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Abstract
The phase II study of tirabrutinib monotherapy at a daily dose of 480 mg under 
fasting conditions for treatment- naïve and relapsed/refractory Waldenström's mac-
roglobulinemia (ONO- 4059- 05 study) demonstrated a promising efficacy and toler-
able safety profile. We conducted an unplanned analysis with a median follow- up of 
24.8 months to update the efficacy and safety results and to report patient- reported 
quality of life. Of 27 enrolled patients, 22 patients continued receiving the study drug. 
The major response assessed by an independent review committee was observed 
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1  |  INTRODUC TION

Waldenström's macroglobulinemia (WM) is a rare, indolent B- cell 
lymphoma that is characterized by an infiltration of the bone mar-
row and an accumulation of IgM monoclonal antibody in the serum.1 
In the 1980s, its 5- year survival rate was 47.8%; however, it has in-
creased to as high as 70% in the 2010s after approval of the an-
ti- CD20 antibody rituximab.2

Bruton's tyrosine kinase (BTK) inhibitors have recently shown fa-
vorable efficacy for B- cell malignancies including WM.3 Ibrutinib is 
the first- in- class irreversible BTK inhibitor that dramatically reduced 
bone marrow involvement of neoplastic cells and serum IgM levels 
in both previously treated and treatment- naïve patients with WM.4,5 
Due to its potential inhibition of off- target kinases,6 however, ibruti-
nib treatment poses a major concern of AEs including atrial fibrillation, 
bleeding events, and hypertension, which often lead to treatment 
discontinuation.5,7– 9 Tirabrutinib is a second- generation, irreversible 
BTK inhibitor with high selectivity and fewer off- target effects.6,10 A 
phase II study (ONO- 4059- 05 study, JapicCTI- 184057) evaluated ti-
rabrutinib monotherapy in patients with treatment- naïve or relapsed/
refractory WM, and demonstrated a promising efficacy with a MRR 
of 88.9% and a tolerable safety profile.11 On the basis of these results, 
tirabrutinib has been approved in Japan for WM since August, 2020.

At the primary analysis of the ONO- 4059- 05 study, the median 
follow- up period was relatively short at 6.5 months for treatment- 
naïve patients and 8.3 months for relapsed/refractory patients, 
which limited the evaluation of some efficacy endpoints, such as 
PFS and OS, in addition to a lack of sufficient toxicity assessments.11 

Here, we analyzed the data of the ONO- 4059– 05 study with a me-
dian follow- up of 24.8 months, which was not a prespecified analysis 
in the study protocol. The outcome of WM- related symptoms, such 
as hyperviscosity and peripheral neuropathy, and health- related 
QOL of each patient as well as efficacy and safety were evaluated.

2  |  MATERIAL S AND METHODS

2.1  |  Study design

The ONO- 4059- 05 study is a multicenter, open- label, single- arm, 
phase II study conducted in Japan to evaluate tirabrutinib mono-
therapy for WM. The study design has been described in detail pre-
viously.11 In total, 27 patients were enrolled between 8 November 
2018 and 22 February 2019; 18 patients who had not been treated 
previously were enrolled in Cohort A, and nine relapsed or refrac-
tory patients who received one or more systemic treatment for 
WM were in Cohort B. The data cutoff date for this analysis was 1 
February 2021.

2.2  |  Patients and treatment

In brief, eligible patients had histologically confirmed WM that was 
treatment- naïve (Cohort A) or relapsed/refractory (Cohort B) and 
had a monoclonal gammopathy with serum IgM levels of >500 mg/
dl (both cohorts).

Funding information
Ono Pharmaceutical in 25 patients (93%), including one and five patients who newly achieved complete 

response and very good partial response, respectively, after the primary analysis. The 
progression- free and overall survival rates at 24 months were 92.6% and 100%, re-
spectively. Serum IgM levels in all patients except one declined and were maintained 
at low levels, although transient increases occurred after temporal interruption of the 
study drug. The disease- related symptoms including recurrent fever and hypervis-
cosity mostly disappeared. Health- related quality of life, assessed by cancer- specific 
questionnaires, was mostly maintained. Grade 3– 4 neutropenia, lymphopenia, and 
leukopenia were newly recognized in three, two, and one patient, respectively. Grade 
3 treatment- related hypertriglyceridemia was also recognized. Nine patients experi-
enced grade 1– 2 bleeding events (33%), one patient experienced grade 2 treatment- 
related atrial fibrillation, and one patient experienced grade 1 treatment- related 
hypertension. Treatment- related skin adverse events were observed in 14 patients 
(52%). Taken together, tirabrutinib has durable efficacy with an acceptable safety pro-
file for treatment- naïve and refractory/relapsed Waldenström's macroglobulinemia.
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Patients received tirabrutinib orally at a daily dose of 480 mg 
under fasting conditions in a 28- day cycle until disease progres-
sion or exhibiting unacceptable toxicity. Tirabrutinib administration 
could be interrupted due to AEs, and resumed with a reduced daily 
dose of 320 mg or 160 mg.

2.3  |  Assessments

Patient baseline characteristics were recorded upon enrollment. 
The L265P mutation in MYD88 was identified using real- time poly-
merase chain reaction and an allele- specific oligonucleotide,12 and 
the warts, hypogammaglobulinemia, infection, and myelokathexis 
syndrome (WHIM)- like mutations in CXCR413,14 were identified by a 
next generation sequencing system.15

Responses were assessed according to the VIth International 
Workshop for Waldenström's Macroglobulinemia,16 and classified 
into CR, VGPR, PR, MR, SD, and PD. The primary endpoint was the 
MRR assessed by the IRC; MRR refers to the proportion of patients 
with a best response of CR, VGPR, or PR and ORR refers to the pro-
portion of patients with a best response of CR, VGPR, PR, or MR. 
Other secondary endpoints included ORR, time to response, dura-
tion of response, PFS, OS, change of serum IgM levels, and change 
of the sum of the products of the greatest diameters (SPD). To as-
sess QOL, patients were periodically asked to answer the cancer- 
specific QOL questionnaire (QLQ- C30) developed by the European 
Organization for Research and Treatment of Cancer and using the 
EuroQol 5 Dimension (EQ- 5D) system.

Adverse events that emerged by 28 days after the last dose of 
the study drug and before the subsequent therapy were identified 
and graded according to the National Cancer Institute Common 
Terminology Criteria for Adverse Events, version 4.0.3.

2.4  |  Statistics

The safety was assessed in all patients who had received tirabru-
tinib at least once. The efficacy was assessed in patients who had 
the baseline serum IgM value and had one or more response scores 
evaluated by the IRC. The Clopper– Pearson method estimated 95% 
CIs for MRR and ORR. The duration of response, PFS, and OS, and 
their corresponding 95% CIs were analyzed using the Kaplan– Meier 
method. A transient increase of the serum IgM level was defined as a 
≥25% and ≥500 mg/dl increase from the last measurement.8,17

3  |  RESULTS

3.1  |  Patient characteristics

Patient baseline characteristics were summarized in the primary ar-
ticle11; key baseline characteristics are shown in Table 1. The median 
age was 71 years, and 81% patients were male. The median serum 

IgM levels at baseline were 3787.5 mg/dl in Cohort A and 2105 mg/dl 
in Cohort B. A majority (76%) in Cohort A and all patients in Cohort B 
had the L265P- mutated MYD88 and wild type CXCR4 genotype; the 
genotype in one patient in Cohort A was missing.

The median follow- up period of all patients, Cohort A, and 
Cohort B was 24.8 months, 23.8 (range, 22.1– 25.8) months, and 25.4 
(range, 15.0– 26.0) months, respectively. At the time of data cutoff, 
15 (83%) and 7 (78%) patients in Cohorts A and B, respectively, were 
continued on the study drug (Figure 1). Reasons for discontinuation 
were AE (atypical mycobacterial infection; patient #18 in Figure 1), 
the physician's discretion (#17), and withdrawal of consent (#8) in 
Cohort A, and PD (#27) and withdrawal of consent (#26) in Cohort B. 
The tirabrutinib administration had been interrupted in one patient 
(#16) in Cohort A after 4.8- month treatment because suppression of 
normal IgG and IgA level was observed and the physician considered 
it to be a risk of infection; this patient achieved VGPR during the 
interruption and was without progression.

3.2  |  Response and survival

The IRC- assessed MRR was 92.6% in all patients; 94.4% in Cohort 
A and 88.9% in Cohort B (Table 2). In total, the number of patients 
who achieved a best response of CR and VGPR increased from 0 to 
1 and from 3 to 8, respectively, after the time of data cutoff for the 
primary analysis; three patients in Cohort A newly achieved VGPR, 
and one and two patients in Cohort B newly achieved CR and VGPR, 
respectively. One patient with MR at the primary analysis in Cohort 
A achieved PR afterward. The patient who achieved CR had the MY
D88L265P/CXCR4wildtype genotype. Major response rate (MRR) in three 
patients harboring the MYD88L265P/CXCR4WHIM genotype increased 
to 100% from 66.7% at the primary analysis. The median time to 
IRC- assessed major response (CR, VGPR, and PR) was unchanged 
from the primary analysis: 1.9 (range, 1.0– 20.3) months in Cohort A 
and 2.1 (range, 1.0– 3.7) months in Cohort B.

By the time of data cutoff, all patients were alive, and one patient 
in each cohort had PD after achieving PR (Figure 2). The two PD 
occurred in patients with the MYD88L265P/CXCR4wildtype genotype. 
The PFS rate at 24 months was 92.6% (95% CI, 73.5%– 98.11%) in all 
patients, 94.4% (95% CI, 66.6%– 99.2%) in Cohort A, and 88.9% (95% 
CI, 43.3%– 98.4%) in Cohort B although multiple censors appeared 
at 22 months.

All patients, except one patient in Cohort A, achieved more 
than a 50% reduction in the serum IgM levels (Figure S1A); after 
the primary analysis, the serum IgM levels of most patients fur-
ther reduced and were maintained at low levels (Figure S1B). One 
patient in Cohort A retained a serum IgM level comparable with 
that at enrollment. The serum IgM level increased upon discon-
tinuation of the study drug in three patients. In total, six patients, 
four in Cohort A and two in Cohort B, experienced a transient in-
crease (≥25% and ≥500 mg/dl increase) of the serum IgM level that 
occurred after temporal interruption of the study drug, predomi-
nantly due to AEs but not at any specific timing of the treatment 
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course; the earliest one was observed at cycle 5 and the latest at 
cycle 25. The best response of these six patients was PR or VGPR, 
and no other withdrawal symptoms such as recurrent fever, night 
sweats, and fatigue (B- symptoms) were concurrently recorded ex-
cept for temporal reduction in hemoglobin level in one patient in 
Cohort B.

All patients who had measurable lesions achieved more than 
a 50% reduction in the SPD, and mostly maintained the shrunken 
size (Figure S2). Median hemoglobin levels were retained at the 
favorable levels during the study drug administration (Figure S3). 
Waldenström's macroglobulinemia- related symptoms observed 
in ≥3 (10%) patients were B- symptoms or fatigue; hyperviscosity; 
peripheral neuropathy due to WM; and anemia, hemoglobin ≤10 g/
dl, which mostly resolved over time (Figure 3 and Figure S4; each 
symptoms).

3.3  |  QOL

Figure S5 shows the score change in QLQ- C30. The mean base-
line score (standard deviation) was 69.1 (24.0) in the global health 
status, 92.6 (10.4) in the physical functioning, 90.7 (14.1) in the 
role functioning, 84.9 (13.3) in the emotional functioning, 82.7 
(19.9) in the cognitive functioning, 93.8 (9.4) in the social function-
ing, 23.9 (17.4) in fatigue, 1.2 (4.4) in nausea and vomiting, 11.1 

(15.3) in pain, 14.8 (23.3) in dyspnea, 9.9 (20.3) in insomnia, 9.9 
(22.3) appetite loss, 12.3 (18.8) in constipation, 12.3 (22.9) in di-
arrhea, and 6.2 (20.7) in the financial difficulties. Overall, these 
scores were maintained during the study drug administration. The 
EQ- 5D index score and the visual analog scale (EQ- VAS) score at 
baseline were 0.858 (standard deviation, 0.158) and 77.3 (stand-
ard deviation, 16.1), respectively, and were also maintained during 
the study drug administration (Figure S6). Figure S7 shows QOL 
in patient subgroups classified by the response, CR/VGPR or PR/
MR/SD.

3.4  |  Safety

All patients exhibited any grade AEs, and 39% and 56% of the pa-
tients in Cohort A and B, respectively, exhibited grade 3– 4 AEs 
(Table 3). The major grade 3– 4 AEs were neutropenia (22%), lym-
phopenia (19%), and leukopenia (11%); after the time of data cutoff 
for the primary analysis, three, two, and one patients newly expe-
rienced grade 3– 4 neutropenia, lymphopenia, and leukopenia, re-
spectively. A grade 3 hypertriglyceridemia that was considered to be 
related to the study drug was newly observed in Cohort A. A grade 3 
anaphylactic reaction and a grade 3 increased lipase were also newly 
observed, both of which were not considered to be related to the 
study drug. A grade 1 hypertension considered to be related with 

TA B L E  1  Key baseline characteristics

Cohort A
Treatment naïve (N = 18)

Cohort B
Relapsed/refractory (N = 9) All (N = 27)

Age

Median (years) 70.5 (50– 82) 71 (60– 83) 71 (50– 83)

<65 years 6 (33) 3 (33) 9 (33)

65– 74 years 5 (28) 4 (44) 9 (33)

≥75 years 7 (39) 2 (22) 9 (33)

Serum IgM

Median (mg/dl) 3787.5 (1392– 6340) 2105 (730– 6930) 3600 (730– 6930)

>4000 mg/dl 7 (39) 2 (22) 9 (33)

Hemoglobin

Median (g/dl) 10.45 (8.0– 15.3) 12.2 (9.1– 13.9) 10.6 (8.0– 15.3)

≤10 g/dl 7 (39) 4 (44) 11 (41)

Symptoms observed in ≥10% patients

Recurrent fever, night sweats, weight 
loss, or fatigue

5 (28) 1 (11) 6 (22)

Hyperviscosity 6 (33) 1 (11) 7 (26)

Peripheral neuropathy due to WM 2 (11) 1 (11) 3 (11)

Genotypea

MYD88wildtype/CXCR4WHIM 1 (6) 0 1 (4)

MYD88L265P/CXCR4wildtype 13 (76) 9 (100) 22 (85)

MYD88L265P/CXCR4WHIM 3 (18) 0 3 (12)

Note: Data are numbers of patients (%) or median (range).
aGene mutation data were missing in one patient in Cohort A.
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the study drug was observed in one patient in Cohort B. No grade 5 
AEs were observed.

Including six patients who were reported at the primary analysis, a 
total of nine patients, five (28%) in Cohort A and four (44%) in Cohort 
B, experienced bleeding AEs, grades of which were 1– 2; no grade 3 or 
higher bleeding events were observed (Table 4). After the time of data 
cutoff for the primary analysis, one patient in Cohort B who achieved 
PR reported grade 1 treatment- related atrial fibrillation at day 1 of 
cycle 13. The administration of the study drug was interrupted in 
cycle 15, and resumed from cycle 16; grade 2 atrial fibrillation was 
observed during the study drug interruption. Another patient in 
Cohort B reported atrial fibrillation at the end of cycle 1 that was not 
considered to be related to the study drug, and continued the ther-
apy with an achievement of VGPR. Treatment- related AEs (TRAEs) 
of interest are shown in Table S1. Skin TRAEs including rash and ery-
thema multiforme were observed in 13 (72%) and 1 (11%) patients in 
Cohorts A and B, respectively (Table S1). Fifteen patients in Cohort A 
and eight patients in Cohort B took sulfamethoxazole– trimethoprim 
(TMP– SMZ) as a prophylactic treatment for Pneumocystis jirovecii 
pneumonia, of whom 10 patients in Cohort A and one patient in 
Cohort B suffered skin TRAEs. Conversely, three patients in Cohort 
A who did not receive TMP– SMZ experienced skin TRAEs. One grade 
3 erythema multiforme, and one rash erythematous were recognized 
in patients in Cohort A who received TMP– SMZ.

The time of the first onset of TRAEs of interest is shown in 
Figure 4. Most skin disorders were developed within 1 month after 
the first dose, whereas the first onset of cytopenia and infection 
were observed throughout the observation period.

4  |  DISCUSSION

With a median follow- up of 24.8 months, tirabrutinib in treatment- 
naïve and refractory/relapsed WM demonstrated an improvement 
of response status; one, five, and one patients newly achieved 
CR, VGPR, and PR, respectively. Decreased serum IgM levels and 
shrunken lesion sizes were mostly maintained throughout the 24- 
month treatment period, suggesting a durable response to tirabru-
tinib. Additionally, WM- related symptoms including recurrent fever, 
fatigue, hyperviscosity, and peripheral neuropathy mostly resolved 
after the administration of tirabrutinib. Concerning the survival 
analysis, the 24- month PFS and OS rate were 92.6% and 100%, 
respectively.

Several clinical trials of BTK inhibitors including ibrutinib, acal-
abrutinib, and zanubrutinib for symptomatic WM have been report-
ed.18– 20 Although the direct comparison of different studies may be 
inappropriate due to different patient characteristics, the efficacy 
and safety in these studies with follow- up periods comparable with 

F I G U R E  1  Duration of treatment and 
responses. A swimmer plot shows the 
duration of treatment, the first timings of 
responses, and the timing of progressive 
disease for each patient
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those of the current study would be useful to interpret the differ-
ence in efficacy and safety of each BTK inhibitor in patients with 
WM. With a median follow- up of 59 months, the MRR of ibrutinib 
monotherapy was 79.4%, and the 5- year PFS rate was 54% in pre-
viously treated patients.18 A second- generation BTK inhibitor, aca-
labrutinib, achieved an MRR of 78.3%, and the 2- year PFS rates in 
treatment- naïve and previously treated WM were 90% and 82%, 
respectively.19 Recently, the results of the phase III clinical trial com-
paring ibrutinib with a second- generation BTK inhibitor, zanubruti-
nib, monotherapy for untreated and previously treated WM (ASPEN 
clinical trial) were reported.20 The MRR of ibrutinib and zanubrutinib 
were not different, 78% and 77%, respectively, and the 18- month 
PFS rates were 84% and 85%, respectively. Focusing efficacies in 
our study, the MRR was 92.6% and the 24- month PFS rate was 

92.6%, which are consistent with or even higher than those of other 
BTK inhibitor studies.

In the current study, six out of 27 patients experienced a tran-
sient increase of the serum IgM level due to temporal interruption 
of tirabrutinib. These events occurred not at any specific timing 
of the treatment because the timing ranged between cycles 5– 25 
and all of these patients were responders with PR or better. A ret-
rospective review at the Dana- Farber Cancer Institute reported 
that IgM rebounded following ibrutinib discontinuation occurred 
in 73% of patients with WM, mostly during the first 2 months 
after the discontinuation.8 Furthermore, 114 of 189 patients with 
WM (60%) required temporal ibrutinib interruption during ibruti-
nib therapy for WM, and 22 patients (19%) developed withdrawal 
symptoms including transient IgM elevation, fever, body aches, 

F I G U R E  2  Progression- free (A) and 
overall (B) survival. Overall survival in all 
patients is shown
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and night sweats.21 These symptoms, however, resolved rapidly 
following the reinsertion of ibrutinib. In the 3- year follow- up data 
of a phase I/II study of zanubrutinib, 36 of 77 patients with WM 
(47%) required dose holds, and 18 experienced an IgM rebound of 
≥50%, most of which resolved after re- administration of zanubru-
tinib.22 The mechanisms of IgM rebound and withdrawal symp-
toms after transient BTK inhibitor interruption are interpreted as 
a hyperactive immune state similar to the cytokine- release syn-
drome. The optimal strategy of interrupting BTK inhibitors should 
be further studied.

Compared with individuals without cancer, patients with NHL re-
ported a greater decline in physical and mental health over 2 years.23 
Other studies similarly demonstrated that patients with NHL with 
active disease or receiving chemotherapy had a worse QOL.24,25 
Although current knowledge of QOL in patients with WM is still lim-
ited, in the ASPEN clinical trial, exploratory QOL results using EQ- 
5D and QLQ– C30 scales demonstrated a trend toward improvement 
throughout zanubrutinib and ibrutinib treatments, especially among 
patients who obtained a VGPR.20 In the present study, QOL was 
mostly maintained during the study drug administration. A longer 
observation is warranted to further assess the impact of tirabrutinib 
regarding QOL assessments. Recently, a global WM patient- derived 
data registry capturing treatment and QOL outcomes, named the 
WhiMSICAL project, was launched.26 In the preliminary results of 
the project using the QLQ- C30 global scale, patients taking BTK in-
hibitor had higher QOL scores compared with those not receiving 
BTK inhibitor.

Ibrutinib is often accompanied by AEs including atrial fibrillation, 
bleeding events, and hypertension, leading to discontinuation of the 
treatment in 5%– 10% of patients with WM.5,7– 9 Systematic reviews 
of ibrutinib studies using eight randomized controlled trials for B- cell 
malignancies revealed a relative risk for atrial fibrillation and hyper-
tension of 4.69 and 2.82, whereas patients suffering life- threatening 
arrhythmias have also been reported.27– 29 In the ASPEN clinical trial, 
patients receiving zanubrutinib had a lower incidence of atrial fibril-
lation, bleeding AEs, and hypertension compared with those taking 

ibrutinib, leading to lower treatment discontinuation rate in patients 
on zanubrutinib treatment.20 These results supported the idea that 
the second- generation BTK inhibitor could minimize off- target ef-
fects such as HER2 and TEC kinases and reduce toxicities related 
to BTK inhibitors. In the present analysis, two patients, including 
one reported at the primary analysis, experienced grade 1– 2 atrial 
fibrillation. Focusing bleeding AEs and hypertension, nine patients 
experienced grade 1– 2 bleeding AEs, and one patient had grade 
1 hypertension. No new grade ≥3 TRAEs were observed except for 
hypertriglyceridemia. Throughout the study period, only one patient 
discontinued tirabrutinib administration due to an AE (atypical my-
cobacterial infection).

Other notable TRAEs were skin TRAEs including rash and 
erythema. A recent review reported that both acalabrutinib and 
zanubrutinib are associated with a range of dermatological AEs 
not different from those in ibrutinib treatment.30 In contrast, the 
incidence of skin TRAEs in the present study, which appeared 
mostly within 1 month after the first dose, was relatively higher 
than those of other BTK inhibitor studies, although grade ≥3 of 
them were rare. Rash is usually considered to be an EGFR- related 
toxicity using BTK inhibitors31,32 and dermatologic AEs are rela-
tively common in patients with EGFR inhibitors.31– 34 EGFR inhi-
bition was also recognized in ibrutinib and zanubrutinib, but not 
in acalabrutinib and tirabrutinib according to the percentage of 
inhibition and IC50 values reported for BTK inhibitors.30 In the 
present study, 10 of 15 patients in Cohort A and one of eight 
patients in Cohort B taking TMP– SMZ had skin TRAEs, whereas 
three patients in Cohort A without TMP– SMZ prophylaxis expe-
rienced skin TRAEs. One grade 3 erythema multiforme, and one 
rash erythematous were recognized in Cohort A with TMP– SMZ. 
In a phase I/II study of tirabrutinib for relapsed/refractory pri-
mary central nervous system lymphoma,35 24 of 44 patients were 
complicated with skin AEs (54.5%). Thirty- six patients (81.8%) 
received TMP– SMZ, and five of seven patients who developed 
grade ≥3 skin AEs received TMP– SMZ. Taken together, TMP– SMZ 
might affect the incidence and severity of skin TRAEs in this study. 

F I G U R E  3  Patients with major 
symptoms. Major symptoms that were 
observed in ≥3 patients (recurrent fever, 
night sweats, weight loss, or fatigue; 
hyperviscosity; peripheral neuropathy 
due to WM; hemoglobin, ≤10 g/dl) were 
monitored overtime. The number of 
patients with any of these symptoms 
was set to 100%. The number of patients 
who had symptoms at baseline and who 
continued to be followed up at day 1 in 
each 28- day cycle is shown
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TA B L E  3  Any grade adverse events occurring in ≥2 patients and grade 3– 4 adverse events

Adverse events

Cohort A
Treatment- naïve (N = 18)

Cohort B
Relapsed/refractory (N = 9) All (N = 27)

Any grade Grade 3– 4 Any grade Grade 3– 4 Any grade Grade 3– 4

Any 18 (100) 7 (39) 9 (100) 5 (56) 27 (100) 12 (44)

Rash 11 (61) 0 1 (11) 0 12 (44) 0

Neutropenia 3 (17) 2 (11) 5 (56) 4 (44) 8 (30) 6 (22)

Nasopharyngitis 3 (17) 0 4 (44) 0 7 (26) 0

Leukopenia 2 (11) 0 4 (44) 3 (33) 6 (22) 3 (11)

Lymphopenia 2 (11) 2 (11) 3 (33) 3 (33) 5 (19) 5 (19)

Stomatitis 3 (17) 0 2 (22) 0 5 (19) 0

Constipation 3 (17) 0 1 (11) 0 4 (15) 0

Insomnia 3 (17) 0 1 (11) 0 4 (15) 0

Pneumonia 3 (17) 0 1 (11) 0 4 (15) 0

Hypertriglyceridemia 2 (11) 1 (6) 1 (11) 0 3 (11) 1 (4)

Diarrhea 3 (17) 0 0 0 3 (11) 0

Pruritus 3 (17) 0 0 0 3 (11) 0

Rash maculopapular 3 (17) 0 0 0 3 (11) 0

Thrombocytopenia 3 (17) 0 0 0 3 (11) 0

Nausea 2 (11) 0 1 (11) 0 3 (11) 0

Pyrexia 2 (11) 0 1 (11) 0 3 (11) 0

Purpura 1 (6) 0 2 (22) 0 3 (11) 0

Dry skin 2 (11) 0 0 0 2 (7) 0

Joint pain 2 (11) 0 0 0 2 (7) 0

Paronychia 2 (11) 0 0 0 2 (7) 0

Upper respiratory tract infection 2 (11) 0 0 0 2 (7) 0

Urinary tract infection 2 (11) 0 0 0 2 (7) 0

Atrial fibrillation 1 (6) 0 1 (11) 0 2 (7) 0

Cataract 1 (6) 0 1 (11) 0 2 (7) 0

Epistaxis 1 (6) 0 1 (11) 0 2 (7) 0

Hyperkalemia 1 (6) 0 1 (11) 0 2 (7) 0

Indigestion 1 (6) 0 1 (11) 0 2 (7) 0

Pharyngitis 1 (6) 0 1 (11) 0 2 (7) 0

Weight decreased 1 (6) 0 1 (11) 0 2 (7) 0

Bronchitis 0 0 2 (22) 0 2 (7) 0

Contusion 0 0 2 (22) 0 2 (7) 0

Fall 0 0 2 (22) 0 2 (7) 0

Anaphylactic reaction 1 (6) 1 (6) 0 0 1 (4) 1 (4)

Atypical mycobacterial infection 1 (6) 1 (6) 0 0 1 (4) 1 (4)

Erythema multiforme 1 (6) 1 (6) 0 0 1 (4) 1 (4)

Increased lipase 1 (6) 1 (6) 0 0 1 (4) 1 (4)

Rash erythematous 1 (6) 1 (6) 0 0 1 (4) 1 (4)

Rhegmatogenous retinal 
detachment

1 (6) 1 (6) 0 0 1 (4) 1 (4)

Type 2 diabetes 0 0 1 (11) 1 (11) 1 (4) 1 (4)

Note: Adverse events occurring in ≥2 patients and those with grade 3– 4 are listed. Number (%) of patients is shown.
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Additionally, the rate of skin AEs was obviously higher in Cohort 
A in the present study. Recently, Uchida and colleagues reported 
that non- prior chemotherapy was a significantly high- risk factor 
for skin toxicities in patients with NHL receiving bendamustine 
alone or with rituximab.36 The underlying mechanism was not 
clarified; however, they speculated that T- cell function was main-
tained in chemotherapy- naïve patients compared with that in re-
lapsed or refractory patients. Regarding skin AEs in tirabrutinib, 
further studies would be required.

Because this phase II study was conducted only in Japan with a 
small number of patients, our findings should be further verified in 
a larger patient population. Although the overall efficacy and safety 
of tirabrutinib for WM is apparently comparable with those of other 
BTK inhibitors, this single- arm study could not make a direct com-
parison of BTK inhibitors. While most patients achieved favorable 
responses including CR, WM has generally indolent clinical progres-
sion and, therefore, a longer follow- up observation may be required 
for appropriate assessments of the tirabrutinib treatment.

In summary, data presented in this 24- month follow- up analysis 
revealed that tirabrutinib has durable efficacy with an acceptable 
safety profile for treatment- naïve and refractory/relapsed WM.
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