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Despite a significant improvement of thrombotic thrombocytopenic purpura (TTP) prognosis since the use of
plasma exchange, morbidity andmortality remained significant because of poor response to standard treatment
or exacerbations and relapses. Rituximab, a chimeric monoclonal antibody directed against the B-lymphocyte
CD20 antigen, has shown a particular interest in this indication. Recent studies also reported strong evidence
for its efficiency in the prevention of relapses. This review addresses these recent progresses and still opened
questions in this topic: should rituximab be proposed in all patients at the acute phase? Should all patients
benefit from a preemptive treatment? Is the infectious risk acceptable in this context?

© 2015 European Federation of Internal Medicine. Published by Elsevier B.V. All rights reserved.

1. Introduction

Acquired, autoimmune thrombotic thrombocytopenic purpura
(TTP) is a severe form of thromboticmicroangiopathy (TMA) character-
ized by the association of a microangiopathic hemolytic anemia with a
peripheral thrombocytopenia, organ failure of variable severity due to
thrombi in microvasculature, and an antibody-mediated severe defi-
ciency (b10% of normal activity) in the von Willebrand-factor (VWF)
cleaving protease ADAMTS13 (A Disintegrin And Metalloproteinase
with Thrombospondine type 1 repeats, 13rd member) [1,2]. The stan-
dard treatment consists mainly in daily therapeutic plasma exchange
(TPE), which allows supplying ADAMTS13 deficiency and to a lesser ex-
tend removing serum anti-ADAMTS13 antibodies and possibly
proaggregant substances. TPE transformed the historically fatal progno-
sis of TTP, allowing current overall survival rates of 80–85% [3]. These
last years, further significant changes occurred in the management of
autoimmune TTP. The identification of a central role for anti-
ADAMTS13 antibodies in acquired TTP pathophysiology, which is now

considered as an autoimmune disease, led to a wider use of immuno-
suppressive treatments. In this context, the introduction of rituximab
has probably been the second major breakthrough in the management
of this disease. However, current knowledge about the use of rituximab
in this indication is based on few studies with a limited number of pa-
tients and moderate levels of proof. Moreover, these studies raised
many questions that remain unsolved so far: should rituximab be intro-
duced frontline in all patients or in patients with a suboptimal response
to TPE?Which schedules of rituximab administration can be proposed?
Should rituximab be systematically proposed as a preemptive therapy?
Which strategy one can propose when rituximab fails to improve
ADAMTS13 activity? These topical points are addressed in this review.

2. Methodology

Weconducted a literature review reporting the use of rituximab in au-
toimmune TTP. We searched via PubMed articles published until March
2015 using the terms thrombotic thrombocytopenic purpura [MesH]
AND rituximab. We selected English-written articles reporting patients
who received ≥1 rituximab infusion.We retained case reports and clinical
studies, either retrospective or prospective aswell as clinical trials. Studies
reporting patients with an associated condition (an HIV infection, a neo-
plastic disease, drug intake, or transplantation) were subsequently
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excluded. We considered studies that included patients with a severe
ADAMTS13 deficiency or at least a decreased enzyme activity. Studies
where ADAMTS13 activitywas normal or not specifiedwere not included
in this review.

3. Rationale for the use of rituximab in autoimmune TTP

TTP results from an excessive systemic platelet aggregation caused
by the accumulation of ultralarge multimers of VWF in plasma [4,5]. A
failure to degrade these endothelium-derived hyper-reactive ultralarge
multimers of VWF into smaller, less adhesive forms is related to a severe
deficiency in ADAMTS13. In the acquired, autoimmune form of the dis-
ease, this deficiency is due to the presence of autoantibodies directed
against the enzyme [2,6–8]. In most cases, anti-ADAMTS13 antibodies
are of IgG type (rarely, IgM and/or IgA isotypes are associated) [9–12].
Several subtypes may be associated in the same patient. IgG4 seems to
be the most prevalent IgG subclass of anti-ADAMTS13 antibodies in ac-
quired TTP (90%), followed by IgG1 (52%), IgG2 (50%), and finally, IgG3

(33%) [12]. Anti-ADAMTS13 antibodies decrease ADAMTS13 activity
by directly inhibiting the catalytic activity of the enzyme or by decreas-
ing its plasma concentrations through opsonization (i.e., an accelerated
clearance of the enzyme by the formation of immune complexes) [9,11,
13]. Themajor involvement of ADAMTS13 in the occurrence of autoim-
mune TTP and the central role of anti-ADAMTS13 antibodies in the
pathophysiology of the disease have been well demonstrated in an ex-
perimental primate model [14], which provides additional insights to
consider acquired TTP as an autoimmune disease, and a strong rationale
for the use of immunomodulators in this indication.

Patients with autoimmune TTP can present a single episode; in 40%
of cases, however, they experience one or multiple relapses [9,15–17]
where episodes of TTP are separated by free intervals of variable dura-
tion, ranging from months to years [16]. Repeated relapses result from
the persistence of a severe ADAMTS13deficiency, due to the persistence
or the recurrence of anti-ADAMTS13 antibodies [9]. It is therefore likely
that the typical sequence of a TTP episode is the following:
(re)occurrence of anti-ADAMTS13 antibodies in a patient with predis-
posing genetic factors [18,19], a severe ADAMTS13deficiency, thrombo-
cytopenia and hemolytic anemia, and finally, clinical manifestations
with organ(s) failure. These observations provided a rationale to evalu-
ate the efficacy of rituximab in autoimmune TTP at the acute phase of
the disease, and as a preemptive therapy in patients in clinical remission
but with a persistent severe acquired ADAMTS13 deficiency.

4. Rituximab: mode of action

Rituximab is a human/murine chimeric monoclonal IgG1 antibody
that specifically targets the transmembrane protein CD20 of B cells.
With the exception of plasma cells, the CD20 molecule is present on
all B cells after the pro-B cell state (before IgM expression) [20,21].
Rituximab causes a rapid (24–72 hours) and significant depletion of
peripheral B cells [22] which frequently lasts for more than 6 months.
The effector mechanisms leading to B cell depletion are multiple,
non-exclusive, and include antibody-dependant cellular cytotoxicity
(ADCC) [23,24], phagocytosis by the reticulo-endothelial system of
rituximab-coated B cells [25], complement dependent cytotoxicity
(CDC) [24,26], and B cells direct apoptosis by CD20 crosslinking [27].

The precise mechanisms of action of rituximab in autoimmune dis-
eases are multiple [28] and only partially known to date and probably
differ from one autoimmune disease to another. In autoimmune TTP,
the striking parallelism between the rapid peripheral B cell depletion,
anti-ADAMTS13 antibodies decrease, ADAMTS13 recovery, and disease
remission [16,29–31] strongly suggests that the depletion of B cells at
the origin of short-lived plasmocytes secreting anti-ADAMTS13 autoan-
tibodies is the main mechanism of action of rituximab. Whether other
immunoregulatorymechanisms as those reported in other autoimmune

diseases [28,32–34] also have a role in the control of the disease still
remains to be established.

The pharmacokinetics of rituximab has been studied in patients
treated for lymphoid malignancies and in autoimmune diseases, espe-
cially rheumatoid arthritis (1000 mg on days 1 and 15) [35,36]. In this
latter case, rituximab had a mean terminal half-life of 19–22 days
after the second infusion; systemic clearance of rituximab with mono-
therapy was slow (242 mL/d), and the volume of distribution at steady
state was low (4.28–4.74 L) and similar to normal plasma volume. The
half-life of rituximab varieswith the dosage, interval between infusions,
diffusion velocity, and kinetics of elimination [37]. It may be possible to
extrapolate data from patients treated for lymphomas or autoimmune
diseases to patients receiving preemptive treatment for TTP [38]. On
the opposite, in TTP at the acute phase, rituximab is performed in asso-
ciationwith intensive (i.e., daily) TPE,which leads to the removal of part
of the drug (up to 65%), particularly when performed less than 3 days
after the infusion [39]. However, the remaining circulating rituximab
is enough to provide an efficient and rapid peripheral B cell leading to
a recovery of ADAMTS13 activity in most cases [29,38]. Despite daily
TPE, profound peripheral B cell depletion occurs rapidly, within
3–7 days after the first rituximab infusion, and peripheral B cell recov-
ery variably occurs between 6 and 12 months [38]. Naive B cells
(IgD+/CD27−) recovery following treatment with rituximab and TPE
predominates, whereas pre-switch (IgD+/CD27+) and post-switch
(IgD−/CD27+) memory B cells remain low. During follow-up, there is
a gradual decrease of naive B cells with a progressive increase of
CD27+memory B cells. Although peripheral B cell depletionwith ritux-
imab is very efficient, B cells located in lymphoid organs have different
sensitivities to the drug [40,41]. Particularly, B cells in the spleen seem
to be less sensitive to the treatment [42], probably because of a low dif-
fusionof anti-CD20 antibodies in extravascular areas.Moreover, it is likely
that tissue microenvironment provides pro-survival signals (including
signals from the B cell-activating factor of the TNF family/BAFF-BlyS
[B lymphocyte signal] survival factor and integrin-regulated homeostasis)
counteracting the proapoptotic signals of rituximab [40]. In this regard,
median BAFF levels at presentation of idiopathic TTP are higher than in
normal controls; moreover, these levels increase significantly after ritux-
imab administration perhaps partly due to BAFF receptor loss as B cell
numbers fell, whereas they decrease again at B cell recovery [43,44].
Also, somenon-circulating B cells binding rituximabmaynot be depleted;
this may result from microenvironment factors, cellular competition, or
differential expression of inhibitory proteins, that could contribute to a
decreased sensitivity of B cells to the proapoptotic effect of the drug [40,
45,46]. The development of human antichimeric antibodies (HACA)
could, in addition to being involved in the occurrence of serum sickness,
reduce the efficacy of rituximab [47]. To date, however, they have not
been reported in patients with TTP.

5. Rituximab at the acute phase

In patients with autoimmune TTP, rituximab was first introduced at
the acute phase, in the more severe cases [30,48], and in patients with
an insufficient (or suboptimal) response to conventional, TPE-based,
treatment. Many single cases [49–67] and small series [48,68–84],
most often from patients with a refractory disease or experiencingmul-
tiple relapses, reported encouraging results (Table 1). TPE were contin-
ued daily and rituximab was administered immediately after a TPE
(except in one study [71], in which TPE were suspended). These studies
were not randomized, non-controlled, usually retrospective, and
displayed many confounding factors. Moreover, an accurate evaluation
of the therapeutical response to rituximab was initially rendered chal-
lenging given the variability in the indications and in the schedules of
drug administration, and the lack of consensual definitions in treatment
responses. Moreover, rituximab was usually associated with other sal-
vage therapies, making accountability uncertain. However, they
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