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Abstract

Purpose

In absence of direct comparison randomized controlled trials (RCTs), indirect comparison

was conducted to evaluate the efficacy and safety of thrombopoietin-receptor agonists

(TPO-RAs) in treatment of adult immune thrombocytopenia (ITP).

Methods

We searched PubMed, Embase and Cochrane Library, Clinical Trials.gov, China National

Knowledge Infrastructure, and Chinese Biomedical Literature Database from their earliest

records to May 2017. RCTs comparing the TPO-RAs with placebo in adult ITP were

included. Primary outcomes were the overall response rate. Secondary outcomes included

safety, durable response, overall or clinically significant bleeding, and the proportion of

patients receiving rescue medication.

Results

Nine randomized placebo-controlled trials (786 participants) were included in this system-

atic review. Overall response [Risk Ratio(RR) = 0.59, 95%Confidence Interval(CI): 0.24–

1.45], the incidence of adverse events (RR = 0.98, 95%CI: 0.79–1.21), durable response

(RR = 0.47, 95%CI: 0.08–2.81), the incidence of overall bleeding (RR = 1.15, 95%CI: 0.52–

2.57) and clinically significant bleeding (RR = 1.09, 95%CI: 0.37–3.24), and the proportion

of patients receiving rescue treatment (RR = 0.95, 95%CI: 0.47–1.90) were similar between

eltrombopag and romiplostim.
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Conclusions

Eltrombopag and romiplostim might be equivalent in efficacy and safety for adult ITP, how-

ever, physicians should still take into account drug cost and comorbidities of the specific

patient while making decisions on the treatment of ITP with TPO-RAs.

Registration

PROSPERO International Prospective Register of Systematic Review (PROSPERO 2017:

CRD42017068661).

Introduction

Immune thrombocytopenia (ITP) is an immune-mediated disease characterized by transient

or persistent decrease in the platelet count and increased risk of bleeding [1]. ITP in adults is a

clinically distinct condition from that in children, with a lower likelihood of spontaneous

remission, a higher incidence of underlying diseases and comorbidities, and often a higher risk

of bleeding. The incidences of adult ITP reported in recent studies varied among countries:

2.20 per 105 in Japan [2], 2.94 per 105 in France [3], and 3.70 per 105 in Korea [4], respectively.

ITP is often a chronic disease in adults, and the prevalence exceeds the incidence [5].

The first-line treatments of adult ITP include longer courses of corticosteroids, intravenous

immunoglobulin (IVIg) and anti-D immunoglobulin which has been approved for ITP only in

a few countries (North America) [6]. But for those refractory to the first-line treatments, subse-

quent treatment may include splenectomy, rituximab, thrombopoietin-receptor agonists

(TPO-RAs), or more potent immunosuppression [6]. TPO-RAs stimulating the TPO-receptor

to increase the production of platelets are recommended for adults at risk of bleeding who

relapse after splenectomy, or who have a contraindication to splenectomy and who have failed

at least one other therapy [6]. Two TPO-RAs, eltrombopag (ELT) and romiplostim (ROM),

have been approved for the treatment of adults with ITP in the United States. Recent evidence

showed that TPO-RAs were effective and safe second-line options for primary ITP patients

[7].

Nevertheless, ROM and ELT have different mechanisms of action and routes of administra-

tion: ROM is a subcutaneously administered peptide mimetic binding to the extracellular

TPO-receptor, while ELT is an oral non-peptide binding to a transmembrane site of the TPO-

receptor [8, 9]. Unfortunately, there are no head-to-head randomized controlled trials (RCTs)

comparing ROM with ELT in treatment of adult ITP. Hence indirect comparisons, which pre-

serves within-trial randomization by comparison treatment effects(RR) relative to a common

comparator (placebo) from each trial [10], are recommended in the UK National Institute for

Health and Clinical Excellence (NICE) methods guide [11]. An indirect comparison between

ROM and ELT in treatment of adult patients with ITP was previously conducted [12], but the

conclusions became controversial with the publication of later RCTs. Therefore, this study

aims to evaluate the efficacy and safety of ELT versus ROM for adult patients with ITP using

an indirect-comparison meta-analysis.

Materials and methods

We followed the standards set by Preferred Reporting Items for Systematic reviews and Meta-

Analyses (PRISMA) in this systematic review (S1 Table). The study was registered in
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PROSPERO International Prospective Register of Systematic Review (PROSPERO 2017:

CRD42017068661).

Literature search

Pubmed, Embase, and Cochrane Central Register of Controlled Trials (CENTRAL) published

in Cochran Library were searched using the search strategies detailed in S2 Table, from their

earliest records to May 2017. Clinical Trials.gov was searched using the terms “immune

thrombocytopenia”, “adult”, “eltrombopag”, and “romiplostim”. The China National Knowl-

edge Infrastructure(CNKI) and Chinese Biomedical Literature Database(CBLD) were also

searched in Chinese.

Eligibility criteria

All included studies met the following criteria: (1) Randomized controlled studies; (2) Partici-

pants were adult (� 18 years) with ITP; (3) the intervention was ELT or ROM irrespective of

dosage and schedule; (4) the comparison was placebo; (5) studies included at least one of the

following outcomes: overall platelet response(primary outcome), defined as achieving at least

once platelet response (� 50×109/L) during treatment; incidence of overall and serious adverse

events (SAEs); durable platelet response, defined as maintaining platelet counts� 50×109/L

for at least 60% of the duration of TPO-RAs treatment or for six or more weeks during the

final eight weeks of TPO-RAs treatment; incidence of clinically significant bleeding (WHO

Grade 2–4 or rated as severe, life threatening, or fatal); all bleeding events; and proportion of

patients who received rescue treatment [e.g. receiving any unscheduled or new treatment

(including new drugs, increase dose of a concomitant drug from baseline, platelet transfusion

or splenectomy) for immediate risk or treatment failure]; (6) publications written in English or

Chinese. We excluded studies on patients with secondary ITP and those including both chil-

dren and adults when data of adults could not be extracted separately.

Study selection and data extraction

Two authors independently screened the titles and abstracts of all studies identified by the

search strategies, and assessed the studies using predetermined inclusion criteria. The full texts

of all potentially relevant articles were retrieved for detailed review. We resolved any disagree-

ments by discussion until consensus was achieved. We used a pre-designed data collection

form to extract data from each eligible study. The following data were extracted: (1) authors;

(2) year of publication; (3) country or region where the study conducted; (4) study design and

use of control; (5) number of participants randomized into each group; (6) gender, age, and

disease duration of participants; (7) baseline platelet count, previous ITP medication, and sple-

nectomy status; (8) dose and schedule of TPO-RAs; (9) outcomes of each study and their defi-

nitions; (10) numerical data for assessment of included outcomes; (11) sources of funding.

Quality assessment

Two authors independently assessed the risk of bias of each included study using the checklist

developed by Cochrane Collaboration [13]. The items included random sequence generation,

allocation concealment, blinding, incomplete outcome data, selective outcome reporting, and

other bias. We categorized the judgments as low, high or unclear risk of bias and created plots

of risk of bias assessment in Review Manager Software (RevMan 5.3).
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Statistical synthesis

We calculated a kappa statistic for measuring the agreement level between two authors making

decisions on study selection. The value of kappa (K) between 0.40 and 0.59 was considered as

fair agreement, between 0.60 and 0.74 as good and 0.75 or more as excellent.

If more than one study reported the same outcome, the pairwise meta-analysis was con-

ducted to calculate the pooled estimate of the risk ratio (RR) of different TPO-RAs versus pla-

cebo by RevMan 5.3. Statistical heterogeneity among studies was examined by the Chi-square

test and quantified by the I2 statistic [14]. We used a fixed-effect model to synthesize data

when heterogeneity was not significant (P>0.1 and I2<50%). When heterogeneity was signifi-

cant (P�0.1 and I2�50%) and could not be explained by subgroup analyses or in terms of clin-

ical or methodological features of the trials, the random-effect model was used. If both the

ELT-placebo and ROM-placebo trials reported the same outcome, the relative treatment effect

(RR) for ELT versus ROM was estimated using indirect procedure of Stata12.0 software [15],

with the formula as follow:

RRELT=ROM ¼ RRELT=Placebo=RRROM=Placebo;

Variance ðlog RRELT=ROMÞ ¼ Variance ðlog RRELT=PlaceboÞ þ Variance ðlog RRROM=PlaceboÞ:

For the overall platelet response, sensitivity analysis was conducted by comparing the

results of intention-to-treat (ITT) analysis with per-protocol (PP) analysis to improve the

robustness of the results. The subgroup analysis was also conducted according to the different

types of adverse events(AEs).

Results

Study selection

A total of 3,499 citations were obtained from the literature search and the selection process

was shown in Fig 1. Nine randomized, placebo-controlled studies (786 participants) [16–23]

were included in this systematic review, and two of them were published in one article [22].

Agreement between two reviewers for study selection was excellent (K = 0.85). As shown in

Table 1, all studies were multicenter, double-blind, RCTs from different countries in North

and South America, Asia, Europe, Africa, and Oceania.

Description of patients

All patients were aged�18 years old, with disease duration more than 3 months and baseline

platelet count less than 30×109/L. Five studies (606 patients) evaluated the efficacy and safety

of ELT in comparison to placebo [16–20] (Table 1). The initial dose of ELT was ranged from

12.5 to 75mg, and the following dose was adjusted according to individual platelet count, with

a target of 50–200×109/L [16]. Four studies (180 patients) evaluated the efficacy and safety of

ROM [21–23]. It was administrated at an initial dose of 1 or 3 μg/kg and was also adjusted

according to platelet counts (Table 1). The characteristics of patients were shown in Table 2.

Quality assessment

As shown in Fig 2, seven studies [17–20, 22, 23] had low risk of selection bias for central ran-

domization while the other two was unclear because the method of randomization and alloca-

tion concealment were not reported [16, 21]. All studies [16–23] had low risk of performance

bias and detection bias, as both patients and study personnel were masked. All studies [16–23]
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had low risk of attrition bias, as there was no loss to follow-up or the missing data were dealt

with properly (e.g. applying ITT analysis which underestimated the efficacy of the medication).

All studies [16–23] had low risk of reporting bias since they were registered in ClinicalTrials.
gov and had reported all predesigned outcomes. Considering all studies [16–23] supported by

pharmaceutical industry, the bias caused by conflict of interest was unclear.

Overall platelet response

The overall platelet response was reported in all studies (five for ELT [16–20] and four for

ROM [21–23], respectively) including 785 patients (ITT). The heterogeneity was not statisti-

cally significant (I2 = 32%, P = 0.21 and I2 = 4%, P = 0.37, respectively). The pooled results with

a fixed-effect model (Table 3) showed that proportion of patients achieving overall response

was significantly higher in the TPO-RAs group than in the placebo group (RR = 4.07, 95%CI:
2.91–5.70 for ELT and RR = 8.81, 95%CI: 4.01–19.35 for ROM, respectively). However, the

result of indirect comparison (Fig 3) indicated that the overall response between ELT and

ROM was not significantly different (RR = 0.59, 95%CI: 0.24–1.45). And sensitivity analysis

showed that the results of PP analysis were consistent with the ITT analysis (Table 3 and

Fig 3).

Fig 1. Flow diagram of study selection process for this systematic review.

https://doi.org/10.1371/journal.pone.0198504.g001
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Safety

Eight studies (764 participants) [16–20, 22–23] reported the overall incidence of any AEs

reported in patients receiving TPO-RAs or placebo. The pooled analysis showed that the

incidence was not significantly different between two groups (RR = 1.05, 95%CI: 0.84–1.32

for ELT and RR = 1.05, 95%CI: 0.97–1.14 for ROM) (Table 3). And the result of indirect

Table 1. Characteristics of included studies.

Study ID Study Design Population inclusion Intervention

vs Comparison

TPO-RA regimens Outcomes

Bussel 2007

[16]

Multicenter (44 centers

in 14 countries),

double-blind, RCT.

Patients�18 years old, with a diagnosis of ITP

(duration of �6 months), had received at least

one previous treatment for ITP, and had a

platelet counts<30×109/L.

Eltrombopag vs

Placebo

30, 50, or 75mg orally daily for 6 weeks. ①④⑥⑦

Bussel 2009

[17]

Multicenter (63 centers

in 23 countries),

double-blind, RCT.

Patients�18 years old, with a diagnosis of ITP

(duration of �6 months), had received at least

one previous treatment for ITP, and had a

platelet counts<30×109/L.

Eltrombopag vs

Placebo

50mg orally daily for 6 weeks; dose was

adjusted based on platelet counts.

①④⑥⑦

Cheng 2011

[18]

Multicenter (75 centers

in 23 countries),

double-blind, RCT.

Patients�18 years old, with a diagnosis of ITP

(duration of �6 months), had received at least

one previous treatment for ITP, and had a

platelet counts<30×109/L.

Eltrombopag vs

Placebo

50mg orally daily for 24 weeks; dose was

adjusted based on platelet counts.

①②③④⑤⑥⑦

Tomiyama

2012 [19]

Multicenter (7 centers

in Japan), double-

blind, RCT.

Patients�20 years old, with a diagnosis of ITP

(duration of �6 months), had received at least

one previous treatment for ITP, and had a

platelet counts<30×109/L.

Eltrombopag vs

Placebo

Starting dose of 12.5mg (maximum

dose of 50mg) orally daily for 6 weeks;

dose was adjusted based on platelet

counts.

①②⑥⑦

Yang 2017

[20]

Multicenter (16 centers

in China), double-

blind, RCT.

Patients�18 years old, with a diagnosis of ITP

(duration of �12 months), had received at

least one previous treatment for ITP, had a

platelet counts<30×109/L.

Eltrombopag vs

Placebo

25 mg once daily for 8 weeks; dose was

adjusted based on platelet counts.

①②③④⑤⑥⑦

Bussel 2006

[21]

Multicenter (9 centers

in USA), double-blind,

RCT.

Patients(18–65 years old), with a diagnosis of

ITP(duration of�3 months), had received at

least one previous treatment for ITP, and had

a platelet counts<30×109/L.

Romiplostim vs

Placebo

1 or 3ug/kg subcutaneously weekly for 6

weeks, 8 patients with 1ug/kg, 8patients

with 3ug/kg, 1 patients with 6ug/kg, no

dose adjustments

①⑦

Kuter 2008a

[22]

Multicenter (35 centers

in the USA and

Europe), double-blind,

RCT.

Patients�18 years old, with a diagnosis of ITP

(duration of �6 months), had received at least

one previous treatment for ITP, had a platelet

counts<30×109/L, and had a splenectomy for

the treatment of ITP greater than or equal to

24 weeks prior to study entry.

Romiplostim vs

Placebo

Starting dose of 1ug/kg subcutaneously

weekly for 24 weeks; dose was adjusted

to achieve target platelet counts of 50 to

200×109/L.

①②③④⑤⑥⑦

Kuter 2008b

[22]

Multicenter (35 centers

in the USA and

Europe), double-blind,

RCT.

Patients�18 years old, with a diagnosis of ITP

(duration of �6 months), had received at least

one previous treatment for ITP, had a platelet

counts<30×109/L, and had non-

splenectomized status.

Romiplostim vs

Placebo

Starting dose of 1ug/kg subcutaneously

weekly for 24 weeks; dose was adjusted

to achieve target platelet counts of 50 to

200×109/L.

①②③④⑤⑥⑦

Shirasugi

2011 [23]

Multicenter (11 centers

in Japan), double-

blind, RCT.

Patients�20 years old, with a diagnosis of ITP

(duration of �6 months), had received at least

one previous treatment for ITP, and had a

platelet counts<30×109/L.

Romiplostim vs

Placebo

starting dose of 3ug/kg subcutaneously

weekly for 12 weeks; dose was adjusted

to achieve target platelet counts of 50 to

200×109/L.

③④⑤⑥⑦

①Platelet response

②Durable platelet response

③Clinically significant bleeding

④All bleeding events

⑤Rescue medication

⑥Adverse events

⑦Serious adverse events.

https://doi.org/10.1371/journal.pone.0198504.t001
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comparison (Fig 4) also showed that the overall incidence of any AEs in ELT group was similar

to that in ROM group (RR = 0.98, 95%CI: 0.79–1.21).

SAEs were reported in all studies [16–23], and the results of both direct and indirect

comparison (Table 3 and Fig 4) indicated that the incidences of SAEs among ELT, ROM

and placebo were not significantly different (ELT vs Placebo: RR = 0.93, 95%CI: 0.54–1.59;

ROM vs Placebo: RR = 0.77, 95%CI: 0.46–1.29; ELT vs ROM: RR = 1.20, 95%CI: 0.54–2.70;

respectively).

The common AEs in TPO-RAs or placebo group were headache, fatigue, thrombosis,

arthralgia, nausea, nasopharyngitis, diarrhea, peripheral edema, epistaxis, pain in extremity,

dizziness, contusion, upper abdominal pain, upper respiratory tract infection, cough, myalgia,

anxiety and back pain. However, both the direct and indirect comparison of the incidences

(Table 3 and Fig 4) demonstrated no significant difference among ELT, ROM and placebo,

except that the incidence of peripheral edema was significantly lower in ELT than in placebo

(RR = 0.20, 95%CI: 0.06–0.66). As liver abnormalities and cataract were only reported in ELT-

placebo trials, indirect comparison was not conducted. Head to head meta-analysis results

indicated that incidences of increased level of ALT or AST and cataract were not significantly

different between ELT and placebo (ALT: RR = 1.39, 95%CI = [0.31, 4.24]; AST: RR = 1.37,

95%CI = [0.55, 3.40]; Cataract: RR = 0.69, CI = [0.24, 1.98], respectively). Kuter 2008a reported

that a splenectomized, non-responding patient developed an increased reticulin level during

Table 2. Characteristics of included patients.

Study ID Participants(n):

TPO-RA vs

Control

Gender: Female/

Male(n): TPO-RA

vs Control

Age(years):

TPO-RA vs

Control

Duration of ITP

(years): TPO-RA

vs Control

Splenectomy status

(yes/no)(n): TPO-RA

vs Control

Baseline platelet

count(109/L):

TPO-RA vs

Control

Concomitant ITP

medication: TPO-RA

vs Control

Bussel 2007

[16]

88(ELT) vs 29

(PLA)

57/31 vs 16/13 51(23–79);45(23–

81);55(18–85) vs

42(18–85)

>0.5 vs >0.5 41/47 vs 14/15 PC�15×109/L: 42/

88 vs 14/29

32/88 vs 6/29

Bussel 2009

[17]

76(ELT) vs 38

(PLA)

43/33 vs 27/11 47(19–84) vs 51

(21–79) 51±17 vs

48±16

>0.5 vs >0.5 31/45 vs 14/24 PC�15×109/L: 38/

76 vs 17/38

32/76 vs 17/38

Cheng 2011

[18]

135(ELT) vs 62

(PLA)

93/42 vs 43/19 47.0(34–56) vs

52.5(43–63)

>0.5 vs >0.5 50/85 vs 21/41 16(8–22) vs 16(9–

24) PC�15×109/L:

67/135 vs 30/62

63/135 vs 31/62

Tomiyama

2012 [19]

15(ELT) vs 8

(PLA)

8/7 vs 7/1 58.0(26–72) vs

60.5(38–72)

>0.5 vs >0.5 11/4 vs 5/3 21(16–25) vs 9.5

(7.5–19)

PC�15×109/L: 3/

15 vs 6/8

12/15 vs 7/8

Yang 2017

[20]

104(ELT) vs 51

(PLA)

77/27 vs 40/11 48(18–84) vs 42

(22–66) 44.7

±15.91 vs 41.3

±12.83

>1.0 vs >1.0 18/86 vs 7/44 14.0 vs 13.5 PC

�15×109/L: 54/104

vs 28/51

53/104 vs 28/51

Bussel 2006

[21]

17(ROM) vs 4

(PLA)

12/5 vs 3/1 45(20–63);53(19–

62);42 vs 55(39–

64)

5.6(0.5–24.9);9.1

(0.4–37.0); 6.4 vs

3.4(0.8–3.7)

13/4 vs 1/3 17(4–25);12(5–

23);15 vs 29(6–49)

4/17 vs 3/4

Kuter 2008a

[22]

42(ROM) vs 21

(PLA)

27/15 vs 11/10 51(27–88) vs 56

(26–72)

7.8(0.6–44.8) vs

8.5(1.1–31.4)

42/0 vs 21/0 14(3–29) vs 15(2–

28)

12/42 vs 6/21

Kuter 2008b

[22]

41(ROM) vs 21

(PLA)

27/14 vs 16/5 52(21–80) vs 46

(23–88)

2.2(0.1–31.6) vs

1.6(0.1–16.2)

0/41 vs 0/21 19(2–29) vs 19(5–

31)

11/41 vs 10/21

Shirasugi

2011 [23]

22(ROM) vs 12

(PLA)

14/8 vs 10/2 58.5±12.6 vs 47.6

±13.4

9.7±10.4 vs 7.6

±5.9

10/12 vs 5/7 18.4±8.3 vs 15.8±6 13/22 vs 10/12

PC: Platelet count; ELT: Eltrombopag; ROM: Romiplostim; PLA: Placebo.

https://doi.org/10.1371/journal.pone.0198504.t002
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Fig 2. Risk of bias summary.

https://doi.org/10.1371/journal.pone.0198504.g002
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Table 3. The direct comparison meta-analysis results of outcomes.

Outcomes TPO-RA vs PLA n N (TPO-RA vs PLA) Heterogeneity Model RR 95%CI P
Overall platelet response(PP) ELT vs PLA 5 395 vs 179 I2 = 29%, P = 0.23 Fixed 4.05 [2.90, 5.66] <0.00001

ROM vs PLA 4 121 vs 58 I2 = 0%, P = 0.39 Fixed 8.86 [4.03, 19.48] <0.00001

Overall platelet response(ITT) ELT vs PLA 5 418 vs 187 I2 = 32%, P = 0.21 Fixed 4.07 [2.91, 5.70] <0.00001

ROM vs PLA 4 122 vs 58 I2 = 4%, P = 0.37 Fixed 8.81 [4.01, 19.35] <0.00001

Durable platelet response ELT vs PLA 3 254 vs 120 I2 = 0%, P = 0.85 Fixed 6.82 [2.97, 15.70] <0.00001

ROM vs PLA 2 83 vs 42 I2 = 0%, P = 0.87 Fixed 14.16 [2.91, 69.01] 0.001

Clinically significant bleeding ELT vs PLA 2 239 vs 112 I2 = 0%, P = 0.83 Fixed 0.64 [0.46, 0.90] 0.009

ROM vs PLA 3 105 vs 54 I2 = 0%, P = 0.87 Fixed 0.43 [0.14, 1.33] 0.14

All bleeding events ELT vs PLA 4 403 vs 179 I2 = 53%, P = 0.09 Random 0.76 [0.60, 0.97] 0.03

ROM vs PLA 3 105 vs 54 I2 = 81%, P = 0.02 Random 0.68 [0.31, 1.48] 0.33

Rescue medication ELT vs PLA 2 239 vs 112 I2 = 35%, P = 0.22 Fixed 0.37 [0.25, 0.54] <0.00001

ROM vs PLA 3 105 vs 54 I2 = 0%, P = 0.55 Fixed 0.38 [0.24, 0.60] <0.0001

All adverse events ELT vs PLA 5 418 vs 187 I2 = 63%, P = 0.03 Random 1.05 [0.84, 1.32] 0.68

ROM vs PLA 3 106 vs 53 I2 = 0%, P = 0.84 Fixed 1.05 [0.97, 1.14] 0.26

Serious adverse events ELT vs PLA 5 418 vs 187 I2 = 0%, P = 0.73 Fixed 0.93 [0.54, 1.59] 0.79

ROM vs PLA 4 123 vs 57 I2 = 11%, P = 0.34 Fixed 0.77 [0.46, 1.29] 0.32

Headache ELT vs PLA 5 418 vs 187 I2 = 0%, P = 0.86 Fixed 0.89 [0.61, 1.28] 0.53

ROM vs PLA 4 122 vs 58 I2 = 0%, P = 0.63 Fixed 1.30 [0.79, 2.14] 0.30

Fatigue ELT vs PLA 4 314 vs 136 I2 = 35%, P = 0.20 Fixed 0.66 [0.35, 1.23] 0.19

ROM vs PLA 4 122 vs 58 I2 = 0%, P = 0.83 Fixed 1.23 [0.71, 2.12] 0.47

Thrombosis ELT vs PLA 4 342 vs 149 I2 = 0%, P = 0.96 Fixed 1.83 [0.40, 8.43] 0.44

ROM vs PLA 3 100 vs 46 I2 = 32%, P = 0.22 Fixed 0.42 [0.09, 2.11] 0.30

Arthralgia ELT vs PLA 3 299 vs 128 I2 = 47%, P = 0.15 Fixed 0.74 [0.31, 1.81] 0.52

ROM vs PLA 3 100 vs 46 I2 = 65%, P = 0.09 Random 0.55 [0.04, 6.86] 0.64

Nausea ELT vs PLA 3 226 vs 107 I2 = 0%, P = 0.69 Fixed 2.26 [0.89, 5.74] 0.09

ROM vs PLA 3 100 vs 46 I2 = 0%, P = 0.37 Fixed 1.18 [0.45, 3.06] 0.74

Nasopharyngitis ELT vs PLA 3 226 vs 107 I2 = 0%, P = 0.44 Fixed 0.98 [0.50, 1.89] 0.94

ROM vs PLA 3 105 vs 54 I2 = 71%, P = 0.06 Random 1.04 [0.22, 4.87] 0.96

Diarrhea ELT vs PLA 3 299 vs 128 I2 = 31%, P = 0.24 Fixed 1.09 [0.52, 2.26] 0.82

ROM vs PLA 2 83 vs 42 NA NA 1.18 [0.49, 2.85] 0.71

Peripheral edema ELT vs PLA 2 223 vs 90 I2 = 0%, P = 0.53 Fixed 0.20 [0.06, 0.66] 0.008

ROM vs PLA 2 39 vs 16 I2 = 0%, P = 0.38 Fixed 2.75 [0.38, 19.65] 0.31

Epistaxis ELT vs PLA 2 223 vs 90 I2 = 24%, P = 0.25 Fixed 0.74 [0.28, 1.90] 0.52

ROM vs PLA 3 100 vs 46 I2 = 0%, P = 0.44 Fixed 1.26 [0.73, 2.19] 0.41

Pain in extremity ELT vs PLA 2 164 vs 67 I2 = 0%, P = 0.50 Fixed 0.38 [0.06, 2.31] 0.29

ROM vs PLA 3 105 vs 54 I2 = 0%, P = 0.83 Fixed 3.01 [0.82, 11.05] 0.10

Dizziness ELT vs PLA 2 211 vs 99 I2 = 0%, P = 0.64 Fixed 0.34 [0.12, 0.98] 0.05

ROM vs PLA 3 100 vs 46 I2 = 80%, P = 0.02 Random 2.42 [0.05, 126.08] 0.66

Contusion ELT vs PLA 1 135 vs 61 NA NA 0.3 [0.05, 1.76] 0.18

ROM vs PLA 4 122 vs 58 I2 = 12%, P = 0.32 Fixed 0.86 [0.52, 1.42] 0.55

Abdominal pain upper ELT vs PLA 2 211 vs 99 I2 = 0%, P = 0.96 Fixed 0.54 [0.19, 1.54] 0.25

ROM vs PLA 2 83 vs 42 NA NA 9.73 [0.58, 163.17] 0.11

Upper respiratory tract infection ELT vs PLA 2 211 vs 99 I2 = 0%, P = 0.52 Fixed 1.01 [0.45, 2.28] 0.98

ROM vs PLA 2 83 vs 42 NA NA 1.42 [0.55, 3.67] 0.47

Cough ELT vs PLA 2 211 vs 99 I2 = 0%, P = 0.42 Fixed 0.54 [0.18, 1.65] 0.28

ROM vs PLA 2 83 vs 42 NA NA 0.72 [0.30, 1.76] 0.48

(Continued)
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ROM treatment, but this level of reticulin subsequently returned to baseline after termination

of ROM [22]. Bussel 2006 reported that two patients receiving ROM exhibited reversible

increases in bone marrow reticulin levels during the subsequent extension study [21].

Table 3. (Continued)

Outcomes TPO-RA vs PLA n N (TPO-RA vs PLA) Heterogeneity Model RR 95%CI P
Myalgia ELT vs PLA 2 211 vs 99 I2 = 0%, P = 0.69 Fixed 2.14 [0.56, 8.21] 0.27

ROM vs PLA 2 83 vs 42 NA NA 6.07 [0.82, 45.14] 0.08

Anxiety ELT vs PLA 2 211 vs 99 I2 = 0%, P = 0.75 Fixed 0.26 [0.06, 1.20] 0.08

ROM vs PLA 2 83 vs 42 NA NA 0.91 [0.33, 2.55] 0.86

Back pain ELT vs PLA 1 135 vs 61 NA NA 1.05 [0.28, 3.94] 0.94

ROM vs PLA 3 105 vs 54 I2 = 0%, P = 0.50 Fixed 1.67 [0.61, 4.55] 0.32

n: number of included studies; N: number of patients; ELT: Eltrombopag; ROM: Romiplostim; PLA: Placebo; RR: Risk Ratio; CI: confidence interval; NA: not applicable;

Fixed: Fixed-effect model; Random: Random-effect model.

https://doi.org/10.1371/journal.pone.0198504.t003

Fig 3. The efficacy results of indirect-comparison meta-analysis.

https://doi.org/10.1371/journal.pone.0198504.g003
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Durable platelet response

Five studies [18–20, 22] reported the durable platelet response, including 499 patients. The

direct and indirect comparison analysis (Table 3 and Fig 3) showed that proportion of patients

achieving durable platelet response in TPO-RAs was significantly higher than placebo

(RR = 6.82, 95%CI: 2.97–15.70 for ELT and RR = 14.16, 95%CI: 2.91–69.01 for ROM), but

there was no significant difference between ELT and ROM (RR = 0.47, 95%CI: 0.08–2.81).

Clinically significant bleeding

Five studies (510 patients) reported the incidence of clinically significant bleeding [18, 20, 22,

23]. According to the direct comparison (Table 3), the incidence was significantly lower in

patients receiving ELT than those receiving placebo (RR = 0.64, 95%CI: 0.46–0.90), but the

incidence was not significantly different between ROM and placebo (RR = 0.43, 95%CI: 0.14–

1.33). As to indirect comparison (Fig 3), the incidence was not significantly different between

ELT and ROM (RR = 1.09, 95%CI: 0.37–3.24).

All bleeding events

Seven studies (741 patients) reported the incidence of all bleeding events [16–18, 20, 22, 23].

The pooled results (Table 3) demonstrated that the incidence was significantly lower in ELT

group compared with placebo group (RR = 0.76, 95%CI: 0.60–0.97), while the incidence was

not statistically different between ROM and placebo (RR = 0.68, 95%CI: 0.31–1.48). According

to the indirect comparison (Fig 3), the incidence was not significantly different between ELT

and ROM (RR = 1.15, 95%CI: 0.52–2.57).

Rescue treatment

Five studies (510 patients) reported the proportion of patients receiving rescue treatment in

TPO-RAs or placebo group [18, 20, 22, 23]. Head to head comparison (Table 3) indicated that

Fig 4. The safety results of indirect-comparison meta-analysis. URT: upper respiratory tract.

https://doi.org/10.1371/journal.pone.0198504.g004
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TPO-RAs could significantly reduce the use of rescue medication compared to placebo

(RR = 0.37, 95%CI: 0.25–0.54 for ELT and RR = 0.38, 95%CI: 0.24–0.60 for ROM, respectively).

However, the indirect comparison (Fig 3) indicated that the proportion of patients receiving

rescue treatment between ELT and ROM was not significantly different (RR = 0.95, 95%CI:
0.47–1.90).

Discussion

This systematic review incorporating an indirect-comparison meta-analysis summarized the

efficacy and safety of TPO-RAs in adults with ITP. Our study suggests that the use of TPO-RAs

may improve the durable and overall platelet response, and reduce the use of rescue medica-

tion, without increasing the incidence of AEs, compared to placebo. While ELT might resem-

ble ROM in the overall and durable platelet response, the incidence of AEs (including SAEs),

the incidence of overall and clinically significant bleeding, and the proportion of patients

receiving rescue treatment.

A published indirect comparison demonstrated that ROM significantly improved overall

platelet response compared with ELT for adult patients with ITP, while the durable platelet

response of the two TPO-RAs was similar [12, 24]. Our research drew a different conclusion

that ELT and ROM were similar in both overall and durable platelet response for adults with

ITP, as additional studies led to negative results in the indirect comparison analysis.

In addition, an observational retrospective study including 280 adult patients (ELT,

n = 130; ROM, n = 150) with chronic ITP concluded that the clinical outcomes between the

ELT and ROM treatment cohorts were not significantly different [25]. A “real life” retrospec-

tive multicenter study including 124 adult patients (ELT, n = 69; ROM, n = 55) with ITP con-

cluded that the two drugs demonstrated comparable efficacy and risk of thrombotic events

(RR = 1.59, 95%CI: 0.15–17.13) [26]. Another observational study including 90 adult patients

(ELT, n = 58; ROM, n = 32) with ITP also reported that the response rate (RR = 0.83, 95%CI:
0.62–1.10), the proportion of patients discontinuing the treatment due to adverse reaction

(RR = 0.83, 95%CI: 0.38–1.81), the incidence of any AEs (RR = 0.95, 95%CI: 0.52–1.74) and

thrombosis (RR = 3.92, 95%CI: 0.21–73.50) were not significantly different between ELT and

ROM [27]. Our results were consistent with these findings.

Nonetheless, an updated systematic review and meta-analysis of RCTs suggested that

TPO-RAs were associated with a higher risk of thromboembolic events compared with placebo

or standard care [28]. And another meta-analysis of three large, population-based observa-

tional studies concluded that the risk of arterial and venous thromboembolism should be con-

sidered when evaluating the risk of thromboembolism attributed to ITP treatments (e.g.

TPO-RAs) [29]. Moreover, a disproportionality analysis in the World Health Organization

global individual case safety report (ICSR) database (VigiBase) suggested the presence of a sig-

nal for an increased risk of thrombosis with ELT compared to ROM (adjusted reporting odds

ratio = 1.72, 95%CI 1.47–2.02) [30]. However, our study did not find there was a significant

difference, probably due to the small sample size. The physicians should still be cautious when

administering TPO-RAs to patients with higher risk of thromboembolism, especially for ELT.

Long-term observational studies (2 for ROM [31][32] and 4 for ELT [33–36], respectively)

indicated that a minority of patients treated with ROM or ELT developped bone marrow fibro-

sis and those adverse events (3 for ROM [37–39] and 1 for ELT [40], respectively) were usually

reversible and dose dependent. Probably due to short-term follow-up and small sample size of

the RCTs included in this review, the reticulin fibrosis in bone marrow was only reported in

the ROM trials. But careful monitoring is still needed during use of ROM or ELT.
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There are several limitations in this study. We only included RCTs in this review, the results

might not have good generalizability for strict inclusion criteria and small sample size in those

studies. These studies were not sensitive to find rare AEs (e.g. reticulin fibrosis in bone mar-

row) related to the drug as the sample size was relatively small. In addition, the results of indi-

rect comparisons between ELT and ROM should be interpreted with caution due to lower

power of test and heterogeneity caused by the study designs, patient populations, different dos-

age and course of treatment, and response definitions.

Conclusions

In summary, this meta-analysis suggests that ELT and ROM might be similar in efficacy and

safety for adult ITP. However, physicians should still take into account drug cost and comor-

bidities of the specific patient while making decisions on the treatment of ITP with TPO-RAs.
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