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Abstract Rituximab administered at standard doses indu-
ces universal B-cell depletion. It shows good efficacy in
patients with a variety of autoimmune diseases and has
been licensed for use in rheumatoid arthritis. Despite
prolonged B-cell depletion, side effects appear to be
minimal. The use of B-cell depletion in children in whom
the immune system is more immature may have other
unknown complications, although the literature remains
sparse. This review summarizes the available studies of
rituximab in children with immune thrombocytopenia and
assesses some of the short-term and potential long-term
consequences of B-cell depletion. Overall, rituximab
appears well-tolerated in children. The incidence of serum
sickness may be higher than it is in adults, but infections
remain infrequent and occur mostly in patients with an
underlying predisposition to infections. Finally, although
data remain limited, it is recommended to perform
vaccinations before administration of rituximab or after B-
cell return.
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Introduction

Rituximab therapy at standard doses induces B-cell
depletion for 3–6 months in both children and adults. After
its first successful use in 1998 in a patient with autoimmu-
nity [1] and several successful randomized controlled trials
[2], it is now licensed for use in rheumatoid arthritis and is
used frequently off label for a wide range of autoimmune
conditions [3, 4]. Because plasma cells do not express
CD20, these are not depleted with rituximab; therefore,
humoral immunity, including the ability to produce immu-
noglobulins, seems relatively spared. However, there are
increasing reports of unusual infections, including reactiva-
tion of hepatitis B and also JC virus, Cooper and Arnold
BJH 2010 resulting in progressive multifocal leukoence-
phalopathy (PML), although the latter infection seems rare
and may be the result of the underlying disease rather than
use of rituximab [5••].

Most studies of the safety and efficacy of rituximab are
reported in adults, both with malignant and nonmalignant
conditions. Whether the efficacy and safety can be
extrapolated to children, in whom the humeral immune
system may not be fully mature, is not clear.

This review summarizes the studies of the use of
rituximab in children with immune thrombocytopenia
(ITP) and discusses some of the potential problems that
may result following the use of rituximab.

Childhood Immune Thrombocytopenia

ITP in children is typically a benign disorder, with most
children going into a long-term remission within weeks to
months of diagnosis. Persistent and chronic ITP are
uncommon. Because bleeding remains rare despite low
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platelet counts, children often can be managed by observa-
tion [6]. Treatment, if needed, includes corticosteroids,
immunosuppressive therapy, anti-D, and/or intravenous
immunoglobulin (IVIG) [7, 8]. Splenectomy is usually
reserved for those with chronic disease and bleeding. All
these therapies have significant side effects, in particular
long-term steroids. The enthusiasm for using rituximab in
the early stages of the disease or later, when the disease has
become chronic, has been the relative preservation of the
immune system and establishment of a cure in some
patients without the need for surgery. In effect, a removed
spleen cannot be put back, but B cells will return.

Furthermore, it has traditionally been thought that the
chronology and outcome of this disorder is not influenced
by standard upfront treatment. However, the mechanisms of
tolerance are complex, and a delay in treatment may result
in epitope spreading [9] and, potentially, a higher incidence
of intractable chronic disease. A recent retrospective
analysis from the Intercontinental Cooperative ITP Study
Group (ICIS) suggests that upfront treatment with IVIG
may reduce the number of children developing chronic
disease [10]. It is thereby possible that early treatment with
immunomodulatory treatments such as rituximab and/or
high-dose steroids may be found to be protective against
the development of chronic disease in the future, although
large studies will be required to ascertain this.

Clinical Studies/Response Rates to Rituximab

No randomized controlled studies have been conducted
with rituximab in children (or adults) with ITP. A recent
review of the literature up to July 2006 described the
response rates in 4 cohort studies and 10 case reports, with
an overall response rate of 43% and 70%, respectively
[11•]. A summary of these four cohort studies and
additional reports published since this review including a
total of 150 children is outlined in Table 1. The overall
response rate in these studies was 61% (92 patients),
although response varied between studies from 30% [12]
to 79% [13, 14], perhaps relating to a higher proportion of
refractory patients in the study reported by Bennett et al.
[12]. From three of the studies in which it was clearly
documented, 49% of patients had a complete response
(defined as platelet count > 100×109/L). There were
reasonable number of relapses within the first year (8 of
19 in the study reported by Wang et al. [13], and 6 of 13 in
the study reported by Taub et al. [15]), resulting in a 1-year
response similar to that seen with adults [18•]. Long-term
follow-up for two of these studies showed few further
relapses, with 8 of 11 still responding at 1 year [16] and 34
of 49 continuing to respond at a median of 39.5 months
[17]. One study suggested that older children and those T
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with a shorter duration of disease are more likely to respond
[17]. Otherwise, very few markers of response have been
detected.

Side Effects

Infusion Effects

Rituximab is generally well-tolerated. As with adults, first
infusion-related effects are seen, including chills; fever;
headache; discomfort in the throat; and occasionally
dyspnoea, nausea, pruritis, angioedema, or hypotension.
These symptoms are related to the release of inflammatory
cytokines caused by direct B-cell destruction, as well as by
macrophage activation during clearance of antibody-coated
B cells. The symptoms usually resolve completely with
slowing or interruption of the infusion and can be limited
by the use of premedications, including antihistamines,
paracetamol, and corticosteroids [19]. Reactions are un-
common following the first infusion. Very rarely, more
serious mucocutaneous syndromes have been described,
including Stevens-Johnson syndrome [20], paraneoplastic
pemphigus, and toxic epidermal necrolysis [11•].

Serum Sickness

A more severe reaction resembling serum sickness was
described in five children from the studies in Table 1
(Bennett et al. [12], n=2; Wang et al. [13], n=3) and in an
additional case report [21], occurring with any of the four
infusions. It can be managed with steroids but resulted in
discontinuation of treatment in these individuals. This
appears to be more common than in adult-reported studies
and may occur in up to 10% of children.

B-cell Depletion

B-cell depletion occurs, as with adults, at standard doses
[12, 13] and with lower doses [15]. B cells return within 3
and 6 months, with normalization of the counts by 6–
12 months, although the phenotype of retuning cells in
children has not been fully described. Prolonged B-cell
depletion is uncommon after rituximab administration and
was not described in the studies in Table 1; however, it has
been reported in occasional patients [22].

Immunoglobulin Levels

Despite depletion in B cells, immunoglobulin levels do not
frequently fall below normal, although a slight fall has been
described. In one pediatric study (age range, 2.6–18.3 years;
median >10 years), there were no changes in IgG levels;

IgM levels were reported to fall but stayed within the
normal range in all but one patient [12]. A second study
described a fall in immunoglobulin levels to below the
normal range in 6 of 14 cases [13]. A third study described
a fall in IgM, IgA, and IgG levels 6, 9, and 12 months after
therapy, respectively, but levels remained close to if not
within the normal range. Tetanus toxoid antibody titers
were also measured in this study and remained detectable at
all stages [14].

However, hypogammaglobulinemia has been described
after multiple courses of rituximab in a child treated with
cytopenias, although this was in the context of autoimmune
lymphoproliferative disorder and potential immunodeficien-
cy [23]. Hypogammaglobulinemia may occur more com-
monly in patients with immunodeficiency-associated ITP
[24•], in the very young, and in those treated for
autoimmune hemolytic anemia.

Risk of Infections

Whether rituximab results in an increased incidence of
infections has not been fully resolved. Some studies in adults
have reported a slight increase in infectious complications in
adults treated with rituximab for rheumatoid arthritis [2, 25]
or lymphoma, when additional chemotherapy is given, and
following extended courses with prolonged B-cell depletion
[26]. On the other hand, a systematic review of randomized
controlled studies in cancer patients did not find any increase
in infection [27]. In the systematic review of rituximab in
adults with ITP by Arnold et al. [18•], 7 of 303 treated
patients (2.3%) developed serious infections, 4 of which
were fatal. However, most patients had received additional
immunosuppressive therapies, and a direct association with
rituximab is difficult to establish [18•]. Studies assessing the
risk of infections in children treated with rituximab are even
more limited. The studies in Table 1 did not describe unusual
infections in the 150 children reported. However, several
case reports have described unusual infections, although
usually in the context of lymphoma or systemic lupus
erythematosus. One case report describes enteroviral infec-
tion in a 10-year-old who had received 6 years of treatment
for refractory ITP, including hematopoietic stem cell
transplantation 20 months before the rituximab. T cells and
IgG levels were normal before rituximab was instigated;
however, neurocognitive decline occurred 18 months after
the first course of rituximab and 11 months after the second
course (given for relapse); the patient made a full recovery
[28]. Infectious complications, including death from viral
and fungal infections, have also been reported, although in
the context of treatment at the age of 8 weeks for fulminant
autoimmune hemolysis and with multiple immunosuppres-
sants [29]. One adolescent boy treated with rituximab
together with ciclosporin for a high-titer inhibitor developed
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aspergillosis and hepatitis B infection [30]. A review of the
records of 10 children treated with rituximab for a variety of
autoimmune diseases described no significant change in the
rate of all infections after rituximab, with 2.4 events per
patient-year before rituximab therapy and 2.8 events per
patient-year after rituximab therapy. Although infections
requiring antimicrobials occurred in three patients after
rituximab, two of these three had developed grade 3
candidemia (n=1) and grade 3 herpes and pneumonia (n=
1) before therapy with rituximab, demonstrating their
underlying susceptibility to infections [31].

One rare infectious complication, PML, a demyelinating
disease caused by reactivation of latent JC virus in the
brain, was reported after rituximab, resulting in a black box
warning being issued by the US Food and Drug Adminis-
tration (http://www.fda.gov/downloads/Drugs/DrugSafety/
UCM169892.pdf). However, immunosuppression, systemic
lupus erythematosus, and underlying lymphoma are known
risk factors for PML, suggesting that underlying patient
characteristics may be more important than the treatment
[32, 33]. The median time to development of PML in the
largest series of recent cases was 5.5 months [5••]. In
children, most cases of PML have been reported in the
context of HIV, immunodeficiency or following bone
marrow transplantation. The risks of PML following
rituximab administration in children are not known and
seem extremely low in patients with ITP, but vigilance and
reporting of adverse events are necessary.

Reactivation of hepatitis B virus is another recognized
complication of immunosuppression or cytotoxic therapies,
even without rituximab [34]. Patients with lymphoma seem
to be at higher risk of hepatitis B virus reactivation than
patients with other cancers [34–36]. Similarly, patients with
rheumatologic disease receiving immunosuppressive thera-
py are also at increased risk of hepatitis B virus reactivation
after treatment with rituximab or other biologics [37].
Children with ITP and a normal immune system may be at
lower risk of hepatitis B virus. However, testing for
hepatitis B status is necessary before considering treatment
with rituximab, and if serology is indicative of past
infection rather than vaccination (ie, hepatitis B surface
antigen positive or hepatitis B core antibody positive),
rituximab probably should be avoided. If it is still deemed
an important therapy, then prophylaxis with lamivudine is
recommended, even in inactive carriers [38].

Effect of Rituximab on Vaccine Response

The influence of rituximab on vaccine responses is also
unclear. Two studies in patients with lymphoma suggest
defects after rituximab administration. Inadequate response to
T-cell-independent antigens such as pneumococcal polysac-

charide with a preserved T-cell-dependent response to tetanus
toxoid following rituximab was described in one study [39].
A second study described reduced recall response to tetanus
and polio, with absent primary response to keyhole limpet
hemocyanin and hepatitis A [40]. However, the patients in
these studies had also received cytotoxic treatment for
underlying lymphoma. In contrast, rituximab did not impair
an adequate response to two of three influenza virus antigens
in patients with rheumatoid arthritis (n=14), even during
profound B-cell depletion [41].

Despite the lack of effect of rituximab on the response to
influenza antigen, the manufacturer recommends that vaccines
be administered 4 weeks prior to the first dose of rituximab or
after B cells have returned. This may be especially relevant in
patients with ITP who may undergo splenectomy.

Respiratory Symptoms

Another rare side effect following rituximab administration is
respiratory distress syndrome. A teenage boy treated with
rituximab for nephritic syndrome on the background of focal
segmental glomerulosclerosis presented with progressive
dyspnea, fever, hypoxemia, and fatigue 18 days after
completion of a second course of rituximab. His symptoms
started while he was still on high-dose prednisolone.
Radiologic features included ground-glass infiltrates, and
bronchiolar lavage showed inflammatory cells. He recovered
after 3 weeks. A systematic review of the literature described
30 more cases in adults, with a median age of 64 years: 28 had
been treated for B-cell malignancy, one for graft-versus-host
disease, and one for ITP. Most patients (71%) had received
other chemotherapy in addition to rituximab. Symptoms
occurred between 11 and 22 days from rituximab administra-
tion, and high-dose steroids did not improve survival. Nine of
31 patients died (29%), with 11 being ventilated [42]. A
subsequent case report described an 8-month-old girl with
autoimmune hemolytic anaemia who developed interstitial
pneumonia with acute respiratory distress syndrome requir-
ing intensive care admission and extracorporeal membrane
oxygenation therapy for 37 days 7 months after rituximab
administration and having received high-dose steroids and
cyclophosphamide [43]. The pathology behind this side
effect is not known, although it has also been seen rarely
with intravenous anti-D treatment.

Cytopenias After Rituximab

Cytopenias, in particular neutropenia, have been described
following rituximab administration and can occur in up to
25% of adults receiving CHOP-R for B-cell lymphomas
[44]. This complication occurs less frequently following
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rituximab use for autoimmune conditions and has not been
described frequently in children. One report described
severe acute thrombocytopenia and neutropenia, respec-
tively, a few days after rituximab infusion in two children
with autoimmune hemolytic anemia. In both cases, the
cytopenia was reversible in a few days [45]. Although this
may not be common, we recommend concurrent therapy to
maintain a “safe” platelet count during the period of
treatment.

Use of Rituximab in Infants and Neonates

Although not systematically assessed, rituximab has been
used without ill effect in infants as young as 12 weeks old
[46]. Side effects may be more common in the younger age
group, with case reports of infectious complications and
death [29], but this may reflect the underlying disorder
requiring treatment. It has also been used inadvertently in
the fetus following emergency treatment with rituximab in
pregnancy for a variety of conditions. A summary of eight
case reports of rituximab given during pregnancy described
no adverse events for the fetus or neonate despite passage
of rituximab across the placenta. Rituximab was given at all
stages of gestation (week 1-week 34) and in this series,
babies were delivered around term (range, 33–41 weeks)
with no adverse effects. B cells were depleted in five of six
babies tested and normalized in at least two (the rest were
not reported). One child had normal levels of B cells
1 month after birth when the mother had been treated at
21 weeks. Vaccination titers after 10 months were adequate
in the four babies who were assessed, and immunoglobulin
levels were appropriate in three children. One child, whose
mother had received rituximab between weeks 30 and 34,
had low immunoglobulin levels at 1–2 months but good
recovery by 6 months. No infectious complications were
reported [47•].

Conclusions

Rituximab treatment in children with autoimmunity has
similar efficacy to that reported in adults. Depletion of B
cells occurs with standard doses and may occur just as
effectively with lower doses. Rituximab is well-tolerated,
although serum sickness may be more prevalent in children
than in adults.

Immunoglobulin levels probably fall, although not below
normal in the majority of children, although repeated doses
over many years may precipitate dangerously low levels,
especially if there is an underlying immunodeficiency.

Infectious complications were not reported in the larger
pediatric cohorts. However, case reports suggest that

unusual infections do occur. Infections are also more
frequently reported in patients with Evans syndrome and
in patients treated with multiple agents, such as steroids.
Hepatitis B, although less common in children, must be
checked before this therapy is considered, and vigilance for
signs of PML is needed. In addition, patients with an
underlying immunodeficiency are more predisposed to
infections and hypogammaglobulinemia; astute diagnosis
of ITP and exclusion of secondary causes is important
before considering treatment options.

Responses to vaccines may be suboptimal following
rituximab administration, although this has not been
systematically assessed. It has been recommended to give
vaccinations before therapy with rituximab or to delay
giving vaccines until B cells have returned.

Overall, in the immunocompetent child, rituximab seems
safe, even in the fetus inadvertently treated with B-cell
depletion, perhaps reflecting the relative use of the innate
immune system in children as well as the preservation of
the plasma cell.

Finally, should IVIG be given prophylactically in children
who have received rituximab? This has not been appropriately
investigated, and many doctors routinely give IVIG. Given
the low incidence of infections and that IgG levels generally
do not fall below normal, this may not be necessary, but there
is little evidence to support giving or withholding infusions of
IVIG. It is more likely that patients with preexisting
immunodeficiency, those receiving additional chemotherapy,
and very young children will benefit from IVIG. Long-term
follow-up of children treated with rituximab is important, and
compulsory reporting of adverse events is necessary to ensure
the continued safe prescription of rituximab.

Disclosure Dr. Cooper has served as a consultant on advisory
boards for and received honoraria from GlaxoSmithKline, Amgen,
Eisai, and Baxter International.

Dr. Bussel receives clinical research support from Amgen,
Cangene, GlaxoSmithKline, Genzyme, Immunomedics, Ligand Phar-
maceuticals, Eisai, and Sysmex Corp. He has also served on the
speakers’ bureau for France Foundation and on advisory boards for
Amgen, GlaxoSmithKline, Ligand Pharmaceuticals, and Shionogi &
Co. His family owns stock in Amgen and GlaxoSmithKline.

References

Papers of particular interest, published recently have been
highlighted as:
• Of importance
•• Of major importance

1. Protheroe A, Edwards JC, Simmons A, et al.: Remission of
inflammatory arthropathy in association with anti-CD20 therapy
for non-Hodgkin’s lymphoma. Rheumatology (Oxford) 1999,
38:1150–1152.

98 Curr Rheumatol Rep (2010) 12:94–100



2. Cohen SB, Emery P, Greenwald MW, et al.: Rituximab for
rheumatoid arthritis refractory to anti-tumor necrosis factor
therapy: results of a multicenter, randomized, double-blind,
placebo-controlled, phase III trial evaluating primary efficacy
and safety at twenty-four weeks. Arthritis Rheum 2006,
54:2793–2806.

3. McDonald V, Leandro M: Rituximab in non-haematological
disorders of adults and its mode of action. Br J Haematol 2009,
146:233–246.

4. Garvey B: Rituximab in the treatment of autoimmune haemato-
logical disorders. Br J Haematol 2008, 141:149–169.

5. •• Carson KR, Evens AM, Richey EA, et al.: Progressive
multifocal leukoencephalopathy after rituximab therapy in HIV-
negative patients: a report of 57 cases from the Research on
Adverse Drug Events and Reports project. Blood 2009,
113:4834–4840. This article describes 57 adults who developed
PML following treatment with rituximab. It highlights that the
condition is rare and that most patients who develop PML have
additional risk factors.

6. Kalpatthi R, Bussel JB: Diagnosis, pathophysiology and manage-
ment of children with refractory immune thrombocytopenic
purpura. Curr Opin Pediatr 2008, 20:8–16.

7. Imbach P: Refractory idiopathic immune thrombocytopenic
purpura in children: current and future treatment options. Paediatr
Drugs 2003, 5:795–801.

8. Nugent DJ: Controversies in the treatment of pediatric immune
thrombocytopenias. Blood Rev 2002, 16:15–17.

9. Cines DB, Blanchette VS: Immune thrombocytopenic purpura. N
Engl J Med 2002, 346:995–1008.

10. Tamminga R, Berchtold W, Bruin M, et al.: Possible lower rate of
chronic ITP after IVIG for acute childhood ITP an analysis from
registry I of the Intercontinental Cooperative ITP Study Group
(ICIS). Br J Haematol 2009, 146:180–184.

11. • Giulino LB, Bussel JB, Neufeld EJ: Treatment with rituximab in
benign and malignant hematologic disorders in children. J Pediatr
2007, 150:338–344, 344.e.1. This review summarizes the
responses to rituximab in the largest pediatric ITP studies.

12. Bennett CM, Rogers ZR, Kinnamon DD, et al.: Prospective phase
1/2 study of rituximab in childhood and adolescent chronic
immune thrombocytopenic purpura. Blood 2006, 107:2639–2642.

13. Wang J, Wiley JM, Luddy R, et al.: Chronic immune thrombo-
cytopenic purpura in children: assessment of rituximab treatment.
J Pediatr 2005, 146:217–221.

14. Rao A, Kelly M, Musselman M, et al.: Safety, efficacy, and
immune reconstitution after rituximab therapy in pediatric patients
with chronic or refractory hematologic autoimmune cytopenias.
Pediatr Blood Cancer 2008, 50:822–825.

15. Taube T, Schmid H, Reinhard H, et al.: Effect of a single dose of
rituximab in chronic immune thrombocytopenic purpura in
childhood. Haematologica 2005, 90:281–283.

16. Mueller BU, Bennett CM, Feldman HA, et al.: One year follow-
up of children and adolescents with chronic immune thrombocy-
topenic purpura (ITP) treated with rituximab. Pediatr Blood
Cancer 2009, 52:259–262.

17. Parodi E, Rivetti E, Amendola G, et al.: Long-term follow-up
analysis after rituximab therapy in children with refractory
symptomatic ITP: identification of factors predictive of a
sustained response. Br J Haematol 2009, 144:552–558.

18. • Arnold DM, Dentali F, Crowther MA, et al.: Systematic review:
efficacy and safety of rituximab for adults with idiopathic
thrombocytopenic purpura. Ann Intern Med 2007, 146:25–33.
This article is a systematic review of the response and side effect
profiles from the largest studies of rituximab in adult ITP.

19. Cooper N, Stasi R, Cunningham-Rundles S, et al.: The efficacy
and safety of B-cell depletion with anti-CD20 monoclonal

antibody in adults with chronic immune thrombocytopenic
purpura. Br J Haematol 2004, 125:232–239.

20. Lowndes S, Darby A, Mead G, Lister A: Stevens-Johnson
syndrome after treatment with rituximab. Ann Oncol 2002,
13:1948–1950.

21. Goto S, Goto H, Tanoshima R, et al.: Serum sickness with an
elevated level of human anti-chimeric antibody following treat-
ment with rituximab in a child with chronic immune thrombocy-
topenic purpura. Int J Hematol 2009, 89:305–309.

22. Bisogno G: Persistent B-cell depletion after rituximab for
thrombocytopenic purpura. Eur J Pediatr 2007, 166:85–86.

23. Cooper N, Davies EG, Thrasher AJ: Repeated courses of
rituximab for autoimmune cytopenias may precipitate profound
hypogammaglobulinaemia requiring replacement intravenous im-
munoglobulin. Br J Haematol 2009, 146:120–122.

24. • Rao VK, Price S, Perkins K, et al.: Use of rituximab for
refractory cytopenias associated with autoimmune lymphoproli-
ferative syndrome (ALPS). Pediatr Blood Cancer 2009, 52:847–
852. This article and that by Cooper et al. [23] describe
hypogammaglobulinemia occurring in children treated with
rituximab for autoimmune lymphoproliferative syndrome-
associated ITP.

25. Edwards JC, Leandro MJ, Cambridge G: B lymphocyte depletion
therapy with rituximab in rheumatoid arthritis. Rheum Dis Clin
North Am 2004, 30:393–403, viii.

26. van Oers MH, Klasa R, Marcus RE, et al.: Rituximab maintenance
improves clinical outcome of relapsed/resistant follicular non-
Hodgkin lymphoma in patients both with and without rituximab
during induction: results of a prospective randomized phase 3
intergroup trial. Blood 2006, 108:3295–3301.

27. Rafailidis PI, Kakisi OK, Vardakas K, Falagas ME: Infectious
complications of monoclonal antibodies used in cancer therapy: a
systematic review of the evidence from randomized controlled
trials. Cancer 2007, 109:2182–2189.

28. Quartier P, Tournilhac O, Archimbaud C, et al.: Enteroviral
meningoencephalitis after anti-CD20 (rituximab) treatment. Clin
Infect Dis 2003, 36:e47–e49.

29. Ng PC, Lee KK, Lo AF, et al.: Anti B cell targeted immunother-
apy for treatment of refractory autoimmune haemolytic anaemia in
a young infant. Arch Dis Child 2003, 88:337–339.

30. Streif W, Escuriola Ettingshausen C, Linde R, et al.: Inhibitor
treatment by rituximab in congenital haemophilia A—two case
reports [in German]. Hamostaseologie 2009, 29:151–154.

31. El-Hallak M, Binstadt BA, Leichtner AM, et al.: Clinical effects
and safety of rituximab for treatment of refractory pediatric
autoimmune diseases. J Pediatr 2007, 150:376–382.

32. Molloy ES, Calabrese LH: Progressive multifocal leukoencephal-
opathy in patients with rheumatic diseases: are patients with
systemic lupus erythematosus at particular risk? Autoimmun Rev
2008, 8:144–146.

33. Calabrese LH, Molloy ES: Progressive multifocal leucoencephal-
opathy in the rheumatic diseases: assessing the risks of biological
immunosuppressive therapies. Ann Rheum Dis 2008, 67(Suppl 3):
iii64–iii65.

34. Coiffier B: Hepatitis B virus reactivation in patients receiving
chemotherapy for cancer treatment: role of lamivudine prophy-
laxis. Cancer Invest 2006, 24:548–552.

35. Liang R: How I treat and monitor viral hepatitis B infection in
patients receiving intensive immunosuppressive therapies or
undergoing hematopoietic stem cell transplantation. Blood 2009,
113:3147–3153.

36. Yeo W, Chan TC, Leung NW, et al.: Hepatitis B virus reactivation
in lymphoma patients with prior resolved hepatitis B undergoing
anticancer therapy with or without rituximab. J Clin Oncol 2009,
27:605–611.

Curr Rheumatol Rep (2010) 12:94–100 99



37. Robinson H, Walker-Bone K: Anti-TNF-alpha therapy for
rheumatoid arthritis among patients with chronic hepatitis B
infection. Rheumatology (Oxford) 2009, 48:448–450.

38. Tsutsumi Y, Kanamori H, Mori A, et al.: Reactivation of hepatitis
B virus with rituximab. Expert Opin Drug Saf 2005, 4:599–608.

39. Horwitz SM, Negrin RS, Blume KG, et al.: Rituximab as adjuvant to
high-dose therapy and autologous hematopoietic cell transplantation
for aggressive non-Hodgkin lymphoma. Blood 2004, 103:777–783.

40. van der Kolk LE, Baars JW, Prins MH, van Oers MH: Rituximab
treatment results in impaired secondary humoral immune respon-
siveness. Blood 2002, 100:2257–2259.

41. Oren S, Mandelboim M, Braun-Moscovici Y, et al.: Vaccination
against influenza in patients with rheumatoid arthritis: the effect of
rituximab on the humoral response. Ann Rheum Dis 2008,
67:937–941.

42. Bitzan M, Anselmo M, Carpineta L: Rituximab (B-cell depleting
antibody) associated lung injury (RALI): a pediatric case and
systematic review of the literature. Pediatr Pulmonol 2009,
44:922–934.

43. Beretta C, Leoni V, Rossi MR, et al.: Prolonged extracorporeal
membrane oxygenation therapy for severe acute respiratory

distress syndrome in a child affected by rituximab-resistant
autoimmune hemolytic anemia: a case report. J Med Case Reports
2009, 3:6433.

44. Cattaneo C, Spedini P, Casari S, et al.: Delayed-onset peripheral
blood cytopenia after rituximab: frequency and risk factor
assessment in a consecutive series of 77 treatments. Leuk
Lymphoma 2006, 47:1013–1017.

45. Larrar S, Guitton C, Willems M, Bader-Meunier B: Severe
hematological side effects following rituximab therapy in chil-
dren. Haematologica 2006, 91(8 Suppl):ECR36.

46. Iesato K, Hatakeyama N, Yamamoto M, et al.: Treatment of an
infant with severe acute refractory immune thrombocytopenic
purpura using combination therapy including rituximab. Pediatr
Blood Cancer 2009, 53:203–205.

47. • Klink DT, van Elburg RM, Schreurs MW, van Well GT:
Rituximab administration in third trimester of pregnancy
suppresses neonatal B-cell development. Clin Dev Immunol
2008, 2008:271363. This article describes a case report of the
use of rituximab in pregnancy and summarizes the literature on
the effect of rituximab use during pregnancy on the fetus and
newborn.

100 Curr Rheumatol Rep (2010) 12:94–100


	The Long-term Impact of Rituximab for Childhood Immune Thrombocytopenia
	Abstract
	Introduction
	Childhood Immune Thrombocytopenia
	Clinical Studies/Response Rates to Rituximab
	Side Effects
	Infusion Effects
	Serum Sickness
	B-cell Depletion
	Immunoglobulin Levels
	Risk of Infections

	Effect of Rituximab on Vaccine Response
	Respiratory Symptoms
	Cytopenias After Rituximab
	Use of Rituximab in Infants and Neonates
	Conclusions
	References
	Papers of particular interest, published recently have been highlighted as: • Of importance •• Of major importance




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


