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Introduction
Thrombotic thrombocytopenic purpura (TTP) is a
rare disorder characterized by thrombocytopenia,
microangiopathic haemolytic anaemia, neurological
and renal abnormalities and fever1, with a mortality
rate, in the absence of treatment, of almost 90%. Since
such criteria do not distinguish TTP from haemolytic
uraemic syndrome (HUS), the comprehensive term
TTP-HUS is more approriate2. The standard therapy
is urgent plasma exchange (PE) 1, which reduces
mortality to 10% or less3-9. Because of its dramatic
effect on short and long-term outcome, it is now
accepted that PE can be begun, in the absence of an
alternative diagnosis, even when not all of the above
criteria are fulfilled3,4,6,9,10. The evident advantage of
early initiation of therapy along with the decreased
diagnostic threshold has resulted in a 7-fold increase
of patients treated with PE for TTP-HUS from 1981
to 199711.
The symptoms of TTP are related to the presence
of von Willebrand factor (VWF)-rich platelet thrombi
in arterioles and capillaries. VWF is a multimeric
plasma glycoprotein crucial for both platelet adhesion
and aggregation, especially at the high shear rates
present in the microvasculature. The size of VWF
multimers is physiologically regulated in vivo by a
specific metalloprotease, ADAMTS-13 (a disintegrinlike and metalloprotease with thrombospondin type
1 repeats)12.
A severe deficiency of ADAMTS-13 (< 5% of
normal activity) may be specific for TTP13 and it has
been proposed that severe ADAMTS-13 deficiency
now defines TTP 14,15 . Because ADAMTS-13

deficiency, whether idiopathic or caused by an
autoantibody, provides a possible explanation for the
effectiveness of PE (removal of the autoantibody by
apheresis; supply of ADAMTS-13 by plasma
replacement), it has been suggested that the levels of
this metalloprotease can be used to guide treatment
decisions14,16-19. At present it is not possible to establish
the sensitivity of ADAMTS-13 deficiency for
identifying patients who may respond to PE. In seven
reports, 45% to 100% of patients with TTP were
reported to have severe deficiency of ADAMTS-13
activity19-25 while such a high rate has not been
described in those with HUS19,20,23. However, the
interpretation of these studies is limited by the absence
of explicit criteria for distinguishing patients with TTP
from patients with HUS. PE has been proven effective
even in patients without deficiency of ADAMTS-13
activity, which makes it difficult to understand how
PE is benificial2. In conclusion, the role of ADAMTS13 activity in the diagnosis and treatment decisions
in patients with TTP or HUS remains unknown.
Therapy with PE should be implemented in all
patients with TTP-HUS and continued until the
resolution of signs and/or symptoms and
normalisation of laboratory tests; this can require longterm therapy. PE has some other disadvantages: first
of all, it is not a risk-free procedure since a substantial
number of major complications have been
reported26,27. Furthermore, about 10% to 20% of TTPHUS patients do not respond or have only an
incomplete response2. Various different types of
immunosuppressive treatment have been proposed for
refractory patients14,29,30,32, including steroids and
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immunosuppressive or immune-modulating agents;
however, the lack of robust data does not allow proper
suggestion of such agents in the setting of acute
refractory or chronic relapsing TTP28,32. Splenectomy
has been proposed for patients with refractory or
relapsing TTP, with reported remission rates of 50–
100%29, but relapses have occurred in a considerable
proportion of patients, most of them with severe
ADAMTS-13 deficiency2,29,33,35. It has recently been
shown that splenectomy can cause the disappearance
of antibodies, normalisation of ADAMTS-13 activity

and clinical remission in cases of refractory/relapsing
TTP associated with anti-ADAMTS-13
autoantibodies. Other authors reported a low
frequency of relapses in a large cohort of patients who
underwent splenectomy30.
Rituximab, a chimaeric monoclonal antibody
directed against the CD20 antigen present on B
lymphocytes, is used in lymphoma patients and those
with rheumatoid arthritis 33. Its action relies on
clearance of the B lymphocytes responsible for
antibody production by complement-dependent

Table I - Patients' characteristics
Patient

1

2

3

4

28 male

53 male

52 male

16 female

Relapsing TTP #

Refractory TTP

Refractory TTP

Refractory TTP

None

Yes

Yes

None

Haemoglobin g/dL

8

7.9

10.9

12.6

Platelet count x109/L

20

30

50

9

Lactate dehydrogenase U/L

1900

1500

629

2341

Creatinine mg/dL

1.14

2.5

1.3

0.71

++

++

++

++++

Age/gender
Relapsing/Refractory TTP
Neurological symptoms
Laboratory values at diagnosis

Schistocytes
ADAMTS-13 activity^

< 5%

100%

40%*

< 5%

ADAMTS-13 inhibitor¤

>120 U/mL

No detectable

65 U/mL*

>120 U/mL

PE volume

1

1

1

1

PE plasma

Solvent/detergent
FFP (Octaplas®)

N. of PE before R
Indication for R

Solvent/detergent
FFP (Octaplas®)

Solvent/detergent
FFP (Octaplas®)

Solvent/detergent
FFP (Octaplas®)

None

9

9

13

Relapsing TTP

Refractory TTP

Refractory TTP

Refractory TTP

11.7

9

7.6

8.7

54

80

80

89
404

Laboratory values prior to R
Haemoglobin g/dL
Platelet count x109/L
Lactate dehydrogenase U/L

1870

850

568

Creatinine mg/dL

1.1

2.3

1.2

0.8

Schistocytes

++

++

++

+++

Complete remission after R

Yes

Yes

Yes

Yes

Days to CR from first R infusion

14

7

30

14

None

None

None

None

4+ months

11+ months

10+ months

3+ months

No

No

No

No

Alive in CR

Alive in CR

Alive in CR

Alive in CR

ADAMTS-13 activity after R

35%

NA

90%

25%

ADAMTS13 inhibitor after R

No detectable

NA

8

16

Toxicity
Duration of CR
Relapse
Status at last follow-up

Legend: # Initial episode of TTP diagnosed elsewhere 39 months – achie ved complete remission (CR) with 20 plasma exchange (PE) procedures
and steroids prior to presenting in relapse; FFP = fresh-frozen plasma; CR= complete remission; R= rituximab; NA= not available; NV= normal
value; ^ADAMTS-13 activity (normal value: 50-150%); ¤ ADAMTS-13 inhibitor (normal value: <17 U/mL); lactate dehydrogenase (normal value:
240-480 U/L); * Had undergone PE prior to initial ADAMTS-13 testing
.
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cytotoxicity, antibody-dependent cellular cytotoxicity
or directly by inducing apoptosis 31,33 . The
understanding that ADAMTS-13 deficiency could be
antibody-mediated first provided the rationale for the
use of rituximab in TTP-HUS12, but its reported
effectiveness even in TTP-HUS patients without
antibody-mediated ADAMTS-13 deficiency as well
as in cases of refractory/relapsing cases makes this
monoclonal antibody a very attractive therapeutic
agent33-35. The data suggest that the drug may not
simply decrease ADAMTS-13 autoantibody
production by depleting B cells, but that it may have
additional mechanisms of action. Kameda et al.34
suggested that B-cell depletion by rituximab reduces
excessive cytokine production in patients with
secondary TTP, thus containing the level of VWF
multimers within the normal range. At present, only
data from case series have been published and many
questions remain open regarding the target population,
timing of initiation, duration of treatment and
concomitant PE34-49. Here we describe four patients
with refractory/relapsing idiopathic TTP-HUS who
were successfully treated with rituximab (Table I).

Case reports
Case 1
In October 2005 a 28-year-old male was diagnosed
with idiopathic TTP-HUS. At presentation, the patient
had anaemia (haemoglobin 8 g/dL), an abnormal
platelet count of 20x109/L and a low-grade fever; he
did not have nausea, vomiting or any focal
neurological deficiency. A direct antiglobulin test
(DAT) was negative; his lactate dehydrogenase (LDH)
concentration was 1900 UI/L (normal value, n.v. 240480), and that of the indirect bilirubin was 2.5 mg/
dL. Schistocytes, helmet forms, nucleated red blood
cells (RBC) and marked thrombocytopenia were noted
on a peripheral blood smear. ADAMTS-13 activity
was <5% (n.v. 50-150%) due to the presence of
inhibitory antibodies against ADAMTS-13 (titre >120
U/mL; n.v. <17 U/mL). ADAMTS-13 activity was
determined by a fluorimetric method and IgG antiADAMTS-13 by an enzyme-linked immunosorbent
assay (ELISA). The patient was initially treated with
daily PE and methylprednisolone i.v. 1 mg/kg/die and
achieved a complete remission after 20 sessions of
PE. At that time, ADAMTS-13 activity was 45% and
antibodies were not detectable. The complete

remission lasted for 39 months. In October 2008 the
patient relapsed, and ADAMTS-13 activity was 20%.
Rituximab was initiated, given as a single agent once
a week for 4 weeks, at a dose of 375 mg/m2 for each
single infusion (Figure 1). Laboratory values
normalised after the first two infusions (platelet count
increased to 133 x 109/L and LDH decreased to 455
UI/L) and antibodies against ADAMTS-13 were not
detectable; ADAMTS-13 activity was 35%. At the
present, the patient is in complete remission.

Legend: PE: Plasma exchange; (n): number of daily plasma exchange
procedures or days of MP therapy; MP: methylprednisolone.

Figure 1 - Changes in LDH and platelet count during
treatment and in the follow-up period (October
2005- February 2009) for patient n. 1

Case 2
In March 2008 a 53-year-old male with suspected
TTP-HUS was admitted to our division because of
the onset of behavioural changes, fainting, loss of
bladder sphincter control, anaemia and
thrombocytopenia. His platelet count was 30x109/L
and haemoglobin concentration 7.9 g/dL; LDH was
increased to 1500 UI/L and serum creatinine was 2.5
mg/dL. The patient's coagulation profile was normal.
A peripheral blood smear showed 2+ schistocytes and
the DAT was negative. ADAMTS-13 activity was
100% and antibodies against ADAMTS-13 were not
detectable. ADAMTS-13 activity was determined by
fluorimetry and IgG anti-ADAMTS-13 by ELISA.
PE and methylprednisolone i.v 1 mg/Kg/die were
initiated promptly. Because the response was only
partial (platelets: 80x109/L) after nine sessions of PE,
we started, in accordance with current literature3351,54,55
, treatment with rituximab (at a standard dosage
of 375mg/m2 once a week for 4 weeks) while the
methylprednisolone therapy was reduced (from 1 mg/
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kg during the first week to 0.5 mg/kg during the
second week). Laboratory values recovered quickly
after the first dose of rituximab and remained stable
during all the courses of the therapy. After a followup of 11 months, the patient has achieved a complete
remission (Figure 2).

Legend: PE: Plasma exchange; (n): number of daily plasma exchange
procedures or days of MP therapy; MP: methylprednisolone.

Figure 3 - Changes in LDH and platelet count during
rituximab treatment and during the follow-up
period (April 2008 – February 2009) for
patient n. 3
Legend: PE: Plasma exchange; (n): number of daily plasma exchange
procedures or days of MP therapy; MP: methylprednisolone.

Figure 2 - Changes in LDH and platelet count during
rituximab treatment and in the follow-up period
(March 2008- February 2009) for patient n. 2

Case 3
In April 2008 a 52-year-old male was admitted
to an intensive care ward for dizziness, bilious
vomiting, anaemia and thrombocytopenia. He was
diagnosed as having idiopathic TTP-HUS and PE
and methylprednisolone 1mg/kg/die were initiated
promptly. ADAMTS-13 activity was assayed after
only six PE procedures and found to be 40%; the
anti-ADAMTS-13 antibody (IgG) titre was 65 U/
mL. As for the other cases, ADAMTS13 activity
was determined by a fluorimetric method and IgG
anti-ADAMTS-13 by ELISA. PE was continued up
to nine procedures; however, although there was
modest recovery of platelet count from 50 x 109/L
to 80 x 10 9 /L, the presence of anaemia
(haemoglobin, 7.6 g/dL), still high LDH (568 UI/
L) and 2+ schistocytes on a peripheral blood smear
led us to consider the patient as refractory to PE
treatment. Therapy with rituximab (4 weekly doses
of 375mg/m2) was, therefore, started. ADAMTS13 activity increased promptly to 90% and the IgG
anti-ADAMTS-13 titre decreased to 8 U/mL after
the fourth infusion of rituximab. After a follow-up
of 10 months, the patient is clinically stable and in
complete remission (Figure 3).

Case 4
In November 2008 a 16-year-old female was
admitted to our Division of Haematology because of
jaundice, severe thrombocytopenia and increased
LDH. Her platelet count was 9x109/L, haemoglobin
12.6 g/dL, LDH 2341 UI/L and serum indirect
bilirubin 16.6 mg/dL; the fibrinogen concentration and
coagulation profile were normal. A peripheral blood
smear showed 4+ schistocytes; the DAT was negative.
ADAMTS-13 activity was <5% because of the
presence of specific antibodies (titre, >120 U/mL).
The patient was diagnosed as having idiopathic TTPHUS and was initially treated with PE and
methylprednisolone i.v. 1 mg/kg/die for 13 days. The
patient did not recover completely (platelet count 89
x 109/L, hemoglobin 8.7 g/dL, LDH 404 UI/L) and
she was considered refractory to PE treatment.
Rituximab was initiated at the standard dose (Figure
4). Laboratory values normalised after two rituximab
infusions and ADAMTS-13 activity increased to 25%.
Three months after the end of therapy the patient is in
complete remission.

Discussion
Idiopathic TTP/HUS is a life-threatening disease
that is still difficult to manage properly. The current
standard therapy is PE performed daily until resolution
of symptoms and/or normalisation of laboratory
values (recovery of platelet count, increase of
haemoglobin, decrease of LDH and absence of
Blood Transfus 2010;8:203-10 DOI 10.2450/2009.0101-09
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Legend: PE: Plasma exchange; (n): number of daily plasma exchange
procedures or days of MP therapy; MP: methylprednisolone.

Figure 4 - Changes in LDH and platelet count during
treatment with rituximab and in the follow-up
period (November 2008-February 2009) for
patient n. 4

The discovery that deficiency of ADAMTS-13
may be related to the severity and prognosis of
idiopathic TTP-HUS has raised many questions about
the need to test this marker at diagnosis and/or during
remission with the aim of identifying patients at high
risk of recurrent TTP/HUS15-18. Some uncertainties
remain since ADAMTS-13 deficiency is not detected
in all patients who may be appropriately diagnosed
as having TTP-HUS 2,34,35. At present, there are
insufficient data to manage TTP patients safely based
on levels of ADAMTS-13.
PE may be an effective treatment for TTP
because of clearance of antibodies against ADAMTS13, but it poorly effective in cases of secondary TTP.
Consequently, it has been postulated that PE may not
be effective in patients without ADAMTS-13
deficiency, but some reports have been proven that it
can be2,33,34. For these reasons, PE remains the standard
treatment for idiopathic TTP-HUS independently of
the detection of ADAMTS-13 antibodies2.
Despite the considerable improvement in survival
associated with prompt initiation of daily PE in
patients with idiopathic TTP-HUS, some patients
have an incomplete or delayed response or do not
respond at all to this standard treatment2,10-33,51. About
10% to 20% of TTP-HUS patients are refractory (even
after several procedures) or relapse a few years after
treatment46. Although there is no generally accepted
definition of refractory disease, escalation of therapy
should be considered after 7 to 14 days of treatment

with daily PE and steroids, when the clinical picture
deteriorates or laboratory findings do not improve2,52,53.
In these cases, additional therapy with
immunosuppressive drugs (such as steroids,
cyclophosphamide or cyclosporine) has not been
proven to be beneficial in all investigations14,29,30.
There is increasing evidence that rituximab has a
role to play in the treatment of acute refractory/
relapsing idiopathic TTP/HUS, particularly in those
cases in which ADAMTS-13 inhibitory antibodies are
present36-49,56. In our experience, three out of four
patients with severe, antibody-mediated deficiency of
ADAMTS-13 had a complete remission after
treatment with rituximab. We, and others34,35, found
that this drug was effective even in a patient with
refractory TTP-HUS without ADAMTS-13
deficiency. The mechanism of action of rituximab in
such patients is unclear. Kameda et al. suggested that
B-cell depletion by the anti-CD20 monoclonal
antibody may reduce excessive cytokine production
in patients with secondary TTP and thus contain the
level of VWF multimers within the normal range33,34.
This mechanism may also explain the success of PE
in patients without ADAMT-13 deficiency or in those
with secondary TTP-HUS.
All our patients achieved clinical remission and
normalisation of laboratory values after a few
infusions of rituximab without experiencing any
adverse reaction. The median follow-up was 7 months
(range, 3 to 11); this is similar to the follow-up in
previous reports34-49.
Our results and those of others suggest that
rituximab could be a useful treatment in TTP patients
but there is still a lack of reliable data on the optimal
time schedule and dose, duration of therapy, longterm maintenance of remission and side effects in
patients with acute refractory and relapsing TTP. When
determining the role of rituximab in this setting, the
risks and benefits of different treatments must be
balanced. PE is expensive and often associated with
complications related to venous access lines, including
infection, catheter thrombosis, hypoxaemia,
hypotension and transfusion reactions50. Rituximab
induces rapid remissions in a high proportion of
patients with acute refractory TTP treated early after
7-14 PE sessions and seems to have few side
effects33,45. Clinical trials are now ongoing and will
probably provide answers to some of the most debated
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questions about the clinical use of ADAMTS-13
measurements as well as the appropriate setting for
therapy with rituximab. In the meantime, the use of
rituximab fairly early (within 7–14 days) in patients
with refractory/relapsing TTP-HUS can be beneficial.
Although the optimal dose of rituximab in this setting
has not been defined, the standard treatment of 375
mg/m2 once weekly for 4 weeks seems appropriate.
The effectiveness of different schedules of therapy,
such as only one or two doses of 375 mg/m2 or a
reduction of each dose administered, needs further
study.
In conclusion, rituximab has a role to play in the
treatment of patients with a first episode of acute
refractory autoantibody-induced TTP/HUS. Induction
of remission by rituximab is associated with the
disappearance of ADAMTS-13 inhibitors and
normalisation of ADAMTS-13 activity. Rituximab
may also be effective for treating patients with
relapsed/refractory TTP-HUS without ADAMTS-13
deficiency. In our opinion and based on the available
data, rituximab may be a therapeutic option in patients
with idiopathic TTP-HUS, with or without ADAMTS13 deficiency, who fail to respond after 7–14 days of
standard treatment.
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