrombocytopenia was present at the time of diagnosis, no
shistocytes were found in the blood smear. This observation might have several explanations.
As our patient was Coombs positive, an immune-mediated mechanism could also be
responsible for severe thrombocytopenia at disease presentation. ITP has been recognized as a
frequent complication in CMML [4-7]. As many as 60% to 70% of patients with ITP have

platelet-specific immunoglobulin G antibodies. These antibodies are generally directed at the



most abundant platelet surface glycoproteins, GPIIb/Illa and GP1b/IX/V. In our case, auto-
antibodies against these platelet glycoproteins returned negative. However, a large number of
patients with ITP do not have antiplatelet antibodies. In these patients abnormal T cells can
result in platelet destruction. These cells accumulate in the bone marrow and are able to directly
lyse platelets and impair their production. In addition, evidence suggests that platelet
production is impaired in many ITP patients. The megakaryocytes of patients with ITP are not
normal, show abnormal apoptosis and impaired megakaryocyte growth [19,20]. As CMML is
a hematological neoplasm with a strong inflammatory milieu and a diseased bone marrow, it
is possible that severe thrombocytopenia at disease presentation was partly mediated through
similar mechanism. On the other hand, absent plasmatic ADAMTS13 activity, along with the
presece of auto-antibodies to ADAMTS13, confirmed the diagnosis of aTTP. We hypothesize
that bone marrow dysplasia, impaired hematopoiesis and abnormal T cell activation in concert
with microthrombi formation and subsequent platelet sequestration, could have been
responsible for severe thrombocytopenia at initial disease presentation. In addition, appearance
of schistocytes in TMA can occasionally be delayed for several days, and current
recommendations advise that screening for schistocytes should be repeated daily [21].

Although aTTP often involves fever, thrombocytopenia, Coombs-negative microangiopathic
hemolytic anemia, neurological symptoms and renal insufficiency, many patients do not
exhibit the full pentad of findings [8]. Our patient at admission had fever, confusion, mild
splenomegaly, Coombs-positive anemia and thrombocytopenia. As there were no shistocytes
in the peripheral blood smear she was treated for possible meningoencephalitis and ES. A
positive Coombs test in this clinical context was misleading and might further indicate
dysregulated systemic inflammatory response in CMML with overproduction of auto-

antibodies.



Clinical behavior of CMML can be heterogeneous, with some patients having an indolent form
of the disease, whereas others experience an aggressive course with decreased survival. About
30-40% of CMML patients eventually transform to acute leukemia. In the inflammatory
CMML setting, first-line treatment consists mostly of steroids, with about 85% of responses.
Hypomethylating agents, which have immunomodulatory functions, have been shown to be
efficient and decrease steroid amounts and steroid dependence [2,5,22,23]. It is still unclear
how auto-immune manifestations impact CMML overall survival and the only curative option
still remains allogeneic stem cell transplantation. In our patient, an immune-mediated life-
threatening disease complication was present at the time of CMML diagnosis, and the risk of
aTTP recurrence still exists, as underlying CMML is present. Monocytosis showed indolent
behaviour during the follow-up, however, a substantial increase in spleen length was noticed.
Furthermore, ADAMTS13 activity remained low ( < 10%) after the treatment with PEX and
RTX. Although there are uncertainties surrounding the measurement of ADAMTS13 activity
during remission, including how often should it be monitored, and the level of ADAMTS13
activity that would prompt the use of preemptive rituximab or another immune suppressive
agent, decreased ADAMTSI13 activity after PEX and RTX treatment has been recognized as
a risk factor for aTTP relapse [24]. To address this issue, an allogeneic bone marrow
transplantion from a HLA-matched unrelated donor is being considered.

In conclusion, we propose that aTTP should be in the differential diagnosis of CMML patients
with thrombocytopenia and anemia (Coombs positive or not) who develop signs of TMA.
Blood smear screening for schistocytes should be repeated daily, as the appearance of
schistocytes can occasionally be delayed for several days. Although confirming severely
decreased ADAMTSI13 activity and the presence of ADAMTSI13 auto-antibodies helps

establish the aTTP diagnosis, plasma exchange should be started empirically, even before test
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results are available. Further studies are much needed to decipher the immune-mediated

processes in CMML.
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Figure 1. Hemoglobin level, platelet and monocyte count dynamics during the treatment.
Plasmapheresis (PEX) was administered daily. Rituximab (RTX) was delivered in four weekly
doses (375mg/m?). Complete remission was achieved after four cycles of RTX and 27 PEX

procedures. Monocytosis remained stable during the treatment.
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