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RHEUMATOLOGY

Review
The management of peripheral blood cytopenias
in systemic lupus erythematosus
Alastair L. Hepburn1, Santosh Narat2 and Justin C. Mason3,4

Haematological complications are frequently seen in SLE. Anaemia, leucopenias and thrombocytopenia
may result from bone marrow failure or excessive peripheral cell destruction, both of which may be
immune mediated. Drugs and infection are other common causes. In this review, we will focus on the
diagnosis and management of immune-mediated leucopenias and thrombocytopenia in SLE. The roles of
bone marrow examination and the measurement of antibodies against leucocytes and platelets are discussed. Although many patients do not require specific treatment for cytopenias in SLE, CSs remain the
mainstay of treatment. Other conventional therapies include AZA, CYC and human normal immunoglobulin. More recently, MMF has found a role as a CS and CYC-sparing agent. We also review B-cell depletion
in the management of thrombocytopenia associated with SLE and other novel therapies including thrombopoeitin receptor agonists.
Key words: Lupus, Leucopenia, Lymphopenia, Neutropenia, Thrombocytopenia, Bone marrow, Mycophenolate,
Cyclophosphamide, Rituximab, Romiplostim.

Introduction

Leucopenia

Haematological involvement is common in SLE.
Haematological disorder is included in the ACR
Classification criteria for SLE. This includes haemolytic
anaemia with a reticulocytosis, leucopenia (<4.0  109/l)
or lymphopenia (<1.5  109/l) on two or more occasions,
or thrombocytopenia (<100  109/l) in the absence of
offending drugs [1].
In this review, we will focus on the diagnosis and management of immune-mediated leucopenias and thrombocytopenia in SLE. The pathophysiology and management
of anaemia in SLE has been reviewed recently [2]. The
association between aPLs and SLE will not be covered,
but the interested reader is directed to two recent reviews
on the management of the APS [3, 4]. The causes of cytopenia in SLE are listed in Table 1.

Leucopenia is a typical feature of SLE, and may occur as a
result of lymphopenia, neutropenia or a combination of the
two. Leucocytosis per se is uncommon, and more often
than not relates to the presence of infection or CS therapy.
The prevalence of lymphopenia in SLE ranges from 20 to
81% and its degree may correlate with disease activity
[5, 6]. Both T and B lymphocytes are reduced, while
in contrast NK cells are typically increased [7, 8].
Although there are numerous reports of lymphotoxic antibodies in SLE (frequency 36–90%) [9–11], their pathogenic
significance remains unclear, as does the importance
of their measurement in clinical practice. Reduced surface
expression of complement regulatory proteins CD55
and CD59 has also been implicated in the pathogenesis
of lymphopenia in SLE [12, 13]. Deficiency of these glycophospatidyl inositol-anchored proteins may make these
and other cells susceptible to complement-mediated
lysis. In contrast, we have previously observed increased
expression of CD55, but not CD59, on peripheral blood
leucocytes in SLE [14]. This may serve as a protective
mechanism against complement-mediated attack in
active disease. There is also increasing evidence for a
role of endogenous production of type 1 IFNs in the pathogenesis of neutropenia and lymphopenia in SLE [15].
Elevated serum levels of IFN-a are observed in SLE, this
correlating inversely with leucocyte numbers [16].
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TABLE 1 Causes of cytopenia in SLE
Thrombocytopenia
Immune mediated
Acute, severe
Chronic, mild
APS
Infection
Drug induced
Common: AZA, CYC, MTX
Rare: HCQ, MMF, CSA, NSAIDs, statins, ACE
inhibitors
TTP
Disseminated intravascular coagulation
Amegakaryocytic thrombocytopenia
Myelodysplasia
Uraemia
Lymphopenia
Immune mediated
Infection, particularly viral
Drug induced
Neutropenia
Immune mediated
Infection
Drug induced
Common: AZA, CYC, MTX
Rare: MMF, CSA, HCQ
Myelodysplasia
Myelofibrosis

Neutropenia is also a common feature of SLE, with a
prevalence in the order of 47%, and this may be mediated
by anti-neutrophil antibodies [6]. Impaired function of the
mononuclear phagocytic system, allowing sensitized cells
to remain in the circulation, may in part compensate for
this [17]. G-CSF levels are characteristically increased in
SLE patients with neutropenia [18]. This may reflect
reduced sensitivity of myeloid cells to G-CSF or the presence of immunoglobulin G (IgG) and immunoglobulin M
(IgM) anti-G-CSF antibodies [19]. The increase in serum
TNF-related apoptosis-inducing ligand in SLE may also
contribute to neutropenia through excessive neutrophil
apoptosis [20]. Although autoimmunity is the most likely
explanation for neutropenia in SLE, other pathologies,
such as myelofibrosis, may also on occasion have a role
[21]. As with lymphopenia, when mild, neutropenia often
has no clinical consequences, but on occasion may be
associated with life-threatening sepsis [22]. Neutropenia
in SLE also is frequently drug related, and unlike thrombocytopenia, is not associated with increased mortality [23].

Thrombocytopenia
Thrombocytopenia has a reported prevalence ranging
from 7 to 30% in large series of patients with SLE [24–
27]. Increased peripheral destruction of platelets, associated with the presence of anti-platelet antibodies, is
the most likely pathogenic mechanism [28–30]. aPLs
may also be implicated, along with antibodies against
thrombopoietin (TPO) [30, 31], the TPO receptor c-Mpl
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[32, 33] and CD40L [34]. Increased TPO levels have also
been reported. Thrombocytopenia in SLE may be acute in
onset and extremely severe. This presentation is usually
related to active disease in other organ systems and tends
to be CS responsive. A more chronic form, less related
to disease activity, is also common, and typically less
responsive to CS therapy. ITP may predate SLE in up to
16% of patients [35, 36], appearing up to 10 years before
SLE becomes clinically apparent [36].
Thrombocytopenia in SLE is often associated with
haemolytic anaemia, the presence of other cytopenias
and with aPLs [37]. Although an association may be
seen between anti-dsDNA antibodies and haemolytic anaemia [25], this association is not apparent in cases of
thrombocytopenia [37]. In addition to high-dose CS therapy, thrombocytopenia is an independent risk factor for
increased mortality in SLE [26]. In a retrospective study of
126 patients with SLE, late-onset thrombocytopenia was
associated with an increased mortality [6]. No association
was found with aPLs and the increase in mortality was not
attributable to thromboembolic events. A more recent
retrospective study of 632 patients found a particularly
high prevalence of thrombocytopenia, which was present
in 58% at the time of diagnosis [38]. An association with
disease activity, increased mortality and hypocomplementaemia was apparent.
Thrombocytopenia may also occur in other contexts
in SLE, for example, as a complication of drug therapy
with, for example, immunosuppressants such as AZA
and rarely HCQ. Thrombotic thrombocytopenic purpura
(TTP) is also well recognized, but is fortunately rare
[39, 40]. TTP complicating SLE can be difficult to diagnose
because of overlapping features between the two
disorders. Thrombotic micro-angiopathic haemolytic
anaemia is also reported in association with SLE [41],
characterized by thrombocytopenia, micro-angiopathic
haemolytic anaemia, fever, neurological symptoms and
kidney involvement.

An approach to the investigation of
cytopenias in SLE
A detailed drug history is essential. This should take into
account both drugs prescribed directly for the condition
and those for its complications, such as statins, antibiotics
and ACE inhibitors. Leucopenia and thrombocytopenia
may complicate the treatment of SLE with AZA, MTX
and, rarely, CSA, MMF or HCQ. Neutropenia may
follow pulsed CYC, with a nadir usually occurring on
Day 10 post-infusion, this being partly dose dependent.
Macrophage activation syndrome should be considered if
cytopenia develops rapidly, especially in juvenile SLE. The
patient should be examined carefully for signs of infection,
thrombocytopenia and lymphoproliferative disease. If
neutropenia is present and the patient is pyrexial at
>38.0 C, blood cultures and samples from other sites
should be sent for microbiological examination. In cases
of pancytopenia or suspected pure red cell aplasia, parvovirus B19 serology should also be performed [42].
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The specific investigation of a cytopenia in SLE should
begin by examination of the peripheral blood film, which is
often overlooked. This may merely confirm thrombocytopenia, but may reveal an alternative explanation such as
platelet clumping, causing an artefactual reduction in
platelet count. An increase in the proportion of large platelets may be seen in patients with thrombocytopenia [43].
Identification of the morphology of lymphocytes may be
diagnostic of specific lymphoproliferative disorders.
Co-existent anaemia requires analysis of haematinics, a
reticulocyte count and direct Coomb’s test. Other appropriate investigations include a serum lactate dehydrogenase (LDH), liver function tests, immunoglobulins and
serum protein electrophoresis. Peripheral blood gene
rearrangement studies (immunoglobulin heavy chain
gene or T-cell receptor gene rearrangement) should be
considered if there is a high index of suspicion of a
lymphoproliferative disorder.
The measurement of anti-platelet and other antibodies
in routine clinical practice is more controversial. A number
of assays are available for the measurement of antiplatelet antibodies, mainly directed against glycoproteins
IIb/IIIa and Ib/IX [29]. Due to their cost, limited availability
and the time taken to obtain a result, the measurement of
anti-platelet antibodies using such techniques is probably
not necessary. However, their use should be considered
in cases of severe thrombocytopenia, particularly if refractory to treatment. There is some evidence that their level
may correlate with disease activity. When platelet levels
normalize in treated patients, anti-platelet antibodies may
decrease significantly or become undetectable [28, 44].
The absence of anti-platelet antibodies does not, however, exclude an autoimmune aetiology for the thrombocytopenia in an individual patient with SLE.
IgG and IgM anti-neutrophil and anti-lymphocyte antibodies may also be measured by IIF using flow cytometry.
This will determine the cellular specificity and immunoglobulin class of the antibody. The specificity of antilymphocyte antibodies may further be investigated by an
ELISA for HLA Class I antibodies. The neutrophil chemiluminescence test is also used by some laboratories [17].
This measures the response of human monocytes to
antibody-opsonized neutrophils from the patient, a positive result supporting the presence of neutrophil-reactive
antibodies. The limitations of the assays used to measure
anti-neutrophil antibodies in patients with neutropenia
have been reviewed recently [45]. aPLs may also be associated with thrombocytopenia and haemolytic anaemia
and are measured routinely in most laboratories.
Other antibodies of possible pathogenic relevance in
lupus-associated cytopenia, such as those against
G-CSF [19] and the TPO receptor [32] are not routinely
measured.
Bone marrow (BM) aspiration and trephine should be
considered in all cases of severe or persistent leucopenia
or thrombocytopenia in a patient with SLE. Likewise, BM
examination is essential in cases of pancytopenia, particularly if the patient is receiving myelotoxic therapy
such as AZA, MMF or CYC. Specific features may be
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present in the marrow to suggest drug-induced myelotoxicity. AZA, for example, may cause aplastic anaemia,
erythroid hypoplasia and megaloblastic changes. BM
examination may also reveal haematological malignancy
and haemophagocytosis. BM culture is indicated in fever
of unknown origin in immunosuppressed patients with
SLE. Common abnormalities in the BM in patients with
SLE include increased haemopoietic precursors suggestive of peripheral destruction or alternatively SLE-induced
hypocellularity, an increase in reticulin and a plasmacytosis [46, 47]. BM necrosis with stromal alterations is also
frequent. In patients with thrombocytopenia, a number of
megakaryocyte abnormalities may be seen. These cells
may be clustered, hypolobulated and pyknotic, and may
have a denuded cytoplasm. We have observed an increase in the frequency of apoptotic bodies in the BM of
SLE patients [48]. This supports the hypotheses that the
marrow may be a target organ in the disease and that
normal clearance mechanisms are defective and/or
overwhelmed in SLE [49].

Treatment of cytopenias in SLE
Leucopenias and thrombocytopenia are often mild in SLE
and require no specific drug therapy. Corticosteroids
remain the treatment of choice in the initial management
of more severe cases and have been used in this context
for >30 years [50]. With thrombocytopenia, treatment
should be considered if bleeding or severe bruising are
present, or with platelet counts <50  109/l. There are
no randomized controlled trials of the use of corticosteroids in the treatment of peripheral blood cytopenias in
SLE. In cases of severe thrombocytopenia (<20  109/l),
prednisolone tapering from 1 mg/kg/day should be commenced. Pulsed methylprednisolone may also be used,
although there is probably no advantage in its use over
high-dose oral CSs, whereas the risk of serious adverse
effects such as avascular necrosis is increased [51, 52].
Of note, the presence of antibodies against the TPO
receptor may be associated with a poorer response
to CSs [33].
AZA is traditionally introduced as a steroid-sparing
agent in the treatment of thrombocytopenia in SLE
[53, 54]. However, there are no randomized controlled
trials of its use in this context. CSA is an alternative
immunosuppressive drug in the treatment of lupusassociated cytopenias [55]. In an open-label trial in
16 patients with SLE, platelet and leucocyte levels returned to normal in those patients with thrombocytopenia
or leucopenia treated with CSA 3–5 mg/kg/day for an
average treatment period of 30 months [56]. However,
we would not advocate the use of these doses because
of the risk of nephrotoxicity and prefer doses up to
2.5 mg/kg/day, with close monitoring of renal function
and blood pressure. Further, others have recommended
the use of even lower doses [57]. Its success as a
steroid-sparing agent in lupus-associated thrombocytopenia, with minimal side effects, has been reported recently [58]. Despite this, the association of hypertensive
and renal complications with ciclosporin suggest that it
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should be used cautiously and patients carefully monitored. Treatment with combination of prednisolone and
HCQ may be an adequate alternative for controlling
thrombocytopenia in many patients [59].
If treatment of thrombocytopenia with prednisolone or
steroid-sparing agents is unsuccessful, splenectomy
should be considered. The response to splenectomy for
lupus-associated thrombocytopenia is generally favourable [60–63]. Only one study has suggested a poor outcome [64]. Given the important role for the spleen in the
clearance of immune complexes, a risk of a flare in disease activity has been suggested following splenectomy
in SLE [35], but this is not generally born out in practice.
The importance of appropriate prophylactic measures
against infection following splenectomy in SLE cannot
be overemphasized [65]. This includes the use of the
pneumococcal, haemophilus influenza type B, meningitis
C and influenza vaccines and prophylactic antibiotics
such as penicillin V, particularly in patients with additional
chronic hypocomplementaemia. Pneumococcal vaccination may need to be repeated after 5 years, particularly
if antibody levels have declined.

IVIG
IVIG can be very effective in some patients with lupusassociated thrombocytopenia. Its use in this context and
for other manifestations of SLE has recently been reviewed [66]. IVIG is well established as a treatment
option in ITP, and a long-lasting response in lupusassociated thrombocytopenia has been reported [67].
Thrombocytopenia and certain other manifestations of
SLE, such as neuropsychiatric disease, appear to respond
particularly well to IVIG [68]. Its mechanism of action in
SLE is likely to be multimodal. These include downregulation of autoantibody production, neutralization of
pathogenic autoantibodies by anti-idiotypic antibodies, inhibition of complement-mediated damage, modulation of
cytokine production, induction of apoptosis in lymphocytes and monocytes, and modulation of both B- and
T-lymphocyte function [69]. Further, in ITP, IVIG may
both block activatory and up-regulate inhibitory Fcg receptors [70]. Danazol is another option for the specific
treatment of thrombocytopenia in SLE [71–73]. This is
generally safe and well tolerated, and like IVIG may be
used in pregnancy in this context [74]. The therapeutic
dose of IVIG in severe thrombocytopenia complicating
SLE is 2 g/kg, usually given in five consecutive daily
doses of 400 mg/kg. Maintenance of remission using repeated doses of IVIG in severe thrombocytopenia complicating SLE has also been reported [75].

Refractory cytopenias
The treatment of severe cytopenias and aplastic anaemia
in SLE may necessitate treatment with more potent cytotoxics including CYC. CYC therapy (prescribed as 0.75–
1.0 g/m2 body surface area or 10–15 mg/kg), given intravenously every month for at least 4 months appears useful
in the treatment of severe lupus-associated thrombocytopenia refractory to standard therapies [76]. Lower doses
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given more frequently, for example every 2 weeks, are
being used increasingly in some institutions, in order to
improve tolerability without loss of efficacy. Balancing the
risks and benefits of such therapy can be difficult, particularly in the presence of severe neutropenia. However, successful use of high-dose i.v. CYC in the treatment of
aplastic anaemia complicating SLE has been reported
[77, 78]. BM analysis before therapy is particularly helpful
in this setting, with increased erythrocyte or leucocyte
precursors in the marrow suggesting a response to therapy being more likely. Furthermore, concurrent use of recombinant human G-CSF (rhG-CSF) and antibiotics
reduced the risk of this form of approach [48].
CYC may also form a part of therapy in the management of TTP complicating SLE [39, 79]. TTP may also
respond to plasmapharesis in this context [40, 80].
Plasmapheresis has also been used to treat refractory
autoimmune thrombocytopenia, pure red cell aplasia,
haemophagocytic syndrome and thrombotic microangiopathic haemolytic anaemia complicating SLE
[41, 81–83], and has been reported to reverse pancytopenia in five patients with SLE [84–87]. Although
anti-thymocyte globulin and anti-lymphocyte globulin are
used in the treatment of idiopathic aplastic anaemia, their
use in SLE is limited to one case report [88].

Supportive therapy
In cases of severe cytopenias complicating SLE, supportive measures may also be required. Platelet transfusions
are generally best avoided in immune-mediated thrombocytopenia, but may be required immediately before
invasive procedures and surgery with platelet counts
<10  109/l. In febrile neutropenic patients (41.0  109/l
and fever 538.0 C), reverse barrier nursing and broad
spectrum antibiotics should be used. With respect to the
choice of antibiotics in the context, local guidelines for patients with neutropenia receiving chemotherapy should be
followed. Intravenous tazosin and gentamicin are generally
the first-line drugs of choice. If neutropenia is severe
(for example, <0.1  109/l), treatment with rhG-CSF
should be contemplated [45]. There is, however, only
limited literature addressing the use of rhG-CSF in lupusassociated neutropenia. In one study, rhG-CSF was
administered subcutaneously to nine patients with SLE
and neutropenia with refractory infections [22]. A rapid increase in neutrophil count was observed, but disease
flared in three of nine patients. Others have also observed
lupus flares with the use of rhG-CSF [89]. Further, the effect
on neutrophil counts may only be temporary, and may be a
rationale for concurrent immunosuppression [48]. The
management of neutropenia and thrombocytopenia
complicating SLE is summarized in Figs 1 and 2.

Newer therapies for cytopenias
complicating SLE
MMF
MMF, an immunosuppressive drug widely used in solid
organ transplantation, is increasingly used in SLE and
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FIG. 1 Flow chart for the management of neutropenia in SLE. CBC: complete blood count.
Neutropenia
<2.0 µ 109/l

Stop suspected
offending drug and
repeat CBC in 1
week

Clinical history and
examination
Drug history

Baseline investigations:
Blood film
Coagulation profile
Investigations for co-existing anaemia, e.g. haematinics,
LDH, reticulocytes, bilirubin, direct Coomb’s test

Mild neutropenia (>1.0
<2.0 µ 109/l)

No treatment
(consider low-dose
prednisolone, HCQ
if other features of
active disease

Moderate to severe neutropenia (<1.0 µ 109/l),
severe active disease in other organ systems,
fever >38.0°C, clinical symptoms or signs of
infection, pancytopenia

Refer to
haematologist

Infection screen, including
blood cultures

Observe
periodic CBC
BM aspiration and
trephine

Satisfactory response i.e.
increase in neutrophils to
>2.0 µ 109/l

Primary
haematological
cause

Empirical antibiotics
according to local
guidelines
Barrier nursing

Likely immune mediated
Consider prophylactic
antibiotics and
immunization

First line: prednisolone 1m/kg/day; taper by 5 mg/day every 2 weeks
Consider steroid-sparing agent, e.g. AZA up to 2.5 mg/kg/day
Second-line agents: MMF, ciclosporin, MTX
Severe or life-threatening neutropenia or pancytopenia: i.v. CYC 0.75–1.0 g/m2, 10–15 mg/kg
Repeat monthly for up to 6 months (or use 500 mg every 2 weeks)
Refractory disease:
Consider rituximab
Stem cell transplantation

other autoimmune diseases. MMF is a pro-drug of mycophenolic acid, an inhibitor of inosine-50 -monophosphate
dehydrogenase, and has several immunosuppressant
actions, which have been reviewed recently [90]. MMF is
rapidly becoming an alternative therapy for the induction
and maintenance of lupus nephritis, with less toxicity than
i.v. CYC [91, 92]. There are also reports of its use in the
management of refractory haemolytic anaemia and
thrombocytopenia complicating SLE [93–96]. Further,
MMF has also been used in conjunction with CSA in the
treatment of pure red cell aplasia complicating SLE [97].
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Its use in SLE beyond glomerulonephritis is likely to
increase, and it remains a promising therapy for the
management of its haematological manifestations.

Immunoablative dose CYC and stem cell
transplantation
The treatment of severe and particularly refractory autoimmune diseases has been improved somewhat by
the introduction of intense immunoablative immunosuppression using three different approaches. These are allogeneic haematopoietic stem cell transplantation (HSCT),
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FIG. 2 Flow chart for the management of thrombocytopenia in SLE.
Thrombocytopenia
<150 µ 109/l

Stop suspected
offending drug and
repeat CBC in 1
week

Clinical history and
examination
Drug history

Baseline investigations:
Blood film
Coagulation profile
Investigations for co-existing anaemia, e.g. haematinics,
LDH, reticulocytes, bilirubin, direct Coomb’s test

Moderate to severe thrombocytopenia (<50 µ
109/l), severe active disease in other organ
systems, overt bruising or haemorrhage,
pancytopenia

Mild thrombocytopenia
(>50 <150 µ 109/l)

Low-dose
prednisolone,
HCQ

Observe
periodic CBC

Refer to
haematologist

BM aspiration and
trephine

Satisfactory response, e.g.
increase in platelets to
>100 µ 109/l

Primary
haematological
cause

Exclude severe sepsis and
other contraindications

First line: prednisolone 1m/kg/day; taper by 5 mg/day every 2 weeks
Consider steroid-sparing agent, e.g. AZA up to 2.5 mg/kg/day
Second-line agents: MMF, ciclosporin, MTX, romiplostim
Severe or life-threatening thrombocytopenia: IVIG 2 g/kg for 3–5 days or i.v.
CYC 0.75–1.0 g/m2, 10–15 mg/kg
Repeat monthly for up to 6 months (or use 500mg every 2 weeks)
Refractory disease:
Consider rituximab
Stem cell transplantation

autologous HSCT (using either marrow or peripheral
blood) and high-dose immunoablative immunosuppression without stem cell support. Trials in SLE, including
patients with severe haematological manifestations, and
in other autoimmune disorders suggest that high-dose
immunosuppressive therapy with or without autologous
haematopoietic stem cell support can induce remission
of previous refractory disease [98–100]. In autologous
HSCT, stem cells are mobilized with high-dose CYC

2248

and G-CSF. The graft is enriched with CD34-positive
selection and re-infused after conditioning with
CYC, methylprednisolone and anti-thymocyte globulin.
However, a concern with this approach is that autoreactive effector cells infused with the allograft may reestablish autoimmunity [101].
Thus, an alternative approach is the use of high-dose
CYC without stem cell transplantation. This has been used
successfully in aplastic anaemia and other autoimmune
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disorders including SLE [102–104]. Although prescribed
primarily for patients with SLE and severe renal or CNS
disease, a response to this regimen has been reported in
SLE complicated by pancytopenia [104]. Haematological
recovery after high-dose CYC without stem cell transplantation is usually rapid and the regimen is well tolerated. It may be an option in severe, refractory
haematological lupus as an alternative to monthly i.v.
CYC at standard doses.

Anti-B-cell therapies
The central role for B cells in the pathogenesis of
SLE provides the rationale for the use of the anti-CD20
monoclonal antibody rituximab in its treatment. CD20 is
expressed during the intermediate stages of B-cell
development but is lost during the terminal stages,
being absent on plasma cells. Rituximab is a chimaeric
monoclonal antibody against human CD20, and rapidly
depletes peripheral blood CD20-positive B cells via
complement-mediated and antibody-dependent cellular
cytotoxicity [105]. Although initially used in the treatment
of relapsed low-grade B-cell follicular non-Hodgkin’s
lymphoma, rituximab was subsequently used successfully
in the treatment of chronic ITP [106].
In patients with SLE, rituximab has been shown to deplete autoreactive B-cell populations and reduce autoantibody production by plasma cells [107]. Its clinical efficacy
has been examined in patients with SLE who were poorly
responsive to conventional therapies, but without major
organ involvement [108]. When given using a dose escalation protocol of between a single dose of 100 mg/m2 and
four weekly doses of 375 mg/m2, rituximab led to depletion of B cells that correlated with a reduction in disease
manifestations. However, significant alterations were not
seen in anti-dsDNA antibody levels. In an open-label study
in six patients, all of whom had varying degrees of haematological involvement, rituximab was administered in
conjunction with i.v. CYC and high-dose oral CSs [109].
A reduction in DASs was seen, with improvement in
haematological parameters, anaemia in particular. A subsequent study of 17 patients with SLE and renal, CNS and
haematological involvement demonstrated effective B-cell
depletion in 11/17 patients, and a reduction in DASs [110].
Early studies of rituximab in SLE also included patients
with severe thrombocytopenia. A particularly favourable
response was observed in one patient, with stable platelet
numbers over 100  109/l for >6 months and disappearance of anti-DNA antibodies [111]. Later reports have
confirmed the efficacy of rituximab in SLE-associated
thrombocytopenia, including TTP and the rare amegakaryocytic thrombocytopenia [112–116]. Rituximab has also
been used successfully in the treatment of autoimmune
haemolytic anaemia complicating SLE [116]. We and
others have also reviewed the use of this drug in ITP,
TTP and haemolytic anaemia [117, 118]. Overall, current
data suggest that rituximab is a promising option for the
treatment of severe haematological manifestations in SLE,
and controlled trials are now indicated.
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An alternative approach involves the autoreactive B-cell
survival factor B-lymphocyte stimulator (BLyS). BLys, a
TNF-related cytokine, can be targeted in a number
of ways, such as through decoy receptors and with antiBLyS monoclonal antibodies. LymphoStat-B (belimumab)
is a fully human monoclonal antibody that binds to BLyS
with high affinity and neutralizes human BLyS bioactivity
in vitro and in vivo [119]. LymphoStat-B has been tested in
a Phase I trial that included 70 SLE patients, and was
found to be safe, with no clinically significant differences
from placebo in adverse events. It also significantly
reduced levels of circulating B cells and anti-dsDNA antibodies. A Phase II trial that includes 449 patients has also
recently been reported [120]. There was a longer time to
disease flare in patients receiving belimumab compared
with placebo and a reduction in anti-dsDNA titres was
observed. In a subgroup analysis, patients with serologically active disease responded significantly better to belimumab therapy. Although its effect on cytopenias in SLE
is not yet known, it may represent an additional therapeutic approach for their management. Abetimus (LJP 394),
which induces tolerance in B cells against anti-dsDNA
antibodies, has so far only been investigated for the
prevention of renal flares in lupus [121].

Other novel approaches
Eltrombopag is a thrombopoeitin receptor agonist in
late-stage development for the treatment of thrombocytopenia. Phase II trials have recently been published examining its role in ITP [122] and in thrombocytopenia
associated with hepatitis C infection [123]. In the ITP
trial, eltrombopag was administered orally at a dose of
30, 50 or 75 mg daily in 118 patients with platelet counts
<30  109/l for 6 weeks. The primary endpoint was a
platelet count >50  109/l at Day 43. This was achieved
in 28, 70 and 81% in the three eltrombopag dosage
groups, respectively, compared with 11% in the placebo
group [122]. The median platelet counts at Day 43 were
26  109/l, 126  109/l, 183  109/l and 16  109/l, respectively. In the two higher dosage groups, bleeding episodes
were also reduced. Adverse event rates and severity
were similar in all four groups. However, the durability
of the response remains unclear, and over the 6-week
post-treatment follow-up period platelet counts in
the eltrombopag groups gradually return to baseline.
Notwithstanding, the drug holds promise for SLEassociated thrombocytopenia and no known interactions
occur between eltrobompag and the immunosuppressive
agents used in SLE.
Romiplostim (AMG 531) is another TPO receptor agonist that is now licensed for the treatment of chronic refractory immune thrombocytopenia. It consists of an IgG1 Fc
component linked to a peptide domain with four binding
sites for Mpl, the TPO receptor. Unlike first-generation
recombinant megakaryocyte growth and development
factor, romiplostin has no sequence homology with TPO,
hence there is less risk of developing antibodies against
endogenous TPO. It has high affinity for the TPO receptor
and increases megakaryocyte differentiation. It is
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administered as weekly subcutaneous injections and the
response is dose dependent, peaking at Days 12–15
[124]. In two Phase III placebo-controlled randomized
trials, romiplostim was administered weekly in 63 splenectomized and 62 non-splenectomized ITP patients with
mean baseline platelet counts of 16  109/l for 24
weeks. Sustained platelet response was observed in 16
(38%) of the 42 splenectomized patients receiving romiplostim and none in the placebo arm. Similarly, durable
platelet responses were seen in 25 (56%) of the 41
non-splenectomized patients receiving romiplostim compared with only 1 of the 21 patients receiving placebo.
Adverse events were reportedly mild but increased BM
reticulin that reversed on stopping the treatment was reported in one non-responding patient [125]. Long-term
safety has been addressed in an ongoing open-labelled
single-arm study. A total of 142 patients with ITP received
romiplostim for up to 156 weeks (mean 69 weeks).
Eighty-seven per cent of patients responded (platelet
count >50  109/l). Treatment-related adverse events
were observed in 9%. BM reticulin was increased in
eight patients and thrombotic events in seven (5%) patients. Of the two patients who had regular follow-up,
BM biopsies after stopping romiplostim partial resolution
of reticulin was seen in one [126].
IL-11 is a thrombopoietic growth factor that induces
proliferation of megakaryocyte progenitors and megakaryocyte maturation [127]. There is one report of the use of
recombinant human IL-11 in the treatment of severe
thrombocytopenia complicating SLE [128]. Anti-CD40 L
monoclonal therapies have not yet been shown to be particularly efficacious in SLE and there is concern over an
apparent increase in thromboembolic events in treated
patients [129]. A role for anti-CD40 L and other therapies
targeting co-stimulatory molecules such as CTLA4-Ig
in haematological SLE is unclear at present, but further
trials are likely to be performed. The use of immune complexes (i.v. anti-D) as an alternative to
IVIG in the treatment of autoimmune thrombocytopenia
is another potential approach [70, 130]. Intravenous
anti-D could also be considered instead of IVIG to treat
thrombocytopenia in patients who have not had
splenectomy [131].

Conclusion
Peripheral blood cytopenias are common in SLE and their
management can be challenging. In many individual
cases, they are mild and do not require specific therapy.
However, cytopenia may be a marker for active disease in
other organ systems and, when severe, may be associated with increased mortality. Although treatment with
CSs is often sufficient to control clinically significant
leucopenia and thrombocytopenia in SLE, more potent
immunosuppression with AZA or CYC may be required.
A number of novel therapeutic approaches to the management of cytopenias, including thrombopoeitin receptor
agonists and anti-B-cell therapies, in particular, are
showing great promise.
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Rheumatology key messages
Autoimmune cytopenias are common in SLE.
When specific treatment is required, CSs will often
suffice.
. Novel therapeutic options include B-cell depletion,
MMF and TPO receptor agonists.
.
.

Acknowledgements
Disclosure statement: The authors have declared no
conflicts of interest.

References
1 Tan EM, Cohen AS, Fries JF et al. Tan ACR classification.
The 1982 revised criteria for the classification of systemic
lupus erythematosus. Arthritis Rheum 1982;25:1271–7.
2 Giannouli S, Voulgarelis M, Ziakas PD, Tzioufas AG.
Anaemia in systemic lupus erythematosus: from
pathophysiology to clinical assessment. Ann Rheum Dis
2006;65:144–8.
3 Cohen D, Berger SP, Steup-Beekman GM,
Bloemenkamp KW, Bajema IM. Diagnosis and
management of the antiphospholipid syndrome. Br Med J
2010;340:c2541.
4 Lim W, Crowther MA, Eikelboom JW. Management of
antiphospholipid antibody syndrome: a systematic review.
JAMA 2006;295:1050–7.
5 Worrall JG, Snaith ML, Batchelor JR, Isenberg DA. SLE: a
rheumatological view. Analysis of the clinical features,
serology and immunogenetics of 100 SLE patients during
long-term follow-up. Q J Med 1990;74:319–30.
6 Nossent JC, Swaak AJ. Prevalence and significance of
haematological abnormalities in patients with systemic
lupus erythematosus. Q J Med 1991;80:605–12.
7 Messner RP, Lindstrom FD, Williams RC Jr. Peripheral
blood lymphocyte cell surface markers during the course
of systemic lupus erythematosus. J Clin Invest 1973;52:
3046–56.
8 Glinski W, Gershwin ME, Budman DR, Steinberg AD.
Study of lymphocyte subpopulations in normal humans
and patients with systemic lupus erythematosus by
fractionation of peripheral blood lymphocytes on a
discontinuous Ficoll gradient. Clin Exp Immunol 1976;26:
228–38.
9 Mittal KK, Rossen RD, Sharp JT, Lidsky MD, Butler WT.
Lymphocyte cytotoxic antibodies in systemic lupus
erythematosus. Nature 1970;225:1255–6.
10 Butler WT, Sharp JT, Rossen RD, Lidsky MD, Mittal KK,
Gard DA. Relationship of the clinical course of systemic
lupus erythematosus to the presence of circulating
lymphocytotoxic antibodies. Arthritis Rheum 1972;15:
251–8.
11 Winfield JB, Winchester RJ, Kunkel HG. Association of
cold-reactive antilymphocyte antibodies with lymphopenia
in systemic lupus erythematosus. Arthritis Rheum 1975;
18:587–94.
12 Garcia-Valladares I, Atisha-Fregoso Y, Richaud-Patin Y
et al. Diminished expression of complement regulatory
proteins (CD55 and CD59) in lymphocytes from systemic

www.rheumatology.oxfordjournals.org

Management of peripheral blood cytopenias in SLE

lupus eyrthematosus patients with lymphopenia. Lupus
2006;15:600–5.

distinct US Hispanic subpopulations. Rheumatology 2004;
43:358–63.

13 Ruiz-Arguelles A, Llorente L. The role of complement
regulatory proteins (CD55 and CD59) in the pathogenesis
on autoimmune hemocytopenias. Autoimmun Rev 2007;6:
155–61.

28 Lipp E, von Felten A, Sax H, Muller D, Berchtold P.
Antibodies against platelet glycoproteins and
antiphospholipid antibodies in autoimmune
thrombocytopenia. Eur J Haematol 1998;60:283–8.

14 Hepburn AL, Davies KA, Mason JC. Increased expression
of decay-accelerating factor but not CD59 on peripheral
blood leucocytes in patients with systemic lupus
erythematosus and rheumatoid arthritis. Arthritis Rheum
2002;46(Abstract Suppl.):S420.

29 Michel M, Lee K, Piette JC et al. Platelet autoantibodies
and lupus-associated thrombocytopenia. Br J Haematol
2002;119:354–8.

15 Ronnblom L. Potential role of IFNa in adult lupus. Arthritis
Res Ther 2010;12(Suppl. 1):S3.
16 Bengtsson AA, Sturfelt G, Truedsson L et al. Activation of
type I interferon system in systemic lupus erythematosus
correlates with disease activity but not with antiretroviral
antibodies. Lupus 2000;9:664–71.
17 Hadley AG, Byron MA, Chapel HM, Bunch C, Holburn AM.
Anti-granulocyte opsonic activity in sera from patients with
systemic lupus erythematosus. Br J Haematol 1987;65:
61–5.
18 Hellmich B, Csernok E, de Haas M et al. Low Fcgamma
receptor III and high granulocyte colony-stimulating
factor serum levels correlate with the risk of infection
in neutropenia due to Felty’s syndrome or systemic
lupus erythematosus. Am J Med 2002;113:134–9.

30 Ziakas PD, Routsias JG, Giannouli S, Tasidou A,
Tzioufas AG, Voulgarelis M. Suspects in the tale of
lupus-associated thrombocytopenia. Clin Exp Immunol
2006;145:71–80.
31 Fureder W, Firbas U, Nichol JL et al. Serum
thrombopoietin levels and anti-thrombopoietin
antibodies in systemic lupus erythematosus. Lupus 2002;
11:221–6.
32 Kuwana M, Okazaki Y, Kajihara M et al. Autoantibody
to c-Mpl (thrombopoietin receptor) in systemic lupus
erythematosus: relationship to thrombocytopenia with
megakaryocytic hypoplasia. Arthritis Rheum 2002;46:
2148–59.
33 Kuwana M, Kaburaki J, Okazaki Y, Miyazaki H, Ikeda Y.
Two types of autoantibody-mediated thrombocytopenia in
patients with systemic lupus erythematosus.
Rheumatology 2006;45:851–4.

19 Hellmich B, Csernok E, Schatz H, Gross WL, Schnabel A.
Autoantibodies against granulocyte colony-stimulating
factor in Felty’s syndrome and neutropenic systemic lupus
erythematosus. Arthritis Rheum 2002;46:2384–91.

34 Nakamura M, Tanaka Y, Satoh T et al. Autoantibody to
CD40 ligand in systemic lupus erythematosus: association
with thrombocytopenia but not thromboembolism.
Rheumatology 2006;45:150–6.

20 Matsuyama W, Yamamoto M, Higashimoto I et al.
TNF-related apoptosis-inducing ligand is involved in
neutropenia of systemic lupus erythematosus. Blood
2004;104:184–91.

35 Rabinowitz Y, Dameshek W. Systemic lupus erytematosus
after ‘‘idiopathic’’ thrombocytopenic purpura: a review.
Ann Intern Med 1960;52:1–28.
36 Karpatkin S. Autoimmune thrombocytopenic purpura.
Semin Hematol 1985;22:260–88.
37 Sultan SM, Begum S, Isenberg DA. Prevalence, patterns
of disease and outcome in patients with systemic lupus
erythematosus who develop severe haematological
problems. Rheumatology 2003;42:230–4.

21 Borba EF, Pereira RM, Velloso ED, Pereira IA,
Goncalves CR, Yoshinari NH. Neutropenia associated with
myelofibrosis in systemic lupus erythematosus. Acta
Haematol 1993;89:82–5.
22 Euler HH, Harten P, Zeuner RA, Schwab UM.
Recombinant human granulocyte colony stimulating factor
in patients with systemic lupus erythematosus associated
neutropenia and refractory infections. J Rheumatol 1997;
24:2153–7.
23 Martinez-Banos D, Crispin JC, Lazo-Langner A,
Sanchez-Guerrero J. Moderate and severe neutropenia
in patients with systemic lupus erythematosus.
Rheumatology 2006;45:994–8.
24 Wang F, Wang CL, Tan CT, Manivasagar M. Systemic
lupus erythematosus in Malaysia: a study of 539 patients
and comparison of prevalence and disease expression in
different racial and gender groups. Lupus 1997;6:248–53.
25 Cervera R, Khamashta MA, Font J et al. Morbidity and
mortality in systemic lupus erythematosus during a 5-year
period. A multicenter prospective study of 1,000 patients.
European Working Party on Systemic Lupus
Erythematosus. Medicine 1999;78:167–75.
26 Mok CC, Lee KW, Ho CT, Lau CS, Wong RW.
A prospective study of survival and prognostic indicators
of systemic lupus erythematosus in a southern Chinese
population. Rheumatology 2000;39:399–406.
27 Vila LM, Alarcon GS, McGwin G Jr et al. LUMINA Study
Group. Early clinical manifestations, disease activity and
damage of systemic lupus erythematosus among two

www.rheumatology.oxfordjournals.org

38 Ziakas PD, Giannouli S, Zintzaras E, Tzioufas AG,
Voulgarelis M. Lupus thrombocytopenia: clinical
implications and prognostic significance. Ann Rheum Dis
2005;64:1366–9.
39 Vaidya S, Abul-ezz S, Lipsmeyer E. Thrombotic
thrombocytopenic purpura and systemic lupus
erythematosus. Scand J Rheumatol 2001;30:308–10.
40 Aleem A, Al-Sugair S. Thrombotic thrombocytopenic
purpura associated with systemic lupus erythematosus.
Acta Haematol 2006;115:68–73.
41 Nesher G, Hanna VE, Moore TL, Hersh M, Osborn TG.
Thrombotic microangiographic hemolytic anemia in
systemic lupus erythematosus. Semin Arthritis Rheum
1994;24:165–72.
42 Suzuki T, Saito S, Hirabayashi Y et al. Human
parvovirus B19 infection during the inactive stage of
systemic lupus erythematosus. Intern Med 2003;42:
538–40.
43 Garg SK, Amorosi EL, Karpatkin S. Use of the
megathrombocyte as an index of megakaryocyte number.
N Engl J Med 1971;284:11–7.
44 Berchtold P, Wenger M. Autoantibodies against platelet
glycoproteins in autoimmune thrombocytopenic

2251

Alastair L. Hepburn et al.

purpura: their clinical significance and response to treatment. Blood 1993;81:1246–50.

thrombocytopenia of systemic lupus erythematosus.
Ann Intern Med 1985;102:325–8.

45 Capsoni F, Sarzi-Puttini P, Zanella A. Primary and
secondary autoimmune neutropenia. Arthritis Res Ther
2005;7:208–14.
46 Feng CS, Ng MH, Szeto RS, Li EK. Bone marrow findings
in lupus patients with pancytopenia. Pathology 1991;23:
5–7.

65 Hepburn AL, Davies KA. Infection and SLE. Ann Rheum
Dis 2002;61:668–9.

47 Pereira RM, Velloso ER, Menezes Y, Gualandro S,
Vassalo J, Yoshinari NH. Bone marrow findings in
systemic lupus erythematosus patients with peripheral
cytopenias. Clin Rheumatol 1998;17:219–22.

67 Maier WP, Gordon DS, Howard RF et al. Intravenous
immunoglobulin therapy in systemic lupus
erythematosus-associated thrombocytopenia. Arthritis
Rheum 1990;33:1233–9.

48 Hepburn AL, Lampert IA, Boyle JJ et al. In vivo evidence
for apoptosis in the bone marrow in SLE. Ann Rheum Dis
2007;66:1106–9.

68 Levy Y, Sherer Y, Ahmed A et al. A study of 20 SLE
patients with intravenous immunoglobulin–clinical and
serologic response. Lupus 1999;8:705–12.

49 Gaipl US, Kuhn A, Sheriff A et al. Clearance of apoptotic
cells in human SLE. Curr Dir Autoimmun 2006;9:173–87.

69 Rauova L, Lukac J, Levy Y, Rovensky J, Shoenfeld Y.
High-dose intravenous immunoglobulin for
lupus nephritis – a salvage immunomodulation. Lupus
2001;10:209–13.
70 Clynes R. Immune complexes as therapy for
autoimmunity. J Clin Invest 2005;115:25–7.
71 Marino C, Cook P. Danazol for lupus thrombocytopenia.
Arch Intern Med 1985;145:2251–2.
72 West SG, Johnson SC. Danazol for the treatment of
refractory autoimmune thrombocytopenia in systemic
lupus erythematosus. Ann Intern Med 1988;108:703–6.

50 Budman DR, Steinberg AD. Hematologic aspects of
systemic lupus erythematosus. Current concepts.
Ann Intern Med 1977;86:220–9.
51 Kimberly RP. Pulse methylprednisolone in SLE. Clin
Rheum Dis 1982;8:261–78.
52 Lurie DP, Kahaleh MB. Pulse corticosteroid therapy for
refractory thrombocytopenia in systemic lupus
erythematosus. J Rheumatol 1982;9:311–4.
53 Goebel KM, Gassel WD, Goebel FD. Evaluation of
azathioprine in autoimmune thrombocytopenia and lupus
erythematosus. Scand J Haematol 1973;10:28–34.
54 Abu-Shakra M, Shoenfeld Y. Azathioprine therapy for
patients with systemic lupus erythematosus. Lupus 2001;
10:152–3.
55 Griffiths B, Emery P. The treatment of lupus with
cyclosporin A. Lupus 2001;10:165–70.
56 Manger K, Kalden JR, Manger B. Cyclosporin A in the
treatment of systemic lupus erythematosus: results of an
open clinical study. Br J Rheumatol 1996;35:669–75.
57 Sugiyama M, Ogasawara H, Kaneko H et al. Effect of
extremely low dose cyclosporine treatment on the
thrombocytopenia in systemic lupus erythematosus.
Lupus 1998;7:53–6.
58 Quartuccio L, Sacco S, Franzolini N, Perin A, Ferraccioli G,
De Vita S. Efficacy of cyclosporin-A in the long-term
management of thrombocytopenia associated with
systemic lupus erythematosus. Lupus 2006;15:76–9.
59 Arnal C, Piette JC, Leone J et al. Treatment of severe
immune thrombocytopenia associated with systemic
lupus erythematosus: 59 cases. J Rheumatol 2002;29:
75–83.
60 Jacobs P, Wood L, Dent DM. Splenectomy and the
thrombocytopenia of systemic lupus erythematosus.
Ann Intern Med 1986;105:971–2.
61 Gruenberg JC, VanSlyck EJ, Abraham JP. Splenectomy in
systemic lupus erythematosis. Am Surg 1986;52:366–70.

66 Zandman-Goddard G, Levy Y, Shoenfeld Y.
Intravenous immunoglobulin therapy and systemic
lupus erythematosus. Clin Rev Allergy Immunol 2005;29:
219–28.

73 Cervera H, Jara LJ, Pizarro S et al. Danazol for systemic
lupus erythematosus with refractory autoimmune
thrombocytopenia or Evans’ syndrome. J Rheumatol
1995;22:1867–71.
74 Insiripong S, Chanchairujira T, Bumpenboon T. Danazol
for thrombocytopenia in pregnancy with underlying
systemic lupus erythematosus. J Med Assoc Thai 1996;
79:330–2.
75 Maeshima E, Kida Y, Goda M, Minami Y. A case of
systemic lupus erythematosus expressing intractable
thrombocytopenia remedied effectively by intermittent
and continuous administrations of a small amount of
immunoglobulin. Mod Rheumatol 2006;16:239–42.
76 Boumpas DT, Barez S, Klippel JH, Balow JE. Intermittent
cyclophosphamide for the treatment of autoimmune
thrombocytopenia in systemic lupus erythematosus.
Ann Intern Med 1990;112:674–7.
77 Walport MJ, Hubbard WN, Hughes GR. Reversal
of aplastic anaemia secondary to systemic
lupus erythematosus by high-dose intravenous
cyclophosphamide. Br Med J 1982;285:769–70.
78 Winkler A, Jackson RW, Kay DS, Mitchell E, Carmignani S,
Sharp GC. High-dose intravenous cyclophosphamide
treatment of systemic lupus erythematosus-associated
aplastic anemia. Arthritis Rheum 1988;31:693–4.

62 Coon WW. Splenectomy for cytopenias associated with
systemic lupus erythematosus. Am J Surg 1988;155:
391–4.

79 Perez-Sanchez I, Anguita J, Pintado T. Use of
cyclophosphamide in the treatment of thrombotic
thrombocytopenic purpura complicating systemic lupus
erythematosus: report of two cases. Ann Hematol 1999;
78:285–7.

63 You YN, Tefferi A, Nagorney DM. Outcome of
splenectomy for thrombocytopenia associated with
systemic lupus erythematosus. Ann Surg 2004;240:
286–92.

80 Vasoo S, Thumboo J, Fong KY. Thrombotic
thrombocytopenic purpura in systemic lupus
erythematosus: disease activity and the use of
cytotoxic drugs. Lupus 2002;11:443–50.

64 Hall S, McCormick JL Jr, Greipp PR, Michet CJ Jr,
McKenna CH. Splenectomy does not cure the

81 Matsumoto Y, Naniwa D, Banno S, Sugiura Y. The efficacy
of therapeutic plasmapheresis for the treatment of fatal

2252

www.rheumatology.oxfordjournals.org

Management of peripheral blood cytopenias in SLE

hemophagocytic syndrome: two case reports. Ther Apher
1998;2:300–4.
82 Choi BG, Yoo WH. Successful treatment of pure red cell
aplasia with plasmapheresis in a patient with systemic
lupus erythematosus. Yonsei Med J 2002;43:274–8.
83 Yamaji K, Tsuda H, Hashimoto H. A case report of
the efficacy of apheresis for refractory autoimmune
thrombocytopenia in a patient with systemic lupus
erythematosus associated hemolytic anemia.
Ther Apher Dial 2004;8:227–31.
84 Fitchen JJ, Cline MJ, Saxon A, Golde DW. Serum
inhibitors of hematopoiesis in a patient with aplastic
anemia and systemic lupus erythematosus. Recovery
after exchange plasmapheresis. Am J Med 1979;66:
537–42.
85 Brooks BJ Jr, Broxmeyer HE, Bryan CF, Leech SH. Serum
inhibitor in systemic lupus erythematosus associated with
aplastic anemia. Arch Intern Med 1984;144:1474–7.
86 Bailey FA, Lilly M, Bertoli LF, Ball GV. An antibody that
inhibits in vitro bone marrow proliferation in a patient with
systemic lupus erythematosus and aplastic anemia.
Arthritis Rheum 1989;32:901–5.
87 Marques JA, Rhim H, Distenfeld A. Inhibition of
hematopoiesis by a plasma factor in a case of aplastic
anemia associated with systemic lupus erythematosus.
P R Health Sci J 1995;14:293–6.
88 Morishita Y, Matsukawa Y, Kura Y et al. Antithymocyte
globulin for a patient with systemic lupus erythematosus
complicated by severe pancytopenia. J Int Med Res 1997;
25:219–23.
89 Vasiliu IM, Petri MA, Baer AN. Therapy with granulocyte
colony-stimulating factor in systemic lupus erythematosus
may be associated with severe flares. J Rheumatol 2006;
33:1878–80.
90 Allison AC. Mechanisms of action of mycophenolate
mofetil. Lupus 2005;14(Suppl. 1):s2–8.
91 Ong LM, Hooi LS, Lim TO et al. Randomized controlled
trial of pulse intravenous cyclophosphamide versus
mycophenolate mofetil in the induction therapy of
proliferative lupus nephritis. Nephrology 2005;10:504–10.

98 Traynor AE, Schroeder J, Rosa RM et al. Treatment of
severe systemic lupus erythematosus with high-dose
chemotherapy and haemopoietic stem-cell
transplantation: a phase I study. Lancet 2000;356:701–7.
99 Traynor AE, Barr WG, Rosa RM et al. Hematopoietic
stem cell transplantation for severe and refractory lupus.
Analysis after five years and fifteen patients. Arthritis
Rheum 2002;46:2917–23.
100 Lisukov IA, Sizikova SA, Kulagin AD et al. High-dose
immunosuppression with autologous stem cell
transplantation in severe refractory systemic lupus
erythematosus. Lupus 2004;13:89–94.
101 Euler HH, Marmont AM, Bacigalupo A et al. Early
recurrence or persistence of autoimmune diseases after
unmanipulated autologous stem cell transplantation.
Blood 1996;88:3621–5.
102 Brodsky RA, Sensenbrenner LL, Jones RJ. Complete
remission in severe aplastic anemia after high-dose
cyclophosphamide without bone marrow transplantation. Blood 1996;87:491–4.
103 Brodsky RA, Sensenbrenner LL, Smith BD et al.
Durable treatment-free remission after high-dose
cyclophosphamide therapy for previously untreated
severe aplastic anemia. Ann Intern Med 2001;135:
477–83.
104 Petri M, Jones RJ, Brodsky RA. High-dose
cyclophosphamide without stem cell transplantation
in systemic lupus erythematosus. Arthritis Rheum 2003;
48:166–73.
105 Reff ME, Carner K, Chambers KS et al. Depletion of B
cells in vivo by a chimeric mouse human monoclonal
antibody to CD20. Blood 1994;83:435–45.
106 Stasi R, Pagano A, Stipa E, Amadori S. Rituximab
chimeric anti-CD20 monoclonal antibody treatment for
adults with chronic idiopathic thrombocytopenic
purpura. Blood 2001;98:952–7.
107 Anolik JH, Campbell D, Felgar RE et al. The relationship
of FcgammaRIIIa genotype to degree of B cell depletion
by rituximab in the treatment of systemic lupus
erythematosus. Arthritis Rheum 2003;48:455–9.
108 Anolik JH. B lymphocyte depletion in the treatment of
systemic lupus erythematosus. Arthritis Rheum 2002;
46(Suppl. 9):S717.

92 Ginzler EM, Dooley MA, Aranow C et al. Mycophenolate
mofetil or intravenous cyclophosphamide for lupus
nephritis. N Engl J Med 2005;353:2219–28.
93 Alba P, Karim MY, Hunt BJ. Mycophenolate mofetil as a
treatment for autoimmune haemolytic anaemia in patients
with systemic lupus erythematosus and antiphospholipid
syndrome. Lupus 2003;12:633–5.

109 Leandro MJ, Edwards JC, Cambridge G, Ehrenstein MR,
Isenberg DA. An open study of B lymphocyte depletion
in systemic lupus erythematosus. Arthritis Rheum 2002;
46:2673–7.

94 Vasoo S, Thumboo J, Fong KY. Refractory immune
thrombocytopenia in systemic lupus erythematosus:
response to mycophenolate mofetil. Lupus 2003;12:
630–2.

110 Looney RJ, Anolik JH, Campbell D et al. B cell depletion
as a novel treatment for systemic lupus erythematosus:
a phase I/II dose-escalation trial of rituximab. Arthritis
Rheum 2004;50:2580–9.

95 Chang HK. Successful treatment of refractory
thrombocytopenia with mycophenolate mofetil in a
patient with systemic lupus erythematosus. J Korean
Med Sci 2005;20:883–5.

111 Kneitz C, Wilhelm M, Tony HP. Effective B cell depletion
with rituximab in the treatment of autoimmune diseases.
Immunobiology 2002;206:519–27.

96 Mak A, Mok CC. Mycophenolate mofetil for refractory
haemolytic anemia in systemic lupus erythematosus.
Lupus 2005;14:856–8.

112 Cate R, Smiers FJ, Bredius RG et al. Anti-CD20
monoclonal antibody (rituximab) for refractory
autoimmune thrombocytopenia in a girl with systemic
lupus erythematosus. Rheumatology 2004;43:244.

97 Arcasoy MO, Chao NJ. T-cell-mediated pure red-cell
aplasia in systemic lupus erythematosus: response to
cyclosporin A and mycophenolate mofetil. Am J Hematol
2005;78:161–3.

113 Lehembre S, Macario-Barrel A, Musette P, Carvalho P,
Joly P. Rituximab treatment for immune thrombocytopenia associated with systemic lupus erythematosus.
Ann Dermatol Venereol 2006;133:53–5.

www.rheumatology.oxfordjournals.org

2253

Alastair L. Hepburn et al.

114 Limal N, Cacoub P, Sene D, Guichard I, Piette JC.
Rituximab for the treatment of thrombotic thrombocytopenic purpura in systemic lupus erythematosus. Lupus
2008;17:69–71.

123 McHutchison JG, Dusheiko G, Shiffman ML et al.
TPL102357 Study Group. Eltrombopag for thrombocytopenia in patients with cirrhosis associated with
hepatitis C. N Engl J Med 2007;357:227–36.

115 Fukushima T, Dong L, Sakai T et al. Successful
treatment of amegakaryocytic thrombocytopenia with
anti-CD20 antibody (rituximab) in a patient with systemic
lupus erythematosus. Lupus 2008;17:210–4.

124 Wang B, Nichol JL, Sullivan JT. Pharmacodynamics
and pharmacokinetics of AMG-531, a novel thrombopoietin receptor ligand. Clin Pharm Ther 2004;76:
628–38.

116 Perrotta S, Locatelli F, La Manna A, Cennamo L,
De Stefano P, Nobili B. Anti-CD20 monoclonal antibody
(Rituximab) for life-threatening autoimmune haemolytic
anaemia in a patient with systemic lupus erythematosus.
Br J Haematol 2002;116:465–7.
117 Garvey B. Rituximab in the treatment of autoimmune
haematological disorders. Br J Haematol 2008;141:
149–69.

125 Bussel JB, Kuter DJ, George JN et al. AMG 531, a
thrombopoiesis-stimulating protein, for chronic ITP.
N Engl J Med 2006;355:1672–81.

118 Narat S, Gandla J, Hoffbrand AV, Hughes RG, Mehta AB.
Rituximab in the treatment of refractory autoimmune
cytopenias in adults. Haematologica 2005;90:1273–4.
119 Baker KP, Edwards BM, Main SH et al. Generation and
characterization of LymphoStat-B, a human monoclonal
antibody that antagonizes the bioactivities of
B lymphocyte stimulator. Arthritis Rheum 2003;48:
3253–65.
120 Wallace DJ, Stohl W, Furies RA et al. A phase II,
randomized, double-blind, placebo-controlled,
dose-ranging study of belimumab in patients with active
systemic lupus erythematosus. Arthritis Rheum 2009;61:
1168–78.
121 Alarcon-Segovia D, Tumlin JA, Furie RA et al. LJP 394
Investigator Consortium. LJP 394 for the prevention
of renal flare in patients with systemic lupus erythematosus: results from a randomized, double-blind, placebocontrolled study. Arthritis Rheum 2003;48:442–54.
122 Bussel JB, Cheng G, Saelh MN et al. Eltrombobag for
the treatment of chronic idiopathic thrombocytopenia
purpura. N Engl J Med 2007;357:2237–47.

2254

126 Bussel JB, Kuter DJ, Pullarkat V, Lyons RM, Guo M,
Nichol JL. Safety and efficacy of long-term treatment
with romiplostim in thrombocytopenic patients with
chronic ITP. Blood 2009;113:2161–71.
127 Schwertschlag US, Trepicchio WL, Dykstra KH,
Keith JC, Turner KJ, Dorner AJ. Hematopoietic,
immunomodulatory and epithelial effects of
interleukin-11. Leukemia 1999;13:1307–15.
128 Feinglass S, Deodhar A. Treatment of lupus-induced
thrombocytopenia with recombinant human
interleukin-11. Arthritis Rheum 2001;44:170–5.
129 Boumpas DT, Furie R, Manzi S et al. BG9588 Lupus
Nephritis Trial Group. A short course of BG9588
(anti-CD40 ligand antibody) improves serologic activity
and decreases hematuria in patients with proliferative
lupus glomerulonephritis. Arthritis Rheum 2003;48:
719–27.
130 Siragam V, Brinc D, Crow AR, Song S, Freedman J,
Lazarus AH. Can antibodies with specificity for soluble
antigens mimic the therapeutic effects of intravenous
IgG in the treatment of autoimmune disease? J Clin
Invest 2005;115:155–60.
131 Ramadan KM, El-Agnaf M. Efficacy and response to
intravenous anti-D immunoglobulin in chronic idiopathic
thrombocytopenic purpura. Clin Lab Haematol 2005;27:
267–9.

www.rheumatology.oxfordjournals.org

