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ABSTRACT

Introduction: A network meta-analysis (NMA)
was performed to assess the efficacy and safety
of avatrombopag, relative to eltrombopag,
romiplostim, and fostamatinib, for patients
with chronic immune thrombocytopenia (ITP)
not responding adequately to corticosteroids.
Methods: A systematic search of publication
and clinical trial databases was conducted to
identify relevant randomized controlled trials

(RCTs) and observational studies. Data from
eligible studies were extracted and analyzed in a
Bayesian framework using relative effect sizes vs
placebo. Outcomes included durable platelet
response; need for rescue therapy; reduction in
use of concomitant ITP medication; incidence
of any or World Health Organization (WHO)
grade 2–4 bleeding events, and any adverse
events. Results were reported as odds ratios or
incidence rate ratios (IRR) with 95% credible
intervals (CrIs).
Results: The NMA included seven phase 3
RCTs. Compared with placebo, avatrombopag
was associated with statistically significant
improvements in durable platelet response,
reduction in use of concomitant ITP medica-
tion, and incidence of any bleeding events.
Statistically significant differences vs placebo
were also observed for durable platelet response
and need for rescue therapy (eltrombopag,
romiplostim, and fostamatinib); reduction in
use of concomitant ITP medication (eltrom-
bopag and romiplostim); incidence of any
bleeding events (fostamatinib); and incidence
of WHO grade 2–4 bleeding events (romi-
plostim and fostamatinib). No statistically sig-
nificant differences were observed for any
adverse events. Avatrombopag was associated
with a statistically significant lower incidence of
any bleeding events vs eltrombopag (IRR 0.38
[95% CrI 0.19, 0.75]) and romiplostim (IRR 0.38
[95% Crl 0.17, 0.86]); no other between-treat-
ment differences were observed.
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Conclusion: In this NMA, avatrombopag sig-
nificantly increased the chance of achieving
durable platelet response and reducing the use
of concomitant ITP medication vs placebo, and
significantly reduced the incidence of any
bleeding events compared with placebo,
eltrombopag, and romiplostim. The study aims
to help guide clinicians managing patients with
chronic ITP and insufficient response to previ-
ous treatment.

Keywords: Avatrombopag; Chronic immune
thrombocytopenia; Eltrombopag;
Fostamatinib; Network meta-analysis; Platelets;
Romiplostim

Key Summary Points

Why carry out this study?

Second-line treatment strategies approved
for the treatment of chronic immune
thrombocytopenia in patients who have
not responded adequately to
corticosteroids include thrombopoietin
receptor agonists avatrombopag,
eltrombopag, and romiplostim, and the
spleen tyrosine kinase inhibitor
fostamatinib

Avatrombopag is the newest of these
agents approved for the treatment of
chronic immune thrombocytopenia in
Europe and the USA; however, there are
limited head-to-head study data available

What did the study ask?/What was the
hypothesis of the study?

A network meta-analysis (a type of indirect
treatment comparison) was performed to
assess the efficacy and safety of
avatrombopag relative to eltrombopag,
romiplostim, and fostamatinib,
determined using relative effect sizes vs
placebo

What were the study
outcomes/conclusions?

Avatrombopag is associated with a greater
chance of durable response, reduced use of
concomitant immune thrombocytopenia
treatments and less frequent bleeding
than placebo; and may be associated with
a significantly reduced rate of any
bleeding events than eltrombopag and
romiplostim

What has been learned from the study?

Avatrombopag is an effective and well-
tolerated treatment for patients with
chronic immune thrombocytopenia

This analysis adds to the limited evidence
base for this condition and may
ultimately help to guide clinicians
managing patients with chronic immune
thrombocytopenia

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14438741.

INTRODUCTION

Immune thrombocytopenia (ITP) is an autoim-
mune hematologic disorder leading to throm-
bocytopenia (below 100 9 109/L) as a
consequence of platelet destruction and insuf-
ficient platelet production [1–3]. Bleeding
diathesis is the most common clinical manifes-
tation of ITP [4], associated with substantial
morbidity and mortality, particularly in severe
cases with platelet counts below 20–30 9 109/L
[2, 3]. Approximately 80% of patients with ITP
have primary (idiopathic) disease, while the
remaining cases are secondary to autoimmune
diseases, viral infections, specific drugs, or vac-
cinations [3]. To enable alignment of research
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studies and ultimately aid management of this
condition, in 2009, an international working
group (IWG) published recommendations for
standardizing ITP-associated definitions and
terminology. This included defining three dis-
ease phases of ‘‘newly diagnosed’’, ‘‘persistent’’,
and ‘‘chronic’’ with durations of less than
3 months, 3–12 months, and more than
12 months, respectively [5].

Clinical guidelines recommend that treat-
ment is initiated in patients with bleeding
diathesis and all asymptomatic cases with pla-
telet counts below 30 9 109/L, aiming to
improve platelet count and achieve hemostasis
[6, 7]. Treatment should be tailored, considering
factors such as patient lifestyle and therapeutic
preferences [6, 7]. The mainstay of first-line
treatment is corticosteroids; however, intra-
venous immunoglobulin (IVIG) and anti-D
immune globulin, may also be considered
[3, 6, 7]. With most adults (50–80%) progressing
to chronic ITP (cITP) [4, 8], these agents fre-
quently fail to achieve durable remission, and
additional therapeutic options are required.
This manuscript focuses on this adult patient
population, and the available second-line
treatments following failure of corticosteroids
and IVIG.

Second-line treatment strategies approved
for the treatment of ITP in patients who have
not responded adequately to corticosteroids
include thrombopoietin receptor agonists (TPO-
RAs), e.g., avatrombopag, eltrombopag, and
romiplostim, and the spleen tyrosine kinase
inhibitor fostamatinib [9–12]. Overall, TPO-RAs
have high clinical response rates and are gen-
erally well tolerated; however, over time, a
proportion of patients stop benefiting from the
initial TPO-RA they are prescribed and are
required to switch to an alternative TPO-RA
[13]. Over 75% of patients achieve or maintain a
response after a switch [13], including those
who became resistant to the first TPO-RA. Sec-
ond-line treatment options also include off-la-
bel use of rituximab and splenectomy, which is
now used less frequently as other therapeutic
options have emerged [14].

cITP is a rare disease (1.6–3.2 per 100,000
adults) [4, 15], which is reflected by very limited
availability of clinical evidence [6].

Avatrombopag is the newest agent approved for
the treatment of cITP in Europe and the USA
[10, 16]. Head-to-head studies comparing the
efficacy and/or safety of avatrombopag with
other treatments in cITP are limited. A head-to-
head study of avatrombopag vs eltrombopag
was initiated but terminated early (because of
enrollment challenges). Consequently, alterna-
tive approaches are required to help clinicians
decide between the treatment options for cITP.
Network meta-analyses (NMAs) are a recognized
approach that extends a conventional pairwise
meta-analysis to allow the simultaneous com-
parison of three or more treatments within a
single analysis. NMAs use the data within ran-
domized controlled trials (RCTs) to form a net-
work of indirect comparisons across trials using
a common comparator (in this instance,
placebo).

The present manuscript describes an indirect
treatment comparison to assess the efficacy and
safety of avatrombopag relative to eltrombopag,
romiplostim, and fostamatinib, determined
using relative effect sizes vs placebo, in adult
patients with cITP and insufficient response to
previous therapy.

METHODS

This study was performed in line with the Pre-
ferred Reporting Items for Systematic Review
and Meta-Analyses (PRISMA) guidelines [17].
This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Systematic Literature Review

A systematic literature review was conducted to
identify RCTs and observational studies
involving adult patients with cITP (at least
12 months’ duration, consistent with the 2009
IWG definition [5]), who had been treated with
avatrombopag, eltrombopag, romiplostim, or
fostamatinib after exhibiting an insufficient
response to previous therapy. Literature sear-
ches, involving Embase, Medline, the Cochrane
Central Register of Controlled Trials
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(CENTRAL), and the Cochrane Database of
Systematic Reviews, were conducted in March
2020. ClinicalTrials.gov was also interrogated
and additional information was obtained from a
UK National Institute for Health and Care
Excellence (NICE) appraisal involving eltrom-
bopag [18] and romiplostim [19]. The inclusion/
exclusion criteria are shown in Table S1 in the
supplementary material. The search strategy
was developed using keywords grouped in
domains representative for ITP, respective ther-
apies, and clinical studies combined with
appropriate Boolean expressions. Keywords for
the clinical evidence were not restricted to
RCTs, but also included other studies in order to
provide a high level of specificity without
compromising sensitivity, as recommended by
the Cochrane handbook for systematic litera-
ture reviews [20].

To assess risk of bias in the analyzed RCTs,
the methodological quality of the studies was
assessed using a tool based on guidance for
undertaking reviews in healthcare from the
Centre for Reviews and Dissemination at the
University of York, UK [21].

Network Meta-Analysis

The NMA allowed a simultaneous comparison
of multiple treatments (up to four plus placebo
in this case), some of which were not directly
compared in RCTs. Table 1 provides details of
the inclusion and exclusion criteria for the
NMA used to select homogeneous clinical data
representative of the target population. Nota-
bly, cITP is currently defined using a duration of
at least 12 months [5]. Although the pivotal
trial assessing avatrombopag used this defini-
tion, some trials may have been designed and
conducted before the current definition was
developed, recruiting patients with disease
lasting at least 6 months. Consequently, inclu-
sion criteria were relaxed for comparator trials
to include studies enrolling patients with
shorter disease duration, provided that the
study met all the other inclusion criteria for the
NMA. In addition, only studies describing
European Medicines Agency (EMA)-approved
dosing regimens were included.

Feasibility and heterogeneity analyses were
performed to select the outcomes to be assessed
in the NMA on the basis of their clinical
relevance.

Data Preparation and Statistical Analysis

Between-trial heterogeneity was notable for the
rate of discontinuation. The proportion of
patients who discontinued from the placebo
arm was greater than that of the active group in
the avatrombopag and fostamatinib studies
(Fig. S1 in the supplementary material). In
addition, the rates of discontinuation reported
in the studies of eltrombopag [23] and romi-
plostim [24] were considerably lower than those
seen in the avatrombopag and fostamatinib
studies; the eltrombopag and romiplostim
studies had been conducted in a different clin-
ical context, with differing availability of ther-
apeutic alternatives for patients with
suboptimal response. This significant and
imbalanced discontinuation introduces a high
risk of bias. To adjust for this imbalance in dis-
continuation, the NMA was conducted using
estimated incidence rate ratio (IRR) for need for
rescue therapy and incidence of any bleeding
events, World Health Organization (WHO)
grade 2–4 bleeding events, and any adverse
event (AE). IRR is more appropriate for these
outcomes because not only does it account for
the number of events in the treatment vs pla-
cebo arms but it also accounts for the mean
exposure time. Thus, IRRs were calculated by
dividing the number of patients experiencing
the event by the mean exposure time multiplied
by the total number of patients. The estimated
mean duration of exposure within each study
arm was calculated by fitting the exponential
survival curve to the reported proportion of
patients who discontinued.

The NMA was conducted using a contrast-
based approach with a Bayesian framework,
which followed NICE guidelines [25], and a
Markov chain Monte Carlo method imple-
mented in WinBUGS with vague prior distri-
butions for model parameters. Non-informative
prior distributions were used for the model
parameters of nuisance parameters, treatment
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Table 1 Network meta-analysis: inclusion and exclusion criteria

PICOS Inclusion criteria Exclusion criteria

Population Patients C 18 years of age at screening with chronic ITPa Patients\ 18 years of age at screening with

chronic ITP

Studies exclusively in Asian patients

Intervention Studies assessing dose regimens approved by EMA

Avatrombopag (initial dose of 20 mg once daily)

Eltrombopag (initial dose of 50 mg once daily)

Romiplostim (initial dose of 1 lg/kg)

Fostamatinib (initial dose 100 mg twice daily)

Studies assessing dose regimens not approved

by EMA

Comparator Placebo or one of the comparators Other comparators or none

Outcome Duration of platelet response

Need for rescue treatments for bleeding (referred to as

‘‘rescue therapy’’)

Reduction in use of concomitant ITP treatments

Bleeding events

Mortality

Adverse events

Total number of AEs

Total number of treatment-related AEs

Total number of serious AEs

Hepatoxicity

Food interactions

Injection interactions

Platelet count and duration of platelet count

Dropouts due to AEs

Study design RCTs Non-RCTs

Studies with treatment period\ 9 weeks

AE adverse event, EMA European Medicines Agency, ITP immune thrombocytopenia, NMA network meta-analysis, RCT
randomized controlled trial
a Chronic ITP is at least 12 months’ duration according to the 2009 International Working Group definition [5]; this
definition was used for the pivotal trial assessing avatrombopag [22]. However, with this definition, comparisons between
avatrombopag and comparators were not considered feasible because of a lack of studies meeting these eligibility criteria.
Trials involving other agents may have been designed and conducted before the current definition was developed, recruiting
patients with disease lasting at least 6 months. Consequently, inclusion criteria were relaxed for comparator trials to include
studies enrolling patients with shorter disease duration, provided that the study met all the other inclusion criteria for the
NMA and the average duration of the disease was at least 12 months
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effect parameters (normal distributions with
mean 0 and variance 104), and heterogeneity
parameters (uniform distribution between 0 and
5 for between-trial standard deviation) for the
Bayesian analysis. The contrast-based approach
means that data applied to the NMA is not the
absolute effect of each treatment arm of the
study, but the contrast between the treatment
and placebo arms (expressed as a ratio; e.g., if
the event rates in the treatment and placebo
arms were 30% vs 6%, this associated relative
risk is 5).

Fixed-effect (FE) and random-effect (RE)
models were fitted to the data, with model fit
based on deviance information criteria (DIC).
Being simpler, with fewer estimable parameters,
the FE model was preferred, although the RE
model could be selected if the difference in DIC
between the two models was greater than
5 points [25]. Three chains were run for each
analysis with either 25,000 or 50,000 burn-in
iterations for the FE and RE models, respec-
tively, followed by 25,000 iterations. Trace plots
were generated for the assessment of conver-
gence (Figs. S2–S7 in the supplementary mate-
rial). The consistency of the results within
closed loops of the network was tested using a
modified Bucher’s approach, as proposed by
NICE, with a p value for heterogeneity of less
than 0.05 indicating significant inconsistency
[26].

Outcomes were presented as odds ratios
(ORs) or IRRs with corresponding 95% credible
intervals (95% CrI). Forest plots of summary
statistics were developed. If the associated 95%
CrI did not include 1.0, ORs and IRRs were
regarded as statistically significant. IRRs were
used for outcomes susceptible to imbalance
from early discontinuation due to lack of effi-
cacy. For each outcome, the probability of
ranking the treatments from best to worst was
estimated; in addition, the overall cumulative
ranking of each treatment was estimated using
surface under the cumulative ranking (SUCRA)
curves.

RESULTS

Systematic Literature Review

The literature search identified 1822 publica-
tions; after removing duplicates, we screened
1496 publications and subsequently excluded
1288 on the basis of the titles and abstracts.
After review of the full text, a further 144 pub-
lications were excluded leaving a total of 64
publications that met the inclusion criteria
(Fig. 1).

Network Meta-Analysis

Available Evidence
Overall, a total of seven RCTs met the inclusion
criteria for the NMA (Table 2). All were phase 3
double-blind studies providing evidence for
avatrombopag (two RCTs), eltrombopag (one
RCT), romiplostim (two RCTs), and fostama-
tinib (two RCTs). Six of the trials included pla-
cebo as a comparator, while AVA-305 was
designed to compare avatrombopag vs eltrom-
bopag. Although AVA-305 was discontinued
prematurely because of enrollment challenges,
data from this study was used to provide addi-
tional safety findings for the NMA, in part
owing to the limited volume of data on patients
meeting the current definition of cITP.

The number of patients (12–135 [active
treatment arms]), length of follow-up (24–-
36 weeks), and median duration of disease
(1.6–10.8 years) varied across the trials. The
median age and median platelet count at base-
line ranged from 41 to 57 years and
14–24 9 109/L, respectively (Table S2 in the
supplementary material). Available evidence
provided a connected network that linked all
the treatments with placebo as a common
comparator, allowing comparisons between all
the interventions; however, only one study

cFig. 1 Flow chart of the study selection process. NMA
network meta-analysis, RCT randomized controlled trial,
SLR systematic literature review. *Information from one
study was not available from a full-text article
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provided a direct connection between active
treatments (Fig. 2).

Feasibility Analysis and Heterogeneity
Data were available allowing a comparison of
the following outcomes for all treatments: dur-
able platelet response; need for rescue treat-
ment; WHO grade 2–4 bleeding events. Data for

reduction in the use of concomitant ITP thera-
pies were not available for fostamatinib.

The reporting of data from tests relating to
liver functioning was described across all studies
included in the NMA except for those involving
romiplostim—the available data were hetero-
geneous, and there were very few observed
events. Consequently, this confounded a reli-
able network comparison of hepatotoxicity.

Table 2 Trials included in the network meta-analysis

Study Design Intervention
vs
comparator

Dose
regimens

Length of follow-
up, weeks

Primary outcome

AVA-302 [22] Phase 3, MC,

DB, RCT,

35 centers in

multiple

countries

AVA

(n = 32) vs

PLC

(n = 17)

20 mg

QD

26 Number of weeks with

PC C 50 9 109/L during

6-month treatment period

AVA-305 [27, 28] Phase 3, MC,

DB, RCT,

72 centers in

10 countries

AVA

(n = 12) vs

ELT

(n = 11)

20 mg

QD vs

50 mg

QD

Terminated early

because of poor

accrual

Change from baseline in local

PC for the 6-month

treatment period

RAISE [23] Phase 3, MC,

DB, RCT,

75 centers in

23 countries

ELT

(n = 135)

vs PLC

(n = 62)

50 mg

QD

30 (26

intervention ? 4

follow-up)

Percentage of responders [time

frame: Baseline; each on-

therapy treatment day; weeks

10, 14, 18, 22, and 26; and

weeks 1, 2, and 4 post

treatment]

NCT00102323

(splenectomized

patients) [24]

Phase 3, MC,

DB, RCT,

35 sites in

the USA and

Europe

ROM

(n = 42) vs

PLC

(n = 21)

1 lg/kg 36 (24

intervention ? 12

follow-up)

Durable platelet response

during the last 8 weeks of

treatment and other platelet

response parameters

NCT00102336

(non-

splenectomized

patients) [24]

ROM

(n = 41) vs

PLC

(n = 21)

FIT 1 [26] Phase 3, MC,

DB, RCT

FOS

(n = 51) vs

PLC

(n = 25)

100 mg

BID

24 Stable response (response

on C 4 of the last 6 visits

between weeks 14 and 24)
FIT 2 [26]

AVA avatrombopag, BID twice a day, ELT eltrombopag, DB double-blind, FOS fostamatinib, MC multicenter, PC platelet
count, PLC placebo, QD once a day, ROM romiplostim, RCT randomized controlled trial
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However, a summary of the hepatotoxicity data
showed that eltrombopag is associated with
elevated alanine aminotransferase and bilirubin
(Table 3).

The definitions of durable response were
relatively similar for all the treatments to allow
comparison, although the definition was dif-
ferent in FIT 1 and FIT 2 (four of six visits over
weeks 14–24) compared with the other trials (at
least six of the last 8 weeks of treatment)
(Table S3 in the supplementary material). In
order to compare bleeding events among all
treatments, it was assumed that WHO grade 2–4
bleeds are equivalent to grade 2–5 bleeds
reported in Kuter [24] and moderate-severe
bleeds reported in FIT 1 and FIT 2 trials [27].

Clinical Efficacy
Durable platelet response was reported in six
studies (total of 458 patients). Input data for the
NMA are shown in Table S4 in the supplemen-
tary material; data for eltrombopag were based
on a post hoc analysis in only those patients
with available platelet counts (95 out of 135

patients). Avatrombopag (OR 102.80 [95% CrI
3.87, not estimable]), eltrombopag (OR 14.27
[95% CrI 5.14, 53.73]), romiplostim (OR 46.49
[95% CrI 9.12, 670.61]), and fostamatinib (OR
10.94 [95% CrI 2.13, 181.70]) were associated
with a statistically significant increased durable
platelet response compared with placebo
(Fig. 3a; Table S5). The point estimates vs the
comparator agents were in favor of avatrom-
bopag, although the relative estimates were
imprecise because of very low event rates in the
placebo groups. The cumulative probability of
being the best treatment for this outcome was
82% for avatrombopag and 44–77% for the
other agents.

Reduction in use of concomitant ITP medi-
cation was reported in four studies (total of 155
patients). Input data for the NMA are shown in
Table S6 in the supplementary material. Ava-
trombopag (OR 48.75 [95% CrI 1.34, not
estimable]), eltrombopag (OR 3.08 [95% CrI
1.25, 7.98]), and romiplostim (OR 13.72 [95%
CrI 2.84, 88.83]) were associated with a statis-
tically significant reduced need for use of

Fig. 2 Hypothetical network of evidence linking the studies included in the NMA. AVA avatrombopag, ELT eltrombopag,
FOS fostamatinib, PLC placebo, ROM romiplostim
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concomitant medication compared with pla-
cebo (Fig. 3b; Table S7 in the supplementary
material). There was no evidence of statistically
significant differences between the active treat-
ments. The cumulative probability of being the
best treatment for this outcome was highest for
avatrombopag (86%) and romiplostim (75%).

Need for rescue therapy was assessed in six
studies (total of 521 patients). Input data for the
NMA are shown in Table S8 in the supplemen-
tary material. All treatments demonstrated
superiority vs placebo (eltrombopag, IRR 0.46
[95% CrI 0.26, 0.79]; romiplostim, IRR 0.35
[95% CrI 0.19, 0.64]; fostamatinib, IRR 0.37
[95% CrI 0.21, 0.65]) except avatrombopag for
which the difference was not significant
(Fig. 3c; Table S9 in the supplementary mate-
rial). There was no evidence of statistically sig-
nificant differences between avatrombopag and
the other agents. The cumulative probability of
being the best treatment for this outcome was
highest for romiplostim (78%) and fostamatinib
(73%).

Incidence of any bleeding events was based
on seven studies (total of 545 patients). Input
data for the NMA are shown in Table S10 in the
supplementary material. Avatrombopag (IRR
0.34 [95% CrI 0.18, 0.66]) and fostamatinib (IRR
0.50 [95% CrI 0.27, 0.91]) were associated with a
statistically significant lower incidence of any
bleeding events compared with placebo (Fig. 3d;
Table S11 in the supplementary material).
Additionally, avatrombopag was associated
with a statistically significant lower incidence of
any bleed vs eltrombopag (IRR 0.38 [95% CrI
0.19, 0.75]) and romiplostim (IRR 0.38 [95% CrI
0.17, 0.86]). Avatrombopag was associated with
the highest cumulative probability of being the
best treatment (99%) for this outcome vs fosta-
matinib (77%), eltrombopag (33%), and romi-
plostim (31%). There was no evidence for
inconsistency in the results within the closed
evidence loop formed by avatrombopag,
eltrombopag, and placebo (direct IRR for ava-
trombopag vs placebo = 0.32 [95% CrI 0.14,
0.75]; indirect IRR for avatrombopag vs

Table 3 Outcomes related to hepatoxicity as reported in five of the seven trials included in the network meta-analysis

Study Definition Treatment Event rate

AVA-302 [22] Clinically meaningful elevation of liver enzymes (grade C 3) AVA 1 event in 32 patients

PLC 0 events

AVA-305 [27, 28] Clinically meaningful elevation of liver enzymes (grade C 3) AVA 1 event in 12 patients

ELT 0 events in 11 patients

RAISE [23] ALT C 3 9 ULN ELT 9 events in 135 patients

PLC 2 events in 61 patients

Total bilirubin[ 1.5 9 ULN ELT 5 events in 135 patients

PLC 0 events in 61 patients

FIT 1 [26] Severe ALT increased FOS 0 events in 102 patients

PLC 0 events in 48 patients

FIT 2 [26] Severe AST increased FOS 0 events in 102 patients

PLC 0 events in 48 patients

No such information was provided for the studies involving ROM Kuter et al. [24]
ALT alanine aminotransferase, AVA avatrombopag, ELT eltrombopag, FOS fostamatinib, PLC placebo, ROM romiplostim,
ULN upper limit of normal
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placebo = 0.46 [95% CrI 0.16, 1.33]; p for
heterogeneity = 0.60).

Incidence of WHO grade 2–4 bleeding events
was reported for six studies (recruiting a total of
545 patients). Input data for the NMA are
shown in Table S12 in the supplementary
material. No statistically significant differences
were observed for avatrombopag compared with
placebo or any of the other agents (Fig. 3e;
Table S13 in the supplementary material). Sta-
tistically significant differences were observed
for romiplostim (IRR 0.44 [95% CrI 0.20, 0.93])
and fostamatinib (IRR 0.38 [95% CrI 0.15, 0.95])
vs placebo. The cumulative probability of being
the best treatment for this outcome was similar
for the treatments (range 40–76%). There was
no evidence for inconsistency in the results
within the closed evidence loop formed by
avatrombopag, eltrombopag, and placebo (di-
rect IRR for avatrombopag vs placebo = 4.63
[95% CrI 0.04, 575.58]; indirect IRR for ava-
trombopag vs placebo = 0.95 [95% CrI 0.17,
5.22]; p for heterogeneity = 0.54).

Safety Profile
The incidence of any AEs was based on five
studies (recruiting a total of 542 patients). Input
data for the NMA are shown in Table S14 in the
supplementary material. No statistically signifi-
cant differences were observed for avatrom-
bopag or the other agents compared with
placebo (Fig. 3f; Table S15 in the supplementary
material). Similarly, no statistically significant
between-treatment differences were detected.
Avatrombopag (85%) and fostamatinib (80%)
had the highest cumulative probabilities of
being the best treatment. There was no evidence
for inconsistency of the results within the
closed evidence loop formed by avatrombopag,
eltrombopag, and placebo (direct IRR for ava-
trombopag vs placebo = 0.65 [95% CrI 0.32,
1.32]; indirect IRR for avatrombopag vs pla-
cebo = 0.63 [95% CrI 0.26, 1.54]; p for
heterogeneity = 0.96).

DISCUSSION

The results of the NMA indicate that in patients
with cITP and an insufficient response to

previous treatment, avatrombopag provides a
statistically significant efficacy benefit com-
pared with placebo for the following outcomes:
improved durable platelet response, reduced use
of concomitant ITP medication, and decreased
risk of any bleeding events. The comparative
analysis revealed a statistically significant lower
estimated incidence of any bleeding events for
avatrombopag compared with eltrombopag and
romiplostim; no other between-treatment dif-
ferences were observed. This analysis, which is
based on the best available clinical data, adds to
the limited evidence base for this condition and
may ultimately help to guide clinicians
managing patients with cITP.

Of the studies included in the NMA, only
those for avatrombopag [22, 28, 29] applied
most recent definition of cITP (i.e., at least
12 months’ duration) [5]. The relaxation of
inclusion criteria for the duration of cITP to
enable evaluation of other drugs may have
reduced the stringency required for evaluation
of clinical evidence in these comparators and
therefore it is possible that the efficacy estimates
for avatrombopag could be somewhat
conservative.

No significant differences in any AEs were
observed between treatments, likely because
neither of the avatrombopag studies were ade-
quately powered to assess safety. Comparisons
of hepatoxicity could not be performed because
of limited data; however, eltrombopag appears
to be associated with abnormal tests relating to
liver functioning and has a risk of severe and
potentially life-threatening hepatotoxicity
[9, 30]. Similarly, a comparative analysis was
not feasible for mortality or serious AEs because
of low sample sizes, short trial/follow-up dura-
tions, inadequate power, and low number of
events.

The efficacy and safety data inputs used in
this NMA were determined using relative effect
sizes for the active treatment vs placebo, with
larger values indicating greater benefit of the
treatment. For some key outcomes, notably
durable platelet response and reduction in the
use of concomitant medication, there were very
few or zero events observed in placebo groups,
leading to difficulties in the estimation of rela-
tive effects and the subsequent broad upper
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credible intervals. Nevertheless, the estimates
from the NMA consistently indicated superior-
ity of active treatments over placebo. All the
studies had limited sample sizes, likely con-
founded by the rarity of disease and other fac-
tors. The definitions for durable response and
severe bleeds were inconsistent across studies
but were considered comparable enough for the
analysis. Key outcomes were not pre-specified in
all studies, and may have been assessed retro-
spectively using available data, e.g., for durable
platelet response in the eltrombopag RAISE trial
[23].

Splenectomy and rituximab are other pro-
posed treatment options for cITP in addition to
the TPO-RAs and fostamatinib. Splenectomy,
the prior gold standard treatment for severe
cITP and now largely used as a third-line treat-
ment option in clinical practice, provides
response rates of 60% to 80% and remission in
up to two-thirds of patients [3]. As a result of a
lack of RCTs, rituximab is used off-label for cITP.
Rituximab may be used prior to or after TPO-
RAs or splenectomy; it appears to provide good
response rates, although they may be short-
lasting in approximately 80% of patients, and it
may be reserved for patients with a high
bleeding risk [3, 4]. AEs with rituximab include
pruritus, urticaria, serum sickness, and cardiac
arrhythmias.

Three other NMAs comparing therapeutic
options in adult patients with cITP have been
published [31–33]. In contrast to the present
study, Arai et al. and Puavilai et al. included
studies published up to 2016 and 2018, respec-
tively, and only considered those reporting
eltrombopag and romiplostim plus rituximab
(not approved for treatment of ITP). Yang et al.
included a wider spectrum of therapies,

including avatrombopag and fostamatinib, and
similar to our analysis avatrombopag was
shown to produce more satisfactory outcomes
than romiplostim and eltrombopag (in addition
to rituximab) in terms of early response (defined
as a platelet count of at least 50 9 109/L at
2 weeks after treatment initiation), while rank-
ing second (SUCRA) for overall response (de-
fined as a platelet count of at least 50 9 109/L at
the end of treatment without rescue therapy).
In contrast to the NMA we describe, the trials
included in the comparisons reported by Yang
et al. [33] included the phase 2 study only for
avatrombopag [34], some studies performed
exclusively in China and Japan, and there was
no requirement for patients to have cITP.

Several aspects that may impact treatment
selection, drug adherence, and/or patient
acceptability [6] could not be captured in this
NMA. Eltrombopag should be initiated at a
reduced dose in adult patients of Asian ancestry
or those with hepatic impairment [9], requires
regular monitoring for clinical hematology and
liver function, and has some dietary restrictions
[35]. In contrast to the oral therapies, romi-
plostim must be administered by subcutaneous
injection [11]. Blood pressure should be moni-
tored regularly in patients receiving fostama-
tinib owing to an increased risk of hypertension
[12]. Avatrombopag can be administered with-
out regular monitoring and dose adjustment for
food types or side effects, and is not con-
traindicated in patients with moderate or severe
hepatic impairment [10].

In AVA-302 [22], the imbalance in discon-
tinuation rates between the active and placebo
groups (31% and 94%, respectively) was largely
driven by a suboptimal response to therapy
(22% vs 88%, respectively), suggesting that
avatrombopag was more effective than placebo.
In contrast, the proportion of patients who
prematurely discontinued fostamatinib therapy
(75% overall; 60% due to suboptimal response)
was more than twofold higher than those
observed with avatrombopag and much closer
to the rate of discontinuation for the corre-
sponding placebo group in study AVA-302 [27].
The rate of early discontinuation was much
lower in trials assessing eltrombopag [23] and
romiplostim [24], which can be explained by

bFig. 3 Forest plots for a durable platelet response;
b reduction in the use of concomitant ITP medication;
c need for rescue therapy; d incidence of any bleeding
events; e incidence of WHO grade 2–4 bleeding events;
f any adverse event. Fixed-effect model for all outcomes.
AVA avatrombopag, ELT eltrombopag, CrI credible
interval, FOS fostamatinib, IRR incidence rate ratio, NE
not estimable, OR odds ratio, PLC placebo, ROM
romiplostim, WHO World Health Organization
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the fact that participants of these early studies
had limited treatment alternatives. In this
NMA, adjustment for imbalances in early dis-
continuation was accounted for through
required estimation of event rates based on
binary data and assumed that a single patient
could experience only one event of the same
kind. We recognize that this may not be true,
especially for safety outcomes, but the same
approach was consistently adopted for all stud-
ies and this approach is likely more robust than
comparing crude binary data which are highly
likely biased because of large and imbalanced
discontinuation.

The limitations regarding the rate of dis-
continuation in the trials and the lack of RCTs
for comparators meeting all inclusion criteria
have been described in the ‘‘Methods’’ section. A
further limitation is the small sample sizes of
the studies assessing avatrombopag, which
limits the amount of clinical data available for
avatrombopag; therefore, this NMA may be
underpowered to demonstrate a significant
between-treatment differences regarding clini-
cal outcomes.

CONCLUSIONS

This NMA of treatment efficacy and safety in
adult patients with cITP and insufficient
response to previous therapy found that ava-
trombopag was associated with a greater chance
of durable response, reduced use of concomi-
tant ITP treatments, and less frequent bleeding
events than placebo. In addition, avatrombopag
may be associated with a reduced rate of any
bleeding event when compared with eltrom-
bopag and romiplostim. No significant differ-
ences in rates of any AEs were observed across
the treatments, but avatrombopag has no seri-
ous safety warnings.
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