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Abstract

Objective: We reviewed relevant research on rituximab (RTX) treatment for pediatric immune
thrombocytopenia (ITP) to elucidate the efficacy and safety of RTX.

Methods: Prospective clinical trials of RTX for the treatment of pediatric ITP were collected by
searching the PubMed, Cochrane Library, Web of Science, and OVID: EMBASE databases and
ClinicalTrials.gov. We examined rates of overall response (OR), complete response (CR), partial
response (PR), sustained response (SR), relapse (R), and adverse drug reaction (ADR). The
Methodological Index for Nonrandomized Studies scale was used, and sensitivity analyses were
performed.

Results: For five studies, including 100 patients, the pooled OR, CR, PR, SR, R, and ADR rates
were 52% (95% Cl: 0.36-0.77, I* = 78%), 52% (95% Cl: 0.41-0.67, I> = 45%), 18% (95% Cl: 0.10—
0.33, > =33%), 43% (95% Cl: 0.29-0.63, I>=0%), 25% (95% Cl: 0.06-0.96, I*=52%), and 30%
(95% Cl: 0.15-0.58, I* = 64%), respectively.

Conclusion: There is evidence, albeit low quality, that RTX may be a better second-line therapy
than splenectomy for children with ITP; however, its efficacy and safety need to be validated by
further high-quality clinical trials, such as randomized controlled trials.
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Introduction

Childhood immune thrombocytopenia
(ITP) is a pediatric autoimmune disease
characterized by low platelet counts
(<100 x 10°/L) arising from platelet-
associated autoantibodies.'? Children with
mild virus usually develop acute purpura
and mucosal bleeding, and most recover
spontaneously within 6 to 12 months.”*
Young children tend to have spontaneous
remission, but the incidence of spontancous
remission decreases with age.’
Epidemiological investigations of child-
hood ITP data suggest that the incidence
of ITP in children is 4.2 per 100,000 persons
annually. In the majority of ITP patients,
thrombocytopenia due to other primary
causes has been excluded; diagnostic meas-
ures include a complete patient history,
physical examination, blood count, and
peripheral blood smear. In particular, pedi-
atric patients with persistent or chronic ITP
should undergo quantitative immunoglobu-
lin (Ig) testing for basic measures. ITP is
rarely fatal, but it results in a lower quality
of life due to bleeding events and anxiety
of potential hemorrhage. Currently, in
accordance with the American Society of
Hematology (ASH) guidelines, first-line
treatment includes observation, corticoste-
roids, intravenous immunoglobulin (IVIG),
and anti-D immunoglobulin.**

Clinical manifestations related to bleed-
ing have occurred as a result of platelet
destruction and production disorders.
Regarding the mechanisms involved in
platelet lysis, B cells that produce

antiplatelet antibodies cannot be over-
looked. Widely distributed B cells lead to
antibody presence in the spleen, blood,
and bone marrow. CD20 often resides in
B cells, except in pro-B cells and plasma
cells. Therefore, treating ITP with B-cell
depletion management may be beneficial.>’
Rituximab (RTX), which is a chimeric anti-
CD20 antibody, is an off-label agent
used as a second-line therapy in children
with ITP, and it plays an important role
in the management of relapsed or refractory
ITP. Its mechanisms of action include
antibody-dependent cellular cytotoxicity,
complement-mediated cellular lysis, and
induction of apoptosis. Because of its
B-cell-depleting effect, RTX has been used
to treat several autoimmune conditions
such as ITP. Many reports have demon-
strated the efficacy and safety of RTX treat-
ment for patients with relapsed or
refractory ITP, and guidelines have recom-
mended RTX rather than splenectomy in
children after failure of first-line therapy.®
One systematic review showed that after
RTX treatment, the complete response
(CR) rate (platelet count >100 x 10°/L)
of primary pediatric ITP was 39%, and
the response rate (platelet
count > =30x10°/L) was 68%.% However,
a single-arm trial of RTX application in
chronic pediatric patients revealed that the
CR rate was lower than the previously
reported 39%.° Because the efficacy and
safety of RTX are ambiguous, we aimed
to clarify these two points by systematically
reviewing all available evidence.



Qu et al.

Material and methods

Ethics statement

Ethical approval for this meta-analysis was
deemed unnecessary because all data had
been previously published.

Search strategy

We searched four common medical data-
bases, including PubMed, Cochrane
Library, Web of Science, and OVID:
EMBASE (OVID: 1946 to October 5,
2019; EMBASE: 1996 to November 12,
2019). Articles were retrieved from the
first three databases from their inception
to November 12, 2019. The PubMed data-
base search was executed by combining (1)
the medical subject headings (MeSH) terms
“Adolescent” or “adolescent” or “Child” or
“child” or “Child, Preschool” or “child pre-
school” or “Infant” or “infant” or “age
before 187; (2) MeSH terms ITP or “immune
thrombocytopenia” or “thrombocytopenia”
or “Thrombocytopenia”, and (3) MeSH
terms  “Rituximab” or  “rituximab.”
Similar strategies were adapted for the
Cochrane Library, OVID: EMBASE, and
Web of Science searches. We also searched
ClinicalTrials.gov and found 13 related
studies.

Eligibility criteria

We filtered all prospective clinical trials.
The standard dose of RTX (375mg/m?
weekly for four doses) was applied in all
pediatric ITP patients. The age of patients
was limited to a range from 1 month to 18
years (before their 19th birthday). We con-
ducted pooled analyses on the overall
response (OR) rate. The secondary out-
comes were CR rate; partial response (PR)
rate; sustained response (SR) rate, meaning
that at 6 or 12 months or after the end of
treatment in clinical trials, the curative
effect of treatment remained unchanged

without recurrence; R rate; and adverse
drug reaction (ADR) rate. The studies
were limited to the English language. The
exclusion criteria were as follows: studies in
which the number of participants was <10;
studies for which there was no full text or
valid outcome data; and duplicate studies
and reviews. Based on the titles and
abstracts, studies were preliminarily select-
ed by one author. Then, two authors
screened  potentially eligible full-text
articles. If a dispute occurred, both authors
discussed the study and a third (senior)
author arbitrated. The study selection pro-
cess is shown in the Preferred Reporting
Items for Systematic Reviews and Meta-
Analyses (PRISMA) flowchart (Figure 1).

Data collection and quality assessment

Data extraction was independently carried
out by two authors. For this systematic
review and meta-analysis, the following
data were collected: (1) patient information
(age, sex, ITP stage); (2) study information
(first author, study region, study design,
number of patients, publication date); (3)
outcomes (OR, CR, PR, SR, R, and ADR
rates and their definitions); and (4) other
relevant information (dosage of RTX,
follow-up time, baseline platelet counts).
Any discrepancies in the data exaction pro-
cess were discussed with the senior author
until agreement was reached.

Because the included studies were single-
arm trials, we used the Methodological
Index for  Nonrandomized  Studies
(MINORS) scale as a quality assessment
tool to assess methodologic quality. For
noncomparative studies, the MINORS
scale includes eight items: a clearly stated
aim, inclusion of consecutive patients, pro-
spective collection of data, endpoints
appropriate to the aim of the study, unbi-
ased assessment of the study endpoint,
follow-up period appropriate to the aim of
the study, loss to follow-up less than 5%,
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Figure |. PRISMA flowchart showing the study selection process for the systematic review.
PRISMA, Preferred Reporting Items for Systematic reviews and Meta-Analyses.

and prospective calculation of the study
size. The items are scored as 0 (not
reported), 1 (reported but inadequate), or
2 (reported and adequate). The optimal
total score is 16.'"" Considering the small
number of studies, assessing publication
bias was deemed inappropriate.'!

Outcomes

In accordance with 2009 outcome criteria
for ITP from an international working

group, the CR rate was defined as any
platelet count >100 x 109/L and the
absence of bleeding. Some studies reported
a healthy platelet count to be between
100 x 10°/L and 150 x 10°/L, which was
acceptable for that time.'> However,
before 2009, the CR rate often referred to
any platelet count >150 x 10°/L. Therefore,
we collected data on the outcome criteria
as defined in each included study. The
definition of the R rate was a platelet
count §30><109/L after CR or PR.
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Furthermore, a platelet count >50 x 10°/L
was considered for PR. Different studies
had different definitions of SR, R, OR,
and ADR rates.

Data analysis

All statistical analyses were conducted
using R 3.6.1 software (https://www.R-proj
ect.org/). We used F* statistics and forest
plots to test heterogeneity. When the test
results showed P <50%, a fixed effect
model was adopted to analyze the collected
data, whereas when F°>50%, a random
effects model was used. To assess the stabil-
ity of the outcomes, we performed a sensi-
tivity analysis. In five studies, the number of
participants ranged from 10 to 36. They
were small studies; therefore, the statistical
data are subject to risk of reporting and
selection bias.

Results

Study selection and quality assessment

A total of 2390 citations were identified by
the search strategy. After excluding 467
duplicates, the remaining 1923 citations
were subjected to screening of the titles
and abstracts, after which 1881 were
excluded. The full texts of the final 42
articles were screened to identify eligible
articles (Figure 1). Because only one ran-
domized control trial (RCT) was included,
we ruled it out by discussion. In the end,
five prospective, single-arm trials were
enrolled in this meta-analysis. The funda-
mental characteristics of the studies are pro-
vided in Tables 1 and 2. All studies
underwent quality assessment (Table 3).

Efficacy and safety outcomes

Five studies,”'*'® including 100 pediatric

patients, reported efficacy and safety out-
comes associated with RTX; all studies
reported the OR rate. Both CR and PR

rates were reported in four studies.”'>'>!¢

The ADR rate was reported in three stud-
ies.”>!* SR and R were reported in only
two studies.'*'® In the single-arm synthesis,
with low heterogeneity, the CR, PR, and
SR rates were 52% (95% CI: 0.41-0.67,
P=0.14, P =45%), 18% (95% CI: 0.10-
0.33, P=0.21, ’=33%), and 43% (95%
CI: 0.29-0.63, P=0.46, 12:0%), respec-
tively, under the fixed-effects model.
Because of high heterogeneity, other out-
comes included the OR (52%, 95% CI:
0.36-0.77, P<0.01, F=78%), R (25%,
95% CI: 0.06-0.96, P=0.15, I*=52%),
and ADR (30%, 95% CI: 0.15-0.58,
P=0.06, ’=64%) under the random
effects model. The associated forest plots
are shown in Figure 2. In the included
trials, the most common adverse reactions
reported were serum conditions such as
decreased IgM or depletion of peripheral
B cells. One trial showed that itching and
scratching occurred in patients during RTX
infusion. Fortunately, the adverse reactions
were mild and reversible in most cases.
Therefore, RTX is beneficial for some pedi-
atric patients with severe, chronic ITP.
Further clinical trials in children are
needed to confirm these results.

Sensitivity analyses

To assess heterogeneity, we deleted each
clinical trial individually to determine
whether the results differed significantly
from the original results. If significant dif-
ferences were found, the eliminated clinical
trial could be considered a source of hetero-
geneity. All results are presented in
Figure 3. As an example, in Figure 2a, the
overall response was 0.52 (95% CI: 0.36—
0.77); when the study by Wang et al.
(2005)"* was deleted, the resulting overall
response was 0.46 (95% CI: 0.25-0.82),
resulting in no significant difference. Thus,
the sensitivity analysis results of the
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Table 2. Outcomes assessed (number assessed/total number of patients) in each of the studies.
Outcome

Study OR CR PR SR R ADR

Wang et al,, 20053 1724 15/24 2/24 9/24 1124

Bennett et al., 2006'* 11/36 /11 6/36

Dogan et al., 2009'* 3/10 2/10 1710 3/10

Citak and Citak, 2011'® 10/12 6/12 4/12 6/12 4/10

Ansari et al., 2014’ 8/18 6/18 2/18

OR, overall response; CR, complete response; PR, partial response; SR, sustained response; R, relapse; ADR, adverse drug

reaction.

Table 3. Methodological Index for Nonrandomized Studies (MINORS) scores for the included studies.

Wang Bennett Dogan Ansari

etal, etal, etal, Citak and etal,
Item 2005 2006 ' 2009'"° Citak, 2011'¢ 2014’
Clear aims 2 2 | | 2
Inclusion of consecutive patients 2 2 | | 2
Prospective 2 2 2 2 2
Appropriate endpoints 2 2 2 2 2
Unbiased estimate of endpoint 0 0 0 0 0
Appropriate follow-up 2 2 2 2 2
Lost to follow-up <5% 2 2 2 2 2
Prospective sample size 0 2 0 0 0

calculation

Final score 12 14 10 10 12
Maximum score 16 16 16 16 16

Scores =0 (not reported), | (reported but inadequate) or 2 (reported and adequate). The total ideal score is 16. Although
the article scores were low, they all had relevant outcomes.

included trials were consistent and the data
were appropriate.

Discussion

This meta-analysis aimed to evaluate the
efficacy and safety of a standard dose of
RTX for children with ITP. Our results
indicated that the CR rate was 52%,
which is higher than the 39% reported in
a previous study.® In our study, we devel-
oped strict inclusion and exclusion criteria
and excluded trials with fewer than 10 par-
ticipants. We used the R software for

analysis, and the CR rate was 52%, the P
value was 45%, and P=0.14. The homoge-
neity of our study was better than that
of previous studies. Four additional studies
confirmed CR rates from 39% to 63%,'" >’
so our rate of 52% was within this range.
Some ADRs associated with RTX, such as
fever, itching, scrapes, joint pain, and rash,
were mild and reversible in the included
studies, and only a few pediatric ITP
patients who accepted RTX therapy experi-
enced serum sickness. In the study by
Parodi et al.'”, 49 children with ITP
received RTX  therapy, and nine
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Figure 2. Meta-analysis results of (a) overall response, (b) complete response, (c) partial response, (d)
relapse, (e) sustained response, and (f) adverse drug reactions in the five papers evaluated: Wang et al.

(2005),'® Bennett et al. (2006),'* Dogan et
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al. (2009),' Citak and Citak (2011),'® and Ansari et al. (2014)°
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Figure 3. Sensitivity analysis results of (a) overall response, (b) complete response, (c) partial response, (d)
relapse, (e) sustained response, and (f) adverse drug reactions in the five papers evaluated: Wang et al.
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experienced only mild transitory side
effects, resulting in an ADR rate of
18.4%. To assess safety, we also calculated
the incidence of adverse events in three
studies,'> > which was 30%. Compared
with Parodi et al.,'” these studies reported
increased incidence rates of adverse events.
Different ADR rates indicate that RTX
should be initiated cautiously for pediatric
ITP. In addition to the standard dose, some
studies also reported that a low dose (100
mg flat dose weekly for 4 weeks) or two
fixed doses (1000 mg on days 1 and 15) of
RTX was effective for ITP.

In the study by Zaja et al.,>' 57 adult
patients with ITP were split into two
groups: 32 patients received a standard
dose of RTX and 25 patients received
low-dose RTX. The results showed that
the OR rate in the standard dose RTX
group was higher than that in low-dose
RTX group (66% vs. 52%); the duration
of response was longer in the standard-
dose group than in the low-dose group. A
standard dose of RTX may be suitable to
treat ITP patients in the long term.>' The
OR rate was 43.5% (47/108) in Tran et al.*?
In that study, the efficacy of two fixed doses
of RTX in ITP patients was similar to that
in patients who received the standard dose
of RTX. Our results showed that the OR,
PR, SR, and R rates in pediatric ITP were
52%, 18%, 43%, and 25%, respectively.
Published OR rates in pediatric ITP
patients varied widely, ranging from 31%
to 70%.7!7202324 One study showed that
OR may be positively associated with the
proportion of secondary ITP, and the uni-
variate analysis revealed that secondary
ITP was a predictor of RTX response
(odds ratio 6.8, P<0.01).>> There are
many varieties of second-line therapeutic
agents for childhood ITP. In an RCT by
Dai et al.,*® healthy children (n=20) were
used as the control group, and 50 children
with refractory ITP were randomly divided
into an RTX group (n=26) and a

vincristine group (n=24). The results
showed that the OR rate of the RTX
group (69.2%) was greater than that of
the vincristine group (37.2%), and recur-
rence in the RTX group was lower than
that in the vincristine group. Thus, RTX
is more suitable than vincristine to treat
children with refractory ITP. PR rates
varied from 6% to 27%,'”?* and our PR
rate was in line with previously reported
rates. Because pediatric ITP has a good
chance of resolving spontaneously, and
splenectomy has a higher risk of infection
than RTX treatment, the ASH guideline
panel recommends using RTX rather than
splenectomy as the second-line treatment in
children with ITP following first-line thera-
py failure.®

According to this meta-analysis,
although the quality of individual studies
was not high, RTX as a second-line agent
results in a good treatment response in chil-
dren with ITP. Pediatric ITP has a low risk
of bleeding, and the rate of severe bleeding
in children was only 20.2%:2>2° however,
the small number of patients makes high-
quality research difficult. Additional con-
trolled prospective trials are urgently
needed to verify the efficacy and safety of
RTX.

Conclusions

Because of the small number of clinical trials
available, most of which were single-arm studies,
we obtained data from only five clinical trials
showing that RTX has a therapeutic effect on
pediatric ITP. However, some heterogeneity
was found in our studies, and we hope that
more clinical trials will be conducted to further
explore the results.

Authors’ contributions

ZPZ and MQ designed this research project;
MQ, JZ, and SJY contributed to the application
software, data analysis, and data interpretation;
and MQ and ZPZ prepared the manuscript. All
authors participated in writing of relevant



Qu et al.

sections of the manuscript. All authors read and
approved the manuscript and agree to be
accountable for all aspects of the research in
ensuring that the accuracy or integrity of any
part of the work are appropriately investigated
and resolved.

Availability of data and materials

The datasets used during the present study are
available from the corresponding author upon
reasonable request.

Declaration of conflicting interest

The authors declare that there is no conflict of
interest.

Funding

This work was supported in part by grants from
National Natural Science Foundation of China
(81860031, 81560029, 81260091), Yunnan
Provincial Science and Technology Department-
Kunming Medical University Joint Special
Foundation (2018FE001-233, 2018FE001-049),
Training Plan of Yunnan Medical Leaders (L-
2017005), Kunming Medical University Medical
Innovation Team (CXTD201615), and Research
Projects of Yunnan Province (2016NS245).

References

1. Heitink-Pollé KM, Nijsten J, Boonacker
CW, et al. Clinical and laboratory predictors
of chronic immune thrombocytopenia in
children: a systematic review and meta-
analysis. Blood 2014; 124: 3295-3307.

2. Audia S, Mahévas M, Samson M, et al.
Pathogenesis of immune thrombocytopenia.
Autoimmun Rev 2017; 16: 620-632.

3. Schmidt DE, Heitink-Polle KMJ,
Laarhoven AG, et al. Transient and chronic
childhood immune thrombocytopenia are
distinctly affected by Fc-gamma receptor
polymorphisms.  Blood Adv 2019; 3:
2003-2012.

4. Provan D, Arnold DM, Bussel JB, et al.
Updated international consensus report on
the investigation and management of

10.

11.

12.

13.

14.

primary immune thrombocytopenia. Blood
Adv 2019; 3: 3780-3817.

. Cines DB, Bussel JB, Liebman HA, et al.

The ITP syndrome: pathogenic and clinical
diversity. Blood 2009; 113: 6511-6521.

. Neunert C, Terrell DR, Arnold DM, et al.

American Society of Hematology 2019
guidelines for immune thrombocytopenia.
Blood Adv 2019; 3: 3829-3866.

. Patel VL, Mahévas M, Lee SY, et al.

Outcomes 5 years after response to rituxi-
mab therapy in children and adults with
immune thrombocytopenia. Blood 2012;
119: 5989-5995.

. Liang Y, Zhang L, Gao J, et al. Rituximab

for children with immune thrombocytope-
nia: a systematic review. PLoS One 2012;
7: €36698.

. Ansari S, Rostami T, Yousefian S, et al.

Rituximab efficacy in the treatment of chil-
dren with chronic immune thrombocytope-
nic purpura. Pediatr Hematol Oncol 2014;
31: 555-562.

Slim K, Nini E, Forestier D, et al.
Methodological index for non-randomized
studies (minors): development and valida-
tion of a new instrument. ANZ J Surg
2003; 73: 712-716.

Sterne JAC, Hernan MA, McAleenan A,
et al. Chapter 25: Assessing risk of bias in
a non-randomized study. In Cochrane
Handbook  for  Systematic  Reviews of
Interventions version 6.1 (updated
September 2020). Higgins JPT, Thomas J,
Chandler J, Cumpston M, Li T, Page MJ,
Welch VA (editors). Cochrane, 2020.
Available from www.training.cochrane.
org/handbook.

Rodeghiero F, Stasi R, Gernsheimer T, et al.
Standardization of terminology, definitions
and outcome criteria in immune thrombocy-
topenic purpura of adults and children:
report from an international working
group. Blood 2009; 113: 2386-2393.

Wang J, Wiley JM, Luddy R, et al. Chronic
immune thrombocytopenic purpura in chil-
dren: assessment of rituximab treatment.
J Pediatr 2005; 146: 217-221.

Bennett CM, Rogers ZR, Kinnamon DD,
et al. Prospective phase 1/2 study of rituxi-
mab in childhood and adolescent chronic


http://www.training.cochrane.org/handbook
http://www.training.cochrane.org/handbook

Journal of International Medical Research

15.

16.

17.

18.

19.

20.

immune thrombocytopenic purpura. Blood
2006; 107: 2639-2642.

Dogan M, Oner AF, Acikgoz M, et al.
Treatment of chronic immune thrombocyto-
penic purpura with rituximab in children.
Indian J Pediatr 2009; 76: 1141-1144.

Citak EC and Citak FE. Treatment results
of children with chronic immune thrombo-
cytopenic purpura (ITP) treated with ritux-
imab. J Trop Pediatr 2011; 57: 71-72.
Parodi E, Rivetti E, Amendola G, et al.
Long-term follow-up analysis after rituxi-
mab therapy in children with refractory
symptomatic ITP: identification of factors
predictive of a sustained response. Br J
Haematol 2009; 144: 552-558.

Dierickx D, Verhoef G, Van Hoof A, et al.
Rituximab in auto-immune haemolytic
anaemia and immune thrombocytopenic
purpura: a Belgian retrospective multicentric
study. J Intern Med 2009; 266: 484-491.
Oved JH, Lee CSY and Bussel JB.
Treatment of children with persistent and
chronic idiopathic thrombocytopenic purpu-
ra: 4 infusions of rituximab and three 4-day
cycles of dexamethasone. J Pediatr 2017;
191: 225-231.

Dai WIJ, Zhang RR, Yang XC, et al.
Efficacy of standard dose rituximab for
refractory idiopathic thrombocytopenic pur-
pura in children. Eur Rev Med Pharmacol
Sci 2015; 19: 2379-2383.

21.

22.

23.

24.

25.

26.

Zaja F, Volpetti S, Chiozzotto M, et al.
Long-term follow-up analysis after rituxi-
mab salvage therapy in adult patients with
immune thrombocytopenia. Am J Hematol
2012; 87: 886-889.

Tran H, Brighton T, Grigg A, et al. A multi-
centre, single-arm, open-label study evaluat-
ing the safety and efficacy of fixed dose
rituximab in patients with refractory,
relapsed or chronic idiopathic thrombocyto-
penic purpura (R-ITP1000 study). Br J
Haematol 2014; 167: 243-251.

Grace RF, Bennett CM, Ritchey AK, et al.
Response to steroids predicts response to rit-
uximab in pediatric chronic immune throm-
bocytopenia. Pediatr Blood Cancer 2012; 58:
221-225.

Mueller BU, Bennett CM, Feldman HA,
et al. One year follow-up of children and
adolescents with chronic immune thrombo-
cytopenic purpura (ITP) treated with ritux-
imab. Pediatr Blood Cancer 2009; 52:
259-262.

Neunert C, Noroozi N, Norman G, et al.
Severe bleeding events in adults and children
with primary immune thrombocytopenia: a
systematic review. J Thromb Haemost 2015;
13: 457-464.

Labarque V and Van Geet C. Clinical prac-
tice: immune thrombocytopenia in paediat-
rics. Eur J Pediatr 2014; 173: 163-172.



	table-fn1-0300060520962348
	table-fn2-0300060520962348
	table-fn3-0300060520962348

