
Abstract. – OBJECTIVE: The present study in-
tends to investigate the efficacy and safety of
standard dose rituximab for treatment of refrac-
tory idiopathic thrombocytopenic purpura
(RITP) in children.

PATIENTS AND METHODS: A total of 50 cas-
es of children hospitalized with RITP in a hospi-
tal were enrolled in this study, and randomly di-
vided into two treatment groups according to the
therapeutic methods: rituximab group (n = 26)
and vincristine group (n = 24). Another 20
healthy children receiving physical examination
in the hospital during the corresponding period
were enrolled as the control group. Before treat-
ment the thrombocytes were counted with hema-
tology analyzer and the CD19+/CD20+ B cells in
peripheral blood tested with flow cytometry in
rituximab group. Then the children in the ritux-
imab group were given standard dose rituximab
at 375 mg/m2 via four weekly intravenous drip,
while those in vincristine group treated with vin-
cristine at 0.02 mg/kg by intravenous drip once a
week for three months. During the treatment the
adverse drug reactions were observed and
recorded. After the treatment, the efficacy of two
drugs was each evaluated, and the thrombo-
cytes and CD19+/CD20+ B cells in peripheral
blood of rituximab group were quantified in the
same way, and the children in both treatment
groups were followed up and the recurrence rate
recorded.

RESULTS: The total efficiency including com-
plete response and partial response in ritux-
imab group was significantly higher than that in
vincristine group (69.2% vs. 37.5%, χχ2 = 9.74, p
< 0.01). The prevalence rates of adverse reac-
tions were statistically indifferent between two
treatment groups during the therapy (11.5% vs.
8.3%, χχ2 = 0.62, p > 0.05). The follow-up visit
showed that the recurrence rate of rituximab
group including those showing complete re-
sponse and partial response was significantly
lower than that of vincristine group (22.2% vs.
55.6%, χχ2 = 7.24, p < 0.05). The peripheral blood
platelet number of children showing complete
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response and partial response in group of rit-
uximab was 106.7 ± 32.5 × 109/L after treatment
and significantly higher compared with that be-
fore treatment (t = 12.48, p < 0.01). The amount
of CD19+/CD20+ B cells in peripheral blood of
rituximab group after treatment was significant-
ly lower than that before treatment (t = 6.71, p >
0.05).

CONCLUSIONS: Rituximab may play a role in
the efficacy by depleting B cells and can cure
RITP in children without causing serious ad-
verse reactions.
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Introduction

Idiopathic thrombocytopenic purpura (ITP) is
a common hemorrhagic disease in childhood
with excessive platelet destruction caused by au-
toimmune disorder. Although about 70% of the
paediatric patients of ITP may achieve sponta-
neous improvement within 6 months1 or about
30.4% (17/56) children with chronic ITP
achieved the spontaneous improvement at an av-
erage age of 8.5 years2. However, 42.9% of pedi-
atric patients (24/56) turned into intractable prob-
lem in clinic2 or chronic refractory ITP (RITP)
with repeated attacks. The standard clinical ther-
apy for children with chronic RITP is corticos-
teroid therapy, intravenous immunoglobulins, an-
ti-D immune globulins, or splenectomy. The
treatment options are limited in the clinic to.

And more drugs are introduced for new im-
mune-adjustment treatment solution for ITP pa-
tients. However, there is still lack of unified and
more effective therapy of ITP, especially for those
below 3 years old and unable to response to glu-
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used during the treatment. The children in the
vincristine group were intravenously injected
with 0.02 mg/kg of vincristine (Shanghai
Hualian Pharmaceutical Co., Ltd.) for 8 hours
weekly for 3 months. The children in two groups
were simultaneously given with other sympto-
matic and supportive therapies.

Outcome Measures
1. Efficacy and adverse drug reactions. The ef-

ficacies of the treated children with drugs were
evaluated after treatment. The adverse drug re-
actions were observed and recorded during the
treatment. The efficacy was assessed accord-
ing to the routine rules[9,11]: a. complete re-
sponse: platelet count is over 150 × 109/L;
bleeding symptom is stopped; b. partial re-
sponse: platelet count is (50-150) × 109/L;
bleeding symptom is stopped; c. minimal re-
sponse: platelet count is elevated; bleeding
symptom is improved; d. no response: platelet
count (< 30 × 109/L) and bleeding symptom
are not improved. And the response rate covers
complete response and partial response.

2. Recurrence rate during follow-up visits. The
children in both rituximab and vincristine
groups were followed up and the recurrence
rate was collected in 6-24 months after treat-
ment. The recurrence was defined as the re-
covery of one or more of the following cases:
a. those achieved complete response, with
platelet count below 100 × 109/L or bleeding
symptom; b. those achieved partial response or
minimal response, with platelet count of below
50 × 109/L or platelet count increase below 2
folds of baseline or bleeding symptom.

3. Effects of rituximab on the number of
CD19+/CD20+ B cells in peripheral blood.
Three milliliters of fasting venous blood were
respectively sampled from children each in the
rituximab group before and after treatment,
while three milliliters of fasting venous blood
were drawn from children in the healthy con-
trol group during physical examination. The
presence of B cell-related surface markers in-
cluding CD19 and CD20 in the blood sample
was individually detected using the flow cy-
tometer (Beckman, Brea, CA, USA). Cellquest
software was used for analysis of the results.

Statistical Treatment
A database was established using SPSS 12.0

statistical software (SPSS Inc., Chicago, IL,
USA). A two-sample t-test was used for inter-

cocorticoid or n favor of other treatment instead
of splenectomy. Hopefully, a human-mouse
chimeric anti-CD20 monoclonal antibody, known
as rituximab, was initially applied in treatment of
recurrent low-grade malignant lymphoma and is
now used for treatment of autoimmune diseases
including RITP, forming an effective and safe
therapeutic approach for ITP including corticos-
teroid-resistant ITP3 by obviating or delaying the
need for a splenectomy and demonstrating some
efficacy4-5 in more than half of all adults and chil-
dren1,6-9. However, there are still lacks of closely
related randomly controlled trials of the clinical
safety and effectiveness of rituximab in treatment
of children with RITP in China. 

Patients and Methods

Clinical Data
Totally 50 children with RITP, 16 males and

34 females, at 9 months to 13 years of age (with
an average age of 5.6 ± 2.1 years), with a platelet
count at a baseline of 4.0-30.0 × 109/L (averaging
at 18 × 109/L)10, hospitalized between June 2007
and April 2011 were considered refractory[11] and
enrolled in this study since hormone or large
dose gamma globulins therapy was previously in-
effective or poorly effective for all the patients.
The duration of disease was from 11 months to 9
years before treatment, with an average of 2.3 ±
0.8 years. They were divided into two groups ac-
cording to different therapeutic methods: ritux-
imab group (n = 26) and vincristine group (n =
24). The distribution differences in age, sex,
course of disease, and peripheral blood platelet
count on admission were comparable and statisti-
cally indifferent between two treatment groups (p
> 0.05). Another 20 cases of healthy children
who, without tumor and autoimmune diseases,
received physical examination in the hospital
during the corresponding period, were enrolled
as the healthy control group. And the differences
in age and sex distributions between the healthy
control group and each of the treatment groups
were statistically indifferent (each at p > 0.05).

Therapeutic Method
The children in the rituximab group were in-

travenously injected with 375 mg/m2 of standard
dose rituximab (Mabthera, made by Roche,
Basel, Switzerland) weekly for 4 weeks. The im-
munosuppressive agents, chemotherapy drugs,
anticoagulants, hormonal shock therapy were not
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Treatments n Complete response Partial response Minimal response no response

rituximab group 26 11(42.3) 7(26.9) 3(11.5) 5(19.2)
vincristine group 24 3(12.5) 6(25.0) 4(16.7) 11(45.8)

Table I. Comparison of efficacy between treatment groups [n(％)]

group comparison of measured data. A chi-
square test was used for comparison of enumera-
tion data. The value of p < 0.05 was defined as
statistical difference.

Results

Efficacy and Adverse Drug Effects in
Treatment Groups

The response rate of rituximab group was sig-
nificantly higher than that of vincristine group
(69.2% vs. 37.5%, χ2 = 9.74, p < 0.01). The effi-
cacies were shown in Table I. 

During the treatment, there were 3 cases of
children with adverse drug reactions in the ritux-
imab group, including one case with mild rash
and 2 cases with abnormal liver and kidney func-
tion, and 2 cases of children with abnormal liver
and kidney function in the vincristine group. The
difference in the prevalence of adverse reactions
between two groups was not statistically signifi-
cant (11.5% vs. 8.3%, χ2 = 0.62, p > 0.05). And
no infection was found both in rituximab group
and in vincristine group.

Comparison of Follow-up Results in Two
Groups

During the follow-up visits of 6 to 24 months
four (22.2%, 4/18) children with RITP, including
complete response and partial response, were
found with recurrence in the rituximab group,
while five (55.6%, 5/9) children with FITP, includ-
ing complete response and partial response, with
recurrence in the vincristine group; the recurrence
rates were significantly different between two
treatment groups (χ2 = 7.24, p < 0.05).

Effects of Rituximab on Platelet Count 
and CD19+/CD20+B Cells in Children
with RITP

The children in the rituximab group were fur-
ther divided into the effective group (complete re-
sponse and partial response) and ineffective group
(minimal response and no response) according to
the efficacy. The peripheral blood platelet count

of children in the effective group after rituximab
treatment was significantly increased to (106.7 ±
32.5) × 109/L compared with that before treat-
ment (t = 12.48, p < 0.01). The difference in pe-
ripheral blood platelet count of children in the in-
effective group before and after treatment was not
statistically significant (t = 0.85, p > 0.05). The
number of CD19+/CD20+ B cells in peripheral
blood of children in both effective and ineffective
groups before treatment were significantly higher
than that in the healthy control group (t = 9.85 &
7.61, both at p < 0.01). The number of
CD19+/CD20+ B cells in peripheral blood of chil-
dren in the effective group after treatment was
significantly lower than that before treatment (t =
6.71, p < 0.05). The difference in the number of
CD19+/CD20+ B cells in peripheral blood of chil-
dren in the ineffective group before and after
treatment was statistically indifferent (t = 0.38, p
> 0.05). The results were shown in Table II.

Discussion

In recent years, the pathogenesis of ITP has
been considered to be closely related to the disor-
der of humoral immunity and accompanied by a
significant increase in B cells which have anti-
apoptotic activity and continuously produce a
large amount of anti-platelet autoantibodies. The
excessive antibodies lead to autoimmune disor-
der of thrombocytopenia and promote the occur-
rence and development of ITP. As a chimeric IgG
antibody, rituximab directly inhibits B cell
growth or induce B cell apoptosis. Rituximab ap-
pears safe and well-tolerated in children[9], and
26 children with 11 months to 9 years of RITP
before treatment in this study, including children
with complete response and partial response,
achieved significantly higher response rates in
standard dose rituximab group than in vincristine
group (69.2% vs. 37.5%, p < 0.01), indicating
rituximab instead of vincristine is a optimal ther-
apeutic regimen for children with RITP. Accord-
ing to a study in a small number of cases with the
rituximab doses from 50 to 375 mg/m2, lower
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doses were less likely to reach necessary re-
sponse rate than higher doses. Further, the treat-
ments with four once-weekly doses of 100 mg
and a single dose of at 375 mg/m2 of rituximab in
22 pediatric RITP patients achieved 45% and
59% of respond rate respectively in ITP
chileren1. In some studies the response with low-
er dose rituximab (100 mg/m2) is slower than
with standard dose (375 mg/m2) both at a basis of
four weekly administrations12. Also, the number
of peripheral blood platelet in this study was
markedly increased from initial average of 18 ×
109/L to 106.7 ± 32.5 × 109/L after therapy with
standard dose rituximab (t = 12.48, p < 0.01). A
much similar increase trend of platelet count was
found in a rituximab treatment at the same dose
for children with RITP in complete response
(15/24 cases) and partial response (2/24 cases)[9].
In this study the treatment with rituximab at stan-
dard dose of 375 mg/m2 realized a higher re-
sponse rate of 69.2%, indicating the standard
dose of rituximab is a preferred choice for pedi-
atric RITP cases. One of the strategies related to
doses in adults with RITP is the combination of
low-dose rituximab (100 mg/m2) and high-
dose dexamethasone (40 mg/d for four days) as
frontline therapy which achieved an overall re-
sponse of 90.5% at day 2813. Similar strategies
need to be studied in children with RITP. Other
researches indicated the response rates of 32%
(27 cases) and 63% (8 cases) in rituximab re-
spectively at a lower and the standard dose in
children at 2.0-19.0 years of age, with response
duration of 9-104 weeks1. The response rates of
69.2% in rituximab therapy of this study is also
higher than the above mentioned 63% and 32%,
implying that a higher dose or possibly the sam-
ple sizes or at least the both may affect the re-
sponse rates in clinical experiments. Therefore,
the response duration and the response rates of
rituximab by children with RITP need to be fur-
ther studied with a larger sample sizes in a pro-
longed observation period, because the delayed

responses may occur both in the lower dose and
in standard dose regimens12.

The difference in the occurrence of adverse re-
actions between two groups was statistically indif-
ferent during treatment (11.5% vs. 8.3%, p > 0.05).
It was demonstrated that rituximab therapy of chil-
dren with RITP had a definite efficacy without side
effects and no novel or substantial long-term clini-
cal toxicity was observed 5 years after administra-
tion11. And the recurrence rate of rituximab group
including complete response and partial response
was significantly lower than that of vincristine
group during follow-up visit (22.2% vs. 55.6%, p
< 0.05). Meanwhile, no infection was found either
in two treatment groups of this study or in other rit-
uximab therapy at standard dose where im-
munoglobulin levels of the children cases de-
creased to below the normal range9. Therefore, the
efficacy is coupled with the safety in the therapy of
pediatric RITP with standard dose rituximab.

It is traditionally considered that rituximab
killed B cells primarily by inducing B cell apop-
tosis or by mediating complement and antibody-
dependent cytotoxicity pathway. The pathway
was coordinated by complement’s Cq and Fc re-
ceptors of a variety of effector cells including
macrophages, T cells, and natural killer cells14,15.
Recent research suggested that standard dose rit-
uximab performed as an immunomodulating ad-
junct for treatment of RITP by eliminating B-
lymphocytes producing inhibitory ADAMTS-13
autoantibodies9,11. According to recent hypothe-
sis16 the rituximab-opsonized B cells will be rec-
ognized by monocytes and macrophages; these
effector cells would be diverted away from inter-
actions with autoimmune antibody complexes.
The number of CD19+/CD20+ B cells in peripher-
al blood of effective children and the number of
ineffective children with RITP before treatment
with rituximab were each significantly higher
than that of the healthy control group (t = 9.85
and 7.61, each at p < 0.01) in this study, demon-
strating an abnormal expression CD19+/CD20+ B

n platelet count  (109/L) CD19+/CD20+ B cells (%)

Effective
before treatment 18 21.5 ± 9.8 27.5 ± 4.7
after treatment 18 106.7 ± 32.5 12.4 ± 2.8

Ineffective
before treatment 8 22.6 ± 9.4 27.2 ± 5.1
after treatment 8 35.9 ± 11.9 25.8 ± 4.2

Healthy control 20 3(12.5) 11.6 ± 2.4

Table II. Quantity of peripheral platelet and CD19+/CD20+ B cells before and after treatment in rituximab group.
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cells and increased B cell activity in pediatric
RITP cases. The number of CD19+/CD20+ B cells
in the effective group was significantly decreased
after rituximab treatment, while the difference be-
fore and after treatment was significantly indiffer-
ent among the ineffective subjects. Administration
of rituximab at standard dose may play an indi-
rect therapeutic role in children with RITP by
short-term and long-term B-lymphocyte depletion
in children with RITP17. Although the serum sick-
ness may happen more in children than in adults
during therapy with rituximab, the appearance of
possible infection due to B-lymphocyte depletion
did not occur unless in those with an underlying
predisposition to infections17. However, the opti-
mal regimen and related factors affecting the effi-
cacy are to be further explored.

Conclusions

Standard dose rituximab at 375 mg/m2 is an
effective and preferred therapy for children with
RITP, without serious adverse reactions. It also
reduces the recurrence rate in children and be-
comes a new choice in the front-line treatment of
these children. 
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