
Regular Article
CLINICAL TRIALS AND OBSERVATIONS
Ibrutinib and venetoclax as primary therapy in
symptomatic, treatment-naïve Waldenström
macroglobulinemia
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• The combination of
ibrutinib and
venetoclax induced
deep and durable
responses in treatment-
naïve patients with
Waldenström
macroglobulinemia.

• Planned study therapy
was stopped early due
to a higher-than-
expected occurrence of
ventricular arrhythmia
in 4 of the 45
participants.
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Concurrent Bruton tyrosine kinase and BCL2 inhibition has not yet been investigated in
Waldenström macroglobulinemia (WM). We performed an investigator-initiated trial of
ibrutinib and venetoclax in symptomatic treatment-naïve patients with MYD88-mutated
WM. Patients received ibrutinib 420 mg once daily (cycle 1), followed by a ramp-up of
venetoclax to 400 mg daily (cycle 2). The combination was then administered for 22 addi-
tional 4-week cycles. The attainment of very good partial response (VGPR) was the primary
end point. Forty-five patients were enrolled in this study. The median baseline character-
istics were as follows: age 67 years, serum IgM 43 g/L, and hemoglobin 102 g/L. Seventeen
patients (38%) carried CXCR4 mutations. Nineteen patients (42%) achieved VGPR. Grade 3
or higher adverse events included neutropenia (38%), mucositis (9%), and tumor lysis
syndrome (7%). Atrial fibrillation occurred in 3 (9%), and ventricular arrhythmia in 4 (9%)
patients that included 2 grade 5 events. With a median follow-up of 24.4 months, the 24-
month progression-free survival (PFS) and overall survival (OS) rates were 76% and 96%,
respectively, and were not impacted by CXCR4mutations. The median time on therapy was
10.2 months, and the median time after the end of therapy (EOT) was 13.3 months. Eleven
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of the 12 progression events occurred after EOT, and the 12-month PFS rates after EOT were 79%; 93% if VGPR was
attained, and 69% for other patients (P = .12). Ibrutinib and venetoclax induced high VGPR rates and durable responses
after EOT, although they were associated with a higher-than-expected rate of ventricular arrhythmia in patients with
WM, leading to early study treatment termination. This trial was registered at www.clinicaltrials.gov as #NCT04273139.
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Introduction
Waldenström macroglobulinemia (WM) is an indolent lym-
phoma characterized by malignant accumulation of immuno-
globulin M (IgM)-secreting lymphoplasmacytic cells in the bone
marrow (BM) and other organs.1 Somatic mutations in MYD88
and CXCR4 have been detected in 90% to 95% and 30% to
40% of patients with WM, respectively.2-8 Clinically, CXCR4
mutations are associated with higher serum IgM levels, higher
rates of symptomatic hyperviscosity, and acquired von Wille-
brand disease.9-11

Because WM is incurable with available therapies and
patients with WM can survive for decades,12 more treatment
options are needed. Current frontline treatment options
| VOLUME 143, NUMBER 7
include chemoimmunotherapy or Bruton tyrosine kinase (BTK)
inhibitors, which have proven safe and effective in patients with
WM.13 Chemoimmunotherapy provides the option of finite-
duration therapy, but potential downsides include parenteral
administration, IgM flare, development of secondary myeloid
malignancies, and significant infection risk.14-17 BTK inhibitors,
on the other hand, provide ease of oral administration; however,
they have an indefinite therapy duration and cumulative risks of
cardiac arrhythmia, hypertension, and bleeding.18-23

The first-in-class BTK inhibitor ibrutinib is highly effective in
treating WM and has been associated with a very good partial
response (VGPR) rate of 30% in treatment-naïve patients with
WM.22,24 CXCR4 mutations adversely impact the time to
response, VGPR rate, and progression-free survival (PFS) with
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Figure 1. CONSORT diagram.
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ibrutinib.11,25 The BCL2 antagonist venetoclax, administered
orally for 24 months, showed high efficacy in previously treated
patients with WM and induced a VGPR rate of 19%.26 CXCR4
mutations impacted the VGPR rate to venetoclax but not PFS.
Although half of the patients who experienced disease pro-
gression did so within a year of stopping venetoclax therapy, a
sustained response after therapy completion was observed.26

In our preclinical experiments, the combination of ibrutinib and
venetoclax synergistically induced higher death rates in WM and
primary cell lines.27 Furthermore, the combination of ibrutinib
and venetoclax is safe and effective in other B-cell malignancies,
such as chronic lymphocytic leukemia (CLL) and mantle cell
lymphoma (MCL).28-30 Therefore, we executed a prospective
study to evaluate the safety and efficacy of an orally adminis-
tered, chemotherapy-free, finite-duration combination of ibruti-
nib and venetoclax for primary treatment of patients with WM.
-m
ain.pdf by guest on 06 N

ovem
ber 2024
Methods
Study design and oversight
This study was an investigator-initiated, multicenter, single-arm,
prospective phase 2 trial of a combination of ibrutinib and
venetoclax in patients with previously untreated WM. The study
enrolled patients at the Dana-Farber Cancer Institute (DFCI),
Massachusetts General Hospital, and Beth Israel Deaconess
Medical Center in Boston, Massachusetts. Enrollment began in
July 2020 and was closed in January 2022. The date of data
cutoff was 31 May 2023. This study was approved by the DFCI’s
institutional review board. All the patients provided written
informed consent for participation. Pharmacyclics and AbbVie
provided the research funding and study drugs. The trial was
registered under ClinicalTrials.gov #NCT04273139.

Study patients
Individuals aged 18 years or older with a clinicopathological
diagnosis of WM, per the second International Workshop for
WM (IWWM2) criteria,31 were eligible if they were previously
untreated, had an Eastern Cooperative Oncology Group
IBRUTINIB AND VENETOCLAX IN WM
performance ≤2, adequate BM function (ie, absolute neutrophil
count ≥1.0 × 109/L, platelet count ≥50 × 109/L, and hemoglobin
≥80 g/L), creatinine clearance ≥50 mL/min, adequate hepatic
function, and met the IWWM2 criteria to receive therapy.32

MYD88 wild-type mutational status, central nervous system
involvement, active HIV, hepatitis B or hepatitis C infection,
concurrent therapy for other cancers, clinically significant car-
diovascular disease, ongoing use of warfarin or medications
that could prolong the QT interval, or current pregnancy or
breastfeeding were excluded from the study. A CONSORT
diagram is shown in Figure 1.

Study treatment
All the treatments were administered orally in an outpatient
setting. The cycles were administered every 28 days. Cycle 1
consisted of ibrutinib 420 mg once daily. In cycle 2, ibrutinib
was continued and venetoclax was administered once daily at
100 mg for 1 week, 200 mg for 1 week, and 400 mg for 2 weeks.
Three days before initiating venetoclax, participants started
allopurinol 300 mg orally once daily and 2-liter-per-day oral
hydration for tumor lysis syndrome prophylaxis. If oral hydration
was not optimal, 2 liters of normal saline was administered
intravenously in the clinic before the dose of venetoclax. Allo-
purinol was continued for cycle 2. From cycles 3 to 24, partic-
ipants received ibrutinib 420 mg and venetoclax 400 mg once
daily, unless there was disease progression or unacceptable
toxicity. Granulocyte colony-stimulating factor support was
permitted for an absolute neutrophil count <1.0 K/μL. A tem-
porary hold of ibrutinib before and after invasive procedures
was recommended to minimize bleeding risk. Dose reductions
for both drugs were allowed for toxicity.

Assessments
Complete blood counts, a comprehensive metabolic panel, and
serum immunoglobulin levels were measured at baseline, once
monthly for the first 3 months, and quarterly thereafter for the
study duration. Tumor lysis syndrome monitoring with a com-
plete metabolic panel, lactate dehydrogenase, phosphorus,
and uric acid levels took place at 0, 8, and 24 hours on day 1 of
each venetoclax dose increase. BM aspiration and biopsies
were obtained at baseline and at 6, 12, and 24 months, and
were evaluated at each participating institution. Computerized
tomography scans with intravenous contrast were obtained at
baseline and repeated at 6, 12, and 24 months if there was
evidence of extramedullary disease at screening.

The primary objective was to determine the VGPR rate, defined
as a decrease in serum IgM level of ≥90% compared with
baseline or normalization of serum IgM level with a persistent
IgM monoclonal protein in serum immunofixation electropho-
resis through 24 months of therapy. Despite the observed
clinical benefits with minor and partial responses (PRs) in routine
clinical care, VGPR was selected as the primary outcome for
research purposes, given its use in recent practice-changing
randomized clinical trials and growing evidence associating
VGPR with longer PFS in WM.23,33-35 Secondary objectives
included determining the overall response rate (ORR, minor
response or better), major response (PR or better), time to minor
response, time to major response, time to VGPR, PFS, time to
next treatment (TTNT), overall survival (OS), and drug safety.
Categorical responses were defined according to the modified
15 FEBRUARY 2024 | VOLUME 143, NUMBER 7 583
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IWWM6 criteria.36 Adverse events were graded according to
the National Cancer Institute Common Terminology Criteria for
Adverse Events, version 5.

MYD88 L265P mutations were assessed using an allele-specific
polymerase chain reaction (AS-PCR) assay in CD19-selected BM
cells,2 as well as an in-house, clinically validated next-
generation sequencing (NGS) panel (Rapid Heme Panel) and
an AS-PCR assay in unselected BM cells.37 CXCR4 mutations
were assessed as previously described using an AS-PCR assay
and Sanger sequencing in CD19-selected BM cells6 and the
Rapid Heme Panel in unselected BM cells.37

Statistical analysis
A sample size of 50 participants was estimated using a 2-sided
alpha level of 0.03 and a power of 80%, assuming a null VGPR
rate of ≤25% and an alternative VGPR rate of ≥45%, based on
previously reported VGPR rates to ibrutinib and venetoclax
separately.

Continuous variables were dichotomized. Descriptive statistics
such as proportions, medians, and ranges were calculated and
reported. Subset analyses were performed to identify groups
with differential outcomes and were meant to be hypothesis-
generating, although with a special interest in evaluating dif-
ferences according to CXCR4 mutational status. Differences
between group the categories were assessed using Fisher exact
test. Logistic regression models were used to investigate the
association between baseline characteristics and attainment of
Table 1. Baseline characteristics of participants according to

Characteristic All participants (n = 45) C

Age >65 y 24 (53%)

Male sex 30 (67%)

Hemoglobin level <115 g/L 33 (73%)

Platelet count <100 × 109/L 3 (7%)

Serum β2-microglobulin ≥3 mg/L 28 (64%)

Serum IgM level ≥40 g/L 26 (58%)

Serum IgM level ≥70 g/L 6 (13%)

BM involvement ≥60% 26 (58%)

Adenopathy ≥1.5 cm 24 (53%)

Splenomegaly ≥15 cm 12 (27%)

Acquired von Willebrand disease 9 (20%)

Cryoglobulinemia 3 (7%)

Low IPSSWM score 9 (20%)

Intermediate IPSSWM score 16 (36%)

High IPSSWM score 19 (43%)

≥12 mo from WM diagnosis 18 (40%)

IPSSWM, International Prognostic Scoring System for WM; MUT, mutated; WT, wild-type.
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VGPR, and outcomes were reported as odds ratio (OR) with
95% confidence interval (CI). The Kaplan-Meier method was
used for time-to-event analyses with censoring, and the log-
rank test was used to assess differences between groups. Cox
proportional hazard regression models were fitted to evaluate
factors associated with time-to-event and outcomes reported as
hazard ratio with 95% CI. P-values <.05 indicate statistical sig-
nificance. Statistical analyses and graphs were performed using
STATA 17.0 (College Station, TX).
Results
Baseline characteristics
Forty-five participants with MYD88-mutated WM were enrolled.
The indications for treatment included symptomatic anemia
(n = 27; 60%), symptomatic hyperviscosity (n = 12; 27%),
constitutional symptoms (n = 11; 24%), symptomatic extra-
medullary disease (n = 4; 9%), and peripheral neuropathy (n = 3;
7%). Median baseline characteristics were as follows: age 67
years (range, 38-81); serum IgM level 43 g/L (range, 5.7-92);
hemoglobin 102 g/L (range, 75-153); platelet count 274 × 109/L
(range, 75-596); and BM involvement 60% (range, 5-90). CXCR4
mutations were detected in 17 patients (38%), of which 10 were
nonsense and 7 were frameshift mutations. In 14 participants,
CXCR4 mutation detection was concordant between AS-PCR
and NGS results. However, in 3 participants, CXCR4 muta-
tions were detected by AS-PCR but not in the NGS panel.
Categorized baseline characteristics according to CXCR4
mutational status are shown in Table 1. Patients with CXCR4
CXCR4 mutational status

XCR4 WT (n = 28) CXCR4 MUT (n = 17) P value

15 (54%) 9 (53%) .60

19 (68%) 11 (65%) .54

20 (71%) 13 (76%) .50

0 (0%) 3 (18%) .05

20 (74%) 8 (47%) .11

14 (50%) 12 (71%) .22

3 (11%) 3 (18%) .66

16 (57%) 10 (59%) .58

18 (64%) 6 (35%) .07

10 (36%) 2 (12%) .08

2 (7%) 7 (41%) .02

2 (7%) 1 (6%) .67

3 (11%) 6 (35%) .06

13 (48%) 3 (18%)

11 (40%) 8 (47%)

11 (39%) 7 (41%) .57

CASTILLO et al

7/582/2213695/blood_bld-2023-022420-m
ain.pdf by guest on 06 N

ovem
ber 2024



D
ow

nloaded from
 http://ashpublications.org/blood/article-p
mutations were more likely to have acquired von Willebrand
disease (41% vs 7%; P = .02), defined as von Willebrand anti-
gen, ristocetin cofactor, and factor VIII activity levels of <30%.
The median serum IgM level in participants with acquired von
Willebrand disease was 64 g/L (range, 44-92). There were no
differences in baseline characteristics between participants with
nonsense and frameshift CXCR4 mutations (supplemental
Table 1, available on the Blood website).

Response to therapy
At the best response, 19 participants (42%) attained a VGPR, 24
(53%) a PR, and 2 (4%) a minor response (Figure 2A), for an ORR
of 100% and a major response rate of 96%. There were no
complete responses, although 1 participant with CXCR4 WT
disease attained normalization of blood counts, serum IgM
levels, serum electrophoresis and immunofixation, and
clearance of BM infiltrate but had persistent lymphadenopathy
≥1.5 cm at 1 site. CXCR4 mutations were associated with a
numerically, but not statistically significantly, lower VGPR rate
(29% vs 50%; P = .15; Figure 2B). There was no difference in
VGPR between participants with frameshift and nonsense
CXCR4 mutations (P = .59). The univariate and multivariate
logistic regression models for VGPR attainment are shown in
supplemental Table 2.

The median time to a minor response was 0.9 months (95% CI,
0.9-1), the median time to a major response was 1.8 months
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Figure 2. Response to therapy. Categorical response rates in all patients (A) and
according to the CXCR4 mutation status (B). MR, minor response.
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(95% CI, 1.4-1.9), and the median time to VGPR was not
reached, with 6-, 12- and 18-month VGPR rates of 33% (95% CI,
22-49), 40% (95% CI, 27-56), and 43% (95% CI, 30-60),
respectively. CXCR4 mutations were not associated with a
longer time to VGPR (not reached vs 17.3 months; hazard ratio,
0.51; 95% CI, 0.19-1.43; P = .20). There was no difference in the
time to VGPR between patients with frameshift and nonsense
CXCR4 mutations (P = .41). The univariate and multivariate Cox
proportional hazard regression models for the time to VGPR are
shown in supplemental Table 3.

At best response, hemoglobin levels normalized in all partici-
pants who presented with anemia (n = 27). Symptoms resolved
in all participants who presented with hyperviscosity (n = 12).
Neuropathic symptoms remained stable in the 3 participants
who presented with neuropathy. Of the 24 participants with
lymphadenopathy (≥1.5 cm), 16 (67%) showed resolution and 4
(17%) showed a reduction in lymphadenopathy after treatment.
There was an increase in lymphadenopathy in 2 (8%) partici-
pants, including 1 who transformed to diffuse large B-cell lym-
phoma and 1 with mesenteritis unrelated to WM. There was no
follow-up imaging in 2 participants. Of the 12 participants with
splenomegaly (≥15 cm), 11 (92%) showed normalized splenic
size after treatment. There was no follow-up imaging in 1
participant. After treatment, the median BM disease involve-
ment decreased from 60% to 5% (range, 0%-70%; P < .001).

Survival analysis
At a median follow-up time of 24.4 months (95% CI, 21.8-26.2),
there were 12 progression events and 2 deaths. Five patients
started a new therapy. The 24-month PFS rate was 76% (95% CI,
59-86; Figure 3A). CXCR4 mutations did not impact PFS
(P = .89; Figure 3B). There was no difference in PFS between
patients with frameshift and nonsense CXCR4 mutations
(P = .43). The univariate and multivariate Cox proportional
hazard regression models for PFS are shown in supplemental
Table 4. The 24-month next-treatment-free rate was 89%
(95% CI, 72-96; Figure 3C). The 24-month OS rate was 96%
(95% CI, 84-99; Figure 3D). CXCR4 mutations did not impact
TTNT (P = .43) or OS (P = .27).

The median number of cycles administered was 10 (range, 2-22),
with a median time on therapy of 10.2 months (range, 1.9-20.8
months). The median time after the end of therapy (EOT) was
13.3 months (95% CI, 12.9-13.5). Eleven progression events
occurred after EOT, and the 12-month PFS rate after EOT was
79% (95% CI, 63-88; Figure 4A). CXCR4 mutations did not
impact the 12-month PFS rate after EOT (84% vs 71%; P = .35;
Figure 4B). Time on therapy of ≥12 vs <12 months did not impact
the 12-month PFS rate after EOT (77% vs 81%; P=.76; Figure 4C).
The 12-month PFS rate after EOT in participants who attained
VGPR was 93% and 69% in those who did not (P = .12;
Figure 4D).

Thirty-one participants underwent a BM biopsy 12 months after
EOT. The median BM disease burden was 8% (range, 0%-80%).
No emergent mutations in BTK or TP53 were observed.
Safety
Grade 2 or higher adverse events associated with ibrutinib and
venetoclax therapy are shown in Table 2. The most common
15 FEBRUARY 2024 | VOLUME 143, NUMBER 7 585
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Figure 3. PFS, TTNT, and OS analysis. Kaplan-Meier estimates of PFS in all participants (A) and according to CXCR4mutational status (B), TTNT in all participants (C), and OS
in all participants (D).
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grade ≥3 adverse events observed in more than 1 participant
were neutropenia, mucositis, diarrhea, laboratory tumor lysis
syndrome, and atrial fibrillation. Grade 4 neutropenia events
(n = 4) were resolved with granulocyte-colony stimulating factor
therapy, prompting dose reduction of venetoclax in 1 partici-
pant. Mucositis and diarrhea (n = 7) responded to a temporary
hold of study therapy, prompting dose reduction of ibrutinib in
2, venetoclax in 2, and both ibrutinib and venetoclax in 1
participant. None of the patients in whom the doses were
reduced progressed after the EOT. All tumor lysis syndrome
events (n = 3) were laboratory-based and managed in an
outpatient setting with rasburicase and normal saline. There was
no clinical tumor lysis syndrome. The 3 participants who
developed atrial fibrillation were managed medically and
continued the study therapy without disruption.

Two grade 5 and 1 grade 4 ventricular arrhythmia events
occurred, leading to termination of the study therapy in the
latter case. The accrual was stopped after the second event of
grade 5 ventricular arrhythmia. All the remaining participants
were tested for cardiac enzyme levels and underwent electro-
cardiography, echocardiography, and cardiac stress tests to
586 15 FEBRUARY 2024 | VOLUME 143, NUMBER 7
assess cardiovascular health. The study therapy was stopped in
all participants after a grade 2 ventricular arrhythmia event
occurred in a participant undergoing a cardiac stress test. The 3
participants with grade ≥3 ventricular arrhythmias were male,
older than 65 years, and had significant, though well-controlled,
cardiac comorbidities including a history of arrhythmia, coro-
nary artery disease, hypertension, hypercholesterolemia, dia-
betes, or obesity. Three participants stopped treatment before
early termination of the study therapy. One because of intra-
cranial bleeding possibly related to study therapy in a patient
with a previously unknown benign brain lesion, 1 because of
transformation to diffuse large B-cell lymphoma, and 1 because
of grade 4 ventricular arrhythmia.

The median number of expected doses of ibrutinib and ven-
etoclax was 307 (range, 58-625). The dose intensity for ibrutinib
was 97.6% (range, 83%-100%), and that for venetoclax was
98.3% (range, 83%-100%).

The median serum IgG level decreased from 5.7 g/L (range,
1.1-83 g/L) at baseline to 4.4 g/L (range, 1.1-32 g/L) during
follow-up (P = .01). The median serum IgA level decreased from
CASTILLO et al
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Figure 4. PFS after end-of-treatment analysis. Kaplan-Meier estimates of PFS in all participants after the end of treatment (A) and according to CXCR4mutational status (B),
time on treatment (C), and VGPR attainment (D).
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Discussion
Herein, we present the results of an investigator-initiated pro-
spective phase 2 study evaluating concurrent BTK and BCL2
inhibition in patients with WM. We combined ibrutinib and
venetoclax to provide chemotherapy-free, all-oral, finite-
duration treatment, which is supported by previous preclinical
and clinical evidence. The outcome of interest in this study was
the attainment of VGPR or better within 24 months of fixed-
duration therapy. With a median follow-up time of 24 months
and a median of 10 cycles of therapy, 19 (42%) patients attained
VGPR. However, the study therapy was stopped early because
of a higher-than-expected rate of ventricular arrhythmia.

The VGPR rate reported here was higher than that expected
for both ibrutinib monotherapy in the frontline setting and
IBRUTINIB AND VENETOCLAX IN WM
venetoclax monotherapy in the relapsed setting, previously
reported by our group at 30% at 50 months of active therapy22

and 19% at 33 months of follow-up.26 However, the proportion
of patients with CXCR4 mutations differed between these
studies, with a higher proportion of CXCR4 mutations in
ibrutinib and venetoclax monotherapy studies, which could
partly account for the observed differences. The VGPR rate
observed here is comparable to the 10% to 40% reported with
rituximab-containing regimens as frontline treatment in pre-
vious prospective clinical trials.38-40 Overall, our findings
strongly suggest a likely additive effect of combining BTK and
BCL2 inhibitors in WM, similar to that reported for CLL and
MCL.

Clinically, the combination of BTK and BCL2 inhibition induced
normalization of hemoglobin levels and resolution of hypervis-
cosity symptoms and extramedullary disease in most patients
exposed to these agents. The responses were fast, with a
median time to minor and major response of 0.9 and 1.8
months, respectively, comparable to ibrutinib monotherapy.24

Interestingly, the BM disease burden decreased from 60% at
15 FEBRUARY 2024 | VOLUME 143, NUMBER 7 587



Table 2. Grade 2 or higher adverse events associated with ibrutinib and venetoclax therapies

Adverse event Grade 2 Grade 3 Grade 4 Grade 5

Alanine aminotransferase increase 1

Anemia 1

Anorexia 1

Arthralgia 5 1

Atrial fibrillation 1 2

Bruising 2

Diarrhea 11 3

Fatigue 2 1

Gastroesophageal reflux disease 12

Headache 1

Hematoma 1

Hematuria 1

Hyperphosphatemia 8

Hypertension 2 1

Hyponatremia 1

Intracranial hemorrhage 1

Lung infection 2

Malaise 1

Mucositis 9 4

Myalgia 3

Nausea 5

Neutropenia 2 13 4

Platelet decrease 1

Skin rash 5

Soft tissue infection 2 1

Tumor lysis syndrome 3

Upper respiratory infection 4

Urinary tract infection 5

Ventricular arrhythmia 1 1 2
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baseline to 5% at best response. The BM clearance was better
than that reported with ibrutinib monotherapy and similar to
that reported with venetoclax monotherapy. Again, the
different proportions of patients with CXCR4 mutations may
have affected the results. Therefore, concurrent BTK and BCL2
inhibition provides fast responses with effective BM clearance,
building on the best features of ibrutinib and venetoclax.
588 15 FEBRUARY 2024 | VOLUME 143, NUMBER 7
The presence of CXCR4 mutations have been associated with a
longer response time, lower VGPR rates, and shorter PFS in
patients with WM treated with BTK inhibitors.20-22 CXCR4
mutations also impacted the VGPR rate but not PFS, to ven-
etoclax monotherapy in WM.26 This study showed a trend
toward fewer VGPRs in patients with CXCR4 mutations. How-
ever, although the follow-up duration was relatively short,
CASTILLO et al
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CXCR4 mutations did not appear to impact PFS, TTNT, or OS
with ibrutinib and venetoclax. In our previous reports, a differ-
ence in PFS between patients with and without CXCR4
mutations was evident within 12 months of ibrutinib mono-
therapy.21,22 Despite the small sample size, our findings sug-
gest that concurrent BTK and BCL2 inhibition may partially
overcome the impact of CXCR4 mutations on patient with WM
outcomes.

There was a higher-than-expected rate of ventricular arrhythmia
at 9%, including 2 deaths, prompting us to stop accrual and
study therapy. The rate of ventricular events has not been
previously observed in studies evaluating the combination of
ibrutinib and venetoclax for CLL or MCL. Four prospective
studies evaluated the combination of ibrutinib and venetoclax
as a frontline treatment in patients with CLL.30,41-43 In all
studies, the doses of ibrutinib and venetoclax were similar to
those used in our study. In addition, 3 studies evaluated this
combination in patients with MCL.28,44,45 In these studies, the
doses of ibrutinib and venetoclax were higher.

The etiology of the cardiovascular events observed in our study
remains to be determined, as postmortem evaluations were not
performed per the patient’s family request, and pharmacoki-
netic samples from participants were not obtained as part of this
study. All events occurred within cycles 3 and 7 when patients
were on full doses of both agents and at a time when electrolyte
derangements due to tumor lysis syndrome were unlikely.
Potential hypothetical explanations for our observation include
an unknown underlying cardiac involvement by amyloid or
paraprotein deposition; a higher risk of cardiac events in the
participants given the personal history of coronary artery dis-
ease or risk factors such as hypertension, hypercholesterolemia,
atrial fibrillation, diabetes, or obesity; a potential pharmaco-
logical interaction between ibrutinib and venetoclax exacer-
bated by the underlying paraproteinemia of WM; or a random
occurrence independent of the intervention or the participants.
There was no clinical suspicion of systemic light-chain
amyloidosis in these patients, although formal evaluations for
amyloidosis were not performed at the baseline.

The durability of the off-therapy response was a secondary
outcome of interest in this study. Previous studies have
reported that half of the patients experienced disease pro-
gression within 4 weeks of stopping ibrutinib monotherapy,46

supporting indefinite-duration therapy. In the case of ven-
etoclax, half of the patients experienced disease progression
within 1 year of stopping therapy, with most progression events
occurring in the first 5 months off therapy.26 After a median time
off therapy of 13 months, the 12-month PFS rate after EOT was
79%, which appeared to be more durable than that observed
with ibrutinib or venetoclax monotherapy. Of importance was
the absence of acquired mutations in BTK and TP53, which
have been reported with long-term use of BTK inhibitors and
exposure to chemotherapy, respectively. A longer follow-up is
needed to better understand the response durability of the
combination of ibrutinib and venetoclax in WM.

Based on the serious and unexpected cardiac toxicity reported
here, the combination of ibrutinib and venetoclax is not
IBRUTINIB AND VENETOCLAX IN WM
recommended for the treatment or further investigation of WM.
A study combining ibrutinib, venetoclax, and rituximab
(NCT04840602) was suspended, given these findings. How-
ever, concurrent BTK and BCL2 inhibition induced a high VGPR
rate in patients with WM. Moreover, our findings suggested
durable responses off-therapy in many participants, supporting
further investigation of concurrent BTK and BCL2 inhibition.
The emergence of second-generation covalent and novel
noncovalent BTK inhibitors with lower rates of cardiac events
and minimal pharmacological interactions with BCL2 antago-
nists could provide safer combinations for patients with
WM.35,47,48 Based on this hypothesis, we initiated a phase 2
study combining pirtobrutinib and venetoclax in previously
treated patients with WM, given the rare incidence of arrhyth-
mias reported with pirtobrutinib (NCT05734495). A careful
selection of participants is warranted in future studies that
combine BTK and BCL2 inhibitors in WM, including a complete
cardiac disease history, electrocardiogram, echocardiogram,
and stress test, as deemed clinically necessary.
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