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Abstract
Background: Immune thrombocytopenia (ITP) is characterized by primarily autoantibody-
mediated platelet destruction and impaired platelet production resulting in thrombocytopenia 
and an increased risk of bleeding. Other manifestations include increased risk of thrombosis 
and diminished quality of life. Current treatment approaches are directed toward lowering 
the rate of platelet destruction or stimulating platelet production to prevent bleeding. 
Rilzabrutinib is an oral, reversible, potent Bruton tyrosine kinase inhibitor that was specifically 
designed to treat immune-mediated diseases and mediates its therapeutic effect through a 
dual mechanism of action: (1) inhibiting B-cell activation and (2) interrupting antibody-coated 
cell phagocytosis by Fc gamma receptor in spleen and liver. A 24-week dose-finding phase I/
II study of rilzabrutinib in patients with ITP showed a 40% platelet response (⩾2 consecutive 
platelet counts of ⩾50 × 109/L and increase from baseline ⩾20 × 109/L without rescue 
medication use) and a well-tolerated safety profile with only grade 1/2 transient adverse 
events across dose levels.
Objectives: Assess the efficacy and safety of oral rilzabrutinib in adult and adolescent patients 
with persistent or chronic ITP.
Design: Rilzabrutinib 400 mg BID is being evaluated in the ongoing LUNA 3 multicenter, 
double-blind, placebo-controlled phase III study.
Methods and analysis: The primary endpoint is durable platelet response, defined as 
achieving platelet counts of ⩾50 × 109/L for at least two-thirds of ⩾8 available weekly 
scheduled platelet measurements during the last 12 weeks (including ⩾2 available 
measurements within the last 6 weeks) of the 24-week blinded treatment period in the 
absence of rescue therapy.
Ethics: Ethical guidelines and informed consent are followed.
Discussion: The LUNA 3 trial will further investigate rilzabrutinib’s safety and efficacy in adult 
and adolescent patients, with the primary goal of addressing a major objective in treating 
patients with ITP: durability of platelet response.
Trail Registration: ClinicalTrials.gov NCT04562766: https://clinicaltrials.gov/ct2/show/
NCT04562766; EU Clinical Trials Register EudraCT 2020-002063-60: https://www.
clinicaltrialsregister.eu/ctr-search/search?query=2020-002063-60.
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Background

Immune thrombocytopenia
Immune thrombocytopenia (ITP) is an acquired 
autoimmune blood disease with an estimated 
worldwide prevalence of 10–23 per 100,000 peo-
ple and an incidence of approximately 2–4 per 
100,000 person-years in the general population, 
including patients under 18 years of age.1–7 ITP is 
characterized by primarily autoantibody-medi-
ated platelet destruction and impaired platelet 
production, which results in thrombocytopenia 
(i.e. platelet count below 100 × 109/L), an 
increased risk of bleeding and thrombosis, and 
diminished quality of life.8–10

Current treatment approaches are directed 
toward lowering the rate of platelet destruction or 
stimulating platelet production to prevent bleed-
ing.11,12 The standard therapy for adult patients 
with newly diagnosed ITP consists of corticoster-
oids (CS), such as high-dose dexamethasone or 
oral prednisone/prednisolone, the prolonged use 
should be avoided due to potential adverse 
events.11,13 Although most patients respond to 
initial CS therapy, responses are typically not 
durable, are associated with significant toxicities, 
and have a low rate of lasting remission.11 Other 
first-line therapies include intravenous immuno-
globulins (IVIG) and anti-D. Second-line treat-
ment options of rituximab and thrombopoietin 
receptor agonists (TPO-RA) have shown durable 
treatment response rates of 60–80%, whereas 
durable response rates with fostamatinib have 
reported 18% in a very heavily pretreated set of 
ITP patients.13–15 Splenectomy as a second-line 
treatment choice has the benefit of high responses 
along with durable off-treatment remission rates 
of 60–70%. However, splenectomy might be 
associated with short-term surgery-related com-
plications and long-term increased risks of throm-
bosis and infection.14,15

The disease burden is more significant in patients 
with severe and chronic thrombocytopenia requir-
ing ongoing treatment and those who are unre-
sponsive to current therapy, contributing to 
elevated mortality rates relative to the general 
population.16,17 Adult patients with chronic 
thrombocytopenia have up to a 10% risk of bleed-
ing or hemorrhage that increases with age, and 
intracranial hemorrhage has been reported in  
~1–2% of patients.8,16,18 In addition, patients with 

chronic and refractory ITP may experience sig-
nificant fatigue, cognitive impairment, fear of 
bleeding, and a negative impact on social and 
work activities, reinforcing the significant unmet 
need for these patients.19–21

The pathophysiology of ITP includes pathogenic 
anti-platelet immunoglobulin G autoantibodies 
that target surface antigens [e.g. glycoproteins 
αIIbβ3 (GPIIb/IIIA), GPIa/IIa, and/or GPIb-
IX-V].22–24 The binding of autoantibodies to vari-
ous platelet glycoproteins results in platelet 
phagocytosis through binding of autoantibodies to 
Fc gamma receptors (FcγRs) on macrophages, 
platelet clearance by a C-type lectin receptor 
(CLEC4F) on hepatic Kupffer cells, platelet lysis 
by the membrane attack complex and/or phagocy-
tosis due to classical complement pathway activa-
tion, T-cell-mediated cytotoxicity, and/or impaired 
megakaryocyte viability.23–27 Considering the het-
erogeneity of mechanisms underlying ITP devel-
opment, a single therapy that targets multiple 
pathogenic pathways or a combination of therapies 
is likely to be needed to induce sufficient and dura-
ble platelet response.

Inhibition of Bruton tyrosine kinase by 
rilzabrutinib
Bruton tyrosine kinase (BTK) is expressed in B 
cells and innate immune cells and is a key thera-
peutic target in immune-mediated diseases due to 
its role in B-cell differentiation and development, 
antibody production, and FcγR-mediated signal-
ing pathways and its direct regulation of key 
innate inflammatory machinery, nucleotide-
binding domain, leucine-rich-containing family, 
pyrin domain-containing-3 (NLRP3) inflamma-
some.28–31 Through these various pathways, BTK 
inhibition may decrease autoantibody produc-
tion and inhibit macrophage function through 
the FcγR, Fc epsilon receptor (FcεR)-induced 
mast cell degranulation, and granulocyte migra-
tion and mediator release, thereby targeting mul-
tiple pathways involved in inflammation and 
autoimmunity.28,29

Rilzabrutinib is an oral, reversible, potent BTK 
inhibitor specifically designed to treat immune-
mediated diseases and can mediate its therapeutic 
effect through a dual mechanism of action: (1) inhi-
bition of B-cell activation and (2) interruption of 
antibody-coated cell phagocytosis by FcγR in 
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spleen and liver (Figure 1).32–34 In addition,  
rilzabrutinib has a short half-life (~3–4 h), durable 
target occupancy (>90% within 4 h and sustained 
high occupancy maintained over 24 h), and con-
tains both covalent and noncovalent binding 
regions; this reversible cysteine binding enables 
high selectivity and precise BTK inhibition without 
permanently modifying proteins and peptides.33–35 
Furthermore, rilzabrutinib in contrast to non-selec-
tive, irreversible BTK inhibition does not alter 
platelet aggregation in patients with ITP or healthy 
volunteers and thus does not seem to lead to bleed-
ing problems.33,36 In addition, based on potential 
adverse bleeding and cardiac effects observed with 
many other irreversible BTK inhibitors,37 a two-
part phase I study showed that rilzabrutinib (even 
at supratherapeutic doses) had no clinically rele-
vant effects on cardiac repolarization (electrocardi-
ogram parameters including corrected QT interval) 
in healthy volunteers (N = 51).38

In an international, adaptive, open-label, dose-
finding phase I/II clinical trial, treatment with 
rilzabrutinib resulted in a rapid and durable ther-
apeutic effect in ITP patients who were previ-
ously treated with multiple therapies and was 

generally well tolerated.39 All treatment-related 
adverse events (primarily diarrhea, nausea, and 
fatigue) were transient, grade 1 or 2 with no 
related grade ⩾2 bleeding or thrombotic events.39 
The oral 400 mg BID dose of rilzabrutinib is 
being evaluated in a placebo-controlled, phase III 
study, the protocol of which is described here.

Methods and analysis

LUNA 3 phase III study
LUNA 3 is an ongoing, multicenter, randomized, 
double-blind, placebo-controlled, parallel-group, 
interventional phase III study evaluating the effi-
cacy and safety of oral rilzabrutinib in adults and 
adolescents with persistent or chronic ITP 
(ClinicalTrials.gov NCT04562766,40 EudraCT 
2020-002063-6041). This study is being con-
ducted at approximately 160 global ITP clinical 
study sites in North America, South America, 
Europe, and Asia/Pacific (Figure 2). To our 
knowledge, LUNA 3 is one of the largest clinical 
trials conducted in patients with primary ITP to 
date that is uniquely designed to include both 194 
adult and 30 adolescent patients.

Figure 1.  Rilzabrutinib mechanism of action in ITP. BTK regulates both B-cell receptor signaling 
upon antigen binding in B lymphocytes and FcγR signaling through binding of immune complexes in 
macrophages. By concerted action of the LYN and SYK tyrosine kinases, the PI3K/AKT signaling pathway 
is activated, leading to the generation of PIP3, which, in turn, results in the recruitment and activation of 
BTK. Through its noncovalent/reversible covalent binding sites, rilzabrutinib inhibits BTK and blocks its 
downstream effects.
AKT, Ak strain transforming kinase; serine-threonine kinase; BTK, Bruton tyrosine kinase; FcγR, Fc gamma receptor; ITP, 
immune thrombocytopenia; PI3K, phosphatidylinositol-3 kinase; PIP3, phosphatidylinositol-3,4,5-triphosphate kinase.
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Patient eligibility and recruitment
Eligible patients must have primary ITP42 with a 
duration of >3 months if aged ⩾18 years or a 
duration of >6 months if aged 12 to <18 years. 
Patients should have an average of two platelet 
counts of <30 × 109/L at least 5 days apart during 
the screening period, and no single platelet count 
>35 × 109/L within 14 days before the first dose of 
rilzabrutinib. Patients should have had a previous 
response (platelet counts ⩾50 × 109/L) to CS or 
IVIG/anti-D. Either the prior response is not sus-
tained or the patient has a documented intoler-
ance, insufficient response, or any contraindication 
to any appropriate courses of standard ITP ther-
apy. Patients receiving a stable dose of CS and/or 
TPO-RA are eligible to participate. Adequate 
hematologic, hepatic, and renal function [absolute 
neutrophil count ⩾1.5 × 109/L, aspartate ami-
notransferase/alanine aminotransferase ⩽1.5x 
upper limit of normal (ULN), albumin ⩾3 g/dL, 
total bilirubin ⩽1.5× ULN (unless documented 
Gilbert syndrome), estimated glomerular filtra-
tion rate >50 by Cockcroft and Gault method], 
and hemoglobin levels >9 g/dL (within 1 week 
before study day 1) are required. Additional eligi-
bility criteria are outlined in Table 1.

Patients with known secondary ITP are not eligi-
ble to enroll. Key exclusion criteria also include 
platelet transfusions or use of any other rescue 
medications (e.g. IVIG) with the intent to increase 
platelet counts, changes in CS and/or TPO-RA 

dose (>10% variation from current doses) within 
2 weeks before the study entry, and receipt of a 
live vaccine within 28 days before study day 1 or 
plan to receive one during the study. Because of 
recent reports suggesting exacerbation of ITP fol-
lowing COVID-19 vaccination,43,44 administering 
a COVID-19 vaccine specifically within 2 weeks 
before study treatment and during the last 
12 weeks of the blinded treatment period is not 
allowed due to potential confounding effects on 
the primary endpoint.

Study design and interventions
After providing written informed consent, patients 
enter a 28-day screening period and eligible 
patients are randomized 2:1 to receive oral treat-
ment with either rilzabrutinib 400 mg BID or pla-
cebo with optional stable doses of standard CS 
and/or TPO-RA therapy.

Randomization is stratified by splenectomy status 
(yes/no) and severity of disease (platelet counts 
<15 × 109/L versus ⩾15 × 109/L) and is carried 
out separately for adult and adolescent patients. 
After randomization, patients start a blinded 
treatment period for up to 24 weeks, followed by 
a 28-week open-label period when all patients 
receive rilzabrutinib, and then a 4-week safety 
follow-up or long-term extension (LTE) phase 
(Figure 3). Stable doses of concomitant ITP 
medication (oral CS and/or TPO-RA) are 

Figure 2.  LUNA 3 recruiting countries.
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Table 1.  Key eligibility criteria.

Inclusion criteria Exclusion criteria

• � Primary ITP for >3 months if aged ⩾18 years or 
>6 months if aged 12 to <18 years

    - � In EU countries, children aged 10–18 years 
are eligible

• � Previous response (platelet count ⩾50 × 109/L) 
to CS or IVIG/anti-D that was not sustained, or 
documented intolerance, insufficient response, 
or any contraindication to any appropriate 
courses of standard-of-care ITP therapy

• � An average of two platelet counts ⩾5 days apart 
of <30 × 109/L during screening and no single 
platelet count >35 × 109/L within 2 weeks before 
study treatment

    - � If aged 12 to <18 years, must require 
ITP treatment per clinical investigator’s 
assessment

• � Adequate hematologic, hepatic, and renal 
function [absolute neutrophil count ⩾1.5 × 109/L, 
AST/ALT ⩽1.5 × ULN, albumin ⩾3 g/dL, total 
bilirubin ⩽1.5 × ULN (unless documented 
Gilbert syndrome), estimated glomerular 
filtration rate >50 (Cockcroft and Gault method)]

• � Hemoglobin >9 g/dL within 1 week before study 
treatment

•  Secondary ITP
•  Pregnant or lactating women
•  Electrocardiogram (ECG) findings
    - � Aged ⩾10 and <16 years: QTcF >449 ms (males) or >457 ms 

(females)
    - � Aged ⩾16 and <18 years: QTcF >450 ms (males) or >460 ms 

(females)
    - � Aged ⩾18 years, of QTcF >450 ms (males) or >470 ms (females), 

poorly controlled atrial fibrillation (i.e. symptomatic participants 
or a ventricular rate >100 beats/min on ECG), or other clinically 
significant abnormalities

• � Transfusions or use of any other rescue medications with intent to 
increase platelet count within 2 weeks before study treatment

• � Change in CS and/or TPO-RA dose within 2 weeks before study 
treatment (>10% variation from current doses)

• � Use of immunosuppressants other than CS within five times the 
elimination half-life of the drug or within 2 weeks before study 
treatment, whichever is longer

• � Treatment with rituximab or splenectomy within 3 months before study 
treatment

•  Prior rilzabrutinib therapy
• � History (within 5 years of study day 1) of current active malignancy 

requiring or likely to require chemotherapeutic or surgical treatment 
during the study, except for non-melanoma skin cancer

•  History of solid organ transplant or planned surgery
•  Myelodysplastic syndrome
• � COVID-19 vaccine within 2 weeks prior or planned during the last 

12 weeks of blinded treatment
• � Planned or concomitant use of any anticoagulants and platelet 

aggregation inhibiting drugs such as aspirin (except for low-dose 
aspirin up to 100 mg/day), nonsteroidal anti-inflammatory drugs, and/
or thienopyridines within 14 days of treatment initiation and until the 
end of the active treatment period

• � Any other clinically significant disease, condition, known allergy to any 
of the study medications, their analogs, or excipients in the various 
formulations of any agent, or medical history that, in the opinion of 
the investigator or sponsor’s medical monitor, would interfere with 
participant safety, study evaluations, and/or study procedures

AST/ALT, aspartate aminotransferase/alanine aminotransferase; CS, corticosteroids; ITP, immune thrombocytopenia; IVIG, intravenous 
immunoglobulin; TPO-RA, thrombopoietin receptor agonist; ULN, upper limit of normal.

permitted in both treatment arms, with dose 
reductions allowed for associated safety concerns 
only. CS and/or TPO-RA administration should 
follow corresponding current package inserts/
summary of product characteristics of the coun-
try-specific marketing authorization.

At the end of 12 weeks of treatment (rilzabrutinib 
400 mg BID or placebo), a single assessment of 
platelet response is performed, which is defined 
as platelet count of ⩾50 × 109/L or between 

⩾30 × 109/L and <50 × 109/L and at least dou-
bled from baseline at any time and in the absence 
of rescue medication in the 4 weeks before the 
elevated platelet count that met the platelet 
response criteria (Figure 4). The baseline is cal-
culated as the average of two qualifying platelet 
counts at screening and day 1 before the first dose 
of treatment. Next, responders continue the 
blinded treatment period for 12 more weeks for a 
total of 24 weeks before entering the 28-week 
open-label period, whereas non-responders may 

https://journals.sagepub.com/home/tah
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Figure 3.  Study schema flow chart.45 LUNA 3 is registered as NCT04562766 and EudraCT 2020-002063-
60. *Week 25 is the last visit of the blinded treatment period and the start of the open-label period. 
†Following long-term extension completion, patients will undergo the last day of study drug and end of study 
assessments.
BID, twice daily; CS, corticosteroids; EU, European Union; ITP, immune thrombocytopenia; TPO-RA, thrombopoietin receptor 
agonist.

Figure 4.  Decision flow for assessing response at week 13. After enrollment, patients will start a blinded 
treatment period for up to 24 weeks (rilzabrutinib or placebo treatment) followed by an open-label period of 
28 weeks (where all patients receive rilzabrutinib), and then a 4-week safety follow-up period or long-term 
extension. Patients who do not complete the initial 12 weeks of treatment are not eligible to proceed to the 
open-label period. At the end of 12 weeks of treatment, participants will be assessed for platelet response 
(⩾50 × 109/L or between ⩾30 × 109/L and <50 × 109/L and at least doubled from baseline at any time) and the 
presence or absence of rescue medication in the 4 weeks before elevated platelet counts meeting the platelet 
response criteria. Responders with no rescue medication use after week 8 will continue to be evaluated for 
eligibility to proceed to the blinded treatment period for a total of 24 weeks before entering the open-label 
period. Non-responders or those who did receive rescue medication after week 8 may discontinue the study or 
enter the 28-week open-label period at the end of week 12 and receive rilzabrutinib 400 mg BID.
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discontinue the study or enter the 28-week open-
label period at the end of week 12 while receiving 
rilzabrutinib 400 mg BID. Irrespective of the non-
responder’s choice, the initial study medication 
assignment remains blinded.

Patients are assessed for eligibility to enter the 
LTE at the end of the open-label period (i.e. 
28 weeks of receiving treatment with rilzabrutinib 
400 mg BID). After completing the open-label 
period, any participants who demonstrate platelet 
response defined as platelet counts ⩾50 × 109/L 
or ⩾30 × 109/L and at least doubled from base-
line for ⩾50% of the visits without receiving res-
cue therapy while on rilzabrutinib treatment 
during the last 8 weeks of the open-label period 
will be allowed to enter the LTE. In the LTE 
part, concomitant CS and/or TPO-RA dose 
reductions or discontinuations are allowed if 
platelet counts are ⩾50 × 109/L on three sched-
uled visits over 12 weeks.

For the first study phase over 24 weeks, treat-
ments are double-blinded to the investigator/clin-
ical study team and patients, unless unblinding is 
deemed medically necessary by the investigator 
after consulting with the study sponsor’s medical 
monitor and in accordance with local regulations/
policies. The treating study investigator will be 
responsible for ensuring treatment is adminis-
tered in compliance with the study protocol. 
Patients may discontinue the trial temporarily 
due to suspected adverse events or a regional or 
national emergency declared by a governmental 
agency (e.g. pandemic); reinitiate treatment 
under close supervision of the study investigator if 
continued eligibility criteria are met; or withdraw 
from the study due to life-threatening or grade 4 
treatment-related adverse events, serious allergic 
reaction, pregnancy, any medical condition/per-
sonal circumstance deemed by the investigator to 
pose a significant risk to the patient, human 
immunodeficiency or hepatitis B/C viral infec-
tions, protocol violation compromising data inter-
pretation, or abnormal liver tests.

Endpoints and assessments
The primary endpoint of this study is durable 
platelet response, defined as achieving platelet 
counts of ⩾50 × 109/L for at least two-thirds of 
⩾8 available weekly scheduled platelet measure-
ments during the last 12 weeks of the 24-week 

blinded treatment period in the absence of rescue 
therapy, provided that ⩾2 available weekly sched-
uled platelet measurements are ⩾50 × 109/L dur-
ing the last 6 weeks of the 24-week blinded 
treatment period (Table 2). Patients must have 
⩾2 available weekly scheduled platelet measure-
ments of ⩾50 × 109/L during the last 6 weeks of 
the 24-week blinded treatment period. Key sec-
ondary efficacy endpoints are the number of 
weeks with platelet counts ⩾50 × 109/L or 
between ⩾30 × 109/L and <50 × 109/L and at 
least doubled from baseline during the 24-week 
blinded treatment period in the absence of rescue 
medication, the number of weeks with platelet 
counts ⩾30 × 109/L and at least doubled from 
baseline during the 24-week blinded treatment 
period in the absence of rescue medication, time 
to first platelet counts ⩾50 × 109/L or between 
⩾30 × 109/L and <50 × 109/L and at least dou-
bled from baseline, the proportion of patients 
requiring rescue therapy during the 24-week 
blinded treatment period, and changes from base-
line on ITP Patient Assessment Questionnaire™ 
(ITP-PAQ™) physical fatigue score in adult 
patients (aged ⩾18 years) at week 13 of 
treatment.

Secondary safety endpoints include evaluating 
the frequency and severity of treatment-emergent 
adverse events and bleeding events. Safety will be 
assessed by the incidence, severity, and causal 
relationship of treatment-emergent adverse 
events, including clinically significant changes in 
physical examination, vital signs, electrocardio-
gram, and laboratory parameters. The intensity of 
adverse events is graded based on the modified 
Common Terminology Criteria for Adverse 
Events, version 5.0 (National Cancer Institute). 
Additional endpoints are detailed in Table 2.

Disease-specific assessment tools include Idiopathic 
Thrombocytopenic Purpura Bleeding Scale, a 
bleeding assessment comprising 11 site-specific 
grades assessed at nine anatomical sites by history 
over the period before the visit; the ITP-PAQ™, a 
disease-specific instrument designed to measure 
quality of life of adult patients with ITP; and the 
Kids ITP Tools (KIT) assessment, which is based 
on a battery of three disease-specific instruments 
and a self-report form specifically designed for 
pediatric patients with ITP.46–48 Generic health-
related quality of life will be assessed using the 
EuroQOL-5 Dimension 5 Level (EQ-5D-5L) 
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Table 2.  LUNA 3 study endpoints.

Primary endpoint • � Platelet counts ⩾50 × 109/L for ⩾two-thirds of ⩾8 available weekly scheduled 
platelet measurements during the last 12 weeks of the 24-week blinded treatment 
period in the absence of rescue medication, provided that at least two available 
weekly scheduled platelet measurements are ⩾50 × 109/L during the last 6 weeks of 
the 24-week blinded treatment period*

Key secondary endpoints • � Number of weeks with platelet counts ⩾50 × 109/L or between ⩾30 × 109/L and 
<50 × 109/L and at least doubled from baseline during the 24-week blinded 
treatment period in the absence of rescue medication

• � Number of weeks with platelet counts ⩾30 × 109/L and at least doubled from 
baseline during the 24-week blinded treatment period in the absence of rescue 
medication

• � Time to first platelet counts ⩾50 × 109/L or between ⩾30 × 109/L and <50 ×109 /L 
and at least doubled from baseline

• � Proportion of patients requiring rescue therapy during the 24-week blinded 
treatment period

• � Changes from baseline on ITP-PAQ physical fatigue score in adult patients (aged 
⩾18 years) at week 13 of treatment

•  Safety

Exploratory endpoints (24-week 
blinded period)

•  Platelet counts of ⩾50 × 109/L for 4 out of the last 8 weeks of treatment
• � Percentage of weeks with platelet counts of ⩾50 × 109/L or between ⩾30 × 109/L and 

<50 × 109/L and at least doubled from baseline
• � Complete response (defined as platelet counts of ⩾100 × 109/L on two consecutive 

visits ⩾5 days apart and no bleeding or rescue ITP medication use)
• � Platelet counts of ⩾50 × 109/L on two consecutive visits at least 5 days apart with no 

rescue therapy on and through those two visits
• � Platelet counts >250 × 109/L or >450 × 109/L for patients receiving concomitant 

TPO-RA
•  Change from baseline in IBLS at weeks 13 and 25
•  Changes in quality of life
• � Changes from baseline in thrombopoietin levels, T lymphocytes, B lymphocytes, 

natural kill cell counts, and immunoglobulin (IgG, IgG1, IgG4, IgM, and IgE) levels

Exploratory endpoints (open-label 
and LTE period)

• � Platelet counts ⩾50 × 109/L for two-thirds of ⩾10 available weekly scheduled 
platelet measurements during the last 16 of 28 weeks in the open-label period in 
the absence of rescue medication, provided that at least three available weekly 
scheduled platelet measurements were ⩾50 × 109/L during the last 8 weeks of the 
28-week open-label period

• � Platelet counts of ⩾50× 109 /L or between ⩾30 × 109/L and <50 × 109/L and at least 
doubled from baseline

•  Complete response
• � Platelet counts >250 × 109/L or >450 × 109/L for patients receiving concomitant 

TPO-RA
•  Proportion of patients requiring rescue medication
•  Changes from baseline in IBLS and quality of life
•  Changes from baseline on CS or TPO-RA dose
• � Proportion of patients who switch to rilzabrutinib monotherapy during the first year 

of the LTE period

*In the European Union and the United Kingdom, the primary endpoint is defined as achieving platelet counts of ⩾50 × 109/L for ⩾8 of the last 
12 weeks of the 24-week blinded treatment period in the absence of rescue medication.
CS, corticosteroids; IBLS, Idiopathic Thrombocytopenic Purpura Bleeding Scale; ITP, immune thrombocytopenia; ITP-PAQ™, Immune 
Thrombocytopenia Patient Assessment Questionnaire™; LTE, long-term extension; TPO-RA, thrombopoietin receptor agonist.

questionnaire and the Patient Global Impression of 
Severity Scales (generic, for fatigue, and change). 
These assessments will be done every 4 weeks 

during the blinded and open-label periods, and in 
the LTE, every 28 days for the first year of the LTE 
and every 3 months thereafter.
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Statistical considerations
All randomized patients will be included in the 
intent-to-treat population and all randomized 
patients who are exposed to ⩾1 dose of study 
medication will be included in the safety popula-
tion. Assessment of the primary response end-
point between the two arms will be performed 
using the Cochran–Mantel–Haenszel test. The 
adult sample size of approximately 194 was 
selected to achieve >85 power to detect a 20% 
difference in response rate (e.g. 25% versus 5% in 
the rilzabrutinib versus placebo arms, respec-
tively) with approximately 129 adult patients 
(aged ⩾18 years) in the rilzabrutinib arm and 65 
in the placebo arm. The adolescent sample size of 
30 patients (20 on rilzabrutinib and 10 on pla-
cebo) was determined based on clinical practice 
and development experiences to adequately 
describe the safety and efficacy of these patients 
with ITP.

Data monitoring, collection, audit, and manage-
ment plans are detailed in the study protocol to 
ensure data quality. To ensure patient safety, 
study investigators will proactively follow each 
patient and promptly notify the study sponsor of 
adverse events, and an independent data and 
safety monitoring board will regularly review and 
evaluate unblinded patient safety data. No formal 
interim analysis is planned for the double-blinded 
part of the study; the final analysis will be com-
pleted at the end of the study. Additional analyses 
with the open-label and LTE parts may be per-
formed at the study sponsor’s discretion.

Discussion
Results from an international phase I/II trial of 
rilzabrutinib in adult patients with previously 
treated ITP (n = 60) provided evidence that this 
BTK inhibitor can confer a stable platelet 
response and has a tolerable safety profile.39 The 
LUNA 3 phase III trial will compare the magni-
tude, durability, and stability of rilzabrutinib’s 
efficacy and safety compared with placebo in 
adult patients with persistent or chronic ITP and 
explore findings in adolescent patients. The defi-
nition of durable response (the primary endpoint) 
in this trial is achieving platelet counts of 
⩾50 × 109/L for at least two-thirds of ⩾8 availa-
ble weekly scheduled platelet measurements dur-
ing the last 12 weeks (and including ⩾2 available 
measurements within the last 6 weeks) of the 

24-week blinded treatment period in the absence 
of rescue therapy (e.g. in 8 of 12 or 6 of 9 counts).

The threshold for response (⩾50 × 109/L) is 
higher than the level adopted by the International 
Working Group consensus, which defines 
response as achieving any platelet count between 
30 × 109/L and 100 × 109/L and at least doubling 
from the baseline count, and complete response is 
defined as any platelet count ⩾100 × 109/L – both 
in the absence of bleeding.10 Despite the lower 
guideline-based platelet level for response, a plate-
let count of ⩾50 × 109/L is commonly used as the 
response threshold in clinical trials of approved 
ITP therapies.49–52 Durable platelet response (i.e. 
platelet counts ⩾30 × 109/L and at least doubling 
from the baseline at 6 months) is a goal for ITP 
therapies as an endpoint that measures sustained 
clinical benefit over time.13 For recently approved 
fostamatinib, a durable response was demon-
strated when two-thirds of platelet counts during 
the last 12 weeks (six visits) of the blinded period 
met the primary endpoint: platelet counts 
⩾50 × 109/L on ⩾4 of the six biweekly visits 
(weeks 14, 16, 18, 20, 22, and 24).51,53 The 
LUNA 3 definition of durable response is based 
on the proportion of available platelet counts 
⩾50 × 109/L instead of the fixed timepoint of 
platelet counts ⩾30 × 109/L and doubled from 
baseline at 6 months as defined in guidelines, 
which takes into account missing platelet counts.13

A significant number of both adults and children 
with ITP experience fatigue, which is thought to 
be associated with low platelets (<30 × 109/L) 
and caused by a chronic inflammatory state and 
immune dysregulation.20,54,55 To date, no availa-
ble ITP therapies have shown significant improve-
ment in fatigue in a randomized placebo-controlled 
clinical trial report. Considering rilzabrutinib’s 
multipronged mechanisms of action, namely its 
potential anti-inflammatory effects, ITP-PAQ 
item 10 (fatigue domain) is being employed to 
quantify the impact of treatment with rilzabrutinib 
on fatigue as a key secondary endpoint.

Elucidating the mechanisms underlying ITP and 
designing novel therapies to address the current 
care gap continue to be active areas of research 
that are reviewed in detail elsewhere.12,15,56 A 
growing number of therapies with various mecha-
nisms of action are being investigated in late-
phase clinical trials, with expected readouts within 
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the next 5 years. Among emerging therapeutic 
agents developed for ITP, the putative mecha-
nisms of action of rilzabrutinib in ITP are thought 
to target both immune-mediated platelet destruc-
tion through blocking FcR-mediated platelet 
destruction and inhibition of platelet production, 
and by reducing the level of pathogenic anti-
platelet antibodies due to suppression of auto-
reactive B cells.28,29

Patients enrolled in this trial are expected to have 
previously responded to at least one prior ITP 
therapy, supporting the diagnosis of ITP and not 
a ‘look alike’ thrombocytopenia. Preliminary find-
ings based on phase II study results suggest that 
patients naive to rituximab and TPO-RA may 
achieve a better response rate,57 thus providing a 
rationale to explore the effects of rilzabrutinib ear-
lier in the disease course and relatively less refrac-
tory patients.

In summary, LUNA 3 is the first phase III trial 
assessing the efficacy and safety of rilzabrutinib in 
ITP and might demonstrate that BTK inhibition 
through treatment with rilzabrutinib may be a 
major improvement in therapy for patients with 
chronic ITP.
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