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Key Points

• Rituximab plus recombinant
human thrombopoietin
is superior to rituximab
monotherapy for
corticosteroid-resistant or
relapsed ITP patients.

This study aimed to compare the efficacy and safety of rituximab (RTX) plus re-

combinant human thrombopoietin (rhTPO) with RTX alone in patients with immune

thrombocytopenia (ITP) who had failed to respond to corticosteroids or relapsed.

Recruited patients were randomized at a ratio of 2:1 into 2 groups: the combination

group (RTX 1 rhTPO, n 5 77) and the monotherapy group (RTX, n 5 38). Overall

response was achieved in 79.2% of patients in the combination group vs 71.1% in the

monotherapy group (P 5 .36), and the complete response (CR) rate was 45.4% in the

combination group compared with 23.7% in the monotherapy group (P 5 .026). The

combination group had significantly shorter time to response (TTR; median and range,

7 and4-28days) comparedwith themonotherapygroup (28 and4-90days) (P< .01). Therewasnodifferencebetween these2groups

in terms of the long-term response (P 5 .12). Our findings demonstrated that the combination of RTX and rhTPO significantly

increased the CR rate and shortened TTR comparedwith RTXmonotherapy in the treatment of corticosteroid-resistant or relapsed

ITP but failed to show a beneficial effect on the long-lasting response. This study is registered at www.clinicaltrials.gov as

#NCT01525836. (Blood. 2015;125(10):1541-1547)

Introduction

Immune thrombocytopenia (ITP) is an autoimmune disorder in which
both increased platelet destruction and insufficient platelet production
are involved.1-5 Corticosteroids and intravenous immunoglobulin are
recommended as the first-line treatments of ITP6; however, approxi-
mately one-third of ITP patients fail to respond. Besides, a certain
amount of ITP patients relapse and require further therapy after one
or more treatment strategies (eg, corticosteroids, intravenous immu-
noglobulin, cyclosporin, danazol, azathioprine, or splenectomy).7

The optimal second-line treatment remains uncertain.8

Rituximab (RTX), a chimeric monoclonal antibody against
CD20, has been frequently used in the management of ITP9,10

and recommended as a second-line6 or suggested as a grade 2C7

treatment of ITP. During the past decade, clinical studies on RTX
have demonstrated an initial response rate of 50% to 60%, a
sustained response rate of 20%, and a median time to response

(TTR) of 5.5 weeks in ITP.11-13 Recently, several studies eval-
uated low-dose RTX at a fixed dose of 100mgweekly for 4 weeks
in ITP patients and found that the response rate was similar to that
with standard-dose RTX (375 mg/m2 3 4).14-16

Thrombopoietin (TPO) receptor agonists (romiplostim17 and
eltrombopag18,19) have been approved by the US Food and Drug
Administration and recommended as second-line options for the
management of ITP.6 Platelet response is usually rapid (within 1-3
weeks)17-19 and can be maintained during treatment; however,
once the medication is stopped, platelet counts commonly drop to
pretreatment levels. Recombinant human thrombopoietin (rhTPO),
a full-length and glycosylated TPO developed by 3SBIO (Shenyang,
China), was approved by the China State Food and Drug Admin-
istration as a second-line option for ITP. A multicenter randomized
open-label phase 3 clinical trial assessing the efficacy of rhTPO in
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corticosteroid-resistant or relapsed ITP patients has demonstrated that
rhTPO rapidly increased platelet counts.20

RTX in combination with rhTPOmight overcome the long TTR
of RTX and drug-dependent response of rhTPO. Furthermore, these
2 drugs could work synergistically based on themechanism of action
targeting both increased platelet destruction and insufficient platelet
production. Therefore, our hypothesis is that RTX and rhTPO could
complement each other in terms of both the time window and mech-
anism of action. We evaluated the efficacy and safety of low-dose
RTX plus rhTPO in corticosteroid-resistant or relapsed ITP patients
in a multicenter randomized open-label clinical trial.

Methods

Study design

Theprimaryobjectivewas to compare the efficacyandsafetyofRTXplus rhTPO
with RTX monotherapy in corticosteroid-resistant or relapsed ITP patients. We
conducted an open-label prospective randomized controlled clinical trial in
12 centers in China. Patient enrollment started in January 2012 and ended in
December 2013. Approval for the study was obtained from the ethics
committees of all participating hospitals. Informed consentwas obtained from
each patient in accordance with the Declaration of Helsinki.

Patients

The diagnosis of ITP was based on established practice guidelines.5 Inclusion
criteria were described as follows: isolated thrombocytopenia (platelet
count,303 109/L), bonemarrow examination showing normal leukocytes
and erythrocytes and a normal or increased number of megakaryocytes
(all patients underwent a bone marrow examination for the exclusion of
myelofibrosis or other thrombocytopenic disorders), normal spleen size,
Eastern Cooperative Oncology Group performance status #2, and relapse
after or no response to at least 1 full course of steroid therapy. Exclusion
criteria were secondary ITP; drug-induced thrombocytopenia; virus-induced
thrombocytopenia, such as HIV, hepatitis B virus, or hepatitis C virus; severe
dysfunction of heart, kidney, liver, or lung; severe immunodeficiency;
pregnancy or lactation; and myelofibrosis. Patients who had previously been
treated with rituximab were ineligible. Previous treatments for ITP (eg,
corticosteroids, splenectomy, and cyclosporin) must have failed and been
completed at least 4 weeks prior to enrollment.

Platelet antibody testing was performed using a modified monoclonal
antibody-specific immobilization of platelet antigens assay as previously
published.21 Briefly, platelets from healthy blood donors (blood group O)
were sensitized with tested or control plasma. Diluted sensitized platelet
lysate was added in duplicate into the wells of a microtiter plate coated with

the monoclonal antibodies SZ2 or P2. Immunoglobulin G bound to the
captured glycoproteins was detected. p-Nitrophenyl phosphate was used
as substrate and the absorbance was recorded at 405 nm using. Four
normal plasmas were analyzed on each plate, and an absorbance above
the mean 1 3 standard deviations of the controls was considered as
a positive reaction.

We performed the assessment of bleeding according to the reported
scoring system by the Gruppo Italiano Malattie EMatologiche dell’Adulto
ITPWorking Party.22 Bleeding severity was graded as follows: (1) grade 0:
absence of bleeding, (2) grade 1: petechiae, (3) grade 2: ecchymoses and/or
dripping with moderate loss of blood, (4) grade 3: major mucous hem-
orrhage with copious loss of blood without sequelae, and (5) grade 4: major
mucous and/or parenchymal hemorrhage with copious loss of blood with
sequelae and/or life-threatening or death.

Treatment strategies

Eligible patients were randomized 2:1 by precoded envelopes to receive
either the combination of RTX and rhTPO or RTX alone. RTXwas given at
a fixed dose of 100 mg weekly for 4 weeks. For the combination group,
rhTPOwas given concomitantly at a daily dose of 300U/kg subcutaneously
during the first 14 days. The dose frequency of rhTPO was adjusted as
follows: (1) rhTPOwas given once a day at the beginning to achieve platelet
response (platelets$303 109/L), (2) rhTPO was administered every other
day when platelets ascended above 100 3 109/L, and (3) withdrawal of
rhTPO could be performed when platelets rose above 300 3 109/L in
,14 days.

Study outcomes

The primary end points were complete response (CR), response (R), no
response (NR), and relapse during the follow-up period. Secondary end
points included TTR, time to relapse (duration of response), and adverse
events. The criteria for response were defined as follows: (1) CR: platelet
count $100 3 109/L and absence of bleeding, (2) R: platelet count
$30 3 109/L and at least 2-fold increase of the baseline platelet count
and absence of bleeding, and (3) NR: platelet count,303 109/L or,2-fold
increase of the baseline platelet count or bleeding. Loss of CR (or R) was
defined as a platelet count,1003 109/L (or 303 109/L) measured on 2
occasions more than 1 day apart and/or the presence of bleeding.7 TTR
and time to relapse (duration of response) were defined as the time from
baseline to response and the duration from response (CR and R) to relapse,
respectively. Response (CR and R) lasting for at least 6 months without
any ITP-specific treatments was regarded as sustained response. During
the follow-up period, patients were not allowed to receive concomitant
medications. Platelet counts were monitored weekly during the first
month of treatment, then at biweekly intervals up to the sixth month and
monthly thereafter. Adverse events were recorded and graded according
to the Common Toxicity Criteria version 2.0.

Figure 1. Flowchart indicating the 2 randomized

groups.
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Statistical analysis

Differences in achieving CR, R, NR, or relapse between the 2 groups and
differences in adverse events were analyzed by the Fisher’s exact test. For
descriptive statistics, the Mann-WhitneyU test, Wilcoxon signed-rank test, and
Fisher’s exact test were used. Logistic regression was used to estimate the asso-
ciation of patients’ age, gender, and presence of autoantibodies with response or
relapse. P values below .05 were considered statistically significant.

Results

Patient enrollment and follow-up

Patients were enrolled into this study from January 2012 to December
2013. A total of 123 patients were recruited and randomized to receive
RTX1 rhTPO (n5 83) or RTX alone (n5 40). Reasons for exclusion
included withdrawn consent (n 5 6) and secondary ITP (n 5 2; one
patient was diagnosed with lymphoma in the second week after en-
rollment, and the other patient had aplastic anemia but was atypical
in the initial bone marrow examination). A total of 115 cases were an-
alyzed, with 77 cases in the RTX 1 rhTPO group and 38 cases in
the RTX group (Figure 1). The median (range) follow-up time in the
RTX 1 rhTPO group and the RTX group was 15 (3-27) months and
13 (6-27)months, respectively. During the follow-up period, responses
were evaluated and adverse events were recorded. All patients (except
one who died in the third month) were followed for at least 6 months.

As shown in Table 1, there were 50 (64.9%) female patients in the
RTX 1 rhTPO group and 25 (65.8%) female patients in the RTX
group. The median age (range) of patients in the RTX1 rhTPO group

and the RTX group was 42 (13-82) years and 42.5 (12-68) years,
respectively. The median platelet count at the time of enrollment was
93109/L (0-303109/L) in theRTX1 rhTPOgroupand12.53109/L
(2-303109/L) in theRTXgroup, respectively. Therewasnodifference
in the frequency of platelet glycoprotein autoantibodies between these
2 groups (Table 2).

The median duration (interquartile range and range) of ITP from
the time of diagnosis to enrollment was 12.5months (7; 22 and 3-72) in
the RTX1 rhTPO group and 11 months (6; 23 and 3-65) in the RTX
group, respectively (Table 1). The median number (range) of previous
therapieswas2 (1-5) in theRTX1 rhTPOgroupand2 (1-4) in theRTX
group.More than 60% patients in both groups received 2 or 3 therapies
before the enrollment. Among all patients, high-dose dexamethasone
was the most commonly used previous therapy, and the second most
commonly used treatment was prednisone. There were 9 splenecto-
mized patients in the RTX 1 rhTPO group and 3 in the RTX group.
The median time (range) from splenectomy to enrollment of these
12 patients was 7 months (3-22 months). No patients had previously
received RTX administration.

Bleeding assessment was performed. On the day of enrollment,
most patients in both groups were graded with a score of 1 with
petechiae or a score of 2 with ecchymosis (Table 1). One patient was
gradedwith a score of 4with cerebral hemorrhage based on the result
of magnetic resonance imaging in the RTX1 rhTPO group. During
the follow-up period, the worst bleeding score of patients was
recorded (Table 3). The relief of bleeding symptoms was consistent
with the elevated platelet levels.

Responses

At the endof the secondmonthof the initial treatment,CRwas achieved
in 45.4% (35/77) of patients in theRTX1 rhTPOgroup comparedwith
18.4% (7/38) in theRTXgroup (P, .01).During the follow-up period,
2 patients in the RTX group initially stabilized at R and subsequently
improved toCR at the thirdmonth. Therefore, CRwas achieved in total
45.4% (35/77) of patients in the RTX1 rhTPO group compared with
23.7% (9/38) in the RTX group (P5 .026) (Table 4), suggesting that
the combination ofRTXand rhTPOsignificantly increased theCR rate.
The overall response rate was 79.2% (61/77) in the RTX 1 rhTPO
group and 71.1% (27/38) in theRTXgroup (P5 .36).Age, gender, and
the presence of autoantibodieswere not associatedwith response rate or
relapse as analyzed by logistic regression.

In patients who had achieved CR and R, the median (range) TTR
was 7 days (4-28 days) in the RTX1 rhTPO group compared with 28
days (4-90 days) in theRTXgroup (P, .01) (Table 4). Consistentwith
our hypothesis, the combinationof these 2drugs significantly shortened
TTR.

As shown in Table 4 and Figure 2, the response rate at 6 months in
the RTX 1 rhTPO group was 67.2% (41/61) compared with 55.6%
(15/27) in the RTX group (P 5 .34). Sustained response was main-
tained for 12months in 44.3% (27/61) of patients in the RTX1 rhTPO
group and 29.6% (8/27) of patients in the RTX group (P5 .24). Fur-
thermore, 24.6% (15/61) of patients in the RTX 1 rhTPO group and

Table 1. Baseline characteristics of patients enrolled in the study

Characteristics
RTX 1 rhTPO

(n 5 77)
RTX

(n 5 38)

Age (y), median (range) 42 (13-82) 42.5 (12-68)

Female/male, % (n) 64.9 (50)/35.1 (27) 65.8 (25)/34.2 (13)

Baseline platelet count (109/L),

median (range)

9 (0-30) 12.5 (2-30)

ITP duration (mo)

Median 12.5 11

IQR 7, 22 6, 23

Range 3-72 3-65

Previous therapies, % (n)

Dexamethasone 55.8 (43) 50.0 (19)

Prednisone 40.3 (31) 34.2 (13)

Methylprednisolone 14.3 (11) 21.0 (8)

IVIG 19.5 (15) 18.4 (7)

Vincristine 6.5 (5) 0

rhTPO 7.8 (6) 5.3 (2)

Cyclosporin 3.9 (3) 2.6 (1)

Danazol 6.5 (5) 10.5 (4)

Azathioprine 1.3 (1) 0

Herbs 10.4 (8) 7.9 (3)

Splenectomy* 11.7 (9) 7.9 (3)

Bleeding score†, % (n)

0 13.0 (10) 15.8 (6)

1 58.4 (45) 55.3 (21)

2 20.8 (16) 21.0 (8)

3 6.5 (5) 7.9 (3)

4 1.3 (1) 0

IQR, interquartile range; IVIG, intravenous immunoglobulin.

*The median time (range) from splenectomy to enrollment of these 12 patients

was 7 months (3-22 months).

†Bleeding score was at baseline.

Table 2. Platelet glycoprotein autoantibodies in the 2 groups

RTX 1 rhTPO (n 5 77) RTX (n 5 38)

Anti-GP Ib/IX positive, % (n) 16.9 (13) 13.2 (5)

Anti-GP IIb/IIIa positive, % (n) 26.0 (20) 26.3 (10)

Double positive, % (n) 24.6 (19) 23.7 (9)

Negative, % (n) 32.5 (25) 36.8 (14)

GP, glycoprotein.

BLOOD, 5 MARCH 2015 x VOLUME 125, NUMBER 10 RTX PLUS rhTPO VS RTX IN ITP 1543

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/125/10/1541/1382954/1541.pdf by guest on 07 M

ay 2024



18.5% (5/27) of patients in the RTX group had a 24-month sustained
response (P5 .59). There was no difference between these 2 groups in
terms of long-term response (P5 .12) (Figure 3).

Adverse events

Adverse events were generally mild and balanced in the grade and
incidence between these 2 groups. Over 20% of patients reported
adverse events (Table 5). All adverse events observed in this study had
been previously reported. The most common adverse event was fever,
which was mainly related to the upper respiratory, urinary tract, and
gastrointestinal infection. There was an overrepresentation of rash,
headache, stomachache, and chest congestion in the RTX 1 rhTPO
group; however, no significant difference was observed between these
2 groups.Among the 77patients receiving rhTPO therapy, 2 caseswere
found to have detectable transient anti-TPO antibodies, which dis-
appeared 2 months after the discontinuation of rhTPO.

During the follow-upperiod, 2 deaths occurred in theRTX1 rhTPO
group. The first patient (72 years old) was a nonresponder and died
of myocardial infarction in the eighth month with a platelet count
of 263 109/L (his pretreatment platelet count was 193 109/L). The
relationship between his myocardial infarction and the treatment was
uncertain, and the patient had underlying risk factors. The second
patient (76 years old), who relapsed in the third month, died of in-
tracranial hemorrhage.

Discussion

The ideal treatment option for ITP, especially for corticosteroid-
resistant or relapsed patients, is a strategy to achieve a rapid and
long-lasting response with a normal treatment-free platelet count in
the absence of bleeding. Clinical studies on RTX demonstrated
a considerably high response rate in ITP.9,11,23,24 The major
limitations of RTX are the relatively long TTR (median TTR 5.5
weeks) and the lack of a high rate of sustained remission.12 The
combination of RTX with a rapid onset treatment might be ben-
eficial for ITP patients. TPO receptor agonists have been shown to
rapidly increase platelet counts and ameliorate bleeding17-19,25 and
therefore can be good candidates to combine with RTX. Un-
fortunately, romiplostim and eltrombopag are not available in
China. In this study, we chose rhTPO instead. A previous study on
rhTPO therapy in corticosteroid-resistant or relapsed ITP patients
showed similar efficacy to romiplostim and eltrombopag.20

Although a pilot randomized trial to determine the effect of
adding RTX to standard treatment in patients with ITP observed
little benefit,26 other studies demonstrated that the combination
of RTX and dexamethasone induced higher response rates and
longer time to relapse than dexamethasone alone.27,28 Later on, the

combination of RTX and 3 cycles of dexamethasone showed
apparently better efficacy than RTX alone or dexamethasone
alone.29 These conflicting findings indicate that the efficacy and
safety of the combination of RTX with other drugs in the treatment
of ITP needs further study. We hereby performed a multicenter
prospective randomized controlled study in corticosteroid-resistant
or relapsed ITP patients treated with either RTX1 rhTPO or RTX
alone, and we found that the combination yielded a significantly
higher CR rate and shortened TTR compared with RTX alone but
failed to show beneficial effect on the long-lasting response.

Previous studies onRTX treatment in ITP showed that younger age,
female gender, and short duration of ITPmight be the factors predictive
of better outcome.11,24,29-31 In this study, the overall response rate in
both groups was fairly high, which might be due to the generally short
duration of ITP from diagnosis to enrollment. Age, gender, and the
presence of autoantibodies were not associated with response rate or
relapse in our study.

A rapid increase in platelet count is beneficial for ITP patients
with bleeding symptoms.32,33 The significantly shortened TTR in
the combination groupwas likely to be attributed to the fast onset of
rhTPO.20,34 This result suggested that rhTPO could be used as a
salvage treatment and combined with RTX in the treatment of ITP.
The improvement of CR rate in the RTX1 rhTPO group might be
related to their synergistic mechanism of action by both inhibiting
platelet destruction and promoting platelet production.11,12,20

The mechanism of inhibiting platelet destruction of RTX in ITP
was the depletion of B cells and the subsequent effects, such as the
decreased production of platelet-specific autoantibodies, decreased
secretion of inflammatory factors, and inhibited antigen-presenting
cell activity.35 The long-term response was mainly attributed to
RTX. Therefore, no statistical significance was observed in sus-
tained response between these 2 groups. Recent studies have
demonstrated that TPO mimetic agents could induce sustained
remission in some responders.36-38 Both rhTPO and RTX showed

Table 3. Worst bleeding scores of patients in this study

Bleeding score

RTX 1 rhTPO RTX Total

Response (n 5 61) Nonresponse (n 5 16) Response (n 5 27) Nonresponse (n 5 11) Response (n 5 88) Nonresponse (n 5 27)

0 13.1 (8) 12.5 (2) 14.8 (4) 18.2 (2) 13.6 (12) 14.8 (4)

1 59.0 (36) 43.8 (7) 51.9 (14) 45.4 (5) 56.8 (50) 44.5 (12)

2 18.0 (11) 37.5 (6) 25.9 (7) 27.3 (3) 20.5 (18) 33.3 (9)

3 6.6 (4) 6.2 (1) 7.4 (2) 9.1 (1) 6.8 (6) 7.4 (2)

4 3.3 (2*) 0 0 0 2.3 (2*) 0

Data are presented as % (n) of patients.

*Two patients had a grade 4 bleeding score: one patient was a prior bleed, and the other (who relapsed in the third month) died of intracranial hemorrhage.

Table 4. Responses and outcomes in the RTX 1 TPO and RTX
groups

RTX 1 rhTPO RTX P

CR, % (n) 45.4 (35) 23.7 (9) .026*

R, % (n) 33.8 (26) 47.4 (18) .22

OR, % (n) 79.2 (61) 71.1 (27) .36

NR, % (n) 20.8 (16) 28.9 (11) .36

For patients with an initial response

TTR (days), median (range) 7 (4-28) 28 (4-90) .004†

Duration of response ($6 mo), % (n) 67.2 (41) 55.6 (15) .34

Duration of response ($12 mo), % (n) 44.3 (27) 29.6 (8) .24

Duration of response ($24 mo), % (n) 24.6 (15) 18.5 (5) .59

OR, overall response.

*P , .05.

†P , .01.
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effects on the improvement of regulatory T cells (Tregs).39-42 TPO
mimetic agents were shown to have profound effects on Tregs
function in ITP.42 Similarly, Stasi et al demonstrated that RTX
treatment was associated with restored number and regulatory
function of Tregs in ITP patients, particularly in those who re-
sponded to RTX.41 However, Audia et al reported different results
that RTX showed no effect on Tregs in ITP.43 More clinical trials
with large sample sizes are required to further investigate the sus-
tained response of the combination of RTX and rhTPO.

This multicenter study indicated that administration of low-
dose RTX and rhTPO was well tolerated in a Chinese population.
Adverse events were mild and consistent with those previously
observed.20,23,28,29 There were no new reported adverse events
during the observation period and no adverse event-related study
withdrawals. Previous studies reported that 1% to 3% of ITP
patients receiving rhTPO therapy developed transient and low-titer
anti-TPO antibodies and that no patients had neutralizing anti-TPO
antibodies or persistent thrombocytopenia.26,44 In our study, 2
cases receiving rhTPO therapy were found to have detectable
transient anti-TPO antibodies that disappeared 2 months after

discontinuation of rhTPO. During the follow-up period, 2 deaths
(in patients.70 years) occurred in the combination group. The first
patient died of myocardial infarction in the eighth month after the
discontinuation of rhTPO. The relationship between this death
and rhTPO was uncertain, though thrombosis has been previously
reported as the adverse event of TPO receptor agonists in ITP
patients with normal or subnormal platelet counts.45,46 Patients at
risk of thrombosis should be excluded from future clinical trials.
The second patient, who initially responded to the treatment but
relapsed in the third month, died of intracranial hemorrhage.
Intracranial hemorrhage was the most common life-threatening
bleeding symptom for ITP patients with low platelet counts.47,48

In this clinical trial, we analyzed 115 patients in 2 randomized
groups to investigate efficacy and safety. To the best of our knowl-
edge, this is the largest randomized cohort of corticosteroid-
resistant or relapsed ITP patients treated with RTX alone or in
combination with rhTPO.

In conclusion, the combination of RTX and rhTPO in ITP yields
a significantly higher CR rate and shorter TTR compared with RTX
monotherapy, indicating that RTX and rhTPO have an additive effect.

Figure 2. Box-whisker plots of platelet counts from ITP patients with initial response (including CR and R). The central horizontal line is the median; the lower and

upper box limits are the first and third quartiles, respectively; and the whiskers extend to the minimal and maximal data points.

Figure 3. Kaplan-Meier analysis of patients with an

initial response (including CR and R). The Kaplan-

Meier curve showed time to relapse with platelet count

,30 3 109/L. There was no difference between these

2 groups in terms of proportion of relapse (P 5 .12).
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The combination shows no beneficial effect on the long-lasting
response. Thus, this combination therapy represents an effective
treatment option for corticosteroid-resistant or relapsed ITP patients.
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