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Background and Aim: Many studies indicated that eltrombopag and romiplostim could
improve hematopoietic function in patients with myelodysplastic syndromes (MDS), but
their toxicity and efficacy were not known. This meta-analysis aimed to investigate the
safety and efficacy of eltrombopag and romiplostim in MDS.

Methods: A full-scale search strategy was used to search relevant published studies in
PubMed, Embase, Web of Science, ClinicalTrials.gov and the Cochrane Library until
January 2020 using a random-effects model and the pooled risk ratio (RR) with 95%
confidence interval as the effect indicator. Statistical analyses were performed using
RevMan 5.3.

Results: This meta-analysis included eight studies comprising 1047 patients. A lower RR of
overall response rate (ORR) (RR: 0.65; 95% Cl, 0.47-0.9) and grade >3 bleeding events (RR:
0.36; 95% Cl, 0.36-0.92) were observed after romiplostim and eltrombopag treatment
compared with placebo. The pooled RR for the ORR and grade >3 bleeding events were 0.58
(95% Cl: 0.41-0.83, P = 0.003) and 0.6 (95% Cl: 0.37-0.96, P = 0.03) in eltrombopag,
respectively. A lower ORR in intermediate- or high-risk MDS (RR: 0.63; 95% Cl: 0.45-0.88,
P = 0.006) was observed. No difference in mortality, serious adverse events, platelet
transfusion, hematologic improvement, and AML transformation was observed.

Conclusions: Thrombopoietin receptor agonists (TPO-RAs) romiplostim and eltrombopag
were effective in reducing bleeding events, especially grade >3 bleeding events. However, it
might reduce the ORR of MDS, especially in eltrombopag treatment group or high-risk MDS
group. Due to the limited treatment of MDS and the poor response to the drug, this may be a
selection method for MDS combined with fatal bleeding, although further research is needed
to confirm the effectiveness of this approach.
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INTRODUCTION

Myelodysplastic syndrome (MDS) is a group of heterogeneous
diseases with abnormal quality and quantity of blood cells. It
originates from hematopoietic stem cells and is characterized by
cytopenia, dysfunctional hematopoiesis, and an increased risk of
progression to acute myeloid leukemia (AML) (1-3). Anemia,
bleeding, infection, and other symptoms lead to a significant
decline in the quality of life of patients, directly resulting in death
(4, 5), and treatment should be individualized (6, 7).
Thrombocytopenia is a challenge in MDS and is associated
with shortened survival and an increased risk of progression to
AML (8, 9). Thrombocytopenia is an independent adverse risk
factor in MDS (9), is associated with life-threatening bleeding
and is common in MDS (10). Therapeutic options for MDS with
thrombocytopenia are limited, platelet transfusion is the
currently commonly used treatment, but the therapeutic effect
is limited, and some patients have serious adverse reactions (11).
Patients with MDS having severe thrombocytopenia may benefit
from the effective recovery of platelets (12). Therefore, new
treatments of thrombocytopenia in MDS remain a medical
need. Although some progress has been made in the treatment
of MDS, effective treatment for MDS is still lacking (13, 14).

The thrombopoietin receptor agonists (TPO-RAs)
romiplostim and eltrombopag selectively interact with
thrombopoietin receptors and speed up the proliferation and
differentiation of megakaryocytes for treating immune
thrombocytopenia (15), AML (16-18), chronic myeloid
leukemia (19), and aplastic anemia (20). In vitro studies on the
effect of eltrombopag on MDS suggested that eltrombopag
displayed a beneficial effect on megakaryopoiesis in patients
with MDS and without any adverse effect on the survival of
bone marrow mononuclear cells (21). Eltrombopag mediates
anticancer effects by its ability to chelate iron and modulate
intracellular iron homoeostasis (22). TPO-RAs combined with
azacytidine, lenalidomide, or decitabine could alleviate
hematologic toxicity and improve platelet counts. However,
some studies reported that it was detrimental to patients with
MDS. In a phase 3 study on patients with MDS, eltrombopag was
not conducive to platelet recovery, with lower response rates and
a trend toward increased progression to AML (23).

The safety and efficacy of TPO-RAs in MDS are still
inconclusive due to the dissimilarity in results and hence need
to be confirmed. Therefore, this systematic meta-analysis was
performed to evaluate the safety and efficacy of eltrombopag and
romiplostim in patients with MDS.

METHODS

Literature Search

This meta-analysis was conducted in accordance with the Cochrane
Handbook for Systematic Reviews, Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) statement (24)
and was registered with PROSPERO (CRD42020215619). PubMed,
Embase, Web of Science, ClinicalTrials.gov and the Cochrane

Library were systematically searched from inception to January
2020, without language restriction. The medical subject heading
terms were as follows: ((((("Myelodysplastic Syndromes"[Mesh])
OR (Dysmyelopoietic Syndromes)) OR (Hematopoetic
Myelodysplasia)) OR (Syndromes, Dysmyelopoietic)) OR
(Myelodysplasias, Hematopoetic)) AND (((((“Amgen
Megakaryopoiesis protein 531”) OR (Nplate)) OR (AMG531))
OR (romiplostim)) OR ((((Promacta) OR (SB-497115)) OR
(Revolade)) OR (eltrombopag))).

Study Selection and Data Abstraction

Full study analysis and data extraction were reviewed
independently by two investigators FM and XC. The inclusion
criteria were as follows: (1) randomized controlled trials (RCT's)
with more than 10 patients in one arm and (2) RCTs on the
treatment of MDS with eltrombopag or romiplostim. Studies
including individual case reports, letters, single-arm studies,
case-control studies, reviews, studies reporting other diseases
than MDS, clinical trials with no results, and nonhuman
researches were excluded. The following characteristics were
extracted: the first author’s name, publication time, condition,
age, sample size, clinical trial ID, sex (male), study sponsor,
outcome measures and treatments.

Outcome Measures

The primary endpoint was overall response rate (ORR)
according to the International Working Group criteria of
complete or partial response (25). The secondary endpoints
included bleeding, serious adverse events (SAE), serious
treatment-related adverse events, adverse events >3, death,
platelet transfusion (PT), hematologic improvement (HI),
platelet hematologic improvement (HI-P), erythroid
hematologic improvement (HI-E), neutrophil hematologic
improvement (HI-N), and AML transformation.

Statistical Analysis

According to the Cochrane Handbook for Systematic Reviews of
Interventions, the following criteria were used to assess the risk of
bias: sequence generation, allocation concealment, blinding
(participants, personnel, and outcome assessors), incomplete
outcome data, selective outcome reporting, and other sources of
bias. All statistical analyses were conducted using RevMan version
5.3. A P value less than 0.05 was considered statistically significant.
The heterogeneity was assessed using I values: low (I = 0%-25%),
medium (P = 25%-50%), high (P = 50%-75%), and nonignorable
(P = 75%-100%). There will be a clinical heterogeneity between
studies included in this study. A random-effects model was used to
calculate the pooled results. The subgroup and sensitivity analyses
were conducted to analyze the heterogeneity among studies.

RESULTS

Search Results
As illustrated in Figure 1 and Table 1, 609 unique studies were
identified during the initial search: PubMed (n = 87), Embase
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records identified through Additional recards
database identified throught clinical
searching:Total(n=586) trial registries(n=23)

PubMed(n=87) Embase(n=217)
Cochrance(n=73)

Web Of Science(n=209)

!

records after duplicates removed (n=472)

records excluded (n=436)

reviews, letters and
comment(n=237)

animal ar intro
studies(n=4)

discaed studies clearly
irrelevant(n=472)

A preliminary screening was
based on titles or abstructs to

RCTs<10 patients(n=1)

*| conference abstructs or

not RCTs(n=194)

potentially eligible
studies were
evaluated based
an full-text
review(n=36)

28 of full-text articles excluded,
with reasons

case reports(n=3) reviews(n=6)

nat about MDS with
eltrombopag ar romiplostim(n=7)

repetitive publication(n=4)

RCTs has no results(n=5)
——— =

(RCTs) with<10 patients in a
Cohort(n=3)

8 of studies included in
quantitative synthesis
{meta-analysis)

FIGURE 1 | Flow diagram showing the search and data extraction.

(n = 217), Cochrane Library (n = 73), Clinical trial registries
(n=23) and Web of Science (n = 209). After removing 137
duplicate studies, 472 remained for further screening. A
preliminary screening was based on titles or abstracts to

discard studies clearly irrelevant. Then 36 potentially eligible
studies were evaluated based on full-text review. As a result, 28
studies were excluded, and the remaining eight were included in
the meta-analysis.
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TABLE 1 | Searching strategy.

Databases Number of article Number of article Number of excluded Reason for exclusion
found included article

PubMed N =87 N=8 N =79 Reviews, letters and comment(N = 36), not RCTs (N = 42),RCTs<10 patients
(N=1)

Web of N =209 N=8 N =201 case reports (N = 3),not RCTs (N = 73),

Science duplicate studies (N = 62),
Reviews, letters and comment (N = 63)

Cochran N=73 N=7 N =66 Reviews, letters and comment (N = 55), not about MDS with TPO-RAs (N = 3),

Library duplicate studies (N = 8)

Embase N =217 N=8 N =209 Reviews, letters and comment (N = 83), not RCTs (N = 79), duplicate studies
(N = 43),
not human studies (N = 4)

Embase N =23 N=28 N=15 not about MDS with TPO-RAs (N = 7), RCTs have no result (N = 5), RCTs<10

Characteristics of Included Studies

All eight studies were RCTs: four on the use of eltrombopag
compared with placebo (17, 23, 26, 27) and another four on the
use of romiplostim (28-31). This meta-analysis involved 1047
participants [657 (63%) male]; most of them were White/
Caucasian and adults. The studies were published between
2010 and 2018, and the sample size ranged from 29 to 356. All
patients were diagnosed with MDS on the basis of the World
Health Organization (WHO) criteria (32). Three studies
included patients with a low risk MDS (only intermediate-1)
(26, 29, 31), three studies included patients with middle risk
MDS (intermediate-1 and intermediate-2) (23, 28, 30),and two
trials included patients with high risk MDS(high risk MDS and
AML patients) (17, 27). The percentage of platelet count <50 in
four studies was more than 50% (23, 28, 30, 31). The
characteristics of the eight included studies are described in
Tables 2 and 3.

Quality Assessment

The quality assessment details for the studies are graphically
summarized in Figure 2. The high risk originated from other
biases as inevitable limitations and defects in the study. Although
some aspects of the assessment studies were risky, the overall risk
of bias was not high.

Overall Response Rate

All included studies reported the ORR except two trials (26, 31).
A total of 707 (TPO-RAs/placebo: 410/297) patients were
enrolled. TPO-RAs significantly reduced the ORR compared

patients (N = 3)

with placebo, with a pooled RR rate of 0.65 (95% CI: 0.47-0.9,
P =0.01) using the random-effects model (Figure 3). Despite no
significant heterogeneity (I = 0%, P = 0.45), a subgroup analysis
was performed based on different types of TPO-RAs and MDS
risk groups. Of note, the pooled RR for the ORR was 0.58 (95%
CI: 0.41-0.83, P = 0.003) in the case of eltrombopag, but for
romiplostim, the pooled RR for the ORR was 1.34 (95% CI: 0.55-
3.26, P = 0.52). The subgroup analysis revealed a significant
difference for ORR in intermediate- or high-risk MDS (RR: 0.63;
95% CI: 0.45-0.88, P = 0.006), but no significant difference in low
risk MDS (RR: 2.22; 95% CI: 0.29-17.03, P = 0.44), compared to
placebo (Figure 3B and Table 4). Results of sensitivity analysis
showed no study resulting in the heterogeneity, indicating that
TPO-RAs significantly reduced the ORR, especially in
eltrombopag treatment group or high-risk MDS group.

Bleeding Events

Bleeding events were compared in two ways: the number of
patients who happened bleeding events and grade >= 3 bleeding
events. Seven trials, including 947 patients, reported bleeding
events, and 4 trials reported grade >3 bleeding events. The result
indicated medium heterogeneity among bleeding events (I* =
46%, P = 0.08) and no significant heterogeneity among grade
>3 bleeding events (I = 0%, P = 0.84). TPO-RAs reduced the
risk of bleeding events compared with placebo (RR: 0.84; 95%
CI: 0.67-1.06, P = 0.13) but with no significant difference (Figure
4A). However, for grade >3 bleeding events, the results showed a
significant difference (RR: 0.58; 95% CI: 0.36-0.92, P = 0.02),
indicating that TPO-RAs significantly reduced grade >3 bleeding

TABLE 2 | Study characteristics.

Study Year Clinical trial ID Number Median age Male (%) IPSS<=1(%) disease Caucasian Funding
Kantarjian et al. (31) 2018 NCT00614523 250 70 148 (59%) 250 (100%) MDS 235(94%)  Amgen Inc

Greenberg et al. (28) 2013 NCT00321711 29 68 19 (66%) 14 (48%) MDS 20 (69%)  Amgen Inc

Kantarjian et al. (30) 2010 NCT00321711 40 71 24 (60%) 26 (65%) MDS 37 (93%)  Amgen Inc

Dickinson (23) 2018 NCT02158936 356 70 234 (66%) 125 (35%) MDS 294 (83%)  Novartis Pharma AG
Oliva et al. (26) 2017  EudraCT201002289033 90 69 52 (568%) 90 (100%) MDS NA Associazione QOL-ONE
Wang et al. (29) 2012  NCT00418665 38 74 24 (62%) 35 (90%) MDS 36 (92%)  Amgen Inc

Mittelman (17) 2018 NCT01440374 145 72 97 (67%) 0(0) MDS+AML 126 (87%)  Novartis Pharma AG
Platzbecker et al. (27) 2015 NCT00903422 98 NA 59 (60%) NA MDS+AML 68 (70%)  GlaxoSmithKline

NA, not available; MDS, myelodysplastic syndromes; AML, acute myeloid leukemia; IPSS, international prognostic scoring system.
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TABLE 3 | The treatments and outcomes of the included studies.

Study Treatments Trial interventions

Outcomes

Dickinson Eltrombopag  Eltrombopag (start, 200 mg/d [East Asians, 100 mg/d],
(23) plus maximum, 300 mg/d [East Asians, 150 mg/d]) or placebo
azacitidine plus azacitidine (75 mg/m2 subcutaneously once daily for
7 days every 28 days)

The primary end point was the proportion of patients who were free of PT

, during cycles 1 through 4 of azacytidine therapy. Secondary end points
included OS, disease response, duration of response, progression to AML
and PFS, HI, safety, and tolerability.

Oliva et al. Eltrombopag  Eltrombopag (50 mg to 300 mg) or placebo for at least 24  The primary endpoints were the proportion of patients achieving a PR within

(26) weeks and until disease progression and were masked to
treatment allocation.

Mittelman Eltrombopag  Eltrombopag or placebo at 100 mg per day (50 mg per

(17 day for patients of east-Asian heritage) to a maximum of
300 mg per day (150 mg per day for patients of east-
Asian heritage).

Platzbecker  Eltrombopag Once daily eltrombopag or matching placebo dose

etal. (27) adjusted from 50 mg to a maximum dose of 300 mg.

Wang et al.  Romiplostim ~ Weekly placebo or romiplostim 500 ug or 750 ug for four
(29) plus 28-day lenalidomide cycles.
lenalidomide
Greenberg  Romiplostim  Romiplostim 750 ug or placebo and decitabine.
et al. (28) plus
decitabine

Kantarjian Romiplostim  Romiplostim 500 g or 750 g or placebo subcutaneously
etal. (30) plus once weekly during 4 cycles of azacitidine.
azacitidine

Kantarjian Romiplostim  Placebo or 750 ng romiplostim subcutaneously once per
etal. (31) week for 58 weeks.

24 weeks and safety. Secondary endpoints included time to response, PT,
incidence and severity of bleeding, changes in quality-of-life score.

disease response; HI; PFS; maximum PT independence duration from weeks
5 to 12; WHO Bleeding Scale-based bleeding; DP; OS; and quality of life
assessment; PT

The primary endpoint includes AE, nonhematological laboratory grade 3-4
toxic effects, and changes in bone-marrow blast counts from baseline.
Secondary end points were PR, PT, OS, and plasma eltrombopag
concentration.

AE, bleeding events, and concomitant medications, progression to AML,
CSTEs, and PT, percentage of patients who had a reduction or delay in
lenalidomide, CR, PR, or OR and incidence of bleeding events

The primary end point was CSTEs. Secondary objectives were to evaluate the
safety and tolerability of romiplostim in combination with a hypomethylating
agent; the proportion of patients receiving hypomethylating agent treatment
and schedule; PT

The primary endpoint was CSTEs. Secondary endpoints incidence of PT
frequency and number of units transfused, incidence of azacitidine dose
reduction, or delay resulting from thrombocytopenia, and response rate at the
end of azacitidine treatment.

The primary outcomes were survival and progression to AML. CSTEs, PT,
bleeding events, and PR, OS, AE

CSTEs, incidence of clinically significant thrombocytopenic events; DP, disease progression; HI, hematologic improvement; PT, platelet translation; OS, overall survival; PFS, progression-

free survival; CR, complete response, PR, partial response.
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FIGURE 2 | Quality assessment of the included comparative studies. +, Low risk of bias; —, high risk of bias; ?, unclear risk of bias.

events (Figure 4B). The subgroup analysis revealed a significant
difference for grade >3 bleeding events in the case of
eltrombopag (RR: 0.6; 95% CI: 0.37-0.96, P = 0.03), but no
significant difference in the case of romiplostim (RR: 0.24; 95%

CL: 0.02-2.42, P = 0.23), compared to placebo. Significant
difference was found in grade >3 bleeding events in high-risk
MDS groups (RR: 0.58; 95% CI: 0.36-0.92, P = 0.02), compared
to placebo (Figure 4C and Table 4).
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Test for overall effect: Z = 2.57 (P = 0.01)

Test for subaroun differences: Chi? = 2.87. df = 1 (P = 0.09). I = 65.2%
B

Experimental Control Risk
Study o g ents ents M-H. Ran
2.3.1 Low risk

Heterogeneity: Tau? = 0.00; Chi? = 4.75, df = 5 (P = 0.45); I = 0%
Test for overall effect: Z = 2.57 (P = 0.01)
Test for subaroup differences: Chiz = 1.43. df = 1 (P = 0.23). 12 =29.9%

TABLE 4 | The subgroup analysis in different types of MDS risk groups.

A
Experimental Control Risk Ratio Risk Ratio

_Study or Subgroup _ Events  Total Events Total Weight M-H.Random.95%Cl _ M-H. Random.95%Cl

2.1.1 romiplostim

Greenberg2013 5 15 3 14 7.0% 1.56 [0.45, 5.33] ]

Kantarjian2010 3 27 2 13 3.8% 0.72[0.14, 3.81]

Wang2012 27 1 12 25% 2221[0.29, 17.03]

Subtotal (95% CI) 69 39 13.3% 1.34 [0.55, 3.26] ——

Total events 13 6

Heterogeneity: Tau? = 0.00; Chi? = 0.83, df = 2 (P = 0.66); I? = 0%

Test for overall effect: Z = 0.64 (P = 0.52)

2.1.2 eltrombopag

Dickinson2018 3 179 62 177 84.4% 0.57 [0.40, 0.82] -

Mittelman2018 1 98 1 47 1.4% 0.48 [0.03, 7.50]

Platzbecker2015 2 64 0 34 12% 2.69[0.13, 54.53]

Subtotal (95% CI) 341 258  86.7% 0.58 [0.41, 0.83] -

Total events 39 63

Heterogeneity: Tau? = 0.00; Chi? = 1.03, df = 2 (P = 0.60); I = 0%

Test for overall effect: Z = 3.02 (P = 0.003)

Total (95% Cl) 410 297 100.0% 0.65 [0.47, 0.90] >

Total events 52

Heterogeneity: Tau? = 0.00; Chi? = 4.75, df = 5 (P = 0.45); I = 0% 0'1 0'2 0'5 1 é é 1'0

Favours [experimental] Favours [control]

Ratio

Risk Ratio

M-H. Random

Wang2012 5 27 1 12 25% 2.22[0.29, 17.03]

Subtotal (95% CI) 27 12 2.5% 2.2210.29, 17.03]

Total events 5 1

Heterogeneity: Not applicable

Test for overall effect: Z = 0.77 (P = 0.44)

2.3.2 Intermediate-2 risk and high risk

Dickinson2018 36 179 62 177 84.1% 0.57 [0.40, 0.82] '.'
Greenberg2013 5 15 3 14 7.0% 1.56 [0.45, 5.33] -1
Kantarjian2010 3 27 2 13  38% 0.72[0.14, 3.81] - 1
Mittelman2018 1 98 1 47 1.4% 0.48 [0.03, 7.50]
Platzbecker2015 2 64 0 34 1.2% 2.69[0.13, 54.53] -

Subtotal (95% CI) 383 285 97.5% 0.63 [0.45, 0.88] L 4

Total events 47 6

Heterogeneity: Tau? = 0.00; Chi? = 3.30, df = 4 (P = 0.51); I = 0%

Test for overall effect: Z = 2.73 (P = 0.006)

Total (95% CI) 410 297 100.0% 0.65 [0.47, 0.90] L 4

Total events 52 69

001 01 1 10 100

Favours [experimental] Favours [control]

FIGURE 3 | Subgroup analysis of the ORR based on TPO-Ras (A) and MDS risk groups (B).

Low risk MDS

Intermediate or high-risk MDS

RR (95% CI) P Heterogeneity RR (95% Cl) P Heterogeneity
ORR 2.22 (0.29-17.03) 0.44 NA 0.63 (0.45-0.88) 0.006 2 =0,
P=0.51
Bleeding 0.66 (0.27-1.61) 0.36 12=67%, 0.92 (0.81-1.03) 0.15 2 =0,
events P=0.05 P=0.67
Grade >= 3 NA NA NA 0.58 (0.36-0.92) 0.02 2 =0,
bleeding P=0.84
events
AML 1.18 (0.59-2.38) 0.64 12 =0, 1.07 (0.72-1.58) 0.73 1°=28%,
progression P=0.58 P=0.24
Serious 0.89 (0.28-2.78) 0.84 12=87%, 0.97 (0.72-1.31) 0.84 P=72%,
adverse P=0.005 P=0.01
events
Mortality 1.03 (0.81-1.30) 0.82 1= =0, 0.97 (0.70-1.36) 0.88 1°=36%,
P=0.98 P=0.18

ORR, overall response rate; NA, not available.

AML Progression

All 8 trials with a total of 890 patients reported the risk of
AML7nbsp;progression. No significant difference in
transformation into AML (RR: 1.04; 95% CI: 0.81-1.34,

P = 0.75) was observed in placebo versus TPO-RAs (Figure
5). Despite low heterogeneity (I* = 0%, P = 0.44), the subgroup
analyses in MDS risk groups revealed no significant differences
(Table 4).

Frontiers in Oncology | www.frontiersin.org

November 2020 | Volume 10 | Article 582686


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Meng et al.

TPO-RAs Treatment in MDS

Test for overall effect: Z = 1.50 (P = 0.13)
Test for subaroup differences: Chi? = 0.01. df = 1 (P = 0.92). I = 0%

Heterogeneity: Not applicable
Test for overall effect: Not applicable

13.2.2 hgh
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(B) and MDS risk groups (C).

Other Outcomes

No significant difference in serious adverse events (RR: 0.97; 95%
CI: 0.73-1.29, P = 0.84) and mortality (RR: 1.02; 95% CI: 0.86-
1.21, P = 0.79) was observed in placebo versus TPO-RAs
(Figures 6A, B). No statistically significant difference was
found in platelet transfusion, serious adverse events, serious
treatment-related adverse events, and adverse events >3
between placebo and TPO-RAs. All the other outcomes are
described in Table 5.
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FIGURE 4 | TPO-RAs subgroup analysis of the number of patients with bleeding events (A). Subgroup analysis of the grade >3 bleeding events based on TPO-Ras

Publication Bias and Sensitivity Analysis

From above results, we can see ORR and grade >3 bleeding
events were significant statistically. So we performed sensitivity
analysis and publication bias for these two indicators. Sensitivity
tests found no significant impact on the stability of meta-analysis
at the ORR and grade >3 bleeding events when one study was
omitted. Funnel plot analysis of publication bias suggested that
there was potential publication bias in ORR (Figure 7A), because
funnel plots showed slight non-symmetry. No significant
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FIGURE 5 | TPO-RAs subgroup analysis of AML progression.
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FIGURE 6 | TPO-RAs subgroup analysis of serious adverse events (A) and death events (B).
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TABLE 5 | Statistical analysis of other outcomes.

Outcome Subgroup RR (95% Cl)Total
Eltrombopag Romiplostim

CSTEs NA 0.85 (0.67-1.07)
Mortality 1.04 (0.81-1.33) 0.70 (0.24-2.02)
DP 0.97 (0.65-1.36) NA

Hi 1.05 (0.81-1.38) NA

HI-E NA 1.27 (0.59-2.70)
HI-P 1.89 (0.43-8.28) 3.42 (0.23-50.27)
HI-N 1.04 (0.24-4.50) 3.02 (0.79-11.47)
SAE 1.05 (0.69-1.59) 0.89 (0.54-1.46)
STRAE 1.10 (0.55-2.21) 0.47 (0.10-2.18)
AE>=3 1.11 (0.80-1.53) 0.92 (0.65-1.29)
PT 1.00 (0.65-1.53) 0.70 (0.47-1.06)

RR (95% CI) Total
P Heterogeneity
0.85 (0.67-1.07) 0.17 0
1.02 (0.86-1.21) 0.79 3%
0.97 (0.65-1.36) 0.86 46%
1.05 (0.81-1.38) 0.7 0
1.27 (0.59-2.70) 0.54 51%
2.40 (0.77-7.44) 0.13 85%
1.48 (0.50-4.33) 0.48 52%
0.97 (0.73-1.29) 0.84 73%
0.95 (0.50-1.79) 0.88 0
1.04 (0.83-1.31) 0.71 45%
0.88 (0.63-1.23) 0.45 74%

CSTEs, incidence of clinically significant thrombocytopenic events; DP, disease progression,; HI, hematologic improvement; HI-E, erythroid hematologic improvement; HE-P, platelet
hematologic improvement; HI-N, hematologic improvement neutrophil; SAE, serious adverse events;, AE>=3, adverse events>=3; PT, platelet translation; STRAE, serious treatment-

related adverse events; NA, not available.

publication bias was observed in grade >3 bleeding events
(Figure 7B).

DISCUSSION

The use of TPO-RAs for treating MDS is still under
investigation, with some results encouraging and some
disappointing (33). Hence, the ORR of TPO-RAs, the
reduction of bleeding and AML transformation, and the
effectiveness and safety of TPO-RAs in the treatment of MDS
remain controversial. Therefore, this analysis was performed to
explore the efficacy of TPO-RAs in the treatment of MDS and
provide clinical references. Our meta-analysis indicated that
TPO-RAs significantly reduced the ORR (RR = 0.65; 95% CI:
0.47-0.9, P = 0.01). However, Vicente et al report that
eltrombopag monotherapy can improve hematopoiesis in
patients with low to intermediate risk-1 MDS. Eleven of 25
(44%) patients responded; five and six patients had hematologic
responses, respectively (34). The possible explanations were
that patients with refractory anemia with excess blasts, AML,
treatment-related MDS, or chronic myelomonocytic leukemia
were excluded, while patients in our meta-analysis were
thrombocytopenia with advanced MDS or AML. In addition,
each trial had different treatment backgrounds and final points.
Two trials were discontinued due to the potential risk for
progression to AML. Only the intermediate- or high-risk
MDS group reported ORR in detail, which may affect the
results. Importantly, TPO-RAs significantly reduce ORR in
intermediate- or high-risk MDS (RR: 0.63; 95% CI: 0.45-0.88,
P = 0.006).Funnel plot find significant publication bias in ORR.
Based on these results, we do not recommend that TPO-RAs be
routinely used in MDS therapy, especially in the high-risk MDS
group. However, whether TPO-RAs can reduce ORR of MDS
needs further exploration.

In our study, in patients treated with eltrombopag (RR: 0.6;
95% CI: [0.37, 0.96], p=0.03), grade >= 3 bleeding events was
lower in romiplostim (RR: 0.24; 95% CI: [0.02, 2.42], p=0.23).

But it is no direct comparison between eltrombopag and
romiplostim, all eight studies are conducted with placebo or
others drugs. In addition, four trials reported this outcome, but
only one reported romiplostim, with very wide confidence
intervals and indirect comparison, thus we cannot consider
grade >= 3 bleeding events was lower in romiplostim. But our
results indicated that TPO-RAs can remarkably reduce grade >=
3 bleeding events, especially eltrombopag. Our results indicate
that TPO-RAs reduced the risk of bleeding events but with no
significant difference. TPO-RAs can remarkably reduce grade >=
3 bleeding events rather than bleeding events, the reasons for
these discrepancies are evident. The bleeding events reported
included minor bleeding, which were not accurately reported,
may influence the expected statistical outcome. Furthermore,
bleeding events were defined as number of patients with
bleeding, not adjusted for exposure per patient month, so there
was non-significant. These results were consistent with previous
meta-analysis that when adjusted, there was significantly RR of
bleeding (35).

In addition, our meta-analysis found no significant
differences in mortality and progression to AML. Although
TPO-RAs were beneficial to patients with MDS in terms of
other outcomes, the difference was not statistically significant
(Table 5). In addition, significant heterogeneity, wide
confidence intervals, very small number of events and two
trials were terminated prematurely, which require further
investigation. Despite high heterogeneity, sensitivity
analysis and publication bias were not performed in these
outcomes because no statistically significant difference was
found in placebo and TPO-RAs. As we found statistically
significant difference in ORR and grade >3 bleeding events,
we only performed sensitivity analysis and publication bias
in these two indicators. No statistical significance was found in
sensitivity analysis. When it comes to publication bias, no
statistical significances were found in grade >3 bleeding
events, but potential publication bias was found in ORR. By
analyzing the causes of publication bias, it is found that the
publication bias is mainly due to the small number of literature
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inclusion and the small sample size of a few studies. In addition,
this meta-analysis included less than 10 trials, so the
significance of publication bias is limited.

A meta-analysis involving 746 patients found no significant
differences in mortality (RR: 0.97; 95% CI: 0.73-1.27)
and progression to AML (RR: 1.02; 95% CI: 0.59-1.77, P =
0.03), but a lower risk of bleeding events (RR: 0.92; 95% CI: 0.86-
0.99) in MDS treated with TPO-RAs (35), which were also
consistent with the results of the present meta-analysis.

The risk of bias for the included studies are assessed in
selection bias, performance bias, detection bias, attrition bias,
reporting bias and others bias. As shown in Figure 2, the high
risk of bias originated from other biases and selective reporting.

FIGURE 7 | Funnel plot analysis of potential publication bias in the study: (A) ORR and (B) grade >3 bleeding events.

Potential limitations of including studies and different treatment
regimens contributed to a high risk of other biases. All trials
reported the risk of other biases, except two trials (26, 27).
Greenberg et al (2013) used decitabine and Kantarjian et al
(2010), Dickinson et al (2018) used azacitidine, both at standard
dosing regimens. MDS patients receiving lenalidomide in study
by Wang et al. Patients were randomly assigned to receive
eltrombopag (50-300 mg) (26, 27), (100-300 mg) (17), (200-
300 mg) (23), and romiplostim (750 pg) (28, 31), (500 and 750
ug) (29, 30). Two trials (17, 27) included both patients with MDS
and patients with AML, and hence were judged with a high risk
for selective reporting. In addition, only one trial was single-
blind (26), which also contributed to a high risk of bias. However,
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the results were not significantly different when sensitivity
analysis was performed. Therefore, the overall risk of bias was
not high.

This meta-analysis had several limitations. First, data on some
outcomes were insufficient. Further, two studies included
patients with AML, leading to a potential risk of bias. Second,
although a comprehensive search strategy was used, relevant
studies were unavoidably missed, especially those published in a
language other than English. Third, the random-effects model
used in this meta-analysis might have minimized the
inherent variances.

In conclusion, TPO-RAs were effective in reducing bleeding
events, especially grade >3 bleeding events. However, it might
reduce ORR of the MDS, especially in eltrombopag treatment
group or high-risk MDS group. More studies with larger sample
sizes and long-term follow-up are needed to evaluate the safety
and efficacy of TPO-RAs in MDS. Although further studies are
needed, our meta-analysis suggests that TPO-RAs is not
recommended for high risk MDS patients unless combined
with fatal bleeding.
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