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I N TRODUC TION

Waldenström macroglobulinaemia (WM) is an indolent lym-
phoma characterized by the presence of an IgM paraprotein 
and bone marrow infiltration by lymphoplasmacytic cells.1 
The most common somatic mutation found in more than 90% 
of patients with WM is an amino acid substitution (L265P) 
in MYD88.2,3 This mutation promotes growth and survival 
of malignant cells in WM via Toll-like receptor signalling in-
volving Bruton tyrosine kinase (BTK) activation. Based on 
this aberrant signalling, BTK inhibitors have become an im-
portant treatment option for WM and other B-cell malignan-
cies. Ibrutinib was the first FDA-approved BTK inhibitor and 
is used in the treatment of chronic lymphocytic leukaemia 

(CLL), marginal zone lymphoma, mantle cell lymphoma, and 
WM. Ibrutinib has shown activity in WM in multiple stud-
ies, including an initial phase 1 study designed for treatment 
of relapsed or refractory B-cell malignancies, in which four 
participants had WM and three of these patients achieved a 
haematologic response.4 In this study, pharmacokinetic data 
demonstrated rapid absorption and elimination of ibrutinib 
with peak plasma concentrations of the drug achieved within 
one to two hours of dosing. There was no evidence of drug 
accumulation with repeated dosing and no data to suggest a 
difference in drug metabolism based on age or sex. Ibrutinib 
was then administered at a dose of 420 mg orally once daily 
in a single-arm open label pivotal study with 63 symptomatic 
patients with previously treated WM and showed an overall 
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Summary
Waldenström macroglobulinaemia (WM) is characterized by the presence of a 
MYD88L265P mutation. This mutation promotes growth and survival of malignant cells 
through Bruton tyrosine kinase (BTK) activation. Ibrutinib was the first BTK inhibitor 
approved for WM. Intolerance to ibrutinib frequently leads to dose reductions, though 
the impact of reducing ibrutinib dosing has not been systematically studied. We per-
formed a retrospective study to determine the frequency and impact of reducing ibru-
tinib dosing in WM patients. With a median treatment time of 64 months, 96 (27%) 
of 353 WM patients required a dose reduction due to adverse events such as musculo-
skeletal symptoms, cardiac events, dermatologic symptoms, cytopenias, and gastroin-
testinal symptoms. The median time to initial dose reduction was 9.3 months (range, 
0.5–74). Dose reductions were more common in those 65 years of age or older versus 
under 65 [hazard ratio (HR) 2.46, 95% confidence interval (CI) 1.55–3.90; p < 0.001], 
and in females versus males (HR 2.20, 95% CI 1.41–3.28, p < 0.001). Most patients (65%) 
had improvement or resolution of adverse effects after initial dose reduction. With a 
median follow-up of three years from dose reduction, hematologic response sustained 
or deepened in 79% of patients. These data suggest that dose reduction of ibrutinib is a 
reasonable treatment approach for patients with intolerable side effects.
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response rate of 91% and a major response rate of 73%.5,6 An 
additional trial was initiated for patients with symptomatic, 
treatment-naïve WM and overall response rate was 100% 
and major response rate was 83%.7,8 The response activity of 
ibrutinib in combination with rituximab was also shown to 
be superior to rituximab alone in a phase 3 randomized study 
in WM, leading to FDA approval of ibrutinib in combination 
with rituximab for the treatment of symptomatic WM.9,10

Ibrutinib was efficacious and well-tolerated in these clin-
ical trials though treatment-emergent adverse events were 
reported. The most common adverse effects included neu-
tropenia and thrombocytopenia, in addition to bleeding 
and bruising, infections, atrial fibrillation and hypertension. 
Despite these adverse effects, most patients were able to con-
tinue therapy without dose adjustments, although in the trial 
for treatment-naïve disease two patients stopped therapy due 
to cardiac arrhythmia and drug-induced hepatitis, and two 
patients had dose reductions related to foot pain and rash. In 
the trial of patients with relapsed or refractory disease, 16% 
of patients required dose reductions due to toxicity, as may 
be expected in a heavily pretreated population.

Ibrutinib has remarkable efficacy, but dose reductions 
may be required due to intolerable adverse effects. However, 
the rate of dose reduction and the outcomes of patients after 
dose reduction have not been evaluated systematically in 
WM. We sought to determine the rate of dose reduction, as 
well as the effect of dose reduction on haematologic response 
and rate of adverse event resolution, in a large cohort of pa-
tients with WM treated with ibrutinib.

M ETHODS

We performed a retrospective analysis of consecutive pa-
tients seen at our centre between May 2012 and October 
2020 who received ibrutinib. Of the patients with WM who 
were seen during this timeframe and treated with ibrutinib, 
pertinent clinicopathological data were collected, including 
age at diagnosis, age at ibrutinib initiation, sex, reasons for 
treatment initiation, and disease characteristics. Response 
to ibrutinib was assessed using modified response criteria 
from the 6th International Workshop for WM criteria.11,12 
A decrease of 25%–49%, 50%–89%, and ≥90% in serum IgM 
levels denoted minor (MR), partial (PR), and very good par-
tial (VGPR) responses. Normalization of serum IgM level, 
no monoclonal IgM spike, bone marrow clearance and reso-
lution of adenopathy and splenomegaly were required for 
complete response (CR). The overall response rate included 
MR or better, and major response rate included PR or better. 
Progression-free survival (PFS) was defined as the time be-
tween ibrutinib initiation and disease progression or death 
from any cause. Overall survival (OS) was defined as the 
time between ibrutinib initiation and death from any cause.

Descriptive statistics were used to present baseline patient 
and disease characteristics. Differences between variables 
were assessed using the rank sum test for continuous vari-
ables and the chi-squared for categorical variables. Variables 

included in the analysis included age at ibrutinib initiation 
(≤65 years vs >65 years), sex (male vs female), treatment sta-
tus (previously untreated vs previously treated), haemoglo-
bin level (≤115 g/L vs >115 g/L), platelet count (≤100 K/μl vs 
>100 K/μl), serum IgM level (≤4000 mg/dl vs >4000 mg/dl), 
β2-microglobulin (≤3 mg/L vs >3 mg/L), bone marrow infil-
tration (≥60% vs <60%), CXCR4 mutational status (mutated 
vs wild-type), serum albumin (≥3.5  g/dl vs >3.5  g/dl), and 
International Prognostic Scoring System (IPSSWM; low vs 
intermediate vs high) were used to identify factors associated 
with dose reduction. Time to events were estimated using 
the Kaplan–Meier method for incomplete observations, and 
comparisons between survival distributions were assessed 
using the log-rank test. Cox proportional hazards regres-
sion models were fitted to assess variable associated with 
dose reductions and with PFS. The outcomes of the Cox pro-
portional hazards regression models are reported as hazard 
ratio (HR) with 95% CI. P-values <0.05 were considered sta-
tistically significant. Calculations and graphs were obtained 
using STATA 17 (StataCorp, College Station, TX, USA).

R E SU LTS

We identified 383 patients with WM who received treatment 
with ibrutinib. Thirty patients were excluded from evalua-
tion due to ibrutinib initiation above or below the FDA ap-
proved dose of 420 mg once daily (n = 27) or prolonged dose 
reduction due to drug–drug interactions (n = 3) (Figure 1). 

F I G U R E  1   Study schematic. WM, Waldenström 
macroglobulinaemia.
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The baseline characteristics for the 353 patients included in 
the analysis are shown in Table 1. Anaemia, constitutional 
symptoms, symptomatic hyperviscosity (or risk of hyper-
viscosity), extramedullary disease, and neuropathy were the 
most common reasons for treatment initiation. In all, 323 
patients (92%) received ibrutinib as monotherapy and 30 
(8%) in combination with rituximab. With a median on-
treatment duration of 64 months (95% CI 56–not reached), 
96 patients (27%) required dose reductions for intolerance. 
Of the 115 previously untreated patients, 35 (30%) required 
a dose reduction and 64 (26%) of the 238 previously treated 
patients had a dose reduction. Initial dose reduction was 
from 420 mg to 280 mg in all but three patients in which the 
dose reduction was to 140 mg (Figure 1). These included nine 
patients (9%) who also received rituximab, which was simi-
lar to the number of patients without dose reduction, 21/257 

(8%). The most common reasons for dose reduction included 
musculoskeletal symptoms (n = 27, 28%) such as myalgias, 
arthralgias, and muscle cramps; cardiac events, such as ar-
rhythmia, hypertension, and palpitations (n = 17, 18%); nail, 
skin, or hair changes (n = 16, 17%); cytopenias (n = 16, 17%); 
and gastrointestinal symptoms, such as diarrhoea, nausea, 
and reflux (n  =  13, 14%) (Table  2). Of the 96 patients that 
required a dose reduction in ibrutinib, 25 (26%) required a 
second dose reduction.

The median time to first dose reduction from initiation 
of ibrutinib was 9.3  months (range, 0.5–74), and the time 
to first dose reduction was 7.1  months and 10.5  months 
in those with treatment-naïve and previously treated dis-
ease respectively. The median time to second dose reduc-
tion was 21.6 months (range, 2–75). The median follow-up 
after dose reduction was 35 months (95% CI 30–41). The 
cumulative incidence rates of dose reduction at one, two, 
and three years were 18% (95% CI 14–23), 25% (95% CI 
20–30), and 28% (95% CI 23–34) respectively (Figure 2A). 
The three-year dose reduction rate was higher for patients 
of 65 years of age or older (38%, 95% CI 31–47) than those 
younger than 65 years of age (14%, 95% CI 8–21; p < 0.001; 
Figure 2B). The three-year dose reduction rate was higher 
for women (38%, 95% CI 29–49) than men (23%, 95% CI 
17–30; p < 0.001; Figure 2C).

Univariate Cox proportional hazards regression models 
are shown in Table 3. There was a higher risk of dose reduc-
tion for patients of 65 years or older than for those younger 
than 65 at ibrutinib initiation (HR 2.46, 95% CI 1.55–3.90; 
p < 0.001) and a higher risk in women than men (HR 2.20, 
95% CI 1.47–3.28; p < 0.001). In a multivariate Cox regres-
sion model including age and sex, both variables were inde-
pendently associated with dose reductions; the adjusted HR 
was 2.44 (95% CI 1.54–3.87; p < 0.001) for patients of 65 years 
or older when compared with patients younger than 65, and 
2.19 (95% CI 1.47–3.27; p < 0.001) for women when compared 
with men. An additional multivariate model including age, 
sex and an interaction term between age and sex confirmed 
both variables were independently associated with dose re-
duction, with a HR of 3.28 (95% CI 1.62–6.63; p = 0.001) for 
patients of 65 years or older compared with patients younger 
than 65 and a HR of 3.28 (95% CI 1.47–7.32; p = 0.004) for 
women compared with men.

Of the 96 patients requiring a dose reduction, 63 patients 
(65%) had either complete resolution of all their intolerance 
symptoms (n = 22; 23%) or improvement in at least one of 
their symptoms (n = 41; 43%) that prompted the initial dose 
reduction. Conversely, 27 patients (28%) had no change in 
symptoms. Twenty-four of these patients then had a second 
dose reduction. Among these, six patients (25%) had im-
provement or resolution of symptoms after a second dose 
reduction to 140 mg.

Seventeen patients had a dose reduction due to cardiac 
symptoms, which included palpitations, arrhythmias, and 
hypertension. Ten of these patients had atrial fibrillation 
as the reason for dose reduction. Two patients had a history 
of previously treated atrial fibrillation and were in sinus 

T A B L E  1   Patients' characteristics

Dose 
reduction 
(n = 96)

Full dose 
(n = 257) p-value

Median age at WM diagnosis, 
years (range)

65 (42–89) 60 (34–91) p = 0.02

Female sex, n (%) 49 (51) 78 (30) p < 0.001

Male sex, n (%) 47 (49) 179 (70)

Characteristics at ibrutinib 
initiationa

Median age, years (range) 71 (44–96) 66 (40–93) p = 0.04

Treatment naïve at ibrutinib 
initiation, n (%)

35 (36) 80 (31) p = 0.34

Age ≤ 65 years 25 (26) 117 (46) p = 0.01

Age > 65 years 71 (74) 140 (54)

Haemoglobin level ≤ 115 g/L 65 (74) 165 (69) p = 0.43

Haemoglobin level > 115 g/L 23 (26) 73 (31)

Platelet count ≤100 K/μl 11 (13) 30 (13) p = 0.99

Platelet count >100 K/μl 74 (87) 201 (87)

Serum IgM level ≤ 4000 mg/dl 58 (62) 150 (60) p = 0.66

Serum IgM level > 4000 mg/dl 35 (38) 101 (40)

β2-microglobulin level ≤3 mg/L 17 (29) 54 (35) p = 0.41

β2-microglobulin level >3 mg/L 41 (71) 99 (65)

Bone marrow infiltrate, ≥60% 37 (50) 91 (52) p = 0.81

Bone marrow infiltrate, <60% 37 (50) 85 (48)

CXCR4 mutated 20 (32) 75 (42) p = 0.16

CXCR4 wild-type 43 (68) 103 (58)

Albumin level <3.5 g/dl 24 (31) 61 (29) p = 0.81

Albumin level ≥3.5 g/dl 54 (69) 147 (70)

Low IPSSWM 11 (19) 39 (26) p = 0.42

Intermediate IPSSWM 18 (31) 49 (33)

High IPSSWM 29 (50) 61 (41)

aData missing for the following number of patients: haemoglobin (n = 27), platelet 
count (n = 37), serum IgM level (n = 9), β-2 microglobulin level (n = 142), bone 
marrow involvement (n = 103), serum albumin (n = 67), CXCR4 mutational status 
(n = 112).
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rhythm at the time treatment was started. The remaining 
eight patients had no prior history of atrial fibrillation. Of 
those 10 patients, four had persistent atrial fibrillation after 
dose reduction, five had reduction in the frequency of the 
atrial fibrillation episodes, and one patient had no recur-
rence of the arrhythmia. Three patients had hypertension 
which resolved after dose reduction in two patients but was 
unchanged in the third patient.

Twelve patients had dose reductions related to bleeding. 
In most cases (n = 6) the bleeding was characterized as bruis-
ing, with the other cases related to gastrointestinal, intra-
cerebral, and genitourinary bleeding. Three patients (25%) 
had improvement in bleeding with one dose reduction and 
one additional patient (8%) had improvement with a second 
dose reduction. The remaining eight patients (67%) had no 
improvement in bleeding with dose reductions.

Of the patients with gastrointestinal symptoms, eight 
had diarrhoea, two had abdominal discomfort/pain, three 
had nausea, and one had reflux. Six patients with diarrhoea 
(75%) had improvement with dose reduction. Abdominal 
discomfort/pain and reflux improved in all three patients. 
Nausea improved in two of three patients (67%).

We next sought to clarify the response outcome follow-
ing dose reduction by evaluating changes in categorical re-
sponses. At the time of dose reduction four patients (4%) 
had no response, 13 (14%) had a MR, 49 (51%) had a PR, 22 
(23%) had a VGPR, and one (1%) had a CR. Seven (7%) had 
an unknown response status. When excluding the latter, 70 
patients (79%) maintained their categorical haematologic 

response at a stable level (n  =  58, 65%) or showed an im-
proved categorical response (n  =  12, 14%) following dose 
reduction (Figure  3A). CXCR4 mutations were not associ-
ated with disease progression after ibrutinib dose reduction 
(p = 0.59). Among the twelve patients who had an improve-
ment in their haematologic response, five went from PR to 
VGPR, four from MR to PR, two from MR to VGPR, and 
one from stable disease to MR. Fourteen patients had no fol-
low-up after dose reduction. Twelve patients (13%) had pro-
gression of disease. Of those who progressed, five patients 
were on 140 mg at the time of disease progression and seven 
patients were on 280 mg. Progression occurred at a range of 
one to 84 months after initial dose reduction with a median 
time to progression of 30 months. At the time of progression, 
two patients had ibrutinib dosing increased to a full dose of 
420 mg; one remained stable at the full dose for nine months 
before disease progression, and the other remained on full 
dose ibrutinib for an additional 18 months until the patient 
transitioned to another therapy due to recurrent side effects 
from ibrutinib. Two additional patients with progression of 
disease remain on ibrutinib, as they continue to derive clini-
cal benefit despite increases in serum IgM level.

The median follow-up for the entire cohort was 53 months 
(95% CI 47–57), without a difference between the patients in 
whom ibrutinib dose was reduced or not (p = 0.75). The me-
dian PFS was not yet reached, and the four-year PFS rate was 
78% (95% CI 72–83; Figure 3B) respectively. Patients requir-
ing a dose reduction had a better PFS than patients who did 
not with a four-year PFS rate of 85% (95% CI 74–92) versus 

T A B L E  2   Reasons for first ibrutinib dose reduction

Total (n)

Dose reduction  
occurred at <12 months 
n (%)

Dose reduction  
occurred at ≥12 months 
n (%)

Resolved or  
improved after dose 
reduction n (%)a

Rheumatologic (myalgias, 
arthralgias, muscle 
cramping)

28 17 (61) 11 (39) 20 (71)

Cardiac (arrhythmia, 
hypertension, palpitations)

17 11 (65) 6 (35) 11 (65)

Nail/skin/hair changes 16 10 (63) 6 (38) 9 (56)

Cytopenias 16 12 (75) 4 (25) 9 (56)

Gastrointestinal symptoms 
(diarrhoea, nausea, reflux)

13 6 (46) 7 (54) 10 (77)

Bleeding/bruising 12 5 (42) 7 (58) 4 (33)

Mucosal symptoms (dry 
mouth, oral ulcers, lip 
swelling)

8 7 (88) 1 (13) 6 (75)

Infection 8 5 (63) 3 (38) 7 (88)

Fatigue 8 5 (63) 3 (38) 5 (63)

Ocular (pemphigoid, dry eyes) 2 1 (50) 1 (50) 2 (100)

Liver and renal dysfunction 2 2 (100) 2 (100)

CNS (dizziness, cognitive 
changes)

2 2 (100) 1 (50)

Edema 2 2 (100) 0 (0)

aChanges in bleeding, cytopenias, edema, rheumatologic symptoms, and skin changes in six patients were unknown after dose reduction.
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75% (95% CI 68–81; p = 0.03; Figure 3C). The risk of progres-
sion or death was lower in patients who required a dose re-
duction with a HR of 0.52 (95% CI 0.29–0.93; p = 0.03). After 
adjusting for age at ibrutinib initiation and sex, the risk of 
progression or death was still significantly lower in patients 
who required a dose reduction (HR 0.50, 95% CI 0.27–0.91; 
p  =  0.02). When evaluating ibrutinib dose reduction as a 
time-varying covariate in a multivariate Cox proportional 
hazards regression model adjusting for age at ibrutinib 

initiation and sex, dose reduction was not associated with 
a better or worse PFS (HR 0.99, 95% CI 0.98–1.00; p = 0.12). 
The median OS was not yet reached, and the four-year OS 
rate was 88% (95% CI 83–91). There was no difference in OS 
between patients who required a dose reduction and the ones 
who did not (p = 0.56).

DISCUSSION

In this study, including over 350 patients with WM treated 
with ibrutinib, we show that 27% of patients required a dose 
reduction related to adverse effects. This is higher than 
demonstrated in the initial ibrutinib trials in WM5,7 and 
CLL13,14 but comparable to other recent publications of real-
world experiences with ibrutinib in CLL, including a recent 
report of a 24% rate of dose reduction, and a series report-
ing 18% dose reductions in patients with WM treated with 
ibrutinib.15,16 The potential side effects of ibrutinib are well 
known and include cytopenias, fatigue, atrial fibrillation, 
infections, bleeding, and musculoskeletal symptoms. These 
were among the most common reasons for dose reduction 
in our study and correlate well with the previously reported 
reasons for dose reduction in patients treated with ibrutinib 
for CLL and WM.

One novel finding in this study was the difference in dose 
reductions between men and women. We report a signifi-
cant difference between the number of men and women that 
require dose reduction, with dose reductions in a higher 
proportion of women than men (p < 0.001), although the 
reason for this is not clear. Prior pharmacokinetic data with 
ibrutinib in CLL patients has not shown a difference in drug 
exposure in males compared to females.17 It is not clear if 
the difference in dose reductions is related to pharmaco-
kinetic differences between males and females in WM, or 
potentially related to a difference between sexes in patient 
reporting of symptoms or provider response to adverse ef-
fects. Additionally, a significant difference in age was seen 
between patients requiring dose reduction and those who 
were able to tolerate the full dose. Again, the reason for this 
difference is not well understood but could be related to co-
morbid conditions, pharmacokinetic changes, differences 
in patient symptom reporting, or variations in provider 
response to adverse effects based on age. This difference in 
age was not noted in previous reports of patients with CLL 
requiring a dose reduction.18,19 Larger data sets are needed 
to explore these newly reported phenomena to determine if 
these are disease-specific or consistent throughout all popu-
lations taking ibrutinib. Furthermore, our statistical analy-
sis suggests both older age and female sex are independently 
associated with higher odds of ibrutinib dose reduction in 
patients with WM.

We noted in this study that most patients maintained 
their haematologic response after ibrutinib dose reduction. 
Although some data report a decline in outcomes for pa-
tients with prolonged interruptions in dosing of ibrutinib,20 
there are prior studies in CLL that have noted that outcomes, 

F I G U R E  2   Cumulative probability of dose reduction in all patients 
(A), and according to age (B) and according to sex (C). CI, confidence 
interval; OR, overall response.
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including PS, OS and response rates were similar in patients 
with CLL who are treated with a reduced dose of ibrutinib 
or with full dose.18,19 Our study supports this conclusion 
as most patients either maintained their haematologic re-
sponse or had a deepening of haematologic response after 
dose reduction.

Although haematologic response was maintained in most 
patients with a dose reduction, there were many patients 
who did not achieve resolution or improvement in adverse 
effects after dose reduction. This was especially true with 
bleeding, which improved in less than 50% of patients and 
in atrial fibrillation which remained unchanged in 40% of 
patients and resolved in only 10%. This suggests that, in ad-
dition to considering an ibrutinib dose reduction, providers 
could also consider changing to a more selective BTK in-
hibitor, such as acalabrutinib or zanubrutinib. Two recently 
completed randomized trials performed in patients with 
CLL and WM demonstrated decreased rates of adverse ef-
fects with zanubrutinib compared with ibrutinib and lower 
rates of treatment discontinuation related to adverse ef-
fects.21,22 The same was also demonstrated in a randomized 
trial comparing acalabrutinib and ibrutinib which showed 
non-inferior PFS with fewer cardiovascular side effects.23 
Additionally, recent data suggest that patients initiated on 

treatment with acalabrutinib or ibrutinib who develop intol-
erance to treatment could be switched to zanubrutinib with 
low risk of adverse-event recurrence.24

Of interest, it was noted in this study that patients necessi-
tating dose reductions because of adverse events might have 
a reduced risk of progression or death. The aetiology of the 
improved outcomes in those patients requiring dose reduc-
tion is not well understood but may be related to altered drug 
metabolism resulting in higher drug concentrations, higher 
sensitivity to BTK inhibition, decrease in life-threatening 
drug-related adverse effects, or a higher proportion of 
CXCR4 mutations in patients that did not have dose reduc-
tions, the latter of which may have led to a higher threshold 
for providers to recommend ibrutinib dose reduction due to 
concern about risk of disease progression. Additional studies 
are needed to confirm this finding and elucidate the under-
lying cause for this difference in outcomes.

This study is not without limitations however, as it is a ret-
rospective design including only patients with WM treated at 
a single centre. Dose reductions were dependent on the prac-
tices of the individual providers and the preferences of each 
patient. Factors that may affect risk of adverse effects, such 
as patient weight, liver function, and comorbidities have not 
been explored in this study, although they are areas of ongoing 

T A B L E  3   UnivariateCox proportional hazardss regression models evaluating the risk of ibrutinib dose reductions in patients with Waldenström 
macroglobulinaemia

Variables O/E HR (95% CI) p-value

Male sex, n (%) 47/65 Ref.

Female sex, n (%) 49/31 2.20 (1.47–3.28) <0.001

Age ≤ 65 years 25/44 Ref.

Age > 65 years 71/52 2.46 (1.55–3.90) <0.001

Haemoglobin level > 115 g/L 23/27 Ref.

Haemoglobin level ≤ 115 g/L 65/61 1.25 (0.78–2.01) 0.35

Platelet count >100 K/μl 74/76 Ref.

Platelet count ≤100 K/μl 11/9 1.25 (0.66–2.35) 0.50

Serum IgM level ≤ 4000 mg/dl 58/55 Ref.

Serum IgM level > 4000 mg/dl 35/38 0.86 (0.57–1.31) 0.49

β2-microglobulin level >3 mg/L 41/38 Ref.

β2-microglobulin level ≤3 mg/L 17/20 1.25 (0.71–2.21) 0.43

Bone marrow infiltrate, <60% 37/41 Ref.

Bone marrow infiltrate, ≥60% 37/33 0.82 (0.52–1.29) 0.39

CXCR4 wild type 43/39 Ref.

CXCR4 mutated 20/24 0.75 (0.44–1.28) 0.29

Albumin level ≥3.5 g/dl 24/21 Ref.

Albumin level <3.5 g/dl 54/58 1.25 (0.77–2.04) 0.36

Low IPSSWM 11/16 Ref.

Intermediate IPSSWM 18/20 1.31 (0.62–2.77) 0.48

High IPSSWM 29/22 1.92 (0.95–3.85) 0.07

Previously untreated 35/29 Ref.

Previously treated 61/67 0.77 (0.50–1.17) 0.22

Abbreviations: CI, confidence interval; HR, hazard ratio; IgM, immunoglobulin M; IPSSWM, International Prognostic Scoring System for Waldenström Macroglobulinemia; 
O/E, observed/expected.
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research. Additionally, second-generation BTK inhibitors were 
not available during the treatment period of this cohort, so 
this may have led to an underestimate of the proportion of pa-
tients in whom dose reduction or treatment change may have 
occurred earlier if the current repertoire of treatments were 
available sooner. Despite these limitations, this is the largest re-
port of ibrutinib dose tolerance in WM to date and we believe it 
provides important insights on patterns of ibrutinib use.

In conclusion, approximately 25% of WM patients in 
this series on ibrutinib required a dose reduction due to 

intolerable medication side effects. More dose reductions oc-
curred in women and in patients over 65 years old. In most 
patients, adverse effects improved or resolved with dose re-
duction. Importantly, haematologic response remained sta-
ble or improved in most patients despite dose reduction. A 
strategy of dose reduction should be considered for patients 
with adverse effects of ibrutinib, although switching to a dif-
ferent BTK inhibitor may be preferred in some cases. Dose 
reductions could also potentially be advisable with other 
BTK inhibitors, although additional studies that include an 
adequate representation of both females and older patients 
are needed to confirm these findings and explore utilization 
of newer therapies in WM.
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