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Summary

Background Bruton tyrosine kinase (BTK) inhibition targets B-cell and other non-T-
cell immune cells implicated in the pathophysiology of pemphigus, an autoim-
mune disease driven by anti-desmoglein autoantibodies. Rilzabrutinib is a new
reversible, covalent BTK inhibitor demonstrating preclinical efficacy as monother-
apy in canine pemphigus foliaceus.
Objectives To evaluate the efficacy and safety of oral rilzabrutinib in patients with
pemphigus vulgaris in a multicentre, proof-of-concept, phase II trial.
Methods Patients with Pemphigus Disease Area Index severity scores 8–45 received
12 weeks of oral rilzabrutinib 400–600 mg twice daily and 12 weeks of follow-
up. Patients initially received between 0 and ≤ 0�5 mg kg�1 prednisone-
equivalent corticosteroid (CS; i.e. ‘low dose’), tapered after control of disease
activity (CDA; no new lesions, existing lesions healing). The primary endpoints
were CDA within 4 weeks on zero-to-low-dose CS and safety.
Results In total, 27 patients with pemphigus vulgaris were included: nine newly
diagnosed (33%) and 18 relapsing (67%); 11 had moderate disease (41%) and
16 moderate to severe (59%). The primary endpoint, CDA, was achieved in 14
patients (52%, 95% confidence interval 32–71): 11 using low-dose CS and three
using no CS. Over 12 weeks of treatment, mean CS doses reduced from 20�0 to
11�8 mg per day for newly diagnosed patients and from 10�3 to 7�8 mg per day
for relapsing patients. Six patients (22%) achieved complete response by week
24, including four (15%) by week 12. Treatment-related adverse events were
mostly mild (grade 1 or 2); one patient experienced grade 3 cellulitis.
Conclusions Rilzabrutinib alone, or with much lower CS doses than usual, was safe,
with rapid clinical activity in pemphigus vulgaris. These data suggest that BTK
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A complete list of investigators in the

BELIEVE trial is provided in Table S1

(see Supporting Information).

The study results were previously pre-

sented in part as a poster presentation at

the 2018 Medical Dermatology Society

meeting, and in oral presentations at the

late breaker sessions at the 2018 Euro-

pean Academy of Dermatology and

Venereology meeting in Geneva,

Switzerland, and the 2019 American

Academy of Dermatology and European

Academy of Dermatology and Venereol-

ogy meetings.

DOI 10.1111/bjd.20431

inhibition may be a promising treatment strategy and support further investiga-
tion of rilzabrutinib for the treatment of pemphigus.

What is already known about this topic?

• Standard pemphigus treatment relies on systemic high-dose corticosteroids (CS),

rituximab and/or immunosuppressives, which are limited by delayed onset of

action and potential toxicities.

• Immune-mediated mechanisms that are fast acting on both the innate and adaptive

immune systems, are steroid sparing, and have safety profiles well suited for

chronic administration are greatly needed for patients with pemphigus.

What does this study add?

• Rilzabrutinib is an oral Bruton tyrosine kinase (BTK) inhibitor targeting B-cell and

other non-T-cell immune cells implicated in pemphigus pathophysiology.

• Treatment with rilzabrutinib (with or without low-dose CS) demonstrated rapid

disease control and a well-tolerated safety profile in patients with newly diagnosed

and relapsing pemphigus vulgaris.

• BELIEVE provides evidence for a promising treatment strategy via BTK inhibition,

supporting further investigation of rilzabrutinib in other immune-mediated dis-

eases.

Pemphigus is a rare, severe and potentially life-threatening

B-cell-mediated autoimmune disease with an estimated US

prevalence of 5�2 per 100 000 people.1,2 Pemphigus vulgaris

(PV) is characterized by debilitating intraepithelial blisters

and erosions on skin and mucous membranes. It results from

IgG autoantibodies binding to the keratinocyte proteins des-

moglein (Dsg)1 and Dsg3, inducing deficient keratinocyte

adhesion (acantholysis).1,3 While it is primarily mediated by

production of B-cell and plasma cell autoantibodies, dermal

infiltrates often contain superficial interstitial and perivascular

neutrophils and eosinophils resulting from innate immune

response activation.1,4 Thus, both innate and adaptive

immunological pathways provide rational therapeutic tar-

gets.1

First-line PV treatment includes either high-dose corticos-

teroids (CS) starting at prednisone-equivalent doses of

≥ 1�0 mg kg�1 per day (typically ≥ 60 mg per day), or intra-

venous rituximab plus short-course, intermediate-dose oral CS

for moderate-to-severe PV [based on results showing

improved CS-free complete response (CR) vs. CS alone].3,5 To

achieve CR, newly diagnosed patients with PV still require the

use of moderate-to-high doses of CS (0�5–1�0 mg kg�1 per

day, tapered over 3 months for moderate PV or 6 months for

severe PV)6 when rituximab is included in the treatment regi-

men, and ≥ 1 mg kg�1 per day CS without it. In addition to

the CS doses described above, premedication with intravenous

methylprednisolone 100 mg (or equivalent glucocorticoid) is

recommended 30 min prior to each rituximab infusion.7 Con-

tinued or maintenance therapy to manage relapses poses a sig-

nificant risk of immunosuppression and possible adverse

effects (e.g. serious infections). Immune-mediated therapies

are greatly needed that are more specifically targeted, fast act-

ing and steroid sparing, and have safety profiles well suited

for chronic administration.

Rilzabrutinib (PRN1008) is a potent, oral and reversible

covalent Bruton tyrosine kinase (BTK) inhibitor developed to

treat autoimmune diseases.8 BTK provides a logical ‘targeted

immunosuppression’ approach, with no direct effects in T

cells and plasma cells.9 Rilzabrutinib forms both noncovalent

and covalent bonds with BTK for enhanced selectivity and

extended inhibition.8 Compared with first- and second-

generation BTK inhibitors, rilzabrutinib exhibits minimal

cross-reactivity with other kinases, and thus lower risk for off-

target, drug-mediated effects.10 Rilzabrutinib intervenes in

multiple immunological mechanisms including inhibiting B-

cell-receptor signalling, IgG-mediated Fc gamma receptor acti-

vation and phagocytosis, IgE-mediated Fc epsilon receptor

activation and degranulation, and finally activation, adhesion,

recruitment and oxidative burst in neutrophils, all without

directly impacting T cells or depleting B cells.11,12

In vivo, rilzabrutinib improved disease symptoms and out-

comes in collagen-induced arthritis12,13 and clearance of natu-

rally occurring, new-onset canine pemphigus foliaceus as

monotherapy.14 In healthy volunteers, oral rilzabrutinib

demonstrated a large volume of distribution, a half-life of

approximately 3–4 h, and > 90% BTK occupancy within 4 h

of dosing.10 The favourable safety profiles observed in vivo14

and in healthy volunteers, and the pharmacodynamic profile

of BTK inhibition suggested durable pharmacodynamic

action.10
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This open-label, proof-of-concept study evaluated the effi-

cacy and safety of rilzabrutinib, with or without concomitant

low-dose CS, in patients with PV.

Patients and methods

Trial design and participants

This multicentre, single-arm, phase II ‘BELIEVE’ study was

registered at ClinicalTrials.gov (NCT02704429). All patients

provided written informed consent, the study was approved

by local regulatory bodies and institutional review boards or

ethics committees, and it was conducted in accordance with

the Declaration of Helsinki and International Conference on

Harmonisation guidelines for good clinical practice. The study

protocol is provided in Appendix S1 (see Supporting Informa-

tion).

Patients were 18–80 years of age with a clinical diagnosis

of new-onset or relapsing, moderate-to-severe PV based on

histopathological (intraepithelial blistering with acantholysis)

and immunohistological (positive direct immunofluores-

cence) evaluations. Newly diagnosed patients were ≤
6 months, and relapsing patients were > 6 months to

10 years from disease onset or diagnosis at screening. Dis-

ease severity measured by the validated Pemphigus Disease

Area Index (PDAI) included scores of 8 to < 45 (moderate

8 to < 15, moderate to severe ≥ 15).15 Prednisone-

equivalent CS ≤ 0�5 mg kg�1 per day was permitted for

2 weeks prior to initiation of rilzabrutinib. Patients using

recent or concomitant BTK inhibitors or immunological

response modifiers, and needing ongoing CYP3A-sensitive

drugs and/or proton pump inhibitors were excluded

(Appendix S2; see Supporting Information).

Treatment

Patients received an initial dose of oral rilzabrutinib 400 mg

twice daily, with optional dose adjustment up to 600 mg

twice daily, for 12 weeks, with an additional 12 weeks’ off-

treatment follow-up (Figure S1; see Supporting Information).

Concomitant CS doses were 0 to ≤ 0�5 mg kg�1 per day,

unless higher ‘rescue’ doses were later needed. CS doses were

tapered according to the tapering schedule of Werth et al.16

and per investigator’s discretion after confirming control of

disease activity (CDA) and continuing improvement at least

2 weeks later. Assessments were performed on days 1 and 2,

and weeks 2, 4, 8, 12, 16, 20 and 24.

Outcomes

The primary efficacy endpoint was the proportion of patients

achieving CDA within 4 weeks of starting rilzabrutinib with

zero CS or a CS dose ≤ 0�5 mg kg�1 per day (defined as

‘low-dose CS’).17 CDA was defined as the absence of new

lesions and beginning of healing of existing lesions.17 The pri-

mary safety endpoint of treatment-emergent adverse events

(TEAEs) was reported through 24 weeks (12 weeks on treat-

ment, 12 weeks of off-treatment follow-up) and were graded

per the National Cancer Institute’s Common Terminology Cri-

teria for Adverse Events, v4.0.18

Secondary endpoints included time to CDA, CR and relapse

post-rilzabrutinib; and CS usage. CR was defined as the

absence of new lesions and all lesions healed.17,19 Additional

and exploratory endpoints were changes from baseline in

PDAI activity,20 quality-of-life score (Autoimmune Bullous

Disease Quality of Life, ABQOL),21 appetite score (Simplified

Nutritional Appetite Questionnaire, SNAQ),22 pharmacokinet-

ics, BTK occupancy in peripheral blood mononuclear cells

(PBMCs),10 and anti-Dsg1/3 autoantibody levels (DSG1&DSG3

ELISA Test System; MBL International, Woburn, MA, USA;23

details in Appendix S2).

Statistical analysis

All patients receiving at least one dose of rilzabrutinib were

included in the safety and efficacy populations (Figure S2; see

Supporting Information). Patients completing 12 weeks on

rilzabrutinib and 12 weeks post-treatment (i.e. 24 weeks)

were an exploratory ‘completer population’.

Quantitative results were summarized using descriptive

statistics. Efficacy and time-to-event results, including two-

sided 95% confidence intervals (CIs), were evaluated by the

exact Clopper–Pearson method and Kaplan–Meier estimates.

All statistics were calculated with SAS version 9.2 or later (SAS

Institute Inc., Cary, NC, USA).

Results

Patient characteristics

Between 17 February 2016 and 3 September 2018, 52

patients were screened from 13 sites in Australia, Croatia,

France, Greece and Israel; 27 patients were enrolled (Fig-

ure S2). Their median age was 51 years [interquartile range

(IQR) 45–60]; 56% were female and 81% were white

(Tables 1 and 2). Nine patients (33%) had newly diagnosed

and 18 (67%) had relapsing PV. Eleven of 18 relapsing

patients had had pemphigus for > 5 years. The mean time

from first diagnosis to study inclusion was 6 years (SD, 7).

The mean baseline PDAI score overall was 19�1 (SD, 10�7); it
was 21�2 (SD, 11�5) for newly diagnosed and 18�0 (SD,

10�4) for relapsing disease. Overall, 11 patients (41%) had

moderate disease with mean baseline PDAI score 10�0 (SD,

1�2), and 16 patients (59%) had moderate-to-severe disease

with mean baseline PDAI score 25�3 (SD, 9�7). PV was con-

firmed in all patients based on biopsy-proven histopathological

(intraepithelial blistering with acantholysis) and immunohisto-

logical (positive direct immunofluorescence) evaluations. Base-

line anti-Dsg antibody profiles were n = 13 anti-Dsg3+ only,

n = 10 anti-Dsg1+/Dsg3+, n = 3 anti-Dsg1+ only, and n = 1

double negative.
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Rilzabrutinib treatment

Patients initiated treatment with rilzabrutinib 400 mg twice

daily. Six patients entered the study without any CS treatment;

four patients (one newly diagnosed; three chronic relapsing,

with durations of PV prior to study initiation of 3�4, 3�5 and

8�2 years) received rilzabrutinib only (no CS) for the entire

first 12 weeks. The starting low CS dose (≤ 0�5 mg kg�1 per

day) was determined by clinical need and screening period

dose. Three relapsing patients dose escalated rilzabrutinib due

to increasing disease activity; one patient achieved CDA on

day 17 and increased rilzabrutinib to 500 mg twice daily with

CS (0�23 mg kg�1 per day) on day 35. The other two patients

increased the rilzabrutinib dose to 600 mg twice daily: the

first increased on day 24 and achieved CDA on day 30 with

CS (0�27 mg kg�1 per day since baseline) and the second

dose escalated on day 58 (no CS) and did not achieve CDA.

BTK occupancy levels just prior to dose escalations were below

the 70% target for these three patients (66%, 43% and 23%,

respectively).

The mean duration of rilzabrutinib exposure was 80 days

(SD, 21). Three patients achieved CDA on rilzabrutinib alone

(no CS) by 2 weeks; two patients relapsed off rilzabrutinib at

week 20 and received low-dose CS. The other 24 patients

(89%) received concomitant low-dose CS at some time during

the first 12 weeks, including 11 (46%) who tapered to mini-

mal CS of < 10 mg per day. CS doses were stable during

screening, indicated by similar mean screening and baseline

CS doses: screening 20�0 mg per day (SD, 13�0) for newly

diagnosed and 10�9 mg per day (SD, 15�9) for relapsing

patients; and at baseline: 20�0 mg per day (SD, 9�7) for newly
diagnosed and 10�3 mg per day (SD, 10�6) for relapsing

patients.

Pharmacokinetics and Bruton tyrosine kinase occupancy

Pharmacokinetic and BTK occupancy in PBMCs indicated rapid

rilzabrutinib absorption and clearance from plasma, with high

levels of durable BTK inhibition (target threshold of ≥ 70%)

observed 2 h after the first rilzabrutinib dose and maintained

throughout the dosing interval, reflecting the slow dissociation

rate of rilzabrutinib from BTK (Figure S3; see Supporting

Information).

Efficacy

The primary endpoint of CDA with zero-to-low-dose CS at or

prior to week 4 was achieved in 14 of 27 patients (52%, 95%

CI 32–71; Figure 1a), including three patients not initially

taking CS. In 14 patients achieving CDA, the primary endpoint

response was accompanied by low CS doses compared with

guideline recommendations for medium-to-high-dose CS:3

mean day 1 dose of 18 mg per day in five newly diagnosed

patients and 13 mg per day in nine relapsing patients. CDA

was achieved rapidly, with a median time to first CDA of

33 days (95% CI 29–62) of rilzabrutinib based on Kaplan–
Meier estimates (Figure 2a). The CDA rate improved over

time: 19 (70%) by week 12, and 23 (85%) after an additional

12 weeks off rilzabrutinib. The median time to relapse per

Kaplan–Meier estimates in patients achieving CDA and after

treatment completion or discontinuation was 96 days (IQR 6

to not estimable, range 27–99, 95% CI 57 to not estimable;

Figure 2b).

The CR endpoint was met in six of 27 patients (22%) by

week 24. Four patients (15%) achieved CR by week 12 and

an additional two by week 20 without increased doses of CS

(Figure 2c). The mean CS dose at the time of CR was 7�2 mg

per day (range 1–20). The same six patients were included in

Table 1 Characteristics of the patients with pemphigus vulgaris (PV)

at baseline (n = 27)

Age (years), median (IQR) 51 (45–60)
Sex, n (%)

Female 15 (56)
Male 12 (44)

Race, n (%)
White 22 (81)

Asian 1 (4)
Not collected 4 (15)

Baseline weight (kg), mean (SD) 76 (18)
Baseline body mass index (kg m�2), mean (SD) 27 (5)

Disease stage, n (%)
Newly diagnoseda 9 (33)

Relapsing 18 (67)
Pemphigus severity at baseline, n (%)b

Moderate (PDAI activity 8 to < 15) 11 (41)
Moderate-to-severe (PDAI activity ≥ 15) 16 (59)

PDAI activity, n (%)c

Mucosal 24 (89)

Oral 23 (85)
Skin 18 (67)

Scalp 15 (56)
Anti-desmoglein (Dsg) profile, n (%)

Any positive 26 (96)
Anti-Dsg3 positive only 13 (48)

Anti-Dsg1 positive only 3 (11)
Anti-Dsg3 and anti-Dsg1 positive 10 (37)

Anti-Dsg3 and anti-Dsg1 negatived 1 (4)
Total anti-Dsg levels by ELISA, n (%)

≥ 100 units mL�1 20 (74)

< 100 units mL�1 7 (26)

Data cutoff 5 March 2020. ELISA, enzyme-linked immunosor-

bent assay; IQR, interquartile range; PDAI, Pemphigus Disease

Area Index. aNewly diagnosed patients were diagnosed within

6 months prior to screening. bSeverity score based on Shimizu

et al. 2014.15 cPemphigus Disease Area Index (PDAI) activity

score is a total combined activity score, including skin, scalp and

mucous membranes, ranging from 0 to 250 (higher score indi-

cates higher severity).20 dThis patient with a positive diagnosis

for PV was referred into the trial with a 9-year history of relaps-

ing PV mainly on the scalp. No anti-Dsg titres had been done

before and it was not a screening requirement for the trial. The

anti-Dsg1 and anti-Dsg3 results returned later from abroad were

negative. The patient responded to treatment.
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the completers set population (n = 24; Table S2; see Support-

ing Information). Among the six patients who achieved CR,

the median duration of CR (from achievement to last follow-

up visit) was 65 days (IQR 22–85). Three patients maintained

CR for ≥ 80 days, and three for between 23 and 60 days.

Disease severity, measured by PDAI scores, improved more

rapidly, and from a higher starting point, in newly diagnosed

patients than in relapsing patients (Figure 1b). PDAI score

reduction was evident as early as the week 2 visit in both

groups.

Overall CS use decreased more over time in newly diag-

nosed than relapsing patients. The mean CS dose in newly

diagnosed patients fell from 20�0 mg per day (SD, 9�7) at

baseline to 11�8 mg per day (SD, 8�9) at 12 weeks (Fig-

ure 1b). In relapsing patients, the mean CS dose was reduced

from 10�3 mg per day (SD, 10�6) at baseline to 7�8 mg per

day (SD, 7�7) at 12 weeks. For all patients over 12 weeks of

rilzabrutinib, the mean dose of CS was 13 mg per day (or

0�18 mg kg�1 per day). During follow-up off rilzabrutinib,

four patients required increased rescue doses of CS (>
0�5 mg kg�1 per day) to control flare-ups.

In an exploratory analysis, mean anti-Dsg3 antibody levels

decreased from 404 units mL�1 (SD, 462) at baseline to 289

units mL�1 (SD, 384) after 12 weeks of rilzabrutinib (with or

without low-dose CS). In 16 patients with high baseline anti-

Dsg3 autoantibodies (≥ 100 units mL�1), mean anti-Dsg3

levels decreased from 552 (SD, 486) to 342 (SD, 416) after

12 weeks of rilzabrutinib, with a trending further reduction

during 12 weeks off-treatment [week 24: mean, 295 units

mL�1 (SD, 346); Figure 1c].

CDA rates were similar across all prespecified subgroups

(Figure 3). By week 4, CDA rates were 55% in moderate and

50% in moderate-to-severe pemphigus, 56% for newly diag-

nosed and 50% for relapsing and chronic patients, and 43%

and 55% for patients with baseline total anti-Dsg antibody

titres < 100 and ≥ 100 units mL�1, respectively.

Safety

TEAEs independent of causality occurred in 20 (74%) patients;

the most common were nausea (22%) and headache (15%;

Table 3). Twelve of 27 patients (44%) experienced a

treatment-related TEAE, with the most common being nausea

(15%) and upper abdominal pain (11%); all others occurred

in no more than two patients. The majority of treatment-

related TEAEs were grade 1/2 and transient.

Three patients experienced serious adverse events. One 69-

year-old man with relapsing PV for 9 years, long-standing

type 2 diabetes mellitus, and a prior history of recurrent cel-

lulitis, developed grade 3 cellulitis on day 26 (deemed treat-

ment related by the investigator). After hospitalization for a 3-

day course of intravenous antibiotics, during which rilzabruti-

nib was suspended, the patient completed 12 weeks of rilz-

abrutinib and low-dose CS. The second patient, a 41-year-old

woman, developed pneumonitis (day 9 of the trial) due to

inflammation of a previously undiagnosed congenital pul-

monary sequestration; she died from complications of lung

surgery on the 34th day after her last rilzabrutinib exposure.

The investigator believed this was not related to rilzabrutinib.

The third patient, a 46-year-old man, had a pancreatic pseu-

docyst discovered on day 29 during routine clinical examina-

tion, after which the patient withdrew from the study for

elective surgery. The investigator regarded this as not related

to rilzabrutinib.

Quality-of-life and appetite scores

Mean ABQOL scores21 decreased slightly from 19�3 at baseline

to 14�8 at 12 weeks: mean alteration �3�7 (SD, 7�0)
(Table 4). In newly diagnosed and relapsing patients, respec-

tively, mean ABQOL scores at baseline to 12 weeks decreased

from 20�1 to 12�6 (mean change �6�6) and from 18�9 to

15�8 (mean change �2�5). The SNAQ score22 increased

slightly after 12 weeks of treatment [mean change +1�1 (SD,

2�5)], indicating that appetite was not suppressed.

Discussion

The BELIEVE study is the first trial to demonstrate clinical

activity of BTK inhibition in human autoimmune skin disease,

and extends the findings in pemphigus reported for rilzabruti-

nib monotherapy in dogs.14 Outcomes were observed in a

global population, including a majority with chronic, relaps-

ing disease, and efficacy was consistent across subgroups.

Rilzabrutinib showed rapid and clinically meaningful effi-

cacy, with most patients achieving CDA by 4 weeks on the

Table 2 Duration of pemphigus and corticosteroid dose at baseline

All patients (n = 27) Newly diagnosed (n = 9) Relapsing (n = 18)

Duration of pemphigus since first diagnosis (years)

Mean (SD) 6�0 (7�0) 0�1 (0�1) 8�9 (6�8)
Median (IQR) 3�4 (0�2–10�4) 0 (0–0�2) 7�2 (3�4–11�6)

Corticosteroid dose (mg per day), mean (SD)
At screening 13�9 (15�4) 20�0 (13�0) 10�9 (15�9)
At baseline (week 1, day 1) 13�5 (11�1) 20�0 (9�7) 10�3 (10�6)

IQR, interquartile range.
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Figure 1 Efficacy of rilzabrutinib over time based on control of disease activity (CDA) and complete response (CR) (a); Pemphigus Disease Area

Index (PDAI) scores and corticosteroid (CS) use (b); and anti-desmoglein (Dsg)3 autoantibody levels (c) (intent to treat). (a) Percentage of

patients with CDA and CR over time through the rilzabrutinib treatment and off-treatment periods (n = 27). The bars represent the 95%

confidence intervals. (b) Mean PDAI activity scores and CS use over time. The bars indicate SDs. (c) Mean anti-Dsg3 levels in all patients and in

patients with ≥ 100 units mL�1 anti-Dsg3 at baseline; levels are shown from baseline through rilzabrutinib treatment (weeks 4–12) and off-

treatment (weeks 16–24). The bars indicate SDs. Data cutoff 5 March 2020.
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Figure 2 Kaplan–Meier estimates for time to first control of disease activity (CDA) (a); time to relapse following completion or discontinuation of

rilzabrutinib (b); and time to first complete response (CR) (c). Data cutoff 5 March 2020.
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background of zero-to-low-dose CS. Attribution of therapeutic

effect to rilzabrutinib comes from the three patients using no

CS who achieved CDA in 4 weeks, from significant flare of

disease in six responders after cessation of rilzabrutinib, and

from the consistently low doses of CS used in other CDA or

CR responders. Relative to current clinical guidelines17 and the

recent Ritux3 study,5 patients here were on much lower CS

doses than recommended, likely subtherapeutic without sup-

plementation. For example, newly diagnosed patients with

moderate PV assigned to rituximab in the Ritux3 trial5 had a

starting dose of concomitant CS 0�5 mg kg�1 per day for a

month, in addition to any unaccounted for pretreatment with

intravenous methylprednisolone 100 mg (or equivalent) given

before each of the two infusions.7 The concomitant CS dose

was around twofold higher than the mean 20 mg per day

starting dose used here for similar patients.

Excitingly, the rapid achievement of CDA (median 33 days)

by patients without moderate-to-high CS doses suggests the

possibility of a CS-free rilzabrutinib acute control regimen for

future patients, or at least one with a rapid CS taper to mini-

mize CS-related adverse effects. Notably, newly diagnosed

patients with more severe disease were able to achieve clinical

responses and still taper CS doses from a mean of 20�0 to

11�8 mg per day during 12 weeks of treatment. The fact that

a high proportion of patients achieved CDA, despite limited,

initial anti-Dsg3 reduction, suggests a faster effect of rilzabru-

tinib on the innate immune system. Delayed anti-Dsg3 reduc-

tions were likely due to rilzabrutinib’s indirect depletion of

short-lived plasma cells due to B-lymphocyte inhibition. This

is consistent with BTK-mediated inhibition of multiple non-T-

cell immune cells, rather than delayed adaptive immune sup-

pression, reflected better by later changes in PDAI score and

partial reductions in autoantibody formation.24 The rapidity of

onset of response, coupled with the fact that rilzabrutinib has

no direct effect on plasma cells, suggests that its early efficacy

in pemphigus is partly due to its effects on the innate immune

system.

CR was observed beginning at 12 weeks in four patients,

increasing further to six patients by 20 weeks, a promising

result given the limited study duration and because CR on

minimal therapy is considered a late-occurring endpoint

(around 1–2 years),17 as observed at a median beyond

36 weeks in the rituximab-containing arm of the randomized

controlled Ritux3 trial.5 The overall mean PDAI score reduc-

tion of 56% by week 12 was consistent with the achievement

of clinical response endpoints. ABQOL scores decreased at a

lower gradient than PDAI scores, as expected with quality-of-

life scores. Recently, the ABQOL score was shown to be sensi-

tive to change (although less sensitive than objective severity

scores) in newly diagnosed patients with autoimmune bullous

disease (including pemphigus).25

The safety results indicated a favourable risk-to-benefit pro-

file for rilzabrutinib. Most treatment-related TEAEs were mild

(grade 1 or 2) and transient, with no reported cases of AEs

commonly associated with marketed irreversible BTK inhibi-

tors (e.g. major haemorrhage, atrial fibrillation, or thrombocy-

topenia and neutropenia).26,27 Additionally, rilzabrutinib

enabled reduced initial CS doses and facilitated rapid tapering,

a major goal in pemphigus therapies.6 Unlike B-cell-depleting

treatments such as rituximab, with a risk for sustained

immunosuppression until B-cell reconstitution, an advantage

of rilzabrutinib is rapid clearance and reversible pharmacody-

namic effects after stopping treatment. Although there was a

death reported due to complications of surgery for a pul-

monary sequestration, it was believed to be unrelated to rilz-

abrutinib, which had ceased a month earlier.

Figure 3 Subgroup analysis of control of disease activity (CDA) rates at 4 weeks (primary endpoint) and 12 weeks (intent to treat: ITT; n = 27).

Data cutoff 5 March 2020. One patient with only anti-dsg-1+ (dsg-3-) had 0% CDA rate at week 4. *Included one patient who was negative for

anti-desmoglein (Dsg) antibodies and who did not achieve CDA.
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Study limitations include those associated with open-label,

single-arm designs lacking a randomized, double-blind control

group. The cohort design limitations are somewhat mitigated

by the disease’s natural history not to remit without initial CS

doses ≥ 0�5 mg kg�1 per day, and prior probability estab-

lished by the efficacy of BTK inhibitor monotherapy in canine

pemphigus.14,28 Study strengths include a broad patient popu-

lation, starting dose validation based on BTK inhibition in

PBMCs, and robust clinical endpoints of CDA, CR and CS

use.17 Despite a treatment duration of 12 weeks with rilzabru-

tinib being too short to adequately assess long-term CR rates,

an encouraging 22% CR rate was observed, with ongoing

trends towards CS reduction. Rapid and sustained improve-

ment in pemphigus activity was observed by PDAI score, a

sensitive clinical instrument with high accuracy and repro-

ducibility.29

In conclusion, this study confirms rilzabrutinib as the first

BTK inhibitor showing a favourable risk-to-benefit profile in

PV. Rilzabrutinib was effectively and safely combined with

zero or low-dose CS for a rapid response. Following this

proof-of-concept trial, a phase III pivotal study (PEGASUS;

NCT03762265) of rilzabrutinib vs. placebo with CS taper is

underway for PV.
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