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Aims: To evaluate the safety, pharmacokinetics and pharmacodynamics of single-

and multiple-rising doses (MRDs) of BI 705564 and establish proof of mechanism.

Methods: BI 705564 was studied in 2 placebo-controlled, Phase I clinical trials test-

ing single-rising doses (1–160 mg) and MRDs (1–80 mg) of BI 705564 over 14 days

in healthy male volunteers. Blood samples were analysed for BI 705564 plasma con-

centration, Bruton's tyrosine kinase (BTK) target occupancy (TO) and CD69 expres-

sion in B cells stimulated ex vivo. A substudy was conducted in allergic, otherwise

healthy, MRD participants. Safety was assessed in both studies.

Results: All doses of BI 705564 were well tolerated. Geometric mean BI 705564

plasma terminal half-life ranged from 10.1 to 16.9 hours across tested doses, with no

relevant accumulation after multiple dosing. Doses ≥20 mg resulted in ≥85% average

TO that was maintained for ≥48 hours after single-dose administration. Functional

effects of BTK signalling were demonstrated by dose-dependent inhibition of CD69

expression. In allergic participants, BI 705564 treatment showed a trend in wheal size

reduction in a skin prick test and complete inhibition of basophil activation. Mild

bleeding-related adverse events were observed with BI 705564; bleeding time

increased in 1/12 participants (8.3%) who received placebo vs 26/48 (54.2%) treated

with BI 705564.

Conclusion: BI 705564 showed efficient target engagement through durable TO and

inhibition of ex vivo B-cell activation, and proof of mechanism through effects on

allergic skin responses. Mild bleeding-related adverse events were probably related

to inhibition of platelet aggregation by BTK inhibition.
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1 | INTRODUCTION

Despite therapeutic progress in recent years, there is a need for more

effective and safe treatments for autoimmune diseases, including

rheumatoid arthritis (RA), systemic lupus erythematosus (SLE) and

lupus nephritis (LN).1–4 In RA and SLE/LN, pathogenic mechanisms

involve B-cell activation and activation of innate immune and stromal

cells, leading to the production of autoantibodies and subsequent

complement fixation and antigen presentation to T cells in RA5 and

SLE,6–8 and deposition of immunoglobulin (Ig)G autoantibodies/

immune complexes within the renal glomerulus in LN.8–10

Bruton's tyrosine kinase (BTK), a member of the Tec family of

immune kinases, plays an important role in signal transduction cas-

cades downstream from key cell surface receptors in lymphoid and

myeloid cell types.11–13 The defective B-cell maturation and

decreased antibody levels observed in individuals with X-linked

agammaglobulinaemia harbouring loss-of-function Btk mutations,

exemplifies the essential role of BTK in B cells.11 BTK is needed for

Fc-gamma receptor signalling in monocytes/macrophages,14

Fc-epsilon receptor (FcεR) signalling in basophils and mast cells15,16

and glycoprotein VI (GPVI) receptor signalling in platelets.17,18 The

function of BTK across diverse, disease-relevant signalling pathways

provided the stimulus for identifying and developing selective BTK

inhibitors for preclinical testing in models of autoimmune disease and

subsequent clinical studies.19–31 Conflicting data on potential redun-

dancy with the related Tec kinase for platelet function, combined with

the observed risk of bleeding events with the approved BTK inhibitors

ibrutinib and acalabrutinib, have made the risk of bleeding-related

events for BTK inhibitors difficult to predict prior to clinical

trials.17,32–34

BI 705564 is an irreversible, covalent, small-molecule inhibitor of

BTK, developed as a candidate for the treatment of SLE/LN and

RA. In a kinetic binding assay, BI 705564 inhibited BTK enzyme bind-

ing, with a mean half maximal inhibitory concentration of 0.28 nM

(n = 6). BI 705564 profiling against a panel of 282 kinases revealed

significant selectivity for BTK. Only 3 other kinases (BMX, TXK and

Tec) exhibited >80% inhibition at 3 μM, corresponding to half maximal

inhibitory concentration values >30-fold higher than that for BTK

(unpublished data). A structurally related analogue of BI 705564,

BI-BTK-1, was assessed in the SLE/LN-relevant nephrotoxic serum

nephritis in vivo mouse model.19,35 Given the irreversible binding of

BI-BTK-1 to BTK, determination of the ex vivo percentage target

occupancy (TO) in this model allowed the relationship between target

engagement and efficacy to be ascertained. Treatment with BI-BTK-1

at doses that provided ≥85% BTK TO resulted in prevention of pro-

teinuria and almost complete amelioration of renal disease.19,35 Treat-

ment with BI-BTK-1 resulted in dose-responsive protection of renal

function, with daily doses of 10 and 30 mg/kg achieving 87 and 89%

inhibition of proteinuria, respectively; considerable kidney protection,

as measured by renal glomerular and tubule histology analyses, was

also observed with 97 and 91% inhibition of a summed kidney histol-

ogy score, respectively. In addition, testing of BI-BTK-1 in the chronic

NZB/W F1 model of LN demonstrated dose-responsive inhibition of

proteinuria, circulating anti-double-stranded DNA IgG levels and renal

protection as measured by histopathology.19,35

Here we report the findings of 2 Phase I trials testing single- and

multiple-rising doses (SRDs/MRDs) of oral BI 705564 in healthy male

volunteers. The primary objectives were to investigate the safety and

tolerability of BI 705564; secondary objectives included pharmacoki-

netics (PK) and pharmacodynamics (PD). As it has been suggested that

BTK inhibition could decrease reactivity to allergens by preventing

IgE-dependent basophil and mast cell activation,16,36,37 the effect of

BI 705564 on a skin prick test in participants with allergies was

assessed as a proof of mechanism.

2 | METHODS

2.1 | Study designs and participants

The SRD study was a single-blind, partially randomised, placebo-

controlled trial carried out at the Human Pharmacology Centre,

What is already known about this subject

• Despite therapeutic progress in recent years, there is still

a need for more effective and safe treatments for autoim-

mune diseases including rheumatoid arthritis, systemic

lupus erythematosus and lupus nephritis.

• Bruton's tyrosine kinase (BTK), a member of the Tec fam-

ily of immune kinases, plays an important role in diverse,

disease-relevant signal transduction cascades and is a

potential target for therapeutic intervention.

• Several BTK inhibitors have demonstrated efficacy in

models of autoimmune disease and subsequent clinical

studies, but have been associated with an increased risk

of bleeding-related adverse events in patients treated for

haematological malignancies.

What this study adds

• In 2 placebo-controlled, Phase I clinical trials, the BTK

inhibitor BI 705564 showed dose-dependent inhibition

of CD69 expression and, in allergic participants, resulted

in reduction of wheal size in a skin prick test and com-

plete inhibition of basophil activation.

• BI 705564 was well tolerated but was associated with

mild bleeding-related adverse events.

• The occurrence of bleeding-related effects despite high

BTK selectivity indicate that the effect on platelets is

most likely to be mediated via BTK and not via Tec

inhibition.
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Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach an der Riss,

Germany, between May 2017 and February 2018 (www.ClinicalTrials.

gov: NCT03123185). The MRD study was a double-blind, randomised,

placebo-controlled trial carried out at the Clinical Research Services

Mannheim GmbH, Mannheim, Germany, between November 2017

and November 2018 (www.ClinicalTrials.gov: NCT03325712). Both

trials were conducted in accordance with the Declaration of Helsinki,

the ICH GCP guidelines and local laws. All local ethics committees

were informed and approved the trial and written informed consent

was obtained from all participants prior to admission into the trial.

Participants in both studies were healthy men aged 18–50 years

with a body mass index of 18.5–29.9 kg/m2 (inclusive). Main exclusion

criteria were clinically relevant pre-existing diseases or abnormalities

in the screening examination, including infectious serology (hepatitis,

human immunodeficiency virus), marked baseline prolongation of

QT/QTc interval (such as QTc intervals repeatedly >450 ms), any

other relevant electrocardiogram (ECG) finding or a history of addi-

tional risk factors for torsades de pointes (e.g. heart failure,

hypokalaemia or family history of long QT syndrome).

In both studies, all doses of study medication were administered

orally under the supervision of the principal investigator or an

authorised designee. In the SRD study, 47 participants received treat-

ment under fasted conditions in 6 consecutive groups, and 32 partici-

pants received treatment under fed conditions (with a high-fat meal)

in 4 consecutive groups. Each group included 7 or 8 participants: 5 or

6 receiving BI 705564 and 2 receiving placebo. BI 705564 was given

in single doses from 1 mg rising to 80 mg in the fasted groups, and

from 20 mg rising to 160 mg in the fed groups. The decision to pro-

ceed to the next dose group was based upon the safety, tolerability

and PK data of the preceding dose group. A further food effect analy-

sis was performed in an open-label, 2-way crossover, including 12

participants randomly assigned to receive 10 mg BI 705564 in a fed

state followed by a fasted state, or vice versa, with a 10-day washout

between treatments. Participants were kept under close medical

surveillance at the study site for at least 24 hours after drug adminis-

tration. Venous blood samples were taken at regular intervals up to

24 hours post administration and then daily through Day 10.

In the MRD study, 60 participants received treatment in

5 sequential groups. Each group included 10 participants: 8 receiving

BI 705564 and 2 receiving placebo. The BI 705564 dose groups were

10, 20, 40, 60 or 80 mg daily for 14 days, administered after con-

sumption of a standard breakfast. Blood samples were taken daily

from Day −1 to Day 17. After completion of the dose-escalation

phase, an additional double-blind, randomised, placebo-controlled

cohort was added (via a protocol amendment) to test 40 mg

BI 705564 daily for 4 weeks in participants with a known allergy to

house dust mite (HDM) or cat allergen. The purpose of this additional

cohort was to test safety for a longer duration and evaluate the effect

of BI 705564 on an allergic reaction in a skin prick test as a prelimi-

nary proof of clinical concept. Inclusion criteria for the participants in

this skin prick test group (SPTG) were the same as those for the previ-

ous MRD cohorts, with the additional requirement of a history of at

least 1 year of IgE-mediated perennial allergies as documented by a

positive skin prick test (wheal at screening at least 5 mm in diameter

at longest measurement).

2.2 | Safety assessments

Safety and tolerability were assessed in both studies by recording

treatment-emergent adverse events (TEAEs), vital signs, ECG and

clinical laboratory assessments. TEAEs reported between study drug

administration and the last study visit were considered on-treatment.

As other BTK inhibitors tested in individuals diagnosed with

haematological disorders have been associated with increased bleed-

ing rates,32,33 measurement of bleeding time was included in all treat-

ment groups in the MRD study, including the SPTG. Bleeding times

were assessed at baseline and at the post-treatment examination for

all treatment groups, and additionally on Days 7 and 14 for the MRD

cohort and Days 8, 15, 22 and 28 for the SPTG. Bleeding time was

measured according to a modified Ivy method (Surgicutt). The upper

limit of normal (ULN) was 480 seconds.

In the SPTG, platelet function (adhesion and aggregation) was

assessed using the INNOVANCE Platelet Function Analyser

(PFA)-200 System with Dade PFA collagen/epinephrine and collagen/

ADP. This test was performed at the Gerinnungszentrum Mannheim,

Mannheim, Germany.

The safety analysis in the MRD study pooled the participants

who received placebo in the MRD cohort and those who received

placebo in the SPTG cohort (the treatment duration was 4 weeks in

the SPTG compared with 2 weeks in the MRD cohort).

2.3 | PK and PD assessments

Plasma concentrations of BI 705564 were measured using a validated

liquid chromatography–tandem mass spectrometry method with a

calibration range of 0.100–100 nmol/L and a lower limit of quantifica-

tion of 0.1 nmol/L. The assay accuracy ranged from 99.4 to 100.4%

and the precision was between 2.9 and 6.1% coefficient of variation.

The analyses were performed by NUVISAN GmbH (Neu-Ulm,

Germany).

For determination of TO, peripheral blood mononuclear cells

were isolated from whole blood samples, followed by preparation of

cell lysates. The amount of free BTK (not occupied by BI 705564) in

the lysate was determined by adding a biotin-conjugated probe that

binds to the same site as BI 705564. The biotin-labelled BTK was then

detected by streptavidin in a meso-scale discovery-based ligand bind-

ing immunoassay. The concentration of total BTK (i.e. free BTK and

BTK bound by BI 705564) was determined by 2 different anti-BTK

antibodies for capture and detection in a meso-scale discovery-based

ligand binding immunoassay. Free BTK levels were normalised to total

BTK, and percent changes relative to baseline were calculated. Free

BTK and total BTK assays were validated at NUVISAN GmbH and

clinical samples were analysed in accordance with the applicable prin-

ciples of Good Clinical Practice.
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To evaluate the effect of BI 705564 treatment on B-cell activa-

tion, whole blood samples were stimulated ex vivo with anti-IgD, and

the percentage of CD69 + B cells among all CD19 + B cells was mea-

sured by flow cytometry, as previously described,38 with modifica-

tions to adapt to the study design. Percent inhibition relative to

baseline was calculated.

For analysis of basophil activation in the MRD study, whole

blood samples were stimulated ex vivo with anti-IgE, followed by

measurement of the percentage of CD63 + basophils by flow cyto-

metry, as previously described,37 with modifications to adapt to

the study design. Percent inhibition relative to baseline was

calculated.

2.4 | Skin prick tests

Commercially available skin prick test solutions (Bencard Allergie

GmbH, Munich, Germany), including those for HDM

(Dermatophagoides farinae and Dermatophagoides pteronyssinus), cat

fur, dog hair, histamine solution (positive control) and normal saline/

solvent (negative control), were administered as a single drop to the

volar aspect of the lower arm, followed by piercing of the skin through

the drop with a needle or lancet.

During screening, the skin prick test was performed with

multiple allergens, and only positive allergens (>5 mm wheal

diameter) were retested on Day −1, Day 8 and Day 28. On

Day −1, only 4 subjects had wheal diameter assessments, thus,

measurements from all subjects at screening were taken as

baseline.

The appearance of a wheal surrounded by a red flare

(erythema) was considered a positive reaction. The wheal size,

i.e. the largest diameter in millimetres, was measured directly on

the skin using a ruler, with the final results recorded after

15 minutes. Wheal area (A) was calculated based on the wheal

diameter (d): A= π d
2

� �2
.

2.5 | Statistical analysis

All analyses were reported using descriptive statistics for

safety, PK and PD. In each trial, the safety population included all

participants who had received at least 1 dose of study drug. The

PK and PD populations included all participants who had received

the study drug and provided evaluable data for PK and PD

analysis without relevant violations. PK parameters were calculated

using noncompartmental methods with Phoenix WinNonlin 6.3

software. Dose proportionality was assessed using a power

model (as detailed in Appendix A). In the SPTG, the percent

change of wheal area from baseline was analysed by a

mixed effects model (using R version 3.6.0), where treatment, visit

and treatment by visit interaction were considered fixed effects

and participants and types of allergen were considered random

effects.

2.6 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to

corresponding entries in http://www.guidetopharmacology.org, the

common portal for data from the IUPHAR/BPS Guide to

PHARMACOLOGY.

3 | RESULTS

3.1 | Participants

Demographics and baseline characteristics were similar across treat-

ment groups in the SRD and MRD studies, with minor differences

between groups for age, height and body mass index (Tables 1 and 2).

All participants treated in the SRD study completed treatment,

whereas 2 participants treated with 40 mg BI 705564 in the MRD

study discontinued: 1 due to urinary tract infection and haematuria,

and 1 refused to comply with the protocol.

3.2 | Safety

In both studies, all doses of BI 705564 were well tolerated (Tables 3

and 4). TEAEs were mostly of mild intensity and not dose limiting;

there were no seriousTEAEs, deaths or adverse events (AEs) of severe

intensity reported for either study. The overall percentage of

participants who experienced a TEAE was slightly lower in the com-

bined BI 705564 groups compared with placebo in the SRD (26/71

[37%] vs 9/20 [45%]) and MRD (23/48 [48%] vs 7/12 [58%]) studies,

respectively. Headache was the most frequently reported TEAE in

both the SRD (BI 705564 combined groups 8/71 [11%], placebo 4/20

[20%]) and MRD (BI 705564 combined groups 7/48 [15%], placebo

1/12 [8%]) studies. In the MRD study, gastrointestinal disorders (diar-

rhoea, abdominal pain, toothache and nausea) were also common and

were reported by a greater proportion of participants in the combined

BI 705564 groups (9/48 [19%]) than the placebo group (1/12 [8%]). In

the SRD study, minimal differences were observed between

BI 705564 treatment groups when stratified by their fasting status.

Infections occurred in 1/20 participants (5%) treated with placebo

(nasopharyngitis) and 3/71 participants (4%) treated with BI 705564

(nasopharyngitis, oral herpes, rhinitis) in the SRD study, and in 2/12

participants (17%) treated with placebo (nasopharyngitis) and 4/48

participants (8%) treated with BI 705564 (nasopharyngitis [n = 2], her-

pes simplex, urinary tract infection) in the MRD study.

In the SRD study, haematoma occurred in 1/20 participants (5%)

in the placebo group and 3/71 (4%) participants in the combined

BI 705564 groups. In the MRD study, bleeding-related TEAEs were

only reported in participants treated with BI 705564 and included

petechiae and vessel puncture site haematoma (n = 1), petechiae

(n = 3), epistaxis (n = 2), haematoma (n = 1) and haematuria (n = 1).

The frequency of bleeding-associated TEAEs appeared to be higher in

the 40-mg SPTG compared with the other treatment groups (Table 4),

LITZENBURGER ET AL. 1827



which may be related to the longer duration of treatment. All

bleeding-associated TEAEs were mild in intensity and resolved with-

out sequelae.

TEAEs were considered drug related by the investigator in 9/71

participants (13%) treated with BI 705564 vs 4/20 (20%) who

received placebo in the SRD study. In the MRD study, the frequencies

of drug-related TEAEs in the BI 705564 treatment groups ranged

from 0% in the 20-mg group to 50% (4/8) in the 40- and 60-mg

groups and 75% (6/8) in the 40-mg SPTG compared with 3/12 (25%)

who received placebo. All bleeding-related TEAEs were considered

drug related.

In the MRD study (including the SPTG), all participants had a bleed-

ing time below the ULN at baseline (Figure 1). In the placebo groups,

bleeding time remained within the normal range for all participants,

except 1. In the BI 705564 MRD groups, prolongation of bleeding time

was detected during treatment in a total of 18 participants, with a

maximum bleeding time of 2 × ULN observed in 2 participants in the

60-mg group, and returned to normal in all cases during follow-up. In

addition, 1 participant in the BI 705564 40-mg group had a transient

prolongation of bleeding time after the end of treatment. In the SPTG,

bleeding time was prolonged in 7/8 participants during treatment with

BI 705564 40 mg; bleeding time decreased again during follow-up in all

cases, but only returned to normal in 4/7 participants. A maximum

bleeding time of 3.9 × ULN was observed in 1 participant at Day

28 and this decreased to 1.7 × ULN during follow-up.

In the SPTG, collagen/epinephrine-dependent PFA-200 was pro-

longed in all 8 participants treated with BI 705564 and in 1 participant

treated with placebo (although this individual had elevated PFA-200

at baseline); the other participants treated with placebo remained in

the normal range. In contrast, collagen/ADP-dependent PFA-200 was

prolonged in only 1 participant at a single timepoint and closure times

appeared similar between participants treated with BI 705564 and

those who received placebo.

Across all treatment groups in the SRD and MRD studies, there

were no clinically relevant mean or median changes from baseline in

any of the clinical laboratory parameters assessed (haematology, dif-

ferentials, coagulation, electrolytes, enzymes, substrates, plasma pro-

teins, hormones or inflammatory parameters). Notably, there were no

relevant changes in thrombocyte counts or coagulation parameters

(PTT, aPTT, INR or fibrinogen), nor were there any clinically significant

changes in neutrophil or lymphocyte counts (mean and median values

remained stable).

In the MRD study, 1 participant in the 40-mg treatment group

had ca. 250 erythrocytes/μL in the urine analysis and TEAEs of mild

urinary tract infection and mild haematuria. An additional 3 partici-

pants had erythrocytes detected in the urine analysis but these were

not assessed as TEAS by the investigator (ca. 5–10 erythrocytes/μL in

1 participant in the 60-mg group; ca. 50 erythrocytes/μL in 1 partici-

pant in the 20-mg treatment group and 1 participant in the 40-mg

group); these all resolved by the end of treatment examination at the

latest. The presence of microhaematuria did not show a clear relation-

ship with a prolonged bleeding time and no participant had faecal

occult blood. There were no relevant changes in the urine analysis inT
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the SRD study and there were no relevant drug-related changes in

vital signs or ECGs in either study.

3.3 | PK

After single- or multiple-dose administration, BI 705564 plasma con-

centrations peaked at 1–4 hours, before declining in a biphasic man-

ner (Figure 2). In the SRD study, the geometric mean apparent

terminal half-life for BI 705564 ranged from 10.1 to 16.9 hours under

both fasted and fed conditions. Food increased BI 705564 exposure

(Figure 2). The single-dose PK profile of BI 705564 was predictive of

its multiple-dose PK profile. Following multiple dosing, there was no

relevant accumulation of BI 705564; in most dose groups, steady

state was reached by approximately Day 2.

3.4 | BTK target occupancy

After single-dose administration of BI 705564, dose-dependent

increases in BTK TO were observed (Figure 3A). Single doses of

40 and 80 mg BI 705564 under fasted conditions, and doses of

≥20 mg under fed conditions, resulted in ≥85% average TO at

24 hours and 48 hours postdose. The time profile indicated a rapid

increase in TO within 2 hours of dosing, which was maintained up to

72 hours, followed by a slow decline over the following 6 days

(Figure 3A). This extended PD effect is consistent with the mechanism

of a covalent BTK inhibitor. Similarly, in the MRD study, TO increased

dose dependently, with doses of 20 mg and above resulting in ≥85%

average TO at steady state (Figure 3B). Differences in TO above 85%

may not be detectable due to variability and the limited sensitivity of

the assay.

3.5 | CD69 expression on ex vivo stimulated B cells

CD69 expression on ex vivo stimulated B cells was analysed after

single-dose administration of BI 705564 under fasted and fed condi-

tions. Dose-dependent inhibition of CD69 + B cells, with clear separa-

tion from placebo, was observed with BI 705564 doses of 20 mg and

above (Figure 4). Doses between 20 and 160 mg showed maximal

inhibition of 70–100% at 24 hours, followed by a decline to baseline

levels on Day 6 (approximately 120 hours). The inhibition of

CD697 + B-cell frequency correlates well with TO, although inhibition

appeared to decrease more rapidly thanTO.

3.6 | Skin prick test and biomarker analysis in
allergic participants

In the SPTG of the MRD study, the median skin prick test wheal area

at screening was 50 mm2 and decreased by 28 and 36% at Day 8 and

Day 28, respectively, after treatment with BI 705564 (Figure 5 and

Appendix B). The 2 participants who received placebo showed vari-

able effects; however, there was no consistent reduction of the

wheal area.

In parallel to the skin prick test, effects on peripheral biomarkers,

basophil CD63 and B-cell CD69 expression upon ex vivo stimulation

were analysed at baseline, and on Days 8 and 28 (Figure 6). The fre-

quency of CD63 + basophils (corrected by unstimulated values) was in

the range of 18–69% and was completely inhibited at Day 8 and Day

28. One placebo-treated participant showed 18% CD63 + basophils

pretreatment, which was inhibited by 32% at Day 8 and by 44% at

Day 28 after treatment. Placebo responses were unexpectedly high

compared with findings from other studies and prestudy assay valida-

tion work. Two participants (1 who received placebo and 1

BI 705564-treated) showed insufficient baseline induction of CD63

expression (<10% CD63 + basophils) and were therefore excluded

from the analysis. The frequency of B cells positive for CD69 expres-

sion (corrected by unstimulated values) was in the range of 11–56%

and was potently inhibited at Day 8 and Day 28 by a mean of 77 and

70%, respectively. One BI 705564-treated participant showed insuffi-

cient induction of CD69 expression at baseline (<10% CD69 + B cells)

and was therefore excluded from the analysis.

4 | DISCUSSION

In the MRD study reported here, the frequency of BI 705564-related

TEAEs, in particular treatment-related bleeding-associated TEAEs,

appeared to be dependent on dose and treatment duration; the

highest frequency was seen in participants in the SPTG who received

TABLE 2 Demographics and baseline characteristics of participants in the multiple-rising dose study

Placebo
(n = 12)a

BI 705564

10 mg
(n = 8)

20 mg
(n = 8)

40 mg
(n = 8)

60 mg
(n = 8)

80 mg
(n = 8)

40 mg SPTG
(n = 8)

Age (y), median (range) 38 (27–50) 34 (23–48) 46 (35–51) 32 (21–47) 38 (28–48) 46 (26–51) 25 (18–49)

Height (cm), mean (SD) 181 (10) 176 (4) 182 (4) 178 (4) 177 (5) 178 (7) 183 (8)

BMI (kg/m2), mean (SD) 26 (3) 25 (3) 25 (2) 23 (3) 26 (2) 26 (3) 26 (3)

aIncludes all participants who received placebo in the trial.

BMI, body mass index; SD, standard deviation; SPTG, skin prick test group.
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40 mg of BI 705564 for 4 weeks, and the lowest frequency in partici-

pants who received 20 mg for 2 weeks. All bleeding-associated TEAEs

were mild in intensity and resolved without sequelae; however, the

occurrence of bleeding-related TEAEs and the increase in bleeding

time indicate that there is potential risk of bleeding with BI 705564,

thus there is a need for caution, particularly if studies were to be con-

ducted in patients with a risk of decreased thrombocyte count, such

as those with SLE.

The occurrence of petechiae and other mild bleeding-associated

AEs is in line with the inhibition of platelet activation that has also

been described for other BTK inhibitors, such as ibrutinib.39 The inhi-

bition of platelet aggregation with collagen/epinephrine (but not with

collagen/ADP) seen in the SPTG of our study is similar to results seen

with ibrutinib;40 since only epinephrine-induced aggregation requires

BTK action for GPVI signalling, this suggests a mechanism-based inhi-

bition of platelet aggregation. The selectivity of BI 705564 for BTK

TABLE 4 Summary of treatment-emergent adverse events in the multiple-rising dose study

n (%)
Placebo
(n = 12)a

BI 705564

10 mg
(n = 8)

20 mg
(n = 8)

40 mg
(n = 8)

60 mg
(n = 8)

80 mg
(n = 8)

40 mg
SPTG (n = 8)

Total
(N = 48)

TEAEs 7 (58) 3 (38) 2 (25) 4 (50) 5 (63) 2 (25) 7 (88) 23 (48)

Drug-related TEAEs 3 (25) 1 (13) 0 4 (50) 4 (50) 1 (13) 6 (75) 16 (33)

TEAEs in ≥2 participants overall, system organ class/preferred term

Nervous system disorders 3 (25) 2 (25) 0 1 (13) 1 (13) 0 5 (63) 9 (19)

Headache 1 (8) 2 (25) 0 1 (13) 0 0 4 (50) 7 (15)

Dizziness 0 0 0 0 1 (13) 0 2 (25) 3 (6)

Orthostatic intolerance 1 (8) 0 0 1 (13) 0 0 0 1 (2)

Gastrointestinal disorders 1 (8) 1 (13) 1 (13) 3 (38) 1 (13) 0 3 (38) 9 (19)

Diarrhoea 0 0 0 1 (13) 0 0 3 (38) 4 (8)

Abdominal pain, upper 0 0 0 0 1 (13) 0 1 (13) 2 (4)

Toothache 0 0 1 (13) 1 (13) 0 0 0 2 (4)

Nausea 1 (8) 0 0 0 0 0 1 (13) 1 (2)

Musculoskeletal and connective

tissue disorders

2 (17) 0 0 1 (13) 1 (13) 0 2 (25) 4 (8)

Myalgia 0 0 0 0 0 0 2 (25) 2 (4)

Back pain 1 (8) 0 0 1 (13) 0 0 0 1 (2)

Arthralgia 2 (17) 0 0 0 0 0 0 0

Vascular disorders 1 (8) 0 0 0 0 0 1 (13) 1 (2)

Haematoma 1 (8) 0 0 0 0 0 1 (13) 1 (2)

Infections and infestations 2 (17) 0 1 (13) 1 (13) 0 0 2 (25) 4 (8)

Nasopharyngitis 2 (17) 0 0 0 0 0 2 (25) 2 (4)

Herpes simplex 0 0 1 (13) 0 0 0 0 1 (2)

Urinary tract infection 0 0 0 1 (13) 0 0 0 1(2)

Injury, poisoning and procedural

complications

0 0 0 0 1 (13) 1 (13) 0 2 (4)

Respiratory, thoracic and

mediastinal disorders

0 0 0 0 0 0 3 (38) 3 (6)

Oropharyngeal pain 0 0 0 0 0 0 3 (38) 3 (6)

Epistaxis 0 0 0 0 0 0 2 (25) 2 (4)

Skin and subcutaneous disorders 0 0 0 1 (13) 2 (25) 0 2 (25) 5 (10)

Petechiae 0 0 0 0 2 (25) 0 2 (25) 4 (8)

General disorders and admin site

conditions

2 (17) 0 0 0 0 1 (13) 3 (38) 4 (8)

Fatigue 2 (17) 0 0 0 0 1 (13) 2 (25) 3 (6)

aIncludes all participants who received placebo in the trial; the participants who received placebo in the MRD cohort and those who received placebo in

the SPTG were pooled (the treatment duration was 4 weeks in the SPTG compared with 2 weeks in the MRD cohort).

MRD, multiple rising dose; SPTG, skin prick test group; TEAE, treatment-emergent adverse event.
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over Tec suggests that the inhibition of platelet aggregation is likely to

be mediated by BTK. In this case, potentially all BTK inhibitors could

be affected by some increased risk of bleeding-associated TEAEs.

Second-generation selective BTK inhibitors, such as acalabrutinib,41–43

tirabrutinib (ONO/GS-4059),44,45 zanubrutinib (BGB-3111),46

evobrutinib47 and fenebrutinib (GDC-0853)48 are associated with

fewer bleeding-associated AEs than ibrutinib.17,34 The role of BTK

inhibition as the primary driver for inhibition of platelet aggregation is

supported by results from an in vitro study comparing the inhibitory

effects of ibrutinib and acalabrutinib, which found that neither

inhibitor was more selective for BTK over Tec, but that the potency

of suppression of platelet aggregation correlated with the potency of

on-target BTK inhibition.17 Other studies in healthy volunteers and

patients with chronic lymphoid leukaemia suggest that differences in

the risk of bleeding events between ibrutinib and second-generation

BTK inhibitors may be related to off-target inhibition of Src family

kinases.34,49,50 At high concentrations, ibrutinib irreversibly inhibits

Tec and Src kinases, in addition to BTK, thus completely blocking

GPVI signalling; lower doses could be sufficient to block GPVI-

mediated platelet activation without impacting platelet response to

stimuli of physiological haemostasis.34,49,50 Notably, fenebrutinib, a

noncovalent, reversible inhibitor that is highly selective for BTK, was

well tolerated in Phase I studies in healthy volunteers, with no

reported bleeding events;51 however, this compound failed to meet

its primary efficacy endpoint in a Phase II study in patients with

moderate-to-severe SLE.52

Gastrointestinal AEs are also common with ibrutinib33,53 and have

been reported with several other BTK inhibitors.29,54,55 In the MRD

study, gastrointestinal AEs were more frequent in BI 705564 groups

than the placebo group, and 3/8 participants in the SPTG reported

diarrhoea. Evobrutinib and BMS-986142 have also been associated

with increases in alanine aminotransferase, aspartate aminotransfer-

ase and lipase.55,56 There was no increase in alanine aminotransferase

and aspartate aminotransferase observed during treatment with

BI 705564.

While grade ≥3 lymphocytosis and neutropenia have been

reported in patients treated with approved BTK inhibitors,57,58 there

were no clinically relevant changes in lymphocyte or neutrophil counts

in any of the subjects treated in the studies reported here.

In the SPTG, a reduction in allergen reactivity with BI 705564

was shown by decreased wheal area and inhibition of basophil

CD63 and B-cell CD69 expression. A reduction in allergen reactivity

has previously been shown following ibrutinib treatment in 6 partici-

pants with peanut or tree nut allergies59 and in 2 patients with

chronic lymphocytic leukaemia and allergies to cats and ragweed.37

The effects of ibrutinib on wheal size were somewhat stronger than

those of BI 705564 in our study; however, both studies had limited

sample sizes and there were several differences between the 2 stud-

ies: Dispenza et al.59 used food allergens for the skin prick test;

ibrutinib was administered at a dose >10-fold higher (420 mg) than

the dose of BI 705564 in the current study; and the ibrutinib study

did not include a placebo control. The ibrutinib study showed a

trend towards smaller baseline skin prick test reactions being more

likely to become completely negative during treatment.59 The fact

that our study did not include small baseline reactions (e.g. wheal

areas <20 mm2) may in part explain why we did not observe

F IGURE 1 Bleeding time at different timepoints in the multiple-rising dose study by treatment group and visit. Data are presented as median

(horizontal line), interquartile range (boxes), and minimum and maximum (vertical lines). The open circles represent outliers (values less than the
25% quartile or greater than the 75% quartile by >1.5× the interquartile range). The dashed line represents the upper limit of normal (480 s).
Maximum bleeding time was truncated at 600 s for the BI 705564 10, 20 and 40 mg dose groups, thus the values represented in the figure could
be underestimated for these groups. aDay 8 for the SPT group; bDay 15 for the SPT group. SPT, skin prick test
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conversion from positive to negative skin prick test reactions. While

the reduction in wheal size with BI 705564 appeared modest, full

inhibition of IgE-stimulated CD63 + basophils was seen, similar to

the effects shown with ibrutinib.37,59 The basophil biomarker assay

detects the activation of peripheral circulating basophils and only

serves as an indicator for Fcε-mediated target engagement, whereas

the skin prick involves resident mast cells in the skin. BI 705564 is a

P-glycoprotein (P-gp) substrate, whereas ibrutinib is a P-gp

inhibitor,33 thus, in mast cells, while P-gp-mediated efflux could

reduce the local concentration of BI 705564, ibrutinib could poten-

tially reach higher concentrations. While basophils also express P-gp,

it is possible that in vivo, better enrichment may be reached in the

peripheral circulation than the skin.

Inhibition of CD69 expression by BI 705564 correlated well with

TO; however, inhibition decreased more rapidly over time relative to

the decrease in TO. The different kinetics in the PD effects could be

related to the amplification in the downstream signalling leading to

CD69 expression. Consequently, inhibition of CD69 expression may

require a high level of TO and after falling below this threshold the

inhibition drops off quickly. Differences between TO and effects on

CD69 have also been observed for other BTK inhibitors such as

acalabrutinib.31

F IGURE 2 Plasma concentration–time
profiles of BI 705564 in the single-rising dose
study. Data are presented as geometric mean
on a semi-log scale. Blood samples were
analysed for BI 705564 plasma
concentrations using liquid chromatography
tandem mass spectrometry, with a lower limit
of quantification of 0.1 nmol/L

F IGURE 3 BTK target occupancy in (A) the
single-rising dose studya and (B) the multiple-
rising dose study. (A) Mean BTK TO (+SD) after
single-dose administration of BI 705564 under
fasted and fed (high fat) conditions. (B) Mean BTK
TO (±SD) after single- and multiple-dose
administration of BI 705564 under fed (standard
breakfast) conditions. Data are shown for those
participants who had sufficient valid data
available. The most common reason for exclusion
was baselineTO levels being too low for
inhibition to be measured. aData for the 1- and
3-mg BI 705564 groups are not presented owing
to missing samples and nonvalid data. BTK,
Bruton's tyrosine kinase; SD, standard deviation;
TO, target occupancy
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In conclusion, BI 705564 was well tolerated in both SRD and

MRD studies. It showed efficient target engagement through durable

TO and inhibition of ex vivo B-cell activation, and proof of mechanism

by effects on allergic skin responses. However, the mild bleeding-

related AEs, which were probably related to inhibition of platelet

aggregation by BTK inhibition, could be a concern for the clinical

development of BTK inhibitors for therapeutic use in autoimmune

conditions that are associated with a decreased thrombocyte count.

F IGURE 4 Inhibition of CD69 + B cells after
administration of BI 705564 in the single-rising
dose studya. Data are presented as mean ±
standard deviation. To evaluate the effect of
BI 705564 on B-cell activation, whole blood
samples were stimulated with anti-IgD, and
CD69 + B cells were subsequently measured as a
percentage of all CD19 + B cells using flow
cytometry. aData for the 10-mg BI 705564

groups are not presented owing to an insufficient
number of participants with a predose stimulation
response of >10% CD69 + B cells. IgD,
immunoglobulin D

F IGURE 5 Wheal area at different visits and
by treatment group (skin prick test group). Wheal
area is calculated based on wheal diameter.
Symbols represent individual measures by
allergen: Cat, HDM Dermatophagoides farinae and
HDM Dermatophagoides pteronyssinus. Horizontal
bars represent medians. BI 705564 (n = 7),
placebo (n = 2). HDM, house dust mite

F IGURE 6 Inhibition of CD63 + basophils (A) and inhibition of CD69 + B cells (B) after administration of BI 705564 in the skin prick test
group. Data are presented as mean ± standard deviation. (A) To evaluate the effect of BI 705564 on basophil activation, whole blood samples
were stimulated with anti-IgE and CD63 + basophils were analysed by flow cytometry. Percent inhibition relative to predose CD63 was
calculated for Day 8 and Day 28. (B) To evaluate the effect of BI 705564 on B-cell activation, whole blood samples were stimulated with anti-IgD,

and CD69 + B cells were subsequently measured as a percentage of all CD19 + B cells using flow cytometry. Percent inhibition relative to
predose CD69 was calculated for Day 8 and Day 28. Ig, immunoglobulin
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APPENDIX A: ASSESSMENT OF DOSE PROPORTIONALITY

Dose proportionality was assessed for the secondary PK endpoints. The basic model for the investigation of dose proportionality is a power

model that describes the functional relationship between the dose and PK endpoints:

exp Yij

� �
= α0 �exp Xið Þβ �ε0ij:

The model consists of a regression model applied to log-transformed data. The corresponding ANCOVA model includes the logarithm of the

dose as a covariate. Together with α0 = exp(α) and ε0ij = exp εij
� �

, taking natural logarithms converts this model to a linear form as follows:

Yij = α+ β �Xi + εij,

Where:

• Yij: logarithm of the PK endpoint for participant j at dose level i; where i = 1, 2, …, 5, j = 1, 2, …, 8;

• α: intercept parameter;

• β: slope parameter;

• Xi: logarithm of dose I;

• εij: random error associated with participant j at dose level i (assumed to be independent and identically normally distributed).

This equation can be fitted as a linear regression model. Perfect dose proportionality would correspond to a slope of 1. The assumption of a

linear relationship between the log-transformed PK endpoint and the log-transformed dose was checked.
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APPENDIX B: SCREENING AND DAY 28 WHEAL AREA FOR INDIVIDUAL PARTICIPANTS TREATED WITH BI 705564 40 mg AND

PLACEBO IN THE SPTG

Wheal area is calculated based on wheal diameter. In the main figure, each line represents an individual participant treated with BI 705564

40 mg and tested with a single allergen (cat, HDM Dermatophagoides farinae or HDM Dermatophagoides pteronyssinus). Lines of the same colour rep-

resent the same participant tested with different allergens; the inlay represents 2 participants treated with placebo and tested with a single allergen.

1838 LITZENBURGER ET AL.


	Safety, pharmacokinetics and pharmacodynamics of BI705564, a highly selective, covalent inhibitor of Bruton's tyrosine kina...
	1  INTRODUCTION
	2  METHODS
	2.1  Study designs and participants

	  What is already known about this subject
	  What this study adds
	2.2  Safety assessments
	2.3  PK and PD assessments
	2.4  Skin prick tests
	2.5  Statistical analysis
	2.6  Nomenclature of targets and ligands

	3  RESULTS
	3.1  Participants
	3.2  Safety
	3.3  PK
	3.4  BTK target occupancy
	3.5  CD69 expression on ex vivo stimulated B cells
	3.6  Skin prick test and biomarker analysis in allergic participants

	4  DISCUSSION
	ACKNOWLEDGEMENTS
	  CONTRIBUTORS
	  COMPETING INTERESTS
	  DATA AVAILABILITY STATEMENT

	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


