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Abstract  105 

Background: Remibrutinib, an oral, highly selective Bruton’s tyrosine kinase inhibitor (BTKi), 106 

showed sustained efficacy in phase 3 REMIX trials in chronic spontaneous urticaria.  107 

Objective: To report detailed safety outcomes from the REMIX trials, including key findings 108 

pertinent to BTKi safety, such as bleeding, infections, cytopenia, and liver safety. 109 

Methods: This was a pooled analysis of REMIX-1 and REMIX-2 consisting of a 24-week, 110 

randomized, double-blind, placebo-controlled period, followed by a 28-week open-label 111 

treatment period. Adverse event (AE) frequencies and laboratory parameters were examined 112 

through week 52, and differences vs placebo were evaluated in the controlled period. 113 

Results: AE frequencies and risk differences (95% confidence intervals) for remibrutinib (n=606) 114 

vs placebo (n=306) were as follows: any AE 64.9% vs 64.7%, difference 0.1% (-6.4%, 6.7%); 115 

bleeding (including laboratory abnormalities) 10.6% vs 5.2%, difference 5.3% (1.6%, 8.7%); 116 

infections 33.5% vs 34.3%, difference -0.8% (-7.4%, 5.6%); cytopenia AEs 3.6% vs 2.0%, 117 

difference 1.7% (-0.7%, 3.8%); hepatic disorders 3.3% vs 4.9%, difference -1.6% (-4.6%, 1.1%). 118 

Imbalance in bleeding was due to petechia and similar mucocutaneous events (predominantly 119 

mild, none severe) occurring in 9.1% of patients on remibrutinib vs 2.0% of patients on placebo. 120 

No other AEs with significantly increased frequency occurred on remibrutinib. Findings during 121 

the entire study period were consistent with those in the controlled period.  122 

Conclusion: Remibrutinib showed a favorable safety profile with slightly higher incidence of 123 

petechia and similar predominantly mild mucocutaneous events. There were no notable 124 

differences in the frequency of other safety outcomes between remibrutinib and placebo in the 125 

REMIX trials. 126 
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Highlights (up to 35 words per question) 127 

1. What is already known about this topic? 128 

The novel BTKi remibrutinib has shown fast and sustained efficacy and good tolerability, with 129 

the safety profile up to 52 weeks supporting its use in patients with chronic spontaneous urticaria 130 

refractory to second-generation H1-antihistamines. 131 

2. What does this article add to our knowledge? 132 

To contextualize findings to inform decision-making in clinical practice, a detailed 133 

characterization of the safety profile of remibrutinib in REMIX is provided, focusing on its 134 

comparison with placebo (in patients who received standard-of-care second-generation H1-135 

antihistamines).  136 

3. How does this study impact current management guidelines? 137 

These data inform practitioners on the detailed safety observations in the REMIX studies and 138 

contextualize findings to support clinical decision-making in practical management of patients 139 

with chronic spontaneous urticaria. 140 

 141 

Keywords: chronic spontaneous urticaria (CSU); remibrutinib; safety; Bruton’s tyrosine kinase 142 

inhibitor (BTKi) 143 

Abbreviations: AE, adverse event; ALT, alanine aminotransferase; AST, aspartate 144 

aminotransferase; BTKi, Bruton’s tyrosine kinase inhibitor; CI, confidence interval; CSU, 145 

chronic spontaneous urticaria; CTCAE; Common Terminology Criteria for Adverse Events; Ig, 146 
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immunoglobulin; MedDRA, Medical Dictionary for Regulatory Activities; SAE, serious adverse 147 

event; UAS7, weekly Urticaria Activity Score.  148 
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Introduction 149 

Chronic spontaneous urticaria (CSU) is an immune-mediated disease characterized by the 150 

occurrence of itchy hives, angioedema, or both for more than 6 weeks in the absence of specific 151 

external triggers.(1) Globally, approximately 1%-2% of the general population is diagnosed with 152 

chronic urticaria at some point in life.(2) CSU occurs in an otherwise generally healthy 153 

population and predominantly affects females; the average patient age is 40 years.(3) Symptoms 154 

of CSU can have a substantial negative impact on activities of daily living, work productivity, 155 

sleep, and the overall health-related quality of life.(4, 5) 156 

Remibrutinib, an oral, highly selective Bruton’s tyrosine kinase inhibitor (BTKi) was approved 157 

by the US Food and Drug Administration in September 2025 (and later in China, EU, and several 158 

other countries) at a dose of 25 mg twice daily as an add-on treatment in adult patients with CSU 159 

who remain symptomatic despite H1-antihistamine treatment.(6, 7) Remibrutinib blocks BTK-160 

mediated degranulation of mast cells and basophils, preventing the release of histamine and other 161 

proinflammatory mediators responsible for itch, hives, angioedema, and related signs and 162 

symptoms in CSU.(8, 9) 163 

Efficacy and safety of remibrutinib were examined in two large, randomized, placebo-controlled, 164 

phase 3 trials in CSU, REMIX-1 (NCT05030311) and REMIX-2 (NCT05032157). Treatment 165 

with remibrutinib resulted in a significant improvement in the 7-day Urticaria Activity Score 166 

(UAS7) at week 12 (primary endpoint),(9) with sustained efficacy throughout the entire 167 

treatment period of 52 weeks.(10) The percentages of patients with any adverse event (AE) and 168 

with at least one serious adverse event (SAE) were similar in the remibrutinib and placebo 169 

groups during the controlled period. Mild to moderate petechiae were reported more frequently 170 

with remibrutinib (3.8%) than with placebo (0.3%).(9) The longer-term safety profile over the 171 
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entire 52 weeks was consistent with that observed during the 24-week placebo-controlled 172 

period.(10) 173 

Because remibrutinib is the first BTKi to receive marketing authorization for CSU, the placebo-174 

controlled REMIX trials represent a critical data source for understanding the effects of highly 175 

selective BTKi therapy on safety outcomes outside the treatment setting of patients with 176 

hematologic malignancies (where most other currently marketed BTKis are approved).(11, 12) 177 

The objectives of this manuscript are to examine the frequency and types of safety events, 178 

including AEs, vital signs, and laboratory parameters during the 24-week placebo-controlled part 179 

of the REMIX studies, as well as over the entire 52-week study treatment period. Therefore, we 180 

present detailed safety findings from a comprehensive evaluation of all available safety data in 181 

the REMIX trials, including a focused assessment of the selected safety topics known with 182 

approved BTKis, such as bleeding, infections, cytopenia, and liver safety.(11, 12) 183 

 184 

  185 
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Methods 186 

Study Design 187 

The REMIX-1 and REMIX-2 trials were identically designed multicenter, randomized, double-188 

blind, placebo-controlled phase 3 trials investigating efficacy and safety of oral remibrutinib at a 189 

dose of 25 mg twice daily as an add-on treatment in patients with CSU who continued to have 190 

symptoms while receiving second-generation H1-antihistamines. The trials had a screening 191 

period of up to 4 weeks; a double-blind, placebo-controlled treatment period of 24 weeks 192 

followed by an open-label treatment period of 28 weeks (for a maximum treatment duration of 193 

52 weeks); and a treatment-free follow-up period of 4 weeks. Patients were randomized 2:1 to 194 

remibrutinib or placebo. At week 24, patients receiving placebo transitioned to remibrutinib 195 

(Figure E1 in the Online Repository). Throughout the trials, background H1-antihistamines were 196 

used at locally approved standard doses in both groups. Inclusion criteria and other details of the 197 

study design were previously reported elsewhere.(9) Key exclusion criteria to address the 198 

potential risk of mucocutaneous bleeding included: a requirement for antiplatelet therapy except 199 

acetylsalicylic acid up to 100 mg/day or clopidogrel up to 75 mg/day; dual antiplatelet therapy; 200 

requirement for anticoagulant medication; evidence of clinically significant cardiovascular, 201 

endocrine, metabolic, B-cell disorders, significant bleeding risk or coagulation disorders.(9)  202 

Safety Evaluations 203 

This was a pooled analysis of REMIX-1 and REMIX-2 studies. Reported AEs were coded 204 

according to the Medical Dictionary for Regulatory Activities (MedDRA) version 26.1 (details 205 

are provided in the Supplementary Materials in the Online Repository). The AEs were analyzed 206 
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according to seriousness, severity, suspected relationship to the study drug (per investigator 207 

assessment), and action taken with respect to the study drug (e.g., study drug discontinuation).  208 

In addition to the AE reports, data on continuous safety parameters such as laboratory 209 

measurements (hematology, chemistry, urinalysis) and vital signs (systolic and diastolic blood 210 

pressure, pulse rate) were collected at baseline and at weeks 2, 4, 8, 12, 16, 20, 24, 32, 40, 52, 211 

and 56 (or end of study). Electrocardiography was performed at baseline and at weeks 2, 12, 24, 212 

52, and 56 (or end of study). Selected abnormal measurements (laboratory test results, vitals) 213 

were graded according to the Common Terminology Criteria for Adverse Events (CTCAE, 214 

version 5.0). Laboratory measurements from scheduled and unscheduled visits were included in 215 

the analysis by the CTCAE grade. 216 

Statistical Methods 217 

Event frequencies for each AE term were summarized using numbers and percentages of patients 218 

with the event, as well as exposure-adjusted incidence rates defined as the number of patients 219 

with the event per 100 patient-years (PY) of on-treatment exposure, where time at risk was 220 

terminated by the first event episode per patient. For the placebo-controlled period, risk 221 

differences (differences in percentages) were calculated for remibrutinib vs placebo with 95% 222 

confidence intervals (CIs) constructed by the method of Agresti and Caffo.(13) This method 223 

results in valid inference regardless of the event frequency, including settings with rare 224 

events.(14)  225 

To supplement medical review, a statistical screen of all reported AE terms was carried out at all 226 

MedDRA levels, preferred term (PT) through system organ class (SOC), and terms with nominal 227 

2-sided P < .05 by Fisher exact test (unadjusted for multiplicity) were flagged as “statistical 228 

Jo
urn

al 
Pre-

pro
of



hits.” The screening P values were viewed as exploratory and were interpreted jointly with all 229 

available medical evidence of drug-event association. 230 

Additional analysis outputs generated for the selected safety topics of bleeding, infections, and 231 

cytopenia included mean episode counts (including first and recurring events), mean and median 232 

time to the first episode, and mean and median episode duration. Distributions of continuous 233 

safety parameters (laboratory test results, vitals) were examined in terms of mean and median 234 

changes from baseline and numbers and percentages of patients with abnormal values according 235 

to the CTCAE grades.  236 
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Results 237 

Baseline Characteristics 238 

The safety analysis population consisted of 606 patients randomized and exposed to remibrutinib 239 

(309 from REMIX-1 and 297 from REMIX-2), and 306 patients randomized and exposed to 240 

placebo (153 from REMIX-1 and 153 from REMIX-2; Table E1 in the Online Repository). 241 

Baseline characteristics, including demographic variables and common comorbidities, are 242 

summarized for the pooled safety dataset in Table E2 in the Online Repository. The median age 243 

of the study participants was 43.0 years, with 91.6% aged <65 years, and 66.6% were female. 244 

The majority of the patients (82.7%) had at least one non–CSU-related comorbidity reported at 245 

baseline. Common baseline comorbidities (affecting ≥5% of the patients) included hypertension, 246 

hypothyroidism, gastroesophageal reflux disease, hypercholesterolemia, hyperlipidemia, 247 

depression, anxiety, migraine, and diabetes mellitus (Table E2 in the Online Repository).  248 

Duration of Exposure to Study Medication 249 

During the 24-week placebo-controlled period, mean duration of exposure was 22.5 weeks 250 

among the 606 patients in the remibrutinib arm (median 24 weeks) and 22.1 weeks among the 251 

306 patients in the placebo arm (median 24 weeks). During the entire study period, mean 252 

duration of exposure in patients randomized to remibrutinib was 46.2 weeks (median 52 weeks), 253 

and 79.9% of these patients (484/606) completed 52 weeks of treatment. Among the patients 254 

randomized to placebo, 85.6% (262/306) transitioned to remibrutinib at the end of the 24-week 255 

placebo-controlled period, and among the transitioned patients, mean duration of remibrutinib 256 

exposure was 26.8 weeks (median 28 weeks). A total of 76.8% of patients who were initially 257 
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randomized to placebo and switched to open-label remibrutinib (235/306) completed the entire 258 

study treatment period. 259 

Safety Findings in the Placebo-Controlled Period 260 

Summary of adverse events 261 

During the 24-week placebo-controlled period, at least one AE was reported in 64.9% of patients 262 

on remibrutinib and 64.7% of patients on placebo (Table 1). Frequent AEs (PTs reported in ≥2% 263 

of patients in either arm) are shown in Table 1. Among these events, petechiae were significantly 264 

more frequent with remibrutinib vs placebo, while the rates of the other frequent events were 265 

similar in the two intervention arms (Table 1). 266 

Most AEs reported with remibrutinib or placebo were mild or moderate in severity, and the 267 

frequency of severe AEs was very low (Table 1). The AEs suspected to be related to study drug 268 

were more frequently reported with remibrutinib vs placebo, a difference attributable to higher 269 

rates of petechiae and other mucocutaneous events (such as contusion and ecchymosis; Table 2). 270 

The AEs leading to treatment discontinuations and the SAEs were infrequent in both intervention 271 

arms (Table 1). A full list of SAEs is provided in Table E3 in the Online Repository. Each SAE 272 

term was reported in no more than one patient per treatment group, and there were no notable 273 

SAE patterns or fatal events.  274 

Bleeding (including laboratory abnormalities) 275 

Bleeding events (including laboratory abnormalities related to bleeding that were reported as 276 

AEs, such as hematuria, blood hemoglobin decreased, and coagulation abnormalities) occurred 277 

in 10.6% of patients on remibrutinib vs 5.2% of patients on placebo, with the difference in 278 

frequency attributable primarily to petechia, contusion, ecchymosis, and similar mucocutaneous 279 
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bleeding events (Table 2). When excluding events reflecting blood laboratory abnormalities and 280 

on-cycle menstrual bleeding, and only considering AE terms with at least one occurrence on 281 

remibrutinib, mucocutaneous bleeding events were reported in 9.1% of patients receiving 282 

remibrutinib (55/606) compared with 2.0% of patients receiving placebo (6/306).  Petechiae were 283 

the most commonly reported mucocutaneous bleeding events, occurring in 3.8% of patients on 284 

remibrutinib (23/606) vs 0.3% of patients on placebo (1/306). Location of petechiae was reported 285 

in 10/23 patients on remibrutinib and was variable, as follows: petechiae were noted on the arm 286 

or hand only in 3 patients, on the trunk in 3 patients (1 of those also reported petechiae on neck 287 

and arm), on the leg or ankle in 2 patients, and on the face and neck in 2 patients (1 of those also 288 

reported petechiae on upper extremities). 289 

During the double-blind treatment period, the first mucocutaneous bleeding in the remibrutinib 290 

group in most cases was noted within the first 12 weeks of treatment (83.6%, n=46/55), with a 291 

median time to the first event of 29.0 days. The mean number of episodes per patient in the 292 

remibrutinib group was 1.7, with a median episode duration of 22.0 days. In the placebo group, 293 

the events were more widely distributed, with a median time to the first event of 118.5 days, a 294 

mean of 1.0 episodes per patient, and a median duration of the episode of 10.0 days (Figure E2 in 295 

the Online Repository). The majority of events occurring with remibrutinib were mild (88.4%, 296 

84 of 95 total episodes reported), few were moderate (11.6%, 11 of 95 total episodes reported), 297 

and none were severe. Similarly, in the placebo group most events were mild (66.7%, 4 of 6 298 

episodes reported), few were moderate (33.3%, 2 of 6 episodes reported), and none were severe. 299 

In most cases (88.4% on remibrutinib and 83.3% on placebo), patients continued treatment while 300 

experiencing these mild or moderate events.  301 
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Study drug was discontinued due to mucocutaneous bleeding in 3 patients (3.2%) in the 302 

remibrutinib group, all events resolved without treatment: 1 patient due to petechiae of moderate 303 

severity, and 1 patient each due to contusion and purpura, both of which were mild, non-serious;  304 

no patients in the placebo group discontinued due to mucocutaneous bleeding. Events were 305 

managed with treatment interruption in 8 cases (8.4%) in patients receiving remibrutinib and in 1 306 

case (16.7%) among patients receiving placebo (Table 2), with a mean duration of interruption of 307 

18 and 34 days, respectively. 308 

Mucocutaneous bleeding was not associated with clinically meaningful reductions in platelet 309 

count or alterations in coagulation parameters. 310 

In total, 31 patients received remibrutinib concurrently with acetylsalicylic acid; none of these 311 

patients reported a bleeding event during concomitant administration. Three patients had 312 

concurrent use of clopidogrel (up to 75 mg/day) during the placebo-controlled period and 313 

beyond. Of these, one patient, who had started clopidogrel prior to study enrollment, reported 314 

contusion following a car accident (see below), with complete recovery. The other two patients 315 

had no bleeding events. One patient had concurrent enoxaparin use (during the placebo-316 

controlled period), with no bleeding events. 317 

Two serious bleeding events (SAEs) occurred in the remibrutinib arm: one contusion of the chest 318 

related to an accident and one hematuria in a patient with chronic urocystitis with squamous 319 

metaplasia; both were rated as serious and associated with concurrent hospitalization that was 320 

considered not related to study treatment by the investigators (Table E3 in the Online 321 

Repository). Study treatment was interrupted for the event of hematuria, and the event did not 322 

recur after reinstitution of study treatment. Both events did not result in study treatment 323 

discontinuation and resolved. 324 
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Infections 325 

Remibrutinib did not have a discernable effect on the overall frequency of infections compared 326 

with placebo. During the 24-week placebo-controlled period, infections occurred in 33.5% of 327 

patients on remibrutinib, with a median time to event of 63 days, and in 34.3% of patients on 328 

placebo, with a median time to event of 83 days (Table 3). Reported types of infections were 329 

similar in the two arms, with the majority of infections involving the upper respiratory tract 330 

(Table 3). Among patients with at least 1 infection, mean episode count was 1.5 in patients on 331 

remibrutinib and 1.4 in those on placebo, and the median duration of episodes was 8 days in each 332 

arm. The vast majority of infections reported with remibrutinib or placebo were mild or moderate 333 

in severity and did not result in study drug discontinuation or interruption (Table 3). 334 

Serious infections were very infrequent and included COVID-19, gastrointestinal infection, 335 

appendicitis, and wound abscess (1 case of each) in the remibrutinib arm, and appendicitis and 336 

pneumonia (1 case of each) in the placebo arm (Table E3 in the Online Repository). One SAE of 337 

food poisoning was also reported with remibrutinib. None of the SAEs were considered related 338 

to study treatment by investigators. All serious infections resolved.  339 

Infections-pathogen unspecified was the most common infection high-level group term (19.3% 340 

of patients on remibrutinib vs 20.6% on placebo), followed by viral infectious disorders (15.8% 341 

vs 16.3%, respectively). Bacterial infections (high-level group term) were infrequent (2.0% vs 342 

1.6%, respectively), with no infections with encapsulated bacteria reported. No opportunistic 343 

infections were reported in the remibrutinib group; 1 patient on placebo experienced a 344 

reactivation of Epstein-Barr virus infection. 345 
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The frequency of the use of systemic anti-infectives for treating infections was comparable in the 346 

remibrutinib and placebo groups (14.4% and 15.7%), while intravenous antibiotic administration 347 

was infrequent, occurring in 0.7% of remibrutinib-treated patients and 0.3% of placebo-treated 348 

patients. 349 

Laboratory data, including immunoglobulin levels (IgA, IgE, IgG, and IgM), are presented in 350 

Table E4 in the Online Repository, with no cases of hypogammaglobulinemia noted. There was 351 

also no apparent temporal correlation of infections with changes in IgG or IgM levels. 352 

Cytopenias 353 

Cytopenias were reported as AEs in 3.6% of patients on remibrutinib, with a median time to 354 

event of 70 days, and in 2.0% of patients on placebo with a median time to event of 35 days (1-355 

139 days; Table 4). Among patients on remibrutinib with at least 1 event, mean episode count 356 

(including recurring events) was 1.5 and the median duration of all episodes (first or recurring) 357 

was 26 days. Among patients on placebo with at least 1 event, mean episode count was 1.5 and 358 

the median duration of all episodes was 28 days. In the remibrutinib arm, all events were mild 359 

(24/32) or moderate (8/32), and the overwhelming majority of events did not result in study drug 360 

discontinuation (1 event) or interruption (3 events) (Table 4). In the placebo arm, all 9 episodes 361 

were mild and none resulted in study drug discontinuation or interruption. There were no SAEs 362 

of cytopenia in either arm.  363 

In the analysis of hematology parameters as continuous variables, minimal shifts were noted for 364 

neutrophils and platelets with remibrutinib vs placebo, with median count levels remaining 365 

within the limit of normal (Table E5 in the Online Repository). These changes did not translate to 366 

an increased risk of infections (Table 3) or clinically significant thrombocytopenia or bleeding 367 
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(Tables 2 and 4), and there were no associations between infections and neutrophil counts or 368 

between bleeding events and platelet counts. There were no notable changes in overall B-cell 369 

counts. Frequencies and proportions of naive B cells (CD19⁺CD10⁻CD27⁻) and class-switched 370 

memory B cells (CD19⁺CD27⁺IgD⁻) remained unchanged (Table E6 in the Online Repository). 371 

Newly occurring or worsening laboratory abnormalities corresponding to hematopoietic 372 

cytopenias (regardless of AE reporting) are presented in Table 5. The frequencies of abnormal 373 

laboratory values by grade were similar in patients on remibrutinib and those on placebo. Grade 374 

2 or 3 findings were very infrequent in both arms, and there were no grade 4 or 5 abnormalities. 375 

Liver safety 376 

Hepatic disorders were reported in 3.3% of patients on remibrutinib and in 4.9% of patients on 377 

placebo (Table 6). Individual PTs are shown in Table 6. This analysis did not indicate an 378 

increased risk of hepatic disorders associated with remibrutinib.  379 

The analysis of newly occurring or worsening liver biochemistry abnormalities (regardless of AE 380 

reporting) is presented in Table 7 and Table E7 in the Online Repository. The findings were 381 

balanced between the remibrutinib and placebo groups, including liver transaminase elevations 382 

(1.3% of patients in each group). There were no biochemical Hy’s Law cases (i.e., cases that 383 

could potentially indicate drug-induced liver injury) noted (Figure E3 in the Online Repository). 384 

Other adverse events 385 

In the statistical screen of all reported AE terms at all MedDRA levels (PT through SOC), a flag 386 

was generated for the high-level group term “Skin vascular abnormalities” (Table E8 in the 387 

Online Repository), which was attributable to higher rates of petechia and similar 388 
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mucocutaneous bleeding events in patients who received remibrutinib vs those who received 389 

placebo (Table 2). No other AEs were flagged at the conventional 5% alpha level.  390 

Vital signs    391 

There were no clinically notable findings related to vital signs (pulse rate or systolic and diastolic 392 

blood pressure; Table E9 in the Online Repository) or in the analysis of electrocardiograms, and 393 

no cases of clinically relevant QTc prolongation were reported during the placebo-controlled 394 

period. One patient with a medical history of sinus bradycardia experienced QTcF > 500 msec in 395 

the remibrutinib group after 24 weeks. 396 

Safety findings in patients randomized to placebo after transition to open-label remibrutinib 397 

During remibrutinib exposure among patients initially randomized to placebo who subsequently 398 

transitioned to remibrutinib at the end of placebo-controlled period (week 24), 50.8% 399 

experienced at least 1 AE through the end of the study (Table 8). The AEs that occurred most 400 

frequently (PTs reported in ≥2% of the patients in the two remibrutinib arms combined) were 401 

similar to those reported in the placebo-controlled period (Table 1) and remained primarily mild 402 

or moderate in severity (Table 8). Severe AEs, SAEs, and study drug discontinuations due to AEs 403 

remained infrequent (3.1%, 1.1%, and 1.5%, respectively; Table 8). A full list of the SAEs 404 

reported during the entire study period is provided in Table E10. 405 

Originally, 0.3% of patients in the placebo group reported petechiae during the 24-week double-406 

blind period (Table 2); after switching to open-label remibrutinib, 2.7% of those patients reported 407 

petechiae (Table 8). Findings for other events, including infections, cytopenias, and liver safety, 408 
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through the end of the study were similar to those observed in the placebo-controlled period 409 

(Tables E11-16 and Figure E4 in the Online Repository).  410 

Safety findings in patients randomized to remibrutinib during the entire study period (up to 52 411 

weeks of treatment)  412 

During the entire study period, 73.6% of patients initially randomized to remibrutinib reported at 413 

least 1 AE (Table 8). The most frequently occurring AEs were similar to those reported in the 414 

placebo-controlled period (Table 1), were mild or moderate in severity, with the frequency of 415 

severe AEs, SAEs, and study drug discontinuations due to AEs remaining low (3.5%, 4.1%, and 416 

4.6%, respectively; Table 8 and Table E10 in the Online Repository). 417 

Findings for bleeding, infections, cytopenias, and liver safety events in the entire study period 418 

were similar to those observed in the placebo-controlled period (Tables E11-16 and Figure E4 in 419 

the Online Repository). While treatment effect contrasts could not be estimated for the entire 420 

study period due to lack of placebo control beyond week 24, the absolute risk estimates for 421 

bleeding events, serious infections, cytopenia and liver safety outcomes remained low 422 

throughout the entire study period. Findings for continuous safety parameters (laboratory test 423 

results, vitals) during the entire study period were consistent with those during the placebo-424 

controlled period. 425 

  426 
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Discussion 427 

The therapeutic application of BTKis has evolved considerably since their initial use in the 428 

treatment of B-cell malignancies. The first approved BTKi, ibrutinib, demonstrated consistent 429 

efficacy in chronic lymphocytic leukemia and other hematologic malignancies,(15) but its broad 430 

kinase inhibition profile—affecting epidermal growth factor receptor (EGFR), Tec protein 431 

tyrosine kinase (Tec), and interleukin‑2–inducible T‑cell kinase (ITK) among others—was 432 

associated with off-target toxicities such as atrial fibrillation, bleeding, diarrhea, and rash.(16-19) 433 

The newer BTKis, including acalabrutinib, zanubrutinib (used in treatment of hematologic 434 

malignancies), and remibrutinib (aimed for the use in immune-mediated conditions, including 435 

urticaria), were developed to exhibit improved kinase selectivity and reduce off-target 436 

effects.(20, 21) Head-to-head trials demonstrated that enhanced kinase selectivity translated into 437 

better tolerability without compromising efficacy in hematologic malignancy treatment 438 

settings.(22-30) The above experience underscores the importance of BTKis with higher 439 

selectivity to minimize off-target kinase blockade, particularly when considering applications in 440 

non-oncologic indications.(31, 32) 441 

Patient characteristics, including demographics and concomitant medications, differ 442 

fundamentally between hematologic malignancies and immune-mediated conditions such as 443 

CSU. Consequently, comparison of the safety profile of compounds used in each indication 444 

needs to account for these underlying fundamental population differences, including 445 

comorbidities, in addition to compound properties. 446 

Preclinical studies confirmed the potent BTK inhibition with negligible off-target effects.(33) 447 

Remibrutinib demonstrated fast and sustained symptom control in two large phase 3 trials 448 

(REMIX-1 and REMIX-2) in CSU, with significant improvements in UAS7 scores at week 12 449 

Jo
urn

al 
Pre-

pro
of



and durable efficacy through 52 weeks. Overall, remibrutinib showed a favorable safety profile, 450 

including up to 52-week exposure.(9, 10) Based on the above data, remibrutinib 25 mg twice 451 

daily has recently been approved by the US Food and Drug Administration in September 2025 452 

(and later in China, EU, and several other countries) for the treatment of patients with CSU.(6, 7) 453 

Considering previous experience with BTKis is vastly limited to hematologic malignancy 454 

settings to date, understanding the detailed safety profile of remibrutinib in CSU is critical for 455 

clinicians to guide evidence-based treatment decisions in routine practice. 456 

In the current analysis, we presented detailed safety outcomes from the pivotal phase 3 REMIX 457 

trials, including key findings pertinent to BTKi safety, such as bleeding, infections, cytopenia, 458 

and liver safety.(11, 12)  459 

Across the placebo-controlled and 52-week treatment periods, adverse events were 460 

predominantly mild or moderate. Serious adverse events were infrequent and balanced between 461 

remibrutinib and placebo. No new safety signals emerged during long-term exposure, and 462 

discontinuations due to adverse events were rare. 463 

Bleeding 464 

Bleeding events were primarily mucocutaneous in nature (e.g., presented as petechiae, 465 

ecchymosis), occurring in 9.1% of remibrutinib-treated patients and 2.0% on placebo. These 466 

events were mostly mild, transient, clinically detectable, and rarely required intervention or 467 

treatment interruption. They were not associated with platelet count changes, coagulation 468 

abnormalities, or concomitant use of antiplatelet medication. Age was also not a predictive 469 

factor. Baseline median age of remibrutinib patients with mucocutaneous bleeding events (45 470 
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years, Table 2) was similar to that of all patients randomized to remibrutinib (44 years, Table E2 471 

in the Online Repository). 472 

Mechanistically, BTK signaling contributes to platelet adhesion (via GPIb–vWF), aggregation 473 

(via GPVI–collagen), and clot retraction (via GPIIbIIIa–fibrinogen).(34-37) BTK inhibition can 474 

impair these processes, which may plausibly explain the reported bleeding events. Additional 475 

mechanisms may further contribute to frequency and severity of bleeding in the case of BTKis 476 

approved for treatment of hematologic malignancies, e.g., elevated bleeding tendency inherent to 477 

B-cell malignancies(38, 39) and/or off-target inhibition of platelet Tec and Src-kinases (40). 478 

Remibrutinib is highly selective for BTK at clinical concentrations.(33)  479 

In the REMIX studies, patients were excluded from the studies if they had significant bleeding 480 

risk or coagulation disorders, major surgery within 8 weeks prior to screening or planned surgery 481 

for the duration of the studies, requirement for antiplatelet medication (except acetylsalicylic aid 482 

up to 100 mg/day or clopidogrel up to 75 mg/day; the use of dual antiplatelet therapy was 483 

prohibited), or requirement for anticoagulant medication. Clinically, caution is advised with 484 

remibrutinib and concomitant antithrombotic therapy, and perioperative management may 485 

include interrupting treatment for 3 to 7 days, depending on the bleeding risk of the procedure. 486 

(6) Further research is needed to elucidate the mechanisms of bleeding. 487 

Infections 488 

Infections occurred at similar rates with remibrutinib and placebo (33.5% vs 34.3%), with most 489 

events involving the upper respiratory tract (eg, nasopharyngitis). Events were largely self-490 

limited and did not require any action such as treatment interruption and resolved within a 491 

median of 8 days. Most events were non-serious and, importantly, no opportunistic infections or 492 
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increased risk of infections caused by encapsulated bacteria were reported in patients with CSU 493 

treated with remibrutinib. 494 

Furthermore, no clinically meaningful impact on the humoral immune system was seen, with 495 

immunoglobulin levels (IgG, IgA, IgM) generally remaining within normal limits with single 496 

instances of transient decreases below normal limits, and there was no association with an 497 

increased risk of infection. There were no relevant changes from baseline in the mean number of 498 

monocytes, B cells and naive or switched B cells, or neutrophils over the long-term follow-up 499 

period. 500 

The use of live and live-attenuated vaccines was prohibited in the REMIX trials and their use 501 

should be avoided in clinical practice.(6) In a trial of 107 healthy volunteers, interruption of 502 

remibrutinib 1 week prior to and 2 weeks after vaccination yielded immune responses 503 

comparable to placebo for both T-cell–dependent (influenza, keyhole limpet hemocyanin, KLH) 504 

and –independent (23-valent pneumococcal polysaccharide, PPV-23) vaccines. Continuous 505 

remibrutinib treatment lowered the response to PPV-23 but did not impact responses to three of 506 

four influenza antigens and yielded numerically lower but overall comparable responses to 507 

placebo for KLH.(41) Because pure T-cell–independent polysaccharide vaccines have been 508 

largely replaced by T-cell–dependent conjugate vaccines in routine immunization schedules, the 509 

available data support the use of non-live vaccines during remibrutinib treatment,(41-43) which 510 

is relevant for routine immunization strategies.  511 

Cytopenias 512 

Cytopenia events with remibrutinib were infrequent and generally mild in nature, with no 513 

clinically relevant trends in blood cell counts and no associated complications (e.g., infections, 514 

Jo
urn

al 
Pre-

pro
of



bleeding) seen. These findings suggest that routine hematology monitoring beyond standard 515 

practice is unnecessary, and cytopenias do not represent a clinical safety concern in patients with 516 

CSU treated with remibrutinib. 517 

Liver Safety 518 

Remibrutinib showed a favorable liver safety profile. Newly occurring alanine aminotransferase 519 

and aspartate aminotransferase elevations were balanced between treatment arms, asymptomatic, 520 

and reversible, with no cases meeting Hy’s Law criteria. Hepatic disorder AEs were uncommon 521 

and balanced between the remibrutinib and the placebo group. 522 

Other Considerations 523 

No other events, including diarrhea and cardiovascular events, were flagged in the safety 524 

analysis, confirming the favorable safety profile of remibrutinib in patients with CSU. 525 

Strengths and Limitations 526 

Key strengths of this analysis include the randomized, double-blind, placebo-controlled design, 527 

large sample size (n=606 patients exposed to remibrutinib), and high compliance with the 528 

assigned intervention, which collectively enhance the robustness of safety conclusions. 529 

A limitation is the discontinuation of placebo at week 24, which precludes controlled 530 

comparisons beyond this point and limits interpretation of the long-term relative safety. 531 

Nevertheless, absolute risk estimates over 52 weeks remained low and consistent with findings 532 

during the controlled period.  533 
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Conclusion 534 

In this pooled analysis of the REMIX trials, remibrutinib was associated with a slightly higher 535 

incidence of petechiae and other mucocutaneous bleeding events. The majority of these events 536 

were mild, with a small number classified as moderate and none as severe. No meaningful 537 

differences were observed between remibrutinib and placebo in the incidence of infections, 538 

cytopenias, hepatic disorders, or other safety outcomes, with minimal decreases in neutrophils 539 

and platelets in the remibrutinib arm being within normal limits. The absolute risk of bleeding, 540 

serious infections, cytopenias, and hepatic disorders remained low throughout the study period.  541 

Jo
urn

al 
Pre-

pro
of



References 542 

1. Zuberbier T, Abdul Hameed Ansari Z, Abdul Latiff AH, Abuzakouk MM, Agcaoili-De 543 

Jesus MS, Agondi RC, et al. The international guideline for the definition, classification, 544 

diagnosis and management of urticaria. Allergy. Published online February 6, 2026. 545 

doi:10.1111/all.70210. 546 

2. Fricke J, Ávila G, Keller T, Weller K, Lau S, Maurer M, et al. Prevalence of chronic 547 

urticaria in children and adults across the globe: Systematic review with meta-analysis. Allergy. 548 

2020;75:423-32. 549 

3. Chu CY, Al Hammadi A, Agmon-Levin N, Atakan N, Farag A, Arnaout RK, et al. 550 

Clinical characteristics and management of chronic spontaneous urticaria in patients refractory to 551 

H(1)-Antihistamines in Asia, Middle-East and Africa: Results from the AWARE-AMAC study. 552 

World Allergy Organ J. 2020;13:100117. 553 

4. Berberi G, Maazi M, Prosty C, McMullen EP, Fein M, Lima H, et al. Health-related 554 

quality of life in chronic urticaria: a systematic review and meta-analysis. J Allergy Clin 555 

Immunol Pract. 2025;13(9):2317-28. 556 

5. Maurer M, Abuzakouk M, Bérard F, Canonica W, Oude Elberink H, Giménez-Arnau A, 557 

et al. The burden of chronic spontaneous urticaria is substantial: Real-world evidence from 558 

ASSURE-CSU. Allergy. 2017;72:2005-16. 559 

6. Rhapsido® (remibrutinib) tablets. Full prescribing information. Novartis Pharmaceuticals; 560 

East Hanover, NJ; 2025. 561 

7. Novartis Rhapsido® receives European Commission approval as first oral targeted 562 

treatment for chronic spontaneous urticaria. Novartis press release. Available at: 563 

https://www.novartis.com/news/media-releases/novartis-rhapsido-receives-european-564 

Jo
urn

al 
Pre-

pro
of



commission-approval-first-oral-targeted-treatment-chronic-spontaneous-urticaria. Accessed May 565 

14, 2026. 566 

8. Kaplan A, Lebwohl M, Gimenez-Arnau AM, Hide M, Armstrong AW, Maurer M. 567 

Chronic spontaneous urticaria: Focus on pathophysiology to unlock treatment advances. Allergy. 568 

2023;78:389-401. 569 

9. Metz M, Giménez-Arnau A, Hide M, Lebwohl M, Mosnaim G, Saini S, et al. 570 

Remibrutinib in chronic spontaneous urticaria. N Engl J Med. 2025;392:984-94. 571 

10. Gimenez-Arnau AM, Szalewski R, Hide M, Jain V, Khemis A, Lebwohl M, et al. 572 

Remibrutinib in chronic spontaneous urticaria: 52-week results from two phase 3 studies. J 573 

Allergy Clin Immunol. 2025;157(1):143-54. 574 

11. Bernstein JA, Maurer M, Saini SS. BTK signaling-a crucial link in the pathophysiology 575 

of chronic spontaneous urticaria. J Allergy Clin Immunol. 2024;153:1229-40. 576 

12. Stanchina MD, Montoya S, Danilov AV, Castillo JJ, Alencar AJ, Chavez JC, et al. 577 

Navigating the changing landscape of BTK-targeted therapies for B cell lymphomas and chronic 578 

lymphocytic leukaemia. Nat Rev Clin Oncol. 2024;21:867-87. 579 

13. Agresti A, Caffo B. Simple and effective confidence intervals for proportions and 580 

differences of proportions result from adding two successes and two failures. Am Stat. 581 

2000;54(4):280-8. 582 

14. Scosyrev E. Improved confidence intervals for a difference of two cause-specific 583 

cumulative incidence functions estimated in the presence of competing risks and random 584 

censoring. Biom J. 2020;62:1394-407. 585 

Jo
urn

al 
Pre-

pro
of



15. Ivanovic J, Otasevic V, Markovic K, Vukovic V, Bibic T, Tomic Vujovic K, et al. Real-586 

world cardiovascular risks of ibrutinib in chronic lymphocytic leukemia: a retrospective study. 587 

Front Oncol. 2025;15:1624761. 588 

16. Berglof A, Hamasy A, Meinke S, Palma M, Krstic A, Mansson R, et al. Targets for 589 

ibrutinib beyond B cell malignancies. Scand J Immunol. 2015;82:208-17. 590 

17. McNally GA, Long JM, Brophy LR, Badillo MR. Ibrutinib: implications for use in the 591 

treatment of mantle cell lymphoma and chronic lymphocytic leukemia. J Adv Pract Oncol. 592 

2015;6:420-31. 593 

18. Vitale C, Salvetti C, Griggio V, Porrazzo M, Schiattone L, Zamprogna G, et al. 594 

Preexisting and treatment-emergent autoimmune cytopenias in patients with CLL treated with 595 

targeted drugs. Blood. 2021;137:3507-17. 596 

19. Woyach JA, Ruppert AS, Perez G, Booth AM, Feldman D, Dib EG, et al. A041702: A 597 

randomized phase III study of ibrutinib plus obinutuzumab versus ibrutinib plus venetoclax and 598 

obinutuzumab in untreated older patients (≥ 70 years of age) with chronic lymphocytic leukemia 599 

(CLL). Blood 2021;138:3728. Abstract A04170220.20. Estupinan HY, Berglof A, Zain R, 600 

Smith CIE. Comparative analysis of BTK inhibitors and mechanisms underlying adverse effects. 601 

Front Cell Dev Biol. 2021;9:630942. 602 

21. Lin EV, Suresh RV, Dispenza MC. Bruton's tyrosine kinase inhibition for the treatment 603 

of allergic disorders. Ann Allergy Asthma Immunol. 2024;133:33-42. 604 

22. Munoz J, Wang Y, Jain P, Wang M. Zanubrutinib in lymphoproliferative disorders: a 605 

comprehensive review. Ther Adv Hematol. 2022;13:20406207221093980. 606 

23. Lovell AR, Jammal N, Bose P. Selecting the optimal BTK inhibitor therapy in CLL: 607 

rationale and practical considerations. Ther Adv Hematol. 2022;13:20406207221116577. 608 

Jo
urn

al 
Pre-

pro
of



24. Abbas HA, Wierda WG. Acalabrutinib: a selective Bruton tyrosine kinase inhibitor for 609 

the treatment of B-cell malignancies. Front Oncol. 2021;11:668162. 610 

25. Broccoli A, Del Re M, Danesi R, Zinzani PL. Covalent Bruton tyrosine kinase inhibitors 611 

across generations: A focus on zanubrutinib. J Cell Mol Med. 2025;29:e70170. 612 

26. Minotti G. Cardiovascular toxicity of Bruton tyrosine kinase inhibitors: forget about 613 

selectivity but watch the clock. Blood Adv. 2024;8:3810-2. 614 

27. Brown J, Mashima K, Fernandes S, Naeem A, Shupe S, Fardoun R, et al. Mutations 615 

detected in real world clinical sequencing during BTK inhibitor treatment in CLL. Res Sq. 616 

[Preprint]. 2024:rs.3.rs-3837426. doi:10.21203/rs.3.rs-3837426/v1. 617 

28. Lewis KL, Chin CK, Manos K, Casey J, Hamad N, Crawford J, et al. Ibrutinib for central 618 

nervous system lymphoma: the Australasian Lymphoma Alliance/MD Anderson Cancer Center 619 

experience. Br J Haematol. 2021;192:1049-53. 620 

29. Miao Y, Xu W, Li J. Assessing the pharmacokinetics of acalabrutinib in the treatment of 621 

chronic lymphocytic leukemia. Expert Opin Drug Metab Toxicol. 2021;17:1023-30. 622 

30. Shadman M, Brown JR, Williams R, Mohseninejad L, Yang K, Rakonczai P, et al. 623 

Efficacy of zanubrutinib versus acalabrutinib for relapsed or refractory chronic lymphocytic 624 

leukemia (R/R CLL): a matching-adjusted indirect comparison (MAIC). Ther Adv Med Oncol. 625 

2025;17:17588359251340554. 626 

31. Mendes-Bastos P, Brasileiro A, Kolkhir P, Frischbutter S, Scheffel J, Monino-Romero S, 627 

et al. Bruton's tyrosine kinase inhibition—an emerging therapeutic strategy in immune-mediated 628 

dermatological conditions. Allergy. 2022;77:2355-66. 629 

32. Neys SFH, Hendriks RW, Corneth OBJ. Targeting Bruton's tyrosine kinase in 630 

inflammatory and autoimmune pathologies. Front Cell Dev Biol. 2021;9:668131. 631 

Jo
urn

al 
Pre-

pro
of



33. Angst D, Gessier F, Janser P, Vulpetti A, Walchli R, Beerli C, et al. Discovery of 632 

LOU064 (remibrutinib), a potent and highly selective covalent inhibitor of Bruton's tyrosine 633 

kinase. J Med Chem. 2020;63:5102-18. 634 

34. Bye AP, Unsworth AJ, Vaiyapuri S, Stainer AR, Fry MJ, Gibbins JM. Ibrutinib Inhibits 635 

Platelet Integrin αIIbβ3 Outside-In Signaling and Thrombus Stability But Not Adhesion to 636 

Collagen. Arterioscler Thromb Vasc Biol. 2015;35:2326-35. 637 

35. von Hundelshausen P, Siess W. Bleeding by Bruton tyrosine kinase-inhibitors: 638 

dependency on drug type and disease. Cancers (Basel). 2021;13. 639 

36. Zheng TJ, Lofurno ER, Melrose AR, Lakshmanan HHS, Pang J, Phillips KG, et al. 640 

Assessment of the effects of Syk and BTK inhibitors on GPVI-mediated platelet signaling and 641 

function. Am J Physiol Cell Physiol. 2021;320:C902-c15. 642 

37. Zheng TJ, Parra-Izquierdo I, Reitsma SE, Heinrich MC, Larson MK, Shatzel JJ, et al. 643 

Platelets and tyrosine kinase inhibitors: clinical features, mechanisms of action, and effects on 644 

physiology. Am J Physiol Cell Physiol. 2022;323:C1231-c50. 645 

38. Brysland SA, Talaulikar D, Hicks SM, Hearn JI, Ali SA, Maqbool MG, et al. Patients 646 

with Waldenstrom macroglobulinemia have impaired platelet and coagulation function. Blood 647 

Adv. 2024;8:5542-55. 648 

39. Georgantopoulos P, Yang H, Norris LB, Bennett CL. Major hemorrhage in chronic 649 

lymphocytic leukemia patients in the US Veterans Health Administration system in the pre-650 

ibrutinib era: Incidence and risk factors. Cancer Med. 2019;8:2233-40. 651 

40. Estupiñán HY, Berglöf A, Zain R, Smith CIE. Comparative analysis of BTK inhibitors 652 

and mechanisms underlying adverse effects. Front Cell Dev Biol. 2021;9:630942. 653 

Jo
urn

al 
Pre-

pro
of



41. Tillmann HC, Heininger U, Fuhr R, Goldwater R, Cenni B, Ghanshani S, et al. Effect of 654 

remibrutinib treatment on the immune response to vaccinations in healthy participants. Americas 655 

Committee for Treatment and Research in Multiple Sclerosis (ACTRIMS) Forum; February 27-656 

March 1, 2025; West Palm Beach, FL. 657 

42. Mbaeyi SA, Bozio CH, Duffy J, Rubin LG, Hariri S, Stephens DS, et al. Meningococcal 658 

vaccination: recommendations of the Advisory Committee on Immunization Practices, United 659 

States, 2020. MMWR Recomm Rep. 2020;69:1-41. 660 

43. Pneumococcal Vaccine Recommendations. Cenders for Disease Control and Prevention. 661 

Available at: https://www.cdc.gov/pneumococcal/hcp/vaccine-recommendations/index.html. 662 

Accessed February 10, 2026.  663 

Jo
urn

al 
Pre-

pro
of



Table 1. Summary of adverse events in the placebo-controlled period (24 weeks of treatment) 664 

 Remibrutinib 

N=606 (265.1 PY) 

Placebo 

N=306 (132.5 PY) 

Remibrutinib  

vs Placebo 

 n (%)  EAIR n (%) EAIR RD (95% CI) 

Patients with ≥1 AE 393 (64.9)  276.4 198 (64.7) 273.5 0.1 (-6.4 , 6.7) 

AEs affecting ≥2% of patients in either arm      

Infections and infestations 202 (33.3) 94.9 104 (34.0) 96.9 -0.7 (-7.2, 5.8) 

COVID-19 65 (10.7) 26.0 35 (11.4) 28.0 -0.7 (-5.2, 3.5) 

Nasopharyngitis 40 (6.6) 15.7 14 (4.6) 10.9 2.0 (-1.2, 5.0) 

Urinary tract infection 19 (3.1) 7.3 8 (2.6) 6.1 0.5 (-2.0, 2.7) 

Upper respiratory tract infection 18 (3.0) 6.9 6 (2.0) 4.6 1.0 (-1.3, 3.0) 

Influenza 15 (2.5) 5.7 4 (1.3) 3.0 1.2 (-0.9, 2.9) 

Gastroenteritis 6 (1.0) 2.3 7 (2.3) 5.3 -1.3 (-3.4, 0.5) 

Sinusitis 3 (0.5) 1.1 8 (2.6) 6.1 -2.1 (-4.3, -0.3) 

Skin and subcutaneous tissue disorders 100 (16.5) 42.5 44 (14.4) 36.6 2.1 (-2.9, 6.9) 

Petechiae 23 (3.8) 8.9 1 (0.3) 0.8 3.5 (1.5, 5.1) 

Urticaria 15 (2.5) 5.7 15 (4.9)  11.7 -2.4 (-5.3, 0.2) 

Acne 2 (0.3) 0.8 7 (2.3) 5.4 -2.0 (-4.0, -0.2) 

Gastrointestinal disorders 69 (11.4) 28.1 32 (10.5) 25.9 0.9 (-3.5, 5.1) 

Nausea 18 (3.0) 6.9 5 (1.6) 3.8 1.3 (-0.9, 3.2) 

Diarrhea 10 (1.7) 3.8 8 (2.6) 6.2 -1.0 (-3.3, 1.0) 

Nervous system disorders 59 (9.7) 23.9 27 (8.8) 21.4 0.9 (-3.2, 4.8) 

Headache 38 (6.3) 15.0 19 (6.2)  14.8 0.1 (-3.5, 3.3) 

Musculoskeletal and connective tissue 

disorders 

53 (8.7) 21.0 19 (6.2) 14.8 2.5 (-1.2, 6.0) 

Back pain 13 (2.1) 5.0 2 (0.7) 1.5 1.5 (-0.3, 2.9) 

Arthralgia 12 (2.0) 4.6 7 (2.3) 5.3 -0.3 (-2.6, 1.7) 

Injury, poisoning, and procedural complications 41 (6.8) 16.1 12 (3.9) 9.2 2.8 (-0.3, 5.7) 

Contusion 13 (2.1) 5.0 2 (0.7) 1.5 1.5 (-0.3, 2.9) 

Respiratory, thoracic, and mediastinal disorders 34 (5.6) 13.3 15 (4.9) 11.6 0.7 (-2.5, 3.7) 

Cough 13 (2.1) 5.0 5 (1.6) 3.8 0.5 (-1.6, 2.3) 

AE by severity      

Mild 213 (35.1)  107.4 121 (39.5)  126.2 -4.4 (-11.1, 2.2) 

Moderate 163 (26.9)  72.8 70 (22.9)  60.9 4.0 (-2.0, 9.8) 

Severe 17 (2.8)  6.5 7 (2.3) 5.4 0.5 (-1.9, 2.6) 

AEs suspected to be related to study drug 115 (19.0)  50.2 39 (12.7)  32.1 6.2 (1.2, 11.0) 

AEs leading to study drug discontinuation 17 (2.8) 6.5 9 (2.9) 6.8 -0.1 (-2.7, 2.1) 

Patients with at least 1 SAE 20 (3.3)  7.7 7 (2.3) 5.3 1.0 (-1.4, 3.2) 

Deaths 0  0   

Selected safety topics      

Bleeding 64 (10.6) 26.1 16 (5.2) 12.5 5.3 (1.6, 8.7) 

Infections 203 (33.5) 95.6 105 (34.3) 98.1 -0.8 (-7.4, 5.6) 

Cytopenia 22 (3.6) 8.5 6 (2.0) 4.6 1.7 (-0.7, 3.8) 

Liver safety      

Hepatic disorders (comprehensive search, 

MedDRA SMQ) 

20 (3.3)  7.7  15 (4.9) 11.7 -1.6 (-4.6, 1.1) 

Hepatobiliary disorders (MedDRA SOC) 4 (0.7) 1.5 4 (1.3) 3.0 -0.6 (-2.4, 0.8) 

AE, adverse event; EAIR, exposure-adjusted incidence rate estimate, (n/PY) × 100; N, number of patients in the 665 

intervention arm (remibrutinib or placebo); n, number of patients with the event; PY, patient-years of exposure; RD, 666 

risk difference estimate (difference in the percentage of patients with the event on remibrutinib vs placebo); SAE, 667 

serious adverse event; SMQ, Standardized MedDRA Query; SOC, System Organ Class (MedDRA).   668 
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Table 2. Bleeding, including mucocutaneous events and laboratory abnormalities, in the placebo-669 

controlled period (24 weeks of treatment) 670 

 Remibrutinib 

N=606 (265.1 PY) 

Placebo 

N=306 (132.5 PY) 

Remibrutinib 

vs placebo 

RD (95% CI) 

Bleeding and similar AEs, n (%) 64 (10.6) 16 (5.2) 5.3 (1.6, 8.7) 

Laboratory terms related to bleeding 15 (2.5)    6 (2.0)    0.5 (-1.7, 2.5) 

Activated partial thromboplastin time 

prolonged 

7 (1.2) 4 (1.3) -0.2 (-2.0, 1.4) 

Prothrombin time prolonged 5 (0.8) 3 (1.0) -0.2 (-1.8, 1.2) 

Hemoglobin decreased 3 (0.5) 0 0.5 (-0.6, 1.2) 

International normalized ratio increased 1 (0.2) 1 (0.3) -0.2 (-1.3, 0.7) 

Bleeding time prolonged 1 (0.2) 0 0.2 (-0.8, 0.8) 

Urinary occult blood positive* 1 (0.2) 0 0.2 (-0.8, 0.8) 

Coagulation time prolonged 0 1 (0.3) -0.3 (-1.4, 0.5) 

Bleeding, excluding laboratory terms 56 (9.2)   10 (3.3)    6.0 (2.7, 8.9) 

Petechiae* 23 (3.8) 1 (0.3) 3.5 (1.5, 5.1) 

Contusion* 13 (2.1) 2 (0.7) 1.5 (-0.3, 2.9) 

Ecchymosis* 9 (1.5) 1 (0.3) 1.2 (-0.4, 2.3) 

Hematuria*, ** 6 (1.0) 1 (0.3) 0.7 (-0.7, 1.7) 

Epistaxis*,† 5 (0.8) 1 (0.3) 0.5 (-0.9, 1.5) 

Purpura* 5 (0.8) 0 0.8 (-0.3, 1.7) 

Conjunctival hemorrhage* 2 (0.3) 0 0.3 (-0.7, 1.0) 

Heavy menstrual bleeding 2 (0.3) 1 (0.3) 0.0 (-1.2, 0.9) 

Gingival bleeding* 1 (0.2) 0 0.2 (-0.8, 0.8) 

Hematoma* 1 (0.2) 0 0.2 (-0.8, 0.8) 

Hemorrhagic ovarian cyst* 1 (0.2) 0 0.2 (-0.8, 0.8) 

Increased tendency to bruise 1 (0.2) 0 0.2 (-0.8, 0.8) 

Intermenstrual bleeding* 1 (0.2) 0 0.2 (-0.8, 0.8) 

Menometrorrhagia 0 1 (0.3) -0.3 (-1.4, 0.5) 

Abnormal uterine bleeding 0 2 (0.7) -0.7 (-2.0, 0.3) 

Bleeding and related SAEs, n (%) 2 (0.3) 0 0.3 (-0.7, 1.0) 

Summary of mucocutaneous bleeding 

events 

   

Episodes/patients (mean episode count) 95/55 (1.7) 6/6 (1.0)  

Time to first episode, mean (median) days 46.7 (29.0) 99.2 (118.5)  

Duration of episodes, mean (median) days 44.7 (22.0) 38.8 (10.0)  

Severity, m (%)    

Mild 84 (88.4) 4 (66.7)  

Moderate 11 (11.6) 2 (33.3)  

Severe 0  0   

Action taken with study treatment, m (%)    

Dose not changed 84 (88.4) 5 (83.3)  

Drug interrupted 8 (8.4) 1 (16.7)  

Drug withdrawn 3 (3.2) 0   

Unknown 0 0   

Median age (years) at baseline of patients 

with at least 1 mucocutaneous bleeding AE 

45.0 53.0  

AE, adverse event; m, number of event episodes; N, number of patients in the intervention arm (remibrutinib or 671 
placebo); n, number of patients with the event; PY, patient-years of exposure; RD, risk difference estimate 672 
(difference in the percentage of patients with the event on remibrutinib vs placebo); SAE, serious adverse event. 673 
*Mucocutaneous bleeding events on remibrutinib. **Seven cases of microscopic hematuria occurred (n=6 patients 674 
receiving remibrutinib, 5 of whom were female; all events were mild and deemed unrelated to treatment). One 675 
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moderate hematuria event occurred in a patient receiving placebo, which caused treatment interruption. †Each 676 
epistaxis event had a duration of 1 day only except 1 case that lasted 21 days.  677 
  678 
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Table 3. Infections in the placebo-controlled period (24 weeks of treatment) 679 

 Remibrutinib 

N=606 (265.1 PY) 

Placebo 

N=306 (132.5 PY) 

Remibrutinib 

vs placebo 

   RD (95% CI) 

Infection AEs, n (%) 203 (33.5) 105 (34.3) -0.8 (-7.4, 5.6) 

AEs affecting ≥0.5% of patients in either 

arm  

   

COVID-19 65 (10.7) 35 (11.4) -0.7 (-5.2, 3.5) 

Nasopharyngitis 40 (6.6) 14 (4.6) 2.0 (-1.2, 5.0) 

Urinary tract infection 19 (3.1) 8 (2.6) 0.5 (-2.0, 2.7) 

Upper respiratory tract infection 18 (3.0) 6 (2.0) 1.0 (-1.3, 3.0) 

Influenza 15 (2.5) 4 (1.3) 1.2 (-0.9, 2.9) 

Suspected COVID-19 9 (1.5) 5 (1.6) -0.1 (-2.1, 1.5) 

Bronchitis 7 (1.2) 3 (1.0) 0.2 (-1.5, 1.6) 

Gastroenteritis 6 (1.0) 7 (2.3) -1.3 (-3.4, 0.5) 

Pharyngitis 6 (1.0) 2 (0.7) 0.3 (-1.2, 1.6) 

Rhinitis 5 (0.8) 2 (0.7) 0.2 (-1.3, 1.4) 

Cystitis 5 (0.8) 3 (1.0) -0.2 (-1.8, 1.2) 

Folliculitis 4 (0.7) 2 (0.7) 0.0 (-1.5, 1.2) 

Otitis media 4 (0.7) 1 (0.3) 0.3 (-1.0, 1.3) 

Food poisoning 4 (0.7) 0 0.7 (-0.5, 1.5) 

Viral upper respiratory tract infection 5 (0.8) 0 0.8 ( -0.3, 1.7) 

Sinusitis 3 (0.5) 8 (2.6) -2.1 (-4.3, -0.3) 

Infections and infestations SAEs, n (%) 4 (0.7) 2 (0.7) 0.2 (-1.3, 1.4) 

Summary    

Episodes/patients (mean episode count) 296/203 (1.5) 152/105 (1.4)  

Time to first episode, mean (median) days 72.0 (63.0) 77.8 (83.0)  

Duration of episodes, mean (median) days 14.4 (8.0) 15.2 (8.0)  

Severity, m (%)    

Mild 198 (66.9) 103 (67.8)  

Moderate 96 (32.4) 49 (32.2)  

Severe 2 (0.7) 0   

Action taken with study treatment, m (%)    

Dose not changed 269 (90.9) 138 (90.8)  

Drug interrupted 25 (8.4) 12 (7.9)  

Drug withdrawn 1 (0.3) 0   

Unknown 1 (0.3) 2 (1.3)  

Median age (years) at baseline of 

patients with ≥1 infection AE 

44.0 42.0  

CI, confidence interval; m, number of event episodes; N, number of patients in the intervention arm (remibrutinib or 680 

placebo); n, number of patients with the event; PY, patient-years of exposure; RD, risk difference; SAE, serious 681 

adverse event.  682 
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Table 4. Cytopenia in the placebo-controlled period (24 weeks of treatment) 683 

 Remibrutinib 

N=606 (265.1 PY) 

Placebo 

N=306 (132.5 PY) 

Remibrutinib 

vs placebo 

   RD (95% CI) 

Hematopoietic cytopenias, n (%) 22 (3.6) 6 (2.0) 1.7 (-0.7, 3.8) 

Hematopoietic erythropenia 8 (1.3) 3 (1.0) 0.3 (-1.4, 1.8) 

Anemia 5 (0.8) 3 (1.0) -0.2 (-1.8, 1.2) 

Hemoglobin decreased 3 (0.5) 0  0.5 (-0.6, 1.2) 

Hematopoietic leukopenia 12 (2.0) 2 (0.7) 1.3 (-0.4, 2.8) 

Leukopenia 3 (0.5) 0 0.5 (-0.6, 1.2) 

Lymphopenia 0 1 (0.3) -0.3 (-1.4, 0.5) 

Monocytopenia 1 (0.2) 0 0.2 (-0.8, 0.8) 

Neutropenia 7 (1.2) 1 (0.3) 0.8 (-0.6, 1.9) 

Neutrophil count decreased 2 (0.3) 0 0.3 (-0.7, 1.0) 

White blood cell count decreased 3 (0.5) 0 0.5 (-0.6, 1.2) 

Hematopoietic thrombocytopenia 3 (0.5) 1 (0.3) 0.2 (-1.1, 1.1) 

Thrombocytopenia 3 (0.5) 1 (0.3) 0.2 (-1.1, 1.1) 

Hematopoietic cytopenias SAEs, n (%) 0 0  

Summary    

Episodes/patients (mean episode count) 32/22 (1.5) 9/6 (1.5)  

Time to first episode, mean (median) days 69.9 (70.0) 50.0 (35.0)  

Duration of episodes, mean (median) days 39.0 (26.0) 45.9 (28.0)  

Severity, m (%)    

Mild 24 (75.0) 9 (100.0)  

Moderate 8 (25.0) 0   

Severe 0  0   

Action taken with study treatment, m (%)    

Dose not changed 27 (84.4) 9 (100.0)  

Drug interrupted 3 (9.4) 0   

Drug withdrawn 1 (3.1) 0   

Unknown 1 (3.1) 0   

Median age (years) at baseline of patients 

with ≥1 cytopenia AE 

44.0 38.0  

CI, confidence interval; m, number of event episodes; N, number of patients in the intervention arm (remibrutinib or 684 

placebo); n, number of patients with the event; PY, patient-years of exposure; RD, risk difference estimate 685 

(difference in the percentage of patients with the event on remibrutinib vs placebo); SAE, serious adverse event. 686 
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Table 5. Newly occurring or worsening hematology abnormalities, by CTCAE grade, in the 688 

placebo-controlled period (24 weeks of treatment) 689 

  Remibrutinib 

N=606  

Placebo 

N=306  

Remibrutinib 

vs placebo 

 Grade n/m (%) n/m (%) RD (95% CI) 

Anemia 1 57/540 (10.6) 33/279 (11.8) -1.3 (-6.0, 3.2) 

 2 13/596 (2.2) 3/300 (1.0) 1.2 (-0.8, 2.8) 

 3 1/599 (0.2) 0/300 0.2 (-0.8, 0.8) 

     

White blood cell count decreased 1 50/578 (8.7) 26/286 (9.1) -0.4 (-4.7, 3.5) 

 2 3/598 (0.5) 0/299 0.5 (-0.6, 1.3) 

 3 0/599 0/300 0.0 (-0.9, 0.6) 

     

Lymphocyte count decreased 1 124/434 (28.6) 76/214 (35.5) -6.9 (-14.6, 0.7) 

 2 10/596 (1.7)  8/296 (2.7) -1.0 (-3.4, 1.0) 

 3 3/599 (0.5) 1/300 (0.3) 0.2 (-1.1, 1.1) 

     

Neutrophil count decreased 1 51/584 (8.7) 22/296 (7.4) 1.3 (-2.7, 5.0) 

 2 17/596 (2.9) 4/299 (1.3) 1.5 (-0.6, 3.3) 

 3 2/599 (0.3) 1/300 (0.3) 0.0 (-1.2, 0.9) 

     

Platelet count decreased 1 23/585 (3.9) 9/298 (3.0) 0.9 (-1.8, 3.3) 

 2 1/598 (0.2) 0/300 0.2 (-0.8, 0.8) 

 3 1/598 (0.2) 0/300 0.2 (-0.8, 0.8) 

     

CI, confidence interval; CTCAE, Common Terminology Criteria for Adverse Events; m, number of patients who had 690 

no grade x or above abnormality at baseline and had ≥1 post-baseline value for the laboratory test parameter; grades 691 

were defined according to CTCAE v5.0; patients are counted only for the worst grade observed post-baseline; N, 692 

number of patients in the intervention arm (remibrutinib or placebo); n, number of patients who had a new or a 693 

worsening grade x abnormality; RD, risk difference (difference in percent). 694 
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Table 6. Hepatic disorders in the placebo-controlled period (24 weeks of treatment)  697 

 Remibrutinib 

N=606  

Placebo 

N=306  

Remibrutinib 

vs placebo 

 n (%) n (%) RD (95% CI) 

Hepatic disorders 20 (3.3)  15 (4.9)  -1.6 (-4.6, 1.1) 

Alanine aminotransferase increased 2 (0.3) 6 (2.0) -1.6 (-3.5, 0.0) 

Aspartate aminotransferase increased 1 (0.2) 6 (2.0) -1.8 (-3.7, -0.2) 

Blood bilirubin increased 1 (0.2) 0 0.2 (-0.8, 0.8) 

Focal nodular hyperplasia 0 1 (0.3) -0.3 (-1.4, 0.5) 

Gamma-glutamyltransferase increased 3 (0.5) 3 (1.0) -0.5 (-2.1, 0.8) 

Hepatic enzyme increased 4 (0.7) 1 (0.3) 0.3 (-1.0, 1.3) 

Hepatic function abnormal 1 (0.2) 3 (1.0) -0.8 (-2.3, 0.4) 

Hepatic steatosis 2 (0.3) 0 0.3 (-0.7, 1.0) 

Hypertransaminasemia 1 (0.2) 0 0.2 (-0.8, 0.8) 

International normalized ratio increased 1 (0.2) 1 (0.3) -0.2 (-1.3, 0.7) 

Prothrombin time prolonged 5 (0.8) 3 (1.0) -0.2 (1.8, 1.2) 

CI, confidence interval; N, number of patients in the intervention arm (remibrutinib or placebo); n, number of 698 

patients with the event; RD, risk difference (difference in percent). 699 

 700 
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Table 7. Newly occurring liver enzyme abnormalities in the placebo-controlled period (24 weeks 702 

of treatment)* 703 

 Remibrutinib 

N=606  

Placebo 

N=306  

Remibrutinib 

vs placebo 

 n/m (%) n/m (%) RD (95% CI) 

ALT > 3 × ULN to 5 × ULN 4/598 (0.7) 4/300 (1.3) -0.7 (-2.4, 0.8) 

ALT > 5 × ULN to 10 × ULN 1/598 (0.2) 0/300  0.2 (-0.8, 0.8) 

ALT > 10 × ULN to 20 × ULN 1/599 (0.2) 0/300 0.2 (-0.8, 0.8) 

ALT > 20 × ULN 0/599 0/300 0.0 (-0.9, 0.6) 

ALT or AST > 3 × ULN to 5 × ULN 7/598 (1.2) 4/300 (1.3) -0.3 (-2.2, 1.2) 

ALT or AST > 5 × ULN to 10 × ULN 1/598 (0.2) 0/300 0.3 (-0.7, 1.0) 

ALT or AST > 10 × ULN to 20 × ULN 1/599 (0.2) 0/300 0.2 (-0.8, 0.8) 

ALT or AST > 20 × ULN 0/599 0/300 0.0 (-0.9, 0.6) 

ALT or AST > 3 × ULN and TBL > 1.5 × ULN 0/599 0/300 0.0 (-0.9, 0.6) 

ALT or AST > 3 × ULN and TBL > 2 × ULN 0/599 0/300 0.0 (-0.9, 0.6) 

ALP > 1.5 × ULN to 2 × ULN 6/598 (1.0) 0/296 0.7 (-0.8, 1.8) 

ALP > 2 × ULN to 5 × ULN 1/599 (0.2) 4/300 (1.3) -1.2 (-2.8, 0.2) 

ALP > 5 × ULN 0/599 0/300 0.0 (-0.9, 0.6) 

TBL > 1 × ULN to 1.5 × ULN 16/590 (2.7) 10/297 (3.4) -1.5 (-4.1, 0.8) 

TBL > 1.5 × ULN to 2 × ULN 5/597 (0.8) 1/300 (0.3) 0.5 (-0.9, 1.6) 

TBL > 2 × ULN 0/598 0/300 0.0 (-0.9, 0.6) 

ALP > 3 × ULN and TBL > 2 × ULN 0/599 0/300 0.0 (-0.9, 0.6) 

ALP > 5 × ULN and TBL > 2 × ULN 0/599 0/300 0.0 (-0.9, 0.6) 

ALT or AST > 3 × ULN and INR > 1.5 0/592 0/295 0.0 (-0.9, 0.6) 

ALT or AST > 3 × ULN and TBL > 2 × ULN and ALP < 

2 × ULN (potential Hy's Law 

0/598 0/300 0.0 (-0.9, 0.6) 

 704 
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval; 705 
INR, International Normalized Ratio; m, number of patients at risk (having a baseline measurement not meeting the 706 
criterion or missing, and ≥1 post-baseline measurement for the laboratory test under consideration); N, total number 707 
of patients in the treatment group in this analysis set; n, number of patients who had a new abnormality; RD, risk 708 
difference (difference in percent); TBL, total bilirubin; ULN, upper limit of normal.  709 
*Newly occurring: patient not meeting criterion at baseline and meeting criterion post-baseline. All the data coming 710 
from the post-baseline scheduled, unscheduled or premature discontinuation visits during the placebo-controlled 711 
period are considered. 712 
For the combination criteria of parameters, except Hy's Law case, all the elevations must occur at the same post-713 
baseline timepoint.  714 
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Table 8. Summary of adverse events in the entire study period (up to 52 weeks of treatment plus 715 

up to 4 weeks of post-treatment follow-up) 716 

 Remibrutinib 

N=606 (551.1 PY) 

Transitioned to remibrutinib 

N=262 (141.9 PY) 

 n (%)  EAIR n (%) EAIR 

Patients with ≥1 AE 446 (73.6)  199.8 133 (50.8)  144.8 

AEs affecting ≥2% of patients in the  

2 remibrutinib arms combined 

    

Infections and infestations 275 (45.4)  73.3 69 (26.3) 58.8 

COVID-19 94 (15.5) 19.0 19 (7.3) 14.1 

Nasopharyngitis 55 (9.1) 10.7 9 (3.4) 6.5 

Upper respiratory tract infection 34 (5.6) 6.4 11 (4.2) 7.9 

Urinary tract infection 28 (4.6) 5.2 4 (1.5) 2.8 

Influenza 18 (3.0) 3.3 8 (3.1) 5.8 

Suspected COVID-19 17 (2.8) 3.1 4 (1.5) 2.9 

Skin and subcutaneous tissue disorders 119 (19.6) 25.3 33 (12.6) 25.0 

Petechiae 24 (4.0) 4.5 7 (2.7) 5.0 

Urticaria 20 (3.3) 3.7 7 (2.7) 5.0 

Gastrointestinal disorders 87 (14.4) 17.6 18 (6.9) 13.2 

Nausea 19 (3.1) 3.5 1 (0.4) 0.7 

Diarrhea 16 (2.6) 3.0 3 (1.1) 2.1 

Nervous system disorders 80 (13.2) 16.0 10 (3.8) 7.2 

Headache 47 (7.8) 9.0 4 (1.5) 2.8 

Musculoskeletal and connective tissue disorders 69 (11.4) 13.6 8 (3.1) 5.7 

Arthralgia 18 (3.0) 3.3 2 (0.8) 1.4 

Back pain 17 (2.8) 3.2 3 (1.1) 2.1 

Respiratory, thoracic, and mediastinal disorders 49 (8.1) 9.4 10 (3.8) 7.1 

Cough 19 (3.1) 3.5 2 (0.8) 1.4 

AE by severity     

Mild 219 (36.1) 56.2 74 (28.2) 63.8 

Moderate 206 (34.0) 48.4 51 (19.5) 41.0 

Severe 21 (3.5)  3.9 8 (3.1) 5.7 

AEs suspected to be related to study drug 129 (21.3) 28.0 17 (6.5) 12.6 

AEs leading to study drug discontinuation 28 (4.6) 5.1 4 (1.5) 2.8 

Patients with ≥1 SAE 25 (4.1) 4.7 3 (1.1) 2.1 

Deaths 0  0  

Selected safety topics     

Bleeding 71 (11.7) 14.2 18 (6.9) 13.4 

Infections 277 (45.7) 74.1 69 (26.3) 58.8 

Cytopenia 36 (5.9) 6.8 4 (1.5) 2.9 

Liver safety     

Liver safety events (comprehensive search) 24 (4.0) 4.5 9 (3.4) 6.4 

Hepatobiliary disorders 7 (1.2) 1.3 4 (1.5) 2.8 

AE, adverse event; EAIR, exposure-adjusted incidence rate estimate, (n/PY) × 100; N, number of patients in the 717 

intervention arm; n, number of patients with the event; PY, patient-years of exposure; SAE, serious adverse event  718 

 719 
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Online Repository Materials 1 

Supplementary Methodology  2 

Adverse events 3 

Reported adverse events (AEs) were coded according to the Medical Dictionary for Regulatory 4 

Activities (MedDRA) Version 26.1 and examined at different levels of the MedDRA hierarchy, 5 

including the preferred term (PT), the high-level term, the high-level group term, and the system 6 

organ class (SOC).  7 

In addition, standard MedDRA queries (SMQ) and PT with the secondary SOC mapping (i.e., 8 

representing broad definition) were used in the definition of the safety topics in focus. “Bleeding 9 

(including laboratory abnormalities)” was defined by a combination of SMQs “Hemorrhage 10 

laboratory terms” (broad) and “Hemorrhage terms (excluding laboratory terms).” “Infections” 11 

were defined by any terms with a primary or secondary mapping to the SOC “Infections and 12 

infestations.” SMQ opportunistic infections (narrow) was used to identify potential opportunistic 13 

infections. “Cytopenia” AEs was defined by a SMQ “Hematopoietic cytopenias” (broad).  14 

“Hepatic disorders” in the scope of liver safety evaluation were defined by the SMQ “Drug 15 

related hepatic disorders—comprehensive search” (narrow). 16 

A serious AE (SAE) was defined according to the International Conference on Harmonisation 17 

(ICH) E2A as any event satisfying at least one of the following criteria: 18 

• Life threatening or fatal 19 

• Requiring inpatient hospitalization or prolongation of existing hospitalization 20 

• Resulting in persistent or significant disability 21 

• Representing a congenital anomaly 22 

• Requiring intervention to prevent one of the outcomes listed above  23 

The severity categories were defined as follows:  24 

• Mild, usually transient in nature and generally not interfering with normal activities 25 

• Moderate, sufficiently discomforting to interfere with normal activities 26 

• Severe, preventing normal activities 27 
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Online Repository Figures 

Figure E1. Study design 

AE, adverse event; bid, twice daily; CSU, chronic spontaneous urticaria; FDA, US Food and Drug Administration; 

H1, histamine 1; HSS7, weekly Hives Severity Score; ISS7, weekly Itch Severity Score; R, randomized; UAS7, 

weekly Urticaria Activity Score. 

*Presence of itch and hives for ≥6 consecutive weeks prior to screening despite the use of a second-generation H1-

antihistamines; UAS7 score ≥16, ISS7 score ≥6, and HSS7 score ≥6 during the 7 days prior to randomization (day 

1).   
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Figure E2. Time to first occurrence of mucocutaneous bleeding in the placebo-controlled period 

(24 weeks of treatment) 

bid, twice daily.  
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Figure E3. Evaluation of liver safety (eDISH plot) in the placebo-controlled period (24 weeks of 

treatment) 

Hyperbilirubinemia (isolated elevation in total bilirubin): TBL ≥ 2 × ULN and peak value of ALT/AST < 3 × ULN; 

normal range TBL ≤ 1 × ULN and ALT/AST ≤ 1 × ULN.  

Temple's Corollary (isolated elevation of liver transaminases):TBL ≤ 1 × ULN and ALT/AST ≥ 3 × ULN; possible 

Hy’s Law TBL > 2 × ULN and ALT/AST ≥ 3 × ULN.  

Possible Hy’s Law (potential for drug-induced liver injury, if no alternative cause is identified): ALT or AST > 3 × 

ULN and TBL > 2 × ULN and ALP < 2 × ULN 

Peak value of TBL is plotted against the peak value of ALT/AST (defined as maximum(peak(ALT), peak(AST))) 

during the corresponding analysis period.   

 

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BID, twice daily; TBL, total bilirubin; ULN, 

upper limit of normal. 
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Figure E4. Evaluation of liver safety eDISH plot in the entire study period (up to 52 weeks of 

treatment plus up to 4 weeks post-treatment follow-up)   

Hyperbilirubinemia (isolated elevation in total bilirubin) TBL ≥ 2 × ULN and peak value of ALT/AST < 3 × ULN; 

normal range TBL ≤ 1 × ULN and ALT/AST ≤ 1 × ULN.  

Temple's Corollary (isolated elevation of liver transaminases) TBL ≤ 1 × ULN and ALT/AST ≥ 3 × ULN; possible 

Hy’s Law TBL > 2 × ULN and ALT/AST ≥ 3 × ULN.  

Possible Hy’s Law (potential for drug-induced liver injury, if no alternative cause is identified): ALT or AST > 3 × 

ULN and TBL > 2 × ULN and ALP < 2 × ULN. 

Peak value of TBL is plotted against the peak value of ALT/AST (defined as maximum(peak(ALT), peak(AST))) 

during the corresponding analysis period.  

 

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BID, twice daily; TBL, total bilirubin; ULN, 

upper limit of normal. 
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Tables 

Table E1. Enrollment, randomization, follow-up (to week 52), and analysis  

 REMIX-1 REMIX-2 

Enrollment, n   

Screened 654 612 

Discontinued prior to 

completion of screening period 
184 157 

Failed screening 169 145 

Allocation, n Remibrutinib 
Placebo- 

remibrutinib 
Remibrutinib 

Placebo- 

remibrutinib 

Randomized 313 157 300 155 

Follow-up, n      

No treatment due to 

misrandomization 
4 3 3 2 

Completed treatment period 252 124 232 112 

Discontinued treatment period 57 30 65 41 

Patient decision 31 18 36 18 

Adverse event 15 5 13 8 

Unsatisfactory therapeutic 

effect 
4 3 4 7 

Physician decision 4 2 7 2 

Loss to follow-up 3 1 - 3 

Protocol deviation - 1 5 1 

Pregnancy - - - 2 

Analysis, n     

Randomized analysis set 313 157 300 155 

Double-blind treatment period     

Full analysis set  309 153 297 153 

Safety set 309 153 297 153 

Entire study period     

Full analysis set  309 153 297 153 

Safety set  309 133 297 129 
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Table E2. Baseline characteristics 

 Remibrutinib 

(N=606)  

Placebo 

(N=306)  

Total 

(N=912) 

Age, years    

Mean (SD) 43.3 (14.39) 43.7 (14.13) 43.4 (14.30) 

Median (Q1-Q3) 44.0 (31.0-53.0) 43.0 (32.0-53.0) 43.0 (31.5-53.0) 

Sex, n (%)    

Female 403 (66.5) 204 (66.7) 607 (66.6) 

Male 203 (33.5) 102 (33.3) 305 (33.4) 

Race, n (%)    

American Indian or Alaska Native 12 (2.0) 14 (4.6) 26 (2.9) 

Asian 223 (36.8) 117 (38.2) 340 (37.3) 

Black or African American 19 (3.1) 6 (2.0) 25 (2.7) 

Native Hawaiian or Other Pacific Islander 0 1 (0.3) 1 (0.1) 

White 341 (56.3) 163 (53.3) 504 (55.3) 

More than one race 9 (1.5) 3 (1.0) 12 (1.3) 

Not reported 2 (0.3) 2 (0.7) 4 (0.4) 

Ethnicity, n (%)    

Hispanic or Latino 90 (14.9) 47 (15.4) 137 (15.0) 

Not Hispanic or Latino 516 (85.1) 258 (84.3) 774 (84.9) 

Not reported 0 1 (0.3) 1 (0.1) 

Geographic region, n (%)    

Asia, Middle East and Africa (excl China and Japan) 192 (31.7) 99 (32.4) 291 (31.9) 

Region Europe 142 (23.4) 70 (22.9) 212 (23.2) 

United States 133 (21.9) 67 (21.9) 200 (21.9) 

Latin America, Caribbean and Canada 77 (12.7) 40 (13.1) 117 (12.8) 

China 43 (7.1) 22 (7.2) 65 (7.1) 

Japan 19 (3.1) 8 (2.6) 27 (3.0) 

Prevalent baseline diagnoses (≥5% of patients, both 

arms combined), n (%) 

   

Hypertension 123 (20.3) 52 (17.0) 175 (19.2) 

Hypothyroidism 59 (9.7) 21 (6.9) 80 (8.8) 

Gastroesophageal reflux disease 54 (8.9) 24 (7.8) 78 (8.6) 

Hypercholesterolemia 45 (7.4) 25 (8.2) 70 (7.7) 

Hyperlipidemia 47 (7.8) 21 (6.9) 68 (7.5) 

Depression 46 (7.6) 17 (5.6) 63 (6.9) 

Anxiety 44 (7.3) 16 (5.2) 60 (6.6) 

Migraine 37 (6.1) 22 (7.2) 59 (6.5) 

Diabetes mellitus 36 (5.9) 18 (5.9) 54 (5.9) 

N, number of patients in the intervention arm (remibrutinib or placebo); n, number of patients with the specified 

characteristic; Q, quartile.  
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Table E3. Serious adverse events in the placebo-controlled period (24 weeks of treatment) 

 Remibrutinib 

N=606 (265.1 PY) 

Placebo 

N=306 (132.5 PY) 

Remibrutinib  

vs placebo 

 n (%)  n (%) RD (95% CI) 

Patients with ≥1 SAE 20 (3.3)  7 (2.3) 1.0 (-1.4, 3.2) 

Cardiac disorders 2 (0.3) 0 0.3 (-0.7, 1.0) 

Angina pectoris 1 (0.2) 0 0.2 (-0.8, 0.8) 

Arteriosclerosis coronary artery 1 (0.2) 0 0.2 (-0.8, 0.8) 

Ear and labyrinth disorders 0 1 (0.3) -0.3 (-1.4, 0.5) 

Vestibular disorder 0 1 (0.3) -0.3 (-1.4, 0.5) 

Gastrointestinal disorders 2 (0.3) 0 0.3 (-0.7, 1.0) 

Food poisoning 1 (0.2) 0 0.2 (-0.8, 0.8) 

Gastrointestinal wall thickening 1 (0.2) 0 0.2 (-0.8, 0.8) 

Hepatobiliary disorders 0 1 (0.3) -0.3 (-1.4, 0.5) 

Cholecystitis 0 1 (0.3) -0.3 (-1.4, 0.5) 

Immune system disorders 0 1 (0.3) -0.3 (-1.4, 0.5) 

   Drug hypersensitivity 0 1 (0.3) -0.3 (-1.4, 0.5) 

Infections and infestations 4 (0.7) 2 (0.7) 0.0 (-1.5, 1.2) 

Appendicitis 1 (0.2) 1 (0.3) -0.2 (-1.3, 0.7) 

COVID-19 1 (0.2) 0 0.2 (-0.8, 0.8) 

Gastrointestinal infection 1 (0.2) 0 0.2 (-0.8, 0.8) 

Wound abscess 1 (0.2) 0 0.2 (-0.8, 0.8) 

Pneumonia 0 1 (0.3) -0.3 (-1.4, 0.5) 

Injury, poisoning, and procedural complications 2 (0.3) 0 0.3 (-0.7, 1.0) 

Contusion 1 (0.2) 0 0.2 (-0.8, 0.8) 

Face injury 1 (0.2) 0 0.2 (-0.8, 0.8) 

Head injury 1 (0.2) 0 0.2 (-0.8, 0.8) 

Metabolism and nutrition disorders 2 (0.3) 0 0.3 (-0.7, 1.0) 

Diabetic ketoacidosis 1 (0.2) 0 0.2 (-0.8, 0.8) 

Hypokalemia 1 (0.2) 0 0.2 (-0.8, 0.8) 

Musculoskeletal and connective tissue disorders 4 (0.7) 0 0.7 (-0.5, 1.5) 

Back pain 1 (0.2) 0 0.2 (-0.8, 0.8) 

Intervertebral disc degeneration 1 (0.2) 0 0.2 (-0.8, 0.8) 

Intervertebral disc protrusion 1 (0.2) 0 0.2 (-0.8, 0.8) 

Spinal stenosis 1 (0.2) 0 0.2 (-0.8, 0.8) 

Spondylolisthesis 1 (0.2) 0 0.2 (-0.8, 0.8) 

Neoplasms benign, malignant, and unspecified 1 (0.2) 1 (0.3) -0.2 (-1.3, 0.7) 

Mucinous adenocarcinoma of appendix 1 (0.2) 0 0.2 (-0.8, 0.8) 

Breast cancer 0 1 (0.3) -0.3 (-1.4, 0.5) 

Renal and urinary disorders 1 (0.2) 0 0.2 (-0.8, 0.8) 

Hematuria 1 (0.2) 0 0.2 (-0.8, 0.8) 

Respiratory, thoracic, and mediastinal disorders 1 (0.2) 0 0.2 (-0.8, 0.8) 

Nasal polyps 1 (0.2) 0 0.2 (-0.8, 0.8) 

Skin and subcutaneous tissue disorders 2 (0.3) 1 (0.3) 0.0 (-1.2, 0.9) 

Angioedema 1 (0.2) 0 0.2 (-0.8, 0.8) 

Chronic spontaneous urticaria 1 (0.2) 1 (0.3) -0.2 (-1.3, 0.7) 

CI, confidence intervals for the risk difference (Agresti and Caffo 2000); N, number of patients in the intervention 

arm (remibrutinib or placebo); n, number of patients with the event; PY, patient-years of exposure; RD, risk 

difference; SAE, serious adverse event. 
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Table E4. Immunoglobulins in the placebo-controlled period (24 weeks of treatment) 

  Remibrutinib Placebo Difference in  

mean change  

from baseline 

(95% CI) 

Parameter Week  Visit Baseline Change  Visit Baseline Change 

   

n 

Mean 

(median) 

Mean 

(median) 

Mean 

(median) 

 

n 

Mean 

(median) 

Mean 

(median) 

Mean 

(median) 

IgA (g/L) 4 

 

555 2.187 

(2.050) 

2.173 

(2.020) 

0.014 

(0.020) 

288 2.109 

(1.975) 

2.120 

(1.975) 

-0.012 

(-0.010) 

0.026 

(-0.011, 0.062) 

 12 

 

534 2.182 

(2.040) 

2.167 

(2.020) 

0.015 

(0.020) 

266 2.138 

(1.965) 

2.124 

(1.970) 

0.013 

(0.000) 

0.002  

(-0.037, 0.040) 

 24 

 

499 2.267 

(2.090) 

2.207 

(2.030) 

0.060 

(0.050) 

255 2.089 

(2.020) 

2.126 

(2.000) 

-0.037  

(-0.010) 

0.097 

(0.048, 0.147) 

IgE (µg/L) 4 

 

563 546.82 

(255.84) 

512.73 

(250.08) 

34.09 

(4.08) 

290 513.20 

(226.32) 

502.62 

(240.84) 

10.58 

(0.00) 

23.51 

(-16.21, 63.22) 

 12 

 

538 546.79 

(271.20) 

520.29 

(250.44) 

26.50 

(2.64) 

266 535.81 

(204.72) 

508.84 

(234.36) 

26.98 

(0.00) 

-0.48  

(-47.50, 46.54) 

 24 

 

515 532.68 

(251.04) 

527.79 

(250.56) 

4.90 

(0.48) 

257 503.71 

(209.28) 

513.45 

(249.84) 

-9.74 

(-3.36) 

14.64 

(-54.33, 83.61) 

IgG (g/L) 4 

 

556 11.260 

(11.090) 

11.321 

(11.170) 

-0.061 

(-0.030) 

288 11.085 

(10.910) 

11.085 

(10.880) 

0.000 

(-0.030) 

-0.061 

(-0.228, 0.106) 

 12 

 

535 11.129 

(10.960) 

11.311 

(11.120) 

-0.181 

(-0.100) 

266 11.291 

(11.015) 

11.105 

(10.880) 

0.186 

(0.165) 

-0.367 

(-0.548, -0.186) 

 24 

 

498 11.068 

(10.790) 

11.414 

(11.270) 

-0.346 

(-0.355) 

255 11.213 

(10.890) 

11.148 

(10.900) 

0.065 

(0.110) 

-0.411 

(-0.624, -0.197) 

IgM (g/L) 

 

4 556 1.044 

(0.910) 

1.115 

(0.960) 

-0.071 

(-0.050) 

288 1.089 

(0.995) 

1.095 

(1.005) 

-0.006 

(0.000) 

-0.065 

(-0.089, -0.041) 

 12 

 

534 0.970 

(0.820) 

1.122 

(0.960) 

-0.152 

(-0.120) 

266 1.084 

(1.000) 

1.082 

(0.970) 

0.002 

(0.000) 

-0.154 

(-0.183, -0.125) 

 24 

 

499 0.901 

(0.810) 

1.103 

(0.960) 

-0.203 

(-0.160) 

255 1.061 

(1.000) 

1.069 

(0.960) 

-0.007 

(-0.010) 

-0.195 

(-0.233, -0.158) 

CI, confidence interval; Ig, immunoglobulin; n, number of patients with a baseline measurement and a post-baseline measurement at the specified visit. 
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Table E5. Blood cell counts in the placebo-controlled period (24 weeks of treatment) 

  Remibrutinib Placebo Difference in  

mean change  

from baseline 

(95% CI) 

Parameter Week  Visit Baseline Change  Visit Baseline Change 

   

n 

Mean 

(median) 

Mean 

(median) 

Mean 

(median) 

 

n 

Mean 

(median) 

Mean 

(median) 

Mean 

(median) 

Erythrocytes 

(1012/L) 

2 563 4.598 

(4.600) 

4.653 

(4.600) 

-0.055 

(-0.100) 

274 4.632 

(4.600) 

4.659 

(4.600) 

-0.026 

(0.000) 

-0.029 

(-0.059, 0.001) 

 12 

 

544 4.625 

(4.600) 

4.650 

(4.600) 

-0.025 

(0.000) 

270 4.676 

(4.600) 

4.666 

(4.600) 

0.010 

(0.000) 

-0.035 

(-0.072, 0.002) 

 24 

 

512 4.639 

(4.600) 

4.656 

(4.600) 

-0.017 

(0.000) 

252 4.666 

(4.600) 

4.661 

(4.650) 

0.006 

(0.000) 

-0.022 

(-0.059, 0.014) 

Leukocytes  

(109/L) 

2 561 6.696 

(6.400) 

6.905 

(6.400) 

-0.209 

(0.100) 

274 6.783 

(6.600) 

6.750 

(6.500) 

0.034 

(-0.100) 

-0.242 

(-0.492, 0.008) 

 12 542 

 

6.726 

(6.400) 

6.909 

(6.500) 

-0.183 

(0.000) 

270 6.775 

(6.200) 

6.743 

(6.600) 

0.032 

(-0.100) 

-0.215 

(-0.487, 0.056) 

 24 511 

 

6.834 

(6.500) 

6.929 

(6.500) 

-0.095 

(0.000) 

252 6.727 

(6.450) 

6.699 

(6.450) 

0.028 

(0.000) 

-0.122 

(-0.398, 0.154) 

Neutrophils 

(109/L) 

2 553 3.993 

(3.750) 

4.463 

(4.000) 

-0.471 

(-0.280) 

271 4.374 

(4.170) 

4.412 

(4.160) 

-0.038 

(-0.190) 

-0.432 

(-0.668, -0.196) 

 12 

 

534 4.146 

(3.865) 

4.471 

(4.015) 

-0.325 

(-0.175) 

268 4.398 

(3.925) 

4.382 

(4.095) 

0.016 

(-0.075) 

-0.342 

(-0.598, -0.085) 

 24 

 

505 4.232 

(3.930) 

4.498 

(4.030) 

-0.266 

(-0.120) 

247 4.263 

(3.960) 

4.330 

(4.020) 

-0.068 

(0.000) 

-0.199 

(-0.461, 0.064) 

Lymphocytes 

(109/L) 

2 553 2.096 

(2.030) 

1.870 

(1.760) 

0.225 

(0.250) 

271 1.838 

(1.760) 

1.814 

(1.760) 

0.024 

(0.020) 

0.201 

(0.126, 0.276) 

 12 

 

534 1.975 

(1.895) 

1.866 

(1.770) 

0.109 

(0.105) 

268 1.814 

(1.720) 

1.821 

(1.760) 

-0.006 

(-0.050) 

0.115 

(0.046, 0.185) 

 24 

 

505 1.951 

(1.880) 

1.864 

(1.740) 

0.087 

(0.130) 

247 1.870 

(1.790) 

1.830 

(1.780) 

0.039 

(0.020) 

0.048 

(-0.031, 0.126) 

Monocytes 

(109/L) 

2 553 0.400 

(0.370) 

0.374 

(0.340) 

0.025 

(0.030) 

271 0.370 

(0.340) 

0.352 

(0.330) 

0.018 

(0.010) 

0.007 

(-0.015, 0.029) 

 12 

 

534 0.402 

(0.380) 

0.377 

(0.350) 

0.026 

(0.030) 

268 0.361 

(0.335) 

0.345 

(0.315) 

0.016 

(0.010) 

0.010 

(-0.013, 0.032) 

 24 

 

505 0.423 

(0.410) 

0.375 

(0.350) 

0.048 

(0.050) 

247 0.383 

(0.360) 

0.344 

(0.310) 

0.039 

(0.020) 

0.009 

(-0.017, 0.035) 

Eosinophils 

(109/L) 

2 

 

553 0.172 

(0.130) 

0.176 

(0.130) 

-0.003 

(0.000) 

271 0.172 

(0.120) 

0.162 

(0.120) 

0.010 

(0.000) 

-0.014 

(-0.033, 0.006) 

 12 534 0.171 0.176 -0.005 268 0.166 0.165 0.001 -0.006 

Jo
urn

al 
Pre-

pro
of



6 

 
 

 (0.130) (0.130) (0.000) (0.130) (0.120) (0.000) (-0.027, 0.015) 

 24 

 

505 0.182 

(0.130) 

0.170 

(0.130) 

0.012 

(0.010) 

247 0.170 

(0.140) 

0.159 

(0.120) 

0.012 

0.010 

0.000 

(-0.024, 0.024) 

Basophils 

(109/L) 

2 553 0.041 

(0.040) 

0.040 

(0.040) 

0.001 

(0.000) 

271 0.038 

(0.030) 

0.040 

(0.040) 

-0.002 

(0.000) 

0.003 

(-0.001, 0.007) 

 12 

 

533 0.044 

(0.040) 

0.040 

(0.040) 

0.004 

(0.000) 

268 0.042 

(0.040) 

0.041 

(0.040) 

0.001 

(0.000) 

0.003 

(-0.001, 0.008) 

 24 

 

505 0.046 

(0.040) 

0.040 

(0.040) 

0.006 

(0.010) 

247 0.043 

(0.040) 

0.040 

(0.040) 

0.003 

(0.000) 

0.004 

(-0.001, 0.008) 

Platelets  

(109/L) 

2 555 248.3 

(243.0) 

279.1 

(272.0) 

-30.8 

(-30.0) 

273 284.8 

(280.0) 

288.5 

(280.0) 

-3.696 

(-3.000) 

-27.10 

(-33.02, -21.17) 

 12 

 

536 251.5 

(243.5) 

280.2 

(272.0) 

-28.7 

(-28.5) 

268 286.6 

(277.0) 

289.7 

(281.0) 

-3.097 

(-1.500) 

-25.58 

(-31.76, -19.40) 

 24 

 

509 254.1 

(247.0) 

280.0 

(273.0) 

-25.9 

(-26.0) 

250 285.4 

(283.0) 

288.2 

(280.5) 

-2.764 

(-1.000) 

-23.13 

(-29.76, -16.51) 

CI, confidence interval; n, number of patients with a baseline measurement and a post-baseline measurement at the specified visit. 
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Table E6: B-cell subsets, REMIX-1 study  

Treatment 

arm 

Visit Total B cells  

(mean enumerated 

cells/µL ± SD)  

(CD3-CD19+) 

Naive  

(mean enumerated 

cells/µL ± SD 

CD19⁺CD10⁻CD27⁻) 

Switched  

(mean enumerated 

cells/µL ± SD) 

(CD19⁺CD27⁺IgD⁻) 

Naive cells  

(mean % ± SD) 

(CD19⁺CD10⁻CD27⁻) 

Switched cells  

(mean % ± SD) 

(CD19⁺CD27⁺IgD⁻) 

Remibrutinib W0 259.3 (±171.3) | n=85 163.0 (±110.58) | n=82 31.8 (±24.22) | n=72 62.1% (±14.0) | n=82 13.6% (±7.6) | n=72 

Remibrutinib W4 342.8 (±190.2) | n=72 224.0 (±153.84) | n=70 37.0 (±25.04) | n=67 63.9% (±16.1) | n=70 12.1% (±8.0) | n=67 

Remibrutinib W12 305.8 (±173.1) | n=74 207.1 (±134.44) | n=72 33.9 (±26.04) | n=70 67.2% (±16.4) | n=73 11.9% (±7.0) | n=71 

Remibrutinib W24 276.8 (±179.6) | n=69 197.1 (±148.01) | n=66 30.6 (±21.58) | n=65 70.4% (±13.8) | n=66 12.7% (±6.1) | n=65 

Remibrutinib W52 199.0 (±103.3) | n=62 134.0 (±82.36) | n=62 27.8 (±20.71) | n=62 67.9% (±15.3) | n=63 14.4% (±7.8) | n=63 

Placebo W0 248.2 (±102.5) | n=36 157.3 (±75.72) | n=34 28.4 (±20.49) | n=31 64.8% (±13.2) | n=34 12.6% (±7.7) | n=31 

Placebo W4 253.0 (±94.8) | n=29 170.9 (±75.44) | n=28 32.2 (±23.92) | n=28 67.4% (±10.1) | n=28 12.8% (±7.2) | n=28 

Placebo W12 271.0 (±113.0) | n=32 170.2 (±85.01) | n=31 31.6 (±23.80) | n=30 64.4% (±14.3) | n=31 12.3% (±7.0) | n=30 

Placebo W24 247.9 (±93.9) | n=34 160.0 (±71.31) | n=33 30.0 (±22.30) | n=31 63.8% (±15.1) | n=33 12.3% (±7.4) | n=31 

Placebo W52 235.5 (±122.7) | n=33 150.8 (±90.13) | n=33 27.3 (±23.00) | n=33 66.7% (±18.0) | n=34 12.2% (±7.2) | n=34 

CD, cluster of differentiation; Ig, immunoglobulin; N = number of patients in the intervention arm (remibrutinib or placebo); W, week. Jo
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Table E7. Newly occurring or worsening blood chemistry abnormalities by CTCAE grade in the 

placebo-controlled period (24 weeks of treatment) 

Parameter  Remibrutinib 

N=606  

Placebo 

N=306  

Remibrutinib 

vs placebo 

Grade n/m (%) n/m (%) RD (95% CI) 

Alanine aminotransferase  1 70/543 (12.9) 49/268 (18.3) -5.4 (-10.9, -0.1) 

 2 4/598 (0.7) 4/300 (1.3) -0.7 (-2.4, 0.8) 

 3 2/598 (0.3) 0/300 0.3 (-0.7, 1.0) 

 4 0/599 0/300 0.0 (-0.9, 0.6) 

     

Alkaline phosphatase  1 50/554 (9.0) 21/269 (7.8) 1.2 (-3.0, 5.1) 

 2 0/599 3/300 (1.0) -1.0 (-2.5, 0.2) 

 3 0/599 0/300 0.0 (-0.9, 0.6) 

 4 0/599 0/300 0.0 (-0.9, 0.6) 

     

Amylase  1 44/558 (7.9) 22/283 (7.8) 0.1 (-3.9, 3.8) 

 2 6/594 (1.0) 1/298 (0.3) 0.7 (-0.8, 1.8) 

 3 3/596 (0.5) 1/300 (0.3) 0.2 (-1.1, 1.1) 

 4 2/599 (0.3) 0/300 0.3 (-0.7, 1.0) 

     

Aspartate aminotransferase  1 60/577 (10.4) 32/284 (11.3) -0.9 (-5.5, 3.5) 

 2 4/598 (0.7) 0/300 0.7 (-0.5, 1.5) 

 3 0/599 0/300 0.0 (-0.9, 0.6) 

 4 0/599 0/300 0.0 (-0.9, 0.6) 

     

Bilirubin  1 14/590 (2.4) 10/297 (3.4) -1.0 (-3.6, 1.3) 

 2 5/597 (0.8) 1/300 (0.3) 0.5 (-0.9, 1.6) 

 3 0/599 0/300 0.0 (-0.9, 0.6) 

 4 0/599 0/300 0.0 (-0.9, 0.6) 

     

Cholesterol 1 107/398 (26.9) 70/192 (36.5) -9.6 (-17.7, -1.5) 

 2 6/597 (1.0) 3/298 (1.0) 0.0 (-1.7, 1.4) 

 3 0/599 0/300 0.0 (-0.9, 0.6) 

 4 0/599 0/300 0.0 (-0.9, 0.6) 

     

Creatine kinase  1 55/572 (9.6) 33/290 (11.4) -1.8 (-6.3, 2.5) 

 2 18/592 (3.0) 7/298 (2.3) 0.7 (-1.8, 2.8) 

 3 4/596 (0.7) 1/298 (0.3) 0.3 (-1.0, 1.3) 

 4 5/597 (0.8) 3/300 (1.0) -0.2 (-1.8, 1.2) 

     

Creatinine  1 50/568 (8.8) 22/275 (8.0) 0.8 (-3.4, 4.7) 

 2 0/599 0/299 0.0 (-0.9, 0.6) 

 3 0/599 0/300 0.0 (-0.9, 0.6) 

 4 0/599 0/300 0.0 (-0.9, 0.6) 

     

Gamma glutamyl transferase  1 38/560 (6.8) 18/259 (6.9) -0.2 (-4.1, 3.4) 

 2 13/594 (2.2) 4/295 (1.4) 0.8 (-1.2, 2.6) 

 3 3/599 (0.5) 4/300 (1.3) -0.8 (-2.6, 0.6) 

 4 0/599 0/300 0.0 (-0.9, 0.6) 

     

Lipase, pancreatic  1 53/572 (9.3) 27/290 (9.3) 0.0 (-4.3, 4.0) 

 2 13/591 (2.2) 9/300 (3.0) -0.8 (-3.3, 1.4) 
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Parameter  Remibrutinib 

N=606  

Placebo 

N=306  

Remibrutinib 

vs placebo 

Grade n/m (%) n/m (%) RD (95% CI) 

 3 16/595 (2.7) 9/300 (3.0) -0.3 (-2.9, 2.0) 

 4 3/599 (0.5) 0/300 0.5 (-0.6, 1.3) 

     

Triglycerides  1 144/422 (34.1) 83/212 (39.2) -5.0 (-13.0, 2.9) 

 2 62/584 (10.6) 23/289 (8.0) 2.7 (-1.5, 6.5) 

 3 10/598 (1.7) 6/299 (2.0) -0.3 (-2.5, 1.5) 

 4 0/599 1/300 (0.3) -0.3 (-1.5, 0.5) 

     

CI, confidence interval; CTCAE, Common Terminology Criteria for Adverse Events; m, number of patients who had 

no grade x or above abnormality at baseline and had ≥1 post-baseline value for the laboratory test parameter; N, 

number of patients in the intervention arm (remibrutinib or placebo); n, number of patients who had a new or a 

worsening grade x abnormality; grades were defined according to CTCAE v5.0; patients are counted only for the 

worst grade observed post-baseline; RD, risk difference (difference in percent). 
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Table E8. Statistical evaluation of reported AEs by MedDRA hierarchy—PT, HLT, HLGT, SOC: 

terms with nominal P < .05 (including all associated PTs) in the placebo-controlled period (24 

weeks of treatment) 

Adverse event term MedDRA 

Level 

Remibrutinib 

N=606  

n (%) 

Placebo 

N=306 

n (%)  

Remibrutinib 

vs placebo 

RD (95% CI) 

Fisher 

exact 

P value  

Skin vascular 

abnormalities  

HLGT 33 (5.4) 2 (0.7) 4.8 (2.5, 6.7) < .001 

Purpura and related 

conditions  

HLT 33 (5.4) 2 (0.7) 4.8 (2.5, 6.7) < .001 

Petechiae  PT 23 (3.8) 1 (0.3) 3.5 (1.5, 5.1) < .001 

Ecchymosis  PT 9 (1.5) 1 (0.3) 1.2 (-0.4, 2.3) .178 

Purpura PT 5 (0.8) 0 0.8 (-0.3, 1.7) .175 

AE, adverse event; CI, confidence interval; HLGT, high-level group term; HLT, high-level term; MedDRA, Medical 

Dictionary for Regulatory Activities; N, number of patients in the corresponding treatment group in the analysis set; 

n, number of patients with the event; PT, preferred term; RD, risk difference; SOC, system organ class. 
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Table E9. Newly occurring clinically notable changes in vital signs in the placebo-controlled period (24 weeks of treatment)* 

Parameter Criteria Remibrutinib 

N=606  

Placebo 

N=306  

Remibrutinib 

vs placebo 

  n/m (%) n/m (%) RD (95% CI) 

Sitting pulse rate (beats/min) Low only (< 50 beats/min) 10/598 (1.7) 3/300 (1.0) 0.7 (-1.2, 2.2) 

 High only (> 100 beats/min) 27/597 (4.5) 8/299 (2.7) 1.8 (-0.9, 4.2) 

 Low and High 0/596 0/298 0.0 (-0.9, 0.6) 

Sitting systolic blood pressure (mmHg) Low only (< 90 mmHg) 7/594 (1.2) 2/300 (0.7) 0.5 (-1.1, 1.8) 

 High only (≥ 140 mmHg) 67/543 (12.3) 43/288 (14.9) -2.6 (-7.7, 2.3) 

 Low and High 0/538 0/287 0.0 (-0.9, 0.6) 

Sitting diastolic blood pressure (mmHg) Low only (< 60 mmHg) 34/590 (5.8) 11/297 (3.7) 2.1 (-1.0, 4.8) 

 High only (≥ 90 mmHg) 83/549 (15.1) 43/286 (15.0) 0.1 (-5.2, 5.1) 

 Low and High 4/540 (0.7) 1/282 (0.4) 0.4 (-1.0, 1.5) 

CI, confidence interval; m, number of patients at risk (patients having a baseline measurement not meeting the criterion or missing but ≥1 post-baseline 

measurement for the vital sign assessment under consideration); n, number of patients at risk who satisfy the criterion at post-baseline visit; RD, risk difference. 

*Newly occurring: patients not meeting criterion at baseline and meeting criterion post-baseline. 
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Table E10. Serious adverse events during the entire study period (52 weeks of treatment plus up 

to 4 weeks of post-treatment follow-up)* 

 Remibrutinib 

N=606 (551.1 PY) 

Transitioned to remibrutinib 

N=262 (141.9 PY) 

 n (%)  EAIR n (%)  EAIR 

Any SAE 25 (4.1) 4.7 3 (1.1) 2.1 

Cardiac disorders 3 (0.5) 0.5 0  0 

Angina pectoris 1 (0.2) 0.2 0 0 

Arteriosclerosis coronary artery 1 (0.2) 0.2 0 0 

Cardiac failure congestive 1 (0.2) 0.2 0 0 

Gastrointestinal disorders 2 (0.3) 0.4 1 (0.4) 0.7 

Food poisoning 1 (0.2) 0.2 0 0 

Gastrointestinal wall thickening 1 (0.2) 0.2 0 0 

Large intestine polyp 0 0 1 (0.4) 0.7 

Hepatobiliary disorders 0 0 1 (0.4) 0.7 

Cholecystitis acute 0 0 1 (0.4) 0.7 

Infections and infestations 4 (0.7) 0.7 0 0 

Appendicitis 1 (0.2) 0.2 0 0 

COVID-19 1 (0.2) 0.2 0 0 

Gastrointestinal infection 1 (0.2) 0.2 0 0 

Wound abscess 1 (0.2) 0.2 0 0 

Injury, poisoning and procedural complications 2 (0.3) 0.4 0 0 

Contusion 1 (0.2) 0.2 0 0 

Face injury 1 (0.2) 0.2 0 0 

Head injury 1 (0.2) 0.2 0 0 

Metabolism and nutrition disorders 2 (0.3) 0.4 0 0 

Diabetic ketoacidosis 1 (0.2) 0.2 0 0 

Hypokalaemia 1 (0.2) 0.2 0 0 

Musculoskeletal and connective tissue disorders 4 (0.7) 0.7 0 0 

Back pain 1 (0.2) 0.2 0 0 

Intervertebral disc degeneration 1 (0.2) 0.2 0 0 

Intervertebral disc protrusion 1 (0.2) 0.2 0 0 

Spinal stenosis 1 (0.2) 0.2 0 0 

Spondylolisthesis 1 (0.2) 0.2 0 0 

Neoplasms benign, malignant and unspecified 

(including cysts and polyps) 

5 (0.8) 0.9 0 0 

Benign renal neoplasm 1 (0.2) 0.2 0 0 

Leiomyoma 1 (0.2) 0.2 0 0 

Mucinous adenocarcinoma of appendix 1 (0.2) 0.2 0 0 

Pancreatic carcinoma 1 (0.2) 0.2 0 0 

Small intestine adenocarcinoma 1 (0.2) 0.2 0 0 

Pregnancy, puerperium and perinatal conditions 0 0 1 (0.4) 0.7 

Abortion spontaneous 0 0 1 (0.4) 0.7 

   Renal and urinary disorders 1 (0.2) 0.2 0 0 

Hematuria 1 (0.2) 0.2 0 0 

Respiratory, thoracic and mediastinal disorders 2 (0.3) 0.4 0 0 

Nasal polyps 1 (0.2) 0.2 0 0 

Pleuritic pain 1 (0.2) 0.2 0 0 

Skin and subcutaneous tissue disorders 2 (0.3) 0.4 0 0 

Angioedema 1 (0.2) 0.2 0 0 

Chronic spontaneous urticaria 1 (0.2) 0.2 0 0 
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EAIR, exposure-adjusted incidence rate estimate, (n/PY) × 100; N, number of patients in the intervention arm; n, 

number of patients with the event; PT, preferred term; PY, patient-years of exposure, SAE, serious adverse event.  

*A patient with multiple occurrences of an AE under one treatment is counted only once in this AE category for that 

treatment. System organ classes are presented in alphabetical order; PTs are sorted within system organ class in 

descending frequency of AE in the first column (remibrutinib).  
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Table E11. Bleeding, entire study period (52 weeks of treatment plus up to 4 weeks of post-

treatment follow-up) 

 Remibrutinib 

N=606 (551.1 PY) 

Transitioned to remibrutinib 

N=262 (141.9 PY) 

 n (%) EAIR n (%) EAIR 

Any bleeding 71 (11.7) 14.2 18 (6.9) 13.4 

Laboratory terms related to bleeding 17 (2.8) 3.2 3 (1.1) 2.1 

Activated partial thromboplastin time 

prolonged 

9 (1.5) 1.7 2 (0.8) 1.4 

Prothrombin time prolonged 6 (1.0) 1.1 2 (0.8) 1.4 

Hemoglobin decreased 3 (0.5) 0.5 0 0 

Bleeding time prolonged 1 (0.2) 0.2 0 0 

International normalized ratio increased 1 (0.2) 0.2 0 0 

Urinary occult blood positive 1 (0.2) 0.2 0 0 

Bleeding, excluding laboratory terms 62 (10.2) 12.3 16 (6.1) 11.8 

Petechiae 24 (4.0) 4.5 7 (2.7) 5.0 

Contusion 13 (2.1) 2.4 1 (0.4) 0.7 

Ecchymosis 10 (1.7) 1.8 0 0 

Hematuria 6 (1.0) 1.1 0 0 

Epistaxis 5 (0.8) 0.9 1 (0.4) 0.7 

Purpura 5 (0.8) 0.9 1 (0.4) 0.7 

Conjunctival hemorrhage 3 (0.5) 0.5 0 0 

Heavy menstrual bleeding 2 (0.3) 0.4 1 (0.4) 0.7 

Increased tendency to bruise 2 (0.3) 0.4 1 (0.4) 0.7 

Gingival bleeding 1 (0.2) 0.2 1 (0.4) 0.7 

Abnormal uterine bleeding 1 (0.2) 0.2 0 0 

Hematoma 1 (0.2) 0.2 0 0 

Hemorrhage 1 (0.2) 0.2 0 0 

Hemorrhagic ovarian cyst 1 (0.2) 0.2 0 0 

Intermenstrual bleeding 1 (0.2) 0.2 0 0 

Traumatic hematoma 1 (0.2) 0.2 0 0 

Traumatic hemorrhage 1 (0.2) 0.2 0 0 

Blood loss anemia 0 0 1 (0.4) 0.7 

Hemorrhagic erosive gastritis 0 0 1 (0.4) 0.7 

Henoch-Schonlein purpura 0 0 1 (0.4) 0.7 

Uterine hemorrhage 0 0 1 (0.4) 0.7 

Bleeding and related SAEs, n (%) 2 (0.3) 0.4 0 0 

Summary     

Episodes/patients (mean episode count) 140/71 (2.0) - 21/18 (1.2) - 

Time to first episode, mean (median) days 69.5 (32.0) - 47.4 (47.5) - 

Duration of episodes, mean (median) days 75.2 (27.5) - 69.1 (43.0) - 

Severity, m (%)     

Mild 125 (89.3) - 13 (61.9) - 

Moderate 15 (10.7) - 8 (38.1) - 

Severe 0 - 0 - 

Action taken with study treatment, m (%)     

Dose not changed 121 (86.4) - 18 (85.7) - 

Drug interrupted 11 (7.9) - 1 (4.8) - 

Drug withdrawn 6 (4.3) - 1 (4.8) - 

Unknown 2 (1.4) - 1 (4.8) - 

Jo
urn

al 
Pre-

pro
of



15 

 
 

EAIR, exposure-adjusted incidence rate estimate, (n/PY) × 100; m, number of event episodes; N, number of patients 

in the intervention arm; n, number of patients with the event; PY, patient-years of exposure; SAE, serious adverse 

event. 
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Table E12. Infections in the entire study period (52 weeks of treatment plus up to 4 weeks of 

post-treatment follow-up) 

 Remibrutinib 

N=606 (551.1 PY) 

Transitioned to remibrutinib 

N=262 (141.9 PY) 

 n (%) EAIR n (%) EAIR 

Patients with ≥1 event 277 (45.7) 74.1 69 (26.3) 58.8 

AEs affecting ≥0.5% of patients in the  

2 remibrutinib arms combined 

    

COVID-19 94 (15.5) 19.0 19 (7.3) 14.1 

Nasopharyngitis 55 (9.1) 10.7 9 (3.4) 6.5 

Upper respiratory tract infection 34 (5.6) 6.4 11 (4.2) 7.9 

Urinary tract infection 28 (4.6) 5.2 4 (1.5) 2.8 

Influenza 18 (3.0) 3.3 8 (3.1) 5.8 

Suspected COVID-19 17 (2.8) 3.1 4 (1.5) 2.9 

Bronchitis 11 (1.8) 2.0 4 (1.5) 2.8 

Pharyngitis 11 (1.8) 2.0 0 0 

Gastroenteritis 9 (1.5) 1.6 2 (0.8) 1.4 

Folliculitis 6 (1.0) 1.1 2 (0.8) 1.4 

Sinusitis 6 (1.0) 1.1 1 (0.4) 0.7 

Viral upper respiratory tract infection 6 (1.0) 1.1 1 (0.4) 0.7 

Cystitis 5 (0.8) 0.9 0 0 

Oral herpes 5 (0.8) 0.9 1 (0.4) 0.7 

Otitis media 5 (0.8) 0.9 0 0 

Rhinitis 5 (0.8) 0.9 0 0 

Gastroenteritis viral 4 (0.7) 0.7 2 (0.8) 1.4 

Tinea pedis 4 (0.7) 0.7 1 (0.4) 0.7 

Conjunctivitis 2 (0.3) 0.4 4 (1.5) 2.8 

Infections and infestations SAEs, n (%) 4 (0.7) 0.7 0 0 

Summary     

Episodes/patients (mean episode count) 456/277 (1.6) - 95/69 (1.4) - 

Time to first episode, mean (median) days 117.2 (99.0) - 75.4 (56.0) - 

Duration of episodes, mean (median) days 20.0 (8.0) - 22.7 (10.0) - 

Severity, m (%)     

Mild 312 (68.4) - 66 (69.5) - 

Moderate 142 (31.1) - 28 (29.5) - 

Severe 2 (0.4) - 1 (1.1) - 

Action taken with study treatment, m (%)     

Dose not changed 418 (91.7) - 86 (90.5) - 

Drug interrupted 30 (6.6) - 7 (7.4) - 

Drug withdrawn 5 (1.1) - 1 (1.1) - 

Unknown 3 (0.7) - 1 (1.1) - 

EAIR, exposure-adjusted incidence rate estimate, (n/PY) × 100; m, number of event episodes; N, number of patients 

in the intervention arm; n, number of patients with the event; PY, patient-years of exposure; SAE, serious adverse 

event 
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Table E13. Cytopenia in the entire study period (52 weeks of treatment plus up to 4 weeks of 

post-treatment follow-up) 

 Remibrutinib 

N=606 (551.1 PY) 

Transitioned to remibrutinib 

N=262 (141.9 PY) 

 n (%) EAIR n (%) EAIR 

Hematopoietic cytopenias 36 (5.9) 6.8 4 (1.5) 2.9 

Hematopoietic erythropenia 14 (2.3) 2.6 1 (0.4) 0.7 

Anemia 11 (1.8) 2.0 1 (0.4) 0.7 

Hemoglobin decreased 3 (0.5) 0.5 0 0 

Hematopoietic leukopenia 18 (3.0) 3.3 3 (1.1) 2.1 

Neutropenia 9 (1.5) 1.6 0 0 

Leukopenia 5 (0.8) 0.9 1 (0.4) 0.7 

Neutrophil count decreased 4 (0.7) 0.7 1 (0.4) 0.7 

White blood cell count decreased 3 (0.5) 0.5 1 (0.4) 0.7 

Monocyte count decreased 1 (0.2) 0.2 0 0 

Monocytopenia 1 (0.2) 0.2 0 0 

Hematopoietic thrombocytopenia 5 (0.8) 0.9 1 (0.4) 0.7 

Thrombocytopenia 5 (0.8) 0.9 1 (0.4) 0.7 

Hematopoietic cytopenias SAEs, n (%) 0 0 0 0 

Summary     

Episodes/patients (mean episode count) 49/36 (1.4) - 5/4 (1.3) - 

Time to first episode, mean (median) days 138.7 (113.5) - 44.3 (28.0) - 

Duration of episodes, mean (median) days 65.4 (36.0) - 81.0 (79.0) - 

Severity, m (%)     

Mild 37 (75.5) - 3 (60.0) - 

Moderate 12 (24.5) - 1 (20.0) - 

Severe 0 - 1 (20.0) - 

Action taken with study treatment, m (%)     

Dose not changed 43 (87.8) - 4 (80.0) - 

Drug interrupted 3 (6.1) - 1 (20.0) - 

Drug withdrawn 2 (4.1) - 0 - 

Unknown 1 (2.0) - 0 - 

EAIR, exposure-adjusted incidence rate estimate, (n/PY) × 100; m, number of event episodes; N, number of patients 

in the intervention arm; n, number of patients with the event; PY, patient-years of exposure; SAE, serious adverse 

event. 
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Table E14. Newly occurring or worsening hematology abnormalities by CTCAE grade in the 

entire study period (52 weeks of treatment plus up to 4 weeks of post-treatment follow-up) 

  Remibrutinib 

N=606 

Transitioned to remibrutinib 

N=262 

 Grade n/m (%) n/m (%) 

Anemia 1 69/540 (12.8) 20/235 (8.5) 

 2 19/596 (3.2) 7/253 (2.8) 

 3 2/599 (0.3) 0/253 

    

White blood cell count decreased 1 73/578 (12.6) 18/241 (7.5) 

 2 4/598 (0.7) 0/252 

 3 0/599 0/253 

 4 0/599 1/253 (0.4) 

    

Lymphocyte count decreased 1 156/434 (35.9) 34/184 (18.5) 

 2 17/596 (2.9) 3/249 (1.2) 

 3 4/599 (0.7) 1/252 (0.4) 

    

Neutrophil count decreased 1 65/584 (11.1) 15/249 (6.0) 

 2 25/596 (4.2) 3/251 (1.2) 

 3 3/599 (0.5) 0/252 

    

Platelet count decreased 1 29/586 (4.9) 9/251 (3.6) 

 2 2/599 (0.3) 0/253 

 3 1/599 (0.2) 0/253 

 4 0/599 1/253 (0.4) 

    

CTCAE, Common Terminology Criteria for Adverse Events; m, number of patients who had no grade x or above 

abnormality at baseline and had ≥1 post-baseline value for the laboratory test parameter; grades were defined 

according to CTCAE v5.0; patients are counted only for the worst grade observed post-baseline; N, number of 

patients in the intervention arm; n, number of patients who had a new or a worsening grade x abnormality. 
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Table E15. Hepatic disorders in the entire study period (52 weeks of treatment plus up to 4 

weeks of post-treatment follow-up) 

 Remibrutinib 

N=606 (551.1 PY) 

Transitioned to remibrutinib 

N=262 (141.9 PY) 

 n (%)  EAIR n (%)  EAIR 

Hepatic disorders 24 (4.0) 4.5 9 (3.4) 6.4 

Prothrombin time prolonged 6 (1.0) 1.1 2 (0.8) 1.4 

Hepatic enzyme increased 5 (0.8) 0.9 1 (0.4) 0.7 

Alanine aminotransferase increased 3 (0.5) 0.5 2 (0.8) 1.4 

Gamma-glutamyltransferase increased 3 (0.5) 0.5 1 (0.4) 0.7 

Hepatic steatosis 3 (0.5) 0.5 1 (0.4) 0.7 

Hepatic function abnormal 1 (0.2) 0.2 2 (0.8) 1.4 

Aspartate aminotransferase increased 1 (0.2) 0.2 1 (0.4) 0.7 

Blood bilirubin increased 1 (0.2) 0.2 0 0 

Hemangioma of liver 1 (0.2) 0.2 0 0 

Hypertransaminasemia 1 (0.2) 0.2 0 0 

International normalized ratio increased 1 (0.2) 0.2 0 0 

Hepatic cyst 0 0 1 (0.4) 0.7 

Hepatomegaly 0 0 1 (0.4) 0.7 

Hyperbilirubinaemia 0 0 1 (0.4) 0.7 

EAIR, exposure-adjusted incidence rate estimate, (n/PY) × 100; N, number of patients in the intervention arm; n, 

number of patients with the event; PY, patient-years of exposure. 
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Table E16. Newly occurring liver enzyme abnormalities in the entire study period (52 weeks of 

treatment plus up to 4 weeks of post-treatment follow-up)*  

 Remibrutinib 

N=606 

Transitioned to remibrutinib 

N=262 

 n/m (%) n/m (%) 

ALT > 3 × ULN to 5 × ULN 4/598 (0.7) 3/252 (1.2) 

ALT > 5 × ULN to 10 × ULN 1/598 (0.2) 1/252 (0.4) 

ALT > 10 × ULN to 20 × ULN 1/599 (0.2) 1/252 (0.4) 

ALT > 20 × ULN 0/599 0/252 

ALT or AST > 3 × ULN to 5 × ULN 8/598 (1.3) 3/252 (1.2) 

ALT or AST > 5 × ULN to 10 × ULN 1/598 (0.2) 1/252 (0.4) 

ALT or AST > 10 × ULN to 20 × ULN 1/599 (0.2) 1/252 (0.4) 

ALT or AST > 20 × ULN 0/599 0/252 

ALT or AST > 3 × ULN and TBL > 1.5 × ULN 0/599 0/252 

ALT or AST > 3 × ULN and TBL > 2 × ULN 0/599 0/252 

ALP > 1.5 × ULN to 2 × ULN 8/598 (1.3) 2/250 (0.8) 

ALP > 2 × ULN to 5 × ULN 1/599 (0.2) 2/253 (0.8) 

ALP > 5 × ULN 0/599 0/253 

TBL > 1 × ULN to 1.5 × ULN 20/590 (3.4) 5/249 (2.0) 

TBL > 1.5 × ULN to 2 × ULN 7/597 (1.2) 1/252 (0.4) 

TBL > 2 × ULN 0/598 0/252 

ALP > 3 × ULN and TBL > 2 × ULN 0/599 0/252 

ALP > 5 × ULN and TBL > 2 × ULN 0/599 0/252 

ALT or AST > 3 × ULN and INR > 1.5 0/592 0/248 

ALT or AST > 3 × ULN and TBL > 2 × ULN and ALP 

< 2 × ULN (potential Hy's Law) 

0/598 0/252 

 

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; INR, International 

Normalized Ratio; m, number of patients at risk (having a baseline measurement not meeting the criterion or 

missing, and ≥1 post-baseline measurement for the laboratory test under consideration); N, total number of patients 

in the treatment group in this analysis set; n, number of patients who had a new abnormality; TBL, total bilirubin; 

ULN, upper limit of normal. 

*Newly occurring: patient not meeting criterion at baseline and meeting criterion post-baseline. All the data coming 

from the post-baseline scheduled, unscheduled or premature discontinuation visits during the entire study are 

considered. For Transitioned to remibrutinib 25 mg bid, the summary is based on assessments taken after transition 

to remibrutinib. For the combination criteria of parameters, except Hy's Law case, all the elevations must occur at 

the same post-baseline timepoint. 
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Primary endpoint Primary analysis
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ExtensionOpen-label treatment period (ongoing)Double-blind treatment period

R

2:1

Background therapy: H1-antihistamine use required throughout the study in both arms (approved dose)

Rescue therapy: alternative second-generation H1-antihistamine as required throughout the study in both arms

Adult patients with a 

diagnosis of CSU 

(for ≥6 months) who 

remained symptomatic 

despite second-generation 

H1-AHs*

Final analysis
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