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Abstract
Objective To evaluate the efficacy and safety of thrombopoietin receptor agonists (TPO-RAs) in solid tumors with 
chemotherapy-induced thrombocytopenia (CIT).

Methods We conducted a comprehensive search of PubMed, FMRS, Cochrane Library, Web of Science, EMBASE, and 
ClinicalTrials.gov for randomized controlled trials (RCTs) reporting the efficacy and safety of TPO-RAs in solid tumors 
with CIT. The search was limited to articles published before April 30, 2022. Primary outcomes included chemotherapy 
dose reduction or delays, platelet transfusion, the incidence of grade 3 or 4 thrombocytopenia, and bleeding events. 
Secondary outcomes encompassed the incidence of platelet count > 400 × 109/L, adverse events (AEs), serious AEs, 
thrombosis, and mortality.

Results Our analysis encompassed six studies: five rigorous RCTs and one unique study comparing romiplostim 
to an observation group, involving a total of 489 patients. For primary outcomes, TPO-RAs significantly reduced the 
incidence of grade 3 or 4 thrombocytopenia (RR = 0.69, 95% CI: 0.52–0.91). After applying the Bonferroni correction 
for multiple comparisons, the significance of the reduction in grade 3 or 4 thrombocytopenia incidence persisted 
(P = 0.008). TPO-RAs showed no significant impact on chemotherapy dose reduction or delays (RR = 0.81, 95% CI: 
0.65–1.01), platelet transfusion (RR = 1.04, 95% CI: 0.48–2.27), or bleeding events (RR = 0.50, 95% CI: 0.23–1.10). In 
terms of safety, there were no significant difference in the incidence of any AEs (RR = 0.98, 95% CI:0.92–1.04), serious 
AEs (RR = 0.79, 95% CI:0.45–1.40), thrombotic events (RR = 1.20, 95% CI:0.51–2.84) and mortality (RR = 1.15, 95% 
CI:0.55–2.41).

Conclusions This meta-analysis suggests that TPO-RAs are generally well-tolerated. However, their efficacy in 
solid tumors with CIT appears limited, as they only demonstrate a reduction in the incidence of grade 3 or 4 
thrombocytopenia.
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Introduction
Chemotherapy-induced thrombocytopenia (CIT) is a 
common complication of cancer treatment. It leads to 
chemotherapy delays, dose reductions, and treatment 
discontinuation, negatively impacting treatment out-
comes and increasing the risk of bleeding for patients 
[1]. Currently, there is no agent approved by the US Food 
and Drug Administration (FDA) for the treatment of CIT. 
The only standard approach to managing CIT is platelet 
transfusion [2]. However, platelet transfusion provides 
only temporary improvement, and it is impossible to 
sustain over extended periods. Therefore, chemotherapy 
dose reductions and treatment delays are usually inevi-
table, which may decrease relative dose intensity and 
reduce the efficacy of chemotherapy [3].

The thrombopoietin receptor agonists (TPO-RAs) 
are a class of platelet growth factors, including eltrom-
bopag, avatrombopag, romiplostim and lusutrombopag. 
TPO-RAs bind to the thrombopoietin receptor. This 
binding causes a conformational change in the throm-
bopoietin receptor, activates the JAK2/STAT5 pathway, 
and increases megakaryocyte progenitor proliferation 
and platelet production. Currently, TPO-RAs have been 
FDA-approved for immune thrombocytopenia in cases 
of insufficient response to pretreatment, periprocedural 
thrombocytopenia in patients with chronic liver disease, 
aplastic anemia, and thrombocytopenia associated with 
antiviral treatment of hepatitis C [4, 5].

TPO-RAs represent a new potential therapy for 
the CIT. In previous phase 1 and 2 clinical trials, it 
was shown that compared with placebo, eltrombopag 
increased platelet count during chemotherapy in solid 
tumors [6, 7]. In a phase 2 clinical trial of romiplostim in 
the treatment of solid tumors with CIT showed that dur-
ing the initial randomized phase, 14 of 15 romiplostim-
treated patients (93%) experienced a restoration of their 
platelet count within 3 weeks, compared with only one of 
eight control patients (12.5%). Because of the promising 
results observed in the romiplostim arm, the study was 
converted to a single-arm trail, and 44 out of 52 patients 
(85%) who achieved platelet correction with romiplostim 
resumed chemotherapy with weekly romiplostim, thus 
demonstrating the effectiveness of romiplostim in the 
treatment of CIT [8]. However, in a phase 3 clinical trial 
of avatrombopag in the treatment of solid tumors with 
CIT, there was no significant improvement in the propor-
tion of patients meeting the composite primary endpoint 
(i.e., the proportion of responders who did not require 
platelet transfusion, chemotherapy dose reduction or 
chemotherapy delays) between the experimental group 
and the placebo group [9].

Given that TPO-RAs may be an important treatment 
for CIT in solid tumors, this study aims to conduct a 

meta-analysis of the published data to evaluate the effi-
cacy and safety of TPO-RAs in solid tumors with CIT.

Materials and methods
Protocol and registration
This systematic review was conducted in accordance 
with the PRISMA Extension Statement for Reporting of 
Systematic Reviews Incorporating Network Meta-anal-
yses of Health Care Interventions [10]. It was registered 
under the registration numbers CRD42023461834 on the 
PROSPERO website.

Search strategy
PubMed, FMRS, Cochrane Library, Web of Science, 
EMBASE and ClinialTrials.gov were systematically 
searched to identify potentially eligible studies. The 
search was limited to articles published before April 30, 
2022, and to English-language publications. The search 
terms and MeSH(Medical Subject Headings) primarily 
included “thrombopoietin receptor agonists”, “Chemo-
therapy”, “thrombocytopenia” and “clinical trial”. Details 
of the study selection process are provided in supplemen-
tary materials.

Study selection
Two reviewers (CW and LYBX) independently screened 
the titles and abstracts of all studies for eligibility, and 
the records that seemed likely to meet the inclusion cri-
teria were retrieved in full text. The following types of 
studies were excluded: reviews and systematic reviews, 
non-human studies, case reports, observational research, 
cohort studies, retrospective analysis, pharmacokinet-
ics and articles unrelated to the topic of this study. Dif-
ferences of opinion between reviewers were resolved 
through discussion or by a third party.

Inclusion and exclusion criteria
Inclusion criteria: (1) Research design: randomized con-
trolled trials; (2) Patients: solid tumors patients with CIT 
older than 18 years old; (3) Interventions: Eltrombopag 
or Romiplostim or Avatrombopag compared with pla-
cebo or blank; (4) Outcome indicators: incidence of che-
motherapy dose reduction or delays, bleeding events, 
platelet transfusion, incidence of grade 3 or 4 thrombocy-
topenia, incidence of platelet count > 400 × 109/L, adverse 
events(AEs), serious AEs, embolism events and deaths. 
Exclusion criteria: (1) Conference abstracts; (2) Informa-
tion on the trial was missing or incomplete.

Outcome measure
The primary outcomes were chemotherapy dose reduc-
tion or delays, platelet transfusion, the incidence of 
grade 3 or 4 thrombocytopenia and bleeding events. To 
control the potential risk of false positives with multiple 
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comparisons, we performed Bonferroni correction. Sec-
ondary outcomes included the incidence of platelet 
count > 400 × 109/L, AEs, serious AEs, thrombosis and 
mortality.

Date extraction
Two authors (CW and LYBX) extracted the data indepen-
dently to complete the extraction table, disagreements 
between authors were resolved by discussion or decided 
by the third party. The date included in the extraction 
table were as follows: (1) first author’s name, publication 
time, regions and registration number of trails, random-
ization, total number of participants; (2) age and gender 
of the patients; (3) intervention characteristics (type, 
dose, and duration); (4) outcome indicators: bleeding 
events, platelet transfusion, chemotherapy dose reduc-
tion or delays, incidence of grade 3 or 4 thrombocyto-
penia, incidence of platelet count > 400 × 109/L; (5) safety 
data: AEs, serious AEs, thrombosis and mortality.

Evidence quality assessment
The risk of bias was assessed using Cochrane’s risk of bias 
tool for RCTs (RoB v2.0) [11]. The assessment of risk of 
bias was conducted independently by two reviewers (CW 
and LYBX) across five domains (randomization process, 
deviations from intended interventions, missing outcome 
data, measurement of the outcome and selection of the 
reported result). Ratings for bias were categorized as 
“low risk,“ “some concerns,“ or “high risk.“ Disagreements 
were resolved through consultation with a third evaluator 
(LLC).

Statistical analyses
The outcome data in this study consisted of dichotomous 
variables. We pooled trials using meta-analysis with 
RevMan5.3, applying a random-effects model to assess 
the overall estimated effects. Risk ratios (RR) with 95% 
confidence intervals (CI) were employed for evaluating 
dichotomous variables. We tested Heterogeneity using 
the I2 statistic and the Cochran Q-test. A significance 
level of I2 ≥ 50% and P < 0.10 was considered indicative of 
significant heterogeneity. When significant heterogene-
ity was observed, we conducted sensitivity and subgroup 
analyses to provide possible explanations. To account for 
multiple testing in the meta-analysis, we applied Bonfer-
roni adjustment, resulting in a rejection P-value of 0.05 
divided by the total number of outcomes. In this meta-
analysis, there were four primary outcomes; thus, the 
rejection P-value was calculated as 0.05/4 = 0.0125.

Results
Study selection and characteristics
A total of 423 potential records were retrieved. Among 
these, 39 came from PubMed, 124 from the Cochrane 

library, 79 from EMBASE, 45 from FMRS, 125 from Web 
of Science, and 11 from ClinialTrials.gov. After exclud-
ing 107 duplicates, 240 irrelevant articles, 26 reviews and 
systematic reviews, 12 pharmacokinetics, 3 animal exper-
iments, we identified 24 records. Subsequently, we care-
fully screened these 24 articles. We excluded 5 articles 
because they were single-arm trails, 3 articles because 
they were retrospective studies, and 10 conference 
abstracts and 1 case report. Our search on ClinicalTrials.
gov yielded 11 studies, of which 7 were clinical trials in 
progress or terminated, and 4 had already been published 
in the database, duplicating the literature retrieved. 
Therefore, we excluded these 4 trials. In the end, our 
study included 5 articles and 1 clinical trial, encompass-
ing 489 participants. The flow diagram of the literature 
search is presented in Fig. 1.

Six trials were included [6–9, 12, 13], of which 3 com-
pared eltrombopag to placebo [6, 7, 13], one compared 
avatrombopag to placebo [9], one compared romiplostim 
to placebo [12] and one compared romiplostim to the 
observation group [8]. 5 studies were randomized dou-
ble-blind controlled studies [6, 7, 9, 12, 13], and one study 
was a randomized open controlled study [8]. The study 
included a total of 489 patients, with 353 in the experi-
mental group and 136 in the control group. One trial was 
a phase 1 clinical trial [6], four were phase 2 clinical trials 
[7, 8, 12, 13], and one was a phase 3 clinical trial [9].The 
characteristics of the clinical trials in this meta-analysis 
are presented in Table 1.

Risk of bias
We utilized the Cochrane Collaboration’s tool to assess 
the quality of the included RCTs. Despite their small size, 
these trails were deemed to be of high quality (see Fig. 2). 
Among the five randomized double-blind controlled 
studies, detailed information about the generation of ran-
dom sequences and allocation concealment methods was 
provided. However, the single randomized open study 
may carry a risk of selective reporting (see Fig. 2).

Efficacy outcomes
Incidence of chemotherapy dose reduction or delays, platelet 
transfusion, bleeding events
Four studies assessed chemotherapy dose reduction or 
delays as outcome indicator [6, 7, 9, 12]. In both chemo-
therapy groups, there were fewer instances of chemo-
therapy dose reduction or delays in patients receiving 
TPO-RAs (36.81%) compared to those receiving a pla-
cebo (42.68%). However, this difference was not statisti-
cally significant (RR = 0.81,95% CI:0.65–1.01, P > 0.05). 
Additionally, four studies used platelet transfusion as an 
outcome indicator [7–9, 12]. There was no significant dif-
ference in the proportion of platelet transfusion between 
the experimental and control group (RR = 1.04, 95% 



Page 4 of 10Chen et al. BMC Pharmacology and Toxicology           (2023) 24:71 

CI:0.48–2.27, P > 0.05). Furthermore, three studies used 
bleeding events as outcome indicator [7, 9, 13]. The inci-
dence of bleeding events in experimental group (5.97%) 
was lower than that in the control group (11.93%), but 
this difference was not statistically significant (RR = 0.50; 
95% CI:0.23–1.10, P > 0.05) (Fig. 3).

Incidence of grade 3 or 4 thrombocytopenia and platelet 
count > 400 × 109/L
Four studies compared the incidence of grade 3 or 4 
thrombocytopenia [6, 7, 9, 12]. There was a lower inci-
dence of grade 3 or 4 thrombocytopenia in patients 
receiving TPO-RAs (33.49%) compared to those receiv-
ing a placebo (48.78%) in both chemotherapy groups 
(RR = 0.69, 95% CI:0.52–0.91, P < 0.05). Additionally, three 
studies used the incidence of platelet count > 400 × 109/L 
as an outcome indicator [6, 9, 13]. The incidence of plate-
let count > 400 × 109/L in the experimental group (19.14%) 
was higher than that in the control group (10.75%), and 
this difference was statistically significant (RR = 1.80, 95% 
CI:1.01–3.19, P < 0.05) (Fig. 4). After applying Bonferroni 

correction, with an adjusted significance level of 0.0125 
(0.05 divided by the 4 primary endpoints), only the 
results related to the incidence of grade 3 or 4 thrombo-
cytopenia remained statistically significant.

Safety outcomes
Incidence of any AEs, serious AEs, thrombosis and mortality
Five studies compared the incidence of any AEs [6, 
7, 9, 12, 13]. The incidence of any AEs in the experi-
mental group was similar to that in the control group 
(RR = 0.98,95% CI:0.92–1.04, P > 0.05). Furthermore, four 
studies evaluated the incidence of serious AEs [6, 7, 9, 
12]. There was no significant difference in the propor-
tion of serious AEs between the experimental and control 
group (RR = 0.79, 95% CI: 0.45–1.40, P > 0.05). Addition-
ally, four studies compared the incidence of thrombosis 
[6, 7, 9, 13]. The incidence of thrombosis in the experi-
mental group (6.97%) was similar to that in the control 
group (5.17%) (RR = 1.20, 95% CI:0.51–2.84, P > 0.05). 
Finally, three studies evaluated the incidence of mortality 
[6, 9, 13]. The incidence of mortality in the experimental 

Fig. 1 Study flow diagram
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group (8.09%) was higher than that in the control group 
(6.45%), but the difference was not statistically significant 
(RR = 1.15, 95% CI:0.55–2.41, P > 0.05) (Fig. 5).

Discussion
Approximately 10–38% of patients with solid tumors 
who undergo chemotherapy develop CIT [14]. The inci-
dence and prevalence of CIT vary significantly depend-
ing on the type of chemotherapy regimens. For example, 
gemcitabine-based and platinum‐based regimens con-
sistently carry the highest risk of thrombocytopenia 

[3]. Currently, there are no standardized guidelines for 
the prevention or treatment of CIT. When the platelet 
count drops too low, guidelines recommend prophy-
lactic platelet transfusion to prevent and treat bleeding. 
However, platelet transfusion has several disadvantages, 
including high cost, a short effective time, and the risk of 
allergy. In terms of drugs, first-generation recombinant 
thrombopoietin initially showed promise in reducing 
chemotherapy-related thrombocytopenia in early clini-
cal trials. However, their further development was halted 
due to the development of antibody against endogenous 

Fig. 2 Risk of bias graph and Risk of bias summary
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thrombopoietin [3]. Another approach involves using 
recombinant human interleukin-11 (rhIL-11), which 
has received FDA approval for the treatment of CIT in 
non-myeloid tumors. Nevertheless, pharmacoeconomic 

disadvantages and adverse effects such as cardiotoxicity 
and edema have limited its use [15].

TPO-RAs are second-generation thrombopoietin 
receptor agonists that mimic the function of endog-
enous thrombopoietin without inducing cross-reactive 

Fig. 4 Forest plot and meta-analysis of visual clarity. (a) Incidence of grade 3 or 4 thrombocytopenia. (b) Occurrences of platelet count > 400 × 109/L

 

Fig. 3 Forest plot and meta-analysis of visual clarity. (a) Incidence of chemotherapy dose reduction or delays. (b) Requirement of platelet transfusion. (c) 
Incidence of hemorrhagic events
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antibodies. From preclinical studies [16] to clinical trials, 
TPO-RAs have demonstrated efficacy and safety in the 
treatment of CIT. To date, five published clinical trials 
have reported the use of TPO-RAs in CIT [6–9, 13]. In 
all of these studies, TPO-RAs were found to be well-tol-
erated. However, it is not possible to directly compare the 
efficacy of various TPO-RAs in the treatment of CIT due 
to differences in the design of clinical trials.

A change in platelet count serves as a direct indicator 
to assess the efficacy of TPO-RAs. Unfortunately, our 
study was not originally designed to measure this indi-
cator as the required data could not be extracted. Only 
one study reported platelet response [8]. Another study 
reported the nadir platelet count during chemotherapy 
[6]. Additionally, one study reported the mean increase 
in platelet count from the nadir [9]. Furthermore, three 
studies reported the mean platelet count on day 1 before 

chemotherapy, with one study reporting the day 1 pre-
chemotherapy count across all cycles [7], and two stud-
ies reporting the day 1 prechemotherapy for the second 
cycle [9, 13]. Therefore, the available data were not suit-
able for direct comparison. It is worth noting that in 
three studies, the experimental group exhibited a signifi-
cantly higher platelet elevation compared to the control 
group [6, 8, 9].

In our study, the main outcomes used to assess efficacy 
included the incidence of chemotherapy dose reduction 
or delays, platelet transfusion, and bleeding events. We 
found that the incidence of chemotherapy dose reduction 
or delays in the experimental group was similar to that in 
the control group, although we observed a trend of lower 
chemotherapy dose reduction or delays in the experi-
mental group. Similarly, bleeding events and the need 
for platelet transfusion in the experimental group were 

Fig. 5 Forest plot and meta-analysis of visual clarity. (a) Incidence of any AEs. (b) Incidence of serious AEs. (c) Incidence of thrombosis. (d) Incidence of 
mortality
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comparable to those in the control group. These results 
suggest that TPO-RAs did not demonstrate a clear 
advantages over the control group in terms of the main 
outcome indicators of efficacy. Notably, achieving a plate-
let count greater than 400 × 109/L may be considered one 
of the manifestations of drug’s effect. In this regard, three 
studies counted the number of cases with a platelet count 
exceeding 400 × 109/L, and the proportion in the experi-
mental group was significantly higher than that in the 
control group [6, 9, 13]. In addition, grade 3 or 4 throm-
bocytopenia served as an indicator of treatment efficacy. 
In comparison with the control group, the incidence 
of grade 3 or 4 thrombocytopenia in the experimental 
group was lower, suggesting that TPO-RAs helped pre-
vent the occurrence of severe thrombocytopenia.

Bonferroni correction was applied to account for multiple 
comparisons in the analysis of our primary endpoints. This 
correction method is widely used in research to control the 
potential risk of false positives when multiple comparisons 
are made simultaneously. The application of Bonferroni cor-
rection is a conservative approach that helps mitigate the 
inflation of Type I error rates. After applying this correction 
in our analysis, we found that only the results related to the 
incidence of grade 3 or 4 thrombocytopenia remained sta-
tistically significant. This outcome underscores the robust-
ness of our finding.

For safety, no statistical differences were found between 
the experimental and control groups in any AEs or serious 
AEs. There was also no significant difference in all-cause 
mortality between the two groups. These results indicate 
that TPO-RAs in CIT were safe and tolerable.

Thrombosis was considered as a separate safety event for 
follow reasons: first, cancer patients undergoing chemother-
apy are at a high risk of thrombosis [17]; second, the pro-
portion of platelets > 400 × 109/L in the experimental group 
is higher, and an elevated platelet count is also a risk factor 
for thrombosis [18]; third, TPO-RAs have been reported to 
increase the risk of thrombosis, but the mechanism remains 
unclear [19]. According to our analysis, there was no signifi-
cant difference in the incidence of thrombosis between the 
experimental and control group, indicating that TPO-RAs 
did not increase the risk of thrombosis in CIT.

As far as we know, the present meta-analysis has included 
the largest number of studies and performed the most com-
prehensive analysis. Previous researchers have done similar 
analysis, but those studies did not yield referenceable con-
clusions. Nonetheless, our research has several limitations. 
First, the conclusions were based on a limited number of 
studies, with a relatively small number of events. Second, 
experimental designs were different among studies, and 
some required data could not be extracted. Third, one study 
was random open-label, with the risk of selective report-
ing. Fourth, we did not perform subgroup analysis accord-
ing to different types and doses of drugs for limited studies. 

Therefore, large-scale, rigorously designed, multi-center 
randomized clinical trials are needed to expand the data.

Conclusion
In summary, this meta-analysis demonstrates that TPO-
RAs are tolerable and can reduce grade 3 or 4 thrombocyto-
penia in solid tumors with CIT. However, they do not confer 
advantages in terms of the main outcomes used to assess 
efficacy, including chemotherapy dose reduction or delays, 
platelet transfusion, and bleeding events. While TPO-RAs 
show promise as a potential therapeutic option for solid 
tumors with CIT, current research results indicate limited 
efficacy.
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