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abstract

PURPOSE BCL2 is overexpressed and confers prosurvival signaling in malignant lymphoplasmacytic cells in
Waldenströmmacroglobulinemia (WM). Venetoclax is a potent BCL2 antagonist and triggers in vitro apoptosis of
WM cells. The activity of venetoclax in WM remains to be clarified.

PATIENTS AND METHODS We performed a multicenter, prospective phase II study of venetoclax in patients with
previously treated WM (NCT02677324). Venetoclax was dose-escalated from 200 mg to a maximum dose of
800 mg daily for up to 2 years.

RESULTS Thirty-two patients were evaluable, including 16 previously exposed to Bruton tyrosine kinase inhibitors
(BTKis). All patients wereMYD88 L265P–mutated, and 17 carriedCXCR4mutations. Themedian time tominor and
major responses was 1.9 and 5.1 months, respectively. Previous exposure to BTKis was associated with a longer
time to response (4.5 v 1.4 months; P, .001). The overall, major, and very good partial response rates were 84%,
81%, and 19%, respectively. The major response rate was lower in those with refractory versus relapsed disease
(50% v 95%; P5 .007). The median follow-up time was 33 months, and the median progression-free survival was
30 months. CXCR4 mutations did not affect treatment response or progression-free survival. The only recurring
grade $ 3 treatment-related adverse event was neutropenia (n 5 14; 45%), including one episode of febrile
neutropenia. Laboratory tumor lysis without clinical sequelae occurred in one patient. No deaths have occurred.

CONCLUSION Venetoclax is safe and highly active in patients with previously treated WM, including those who
previously received BTKis. CXCR4 mutation status did not affect treatment response.
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INTRODUCTION

Waldenströmmacroglobulinemia (WM) is characterized
by the malignant accumulation of immunoglobulin M
(IgM)-secreting lymphoplasmacytic cells in the bone
marrow (BM) and other organs.1 Treatment options for
WM include alkylating agents, anti-CD20 monoclonal
antibodies, proteasome inhibitors, and Bruton tyrosine
kinase inhibitors (BTKis).2 Highly recurring somatic
mutations in MYD88 and CXCR4 are found in patients
with WM, and can affect disease presentation, prog-
nosis, and treatment response to BTKis.3-5 WM remains
incurable, and new treatment options are needed.

BCL2 is an essential regulator of the intrinsic pathway of
apoptosis in normal and malignant cells. BCL2 is
overexpressed in WM lymphoplasmacytic cells, par-
ticularly in patients withWMwithMYD88mutations with
similar levels of BCL2 expression regardless of CXCR4
mutational status.6 Venetoclax is an oral BCL2 antag-
onist approved for the treatment of chronic lymphocytic
leukemia (CLL) and acute myeloid leukemia. In vitro
treatment of MYD88-mutated WM cells engineered to

express either wild-type or mutated CXCR4 with ven-
etoclax triggered apoptosis and sensitized cells to var-
ious chemotherapeutics including BTKis.6 In a
prospective phase I study, all four patients with WM
attained a major response to venetoclax.7

Herein, we report the safety and efficacy of this first,
prospective, multicenter study of venetoclax in re-
lapsed or refractory WM.

PATIENTS AND METHODS

Study Design and Oversight

This study was an investigator-initiated, multicenter,
prospective trial of single-agent venetoclax in patients
with previously treated WM. The study enrolled pa-
tients at the Dana-Farber Cancer Institute, Weill Cor-
nell Medical Center, City of Hope National Medical
Center, and Stanford University Medical Center. En-
rollment began in June 2016 and closed in February
2018. The date of data cutoff was December 31, 2020.
The study was approved by the institutional review
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board at all study sites. All patients provided written in-
formed consent for participation. AbbVie provided research
funding and study drug. The trial was registered under
ClinicalTrials.gov identifier NCT02677324.

Study Patients

Adults with a diagnosis of WM were eligible if they were
previously treated, had an Eastern Cooperative Oncology
Group performance of # 2, adequate BM function (ie,
neutrophil count $ 1.0 K/uL, platelet count $ 50 K/uL, and
hemoglobin $ 8 g/dL), creatinine clearance $ 50 mL/min,
adequate hepatic function, and met criteria to receive ther-
apy.8 Relapsed disease was defined as attaining a response
to previous therapy and meeting criteria for disease pro-
gression beyond 6 months after completing such therapy.9

Refractory disease was defined as not attaining a minor re-
sponse (MR) or progressing while on or within 6 months of
completing previous therapy. Exclusion criteria included CNS
involvement, active HIV, hepatitis B or hepatitis C infection,
concurrent therapy for other cancer, and current pregnancy
or breastfeeding. A flow diagram is shown in Figure 1.

Study Treatment

All treatments were provided in the outpatient setting. For the
first six patients, venetoclax was administered orally once
daily at 200 mg for 1 week, followed by 400 mg for 1 week,
and then 800 mg for 2 years. Starting with the seventh
patient, venetoclax was administered orally once daily at
400 mg for 1 week, followed by 800 mg for 2 years. Dose
reductions were allowed for toxicity (Appendix Table A1,
online only). Three days before venetoclax, all patients started
on allopurinol 300 mg once daily and 2-liter-per-day oral
hydration for tumor lysis prophylaxis. Allopurinol was con-
tinued for 4 weeks. If oral hydration was not optimal, 2 L of
normal saline was administered intravenously before the first
dose of venetoclax. Granulocyte colony-stimulating factor (G-
CSF) support was permitted for neutrophil count, 0.5 K/uL.

Assessments

Complete blood counts, 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 monitoring
with comprehensive metabolic panel, lactate dehydroge-
nase, phosphorus, and uric acid levels took place at 0, 8,
and 24 hours on day 1 of each dose increase. BM aspi-
ration and biopsies were obtained at baseline and 6, 12,
and 24 months, and were evaluated at each participating
institution. Computerized tomography scans with intrave-
nous 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 overall re-
sponse rate (ORR), which included MR, partial response
(PR), very good partial response (VGPR), and complete
response. Secondary objectives included determining
major response rate (PR or better), time to response, du-
ration of response (DOR), progression-free survival (PFS),
time to next treatment (TTNT), and drug safety. The re-
sponses were defined according to modified criteria from
the Sixth International Workshop on WM.9,10 Adverse
events were graded according to the National Cancer In-
stitute Common Terminology Criteria for Adverse Events,
version 4.03.

An allele-specific polymerase chain reaction assay was
used to detect MYD88 L265P mutations in CD19-selected
BM cells.11 CXCR4 mutational status was determined by
Sanger sequencing and allele-specific polymerase chain
reaction in CD19-selected BM cells.12

Statistical Analysis

A sample size of 32 participants was estimated using an
alpha level of .05 and a power of 90%, assuming a null
ORR # 40% and an alternative ORR $ 70%, on the basis

CONTEXT

Key Objective
Is venetoclax monotherapy a safe and effective therapy in patients with previously treated Waldenström macroglobulinemia

(WM)?
Knowledge Generated
Venetoclax monotherapy, up to a dose of 800 mg by mouth once daily for 2 years, induced a high response rate in patients

with WM, including 50% of patients previously exposed to Bruton tyrosine kinase inhibitors (BTKis) and 38% refractory to
the preceding line of therapy. Venetoclax was well tolerated with only one episode of laboratory (not clinical) tumor lysis
syndrome and manageable neutropenia. There were no episodes of immunoglobulin M flare, neuropathy, secondary
myeloid neoplasms, or arrhythmia associated with venetoclax therapy.

Relevance
The findings of our study establish venetoclax as an active and tolerable therapy in patients with previously treated WM,

regardless of previous exposure to BTKis. Given the manageable safety profile, future studies evaluating venetoclax in
combination with anti-CD20 monoclonal antibodies or BTKis are warranted.
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of response rates to other monotherapies in previously
treated patients with WM. Data were categorized to facilitate
analysis (Appendix Table A2, online only), and factors
evaluated in response and survival analyses. Descriptive
statistics, including proportions, medians, and ranges,
were calculated. Differences between group categories
were assessed using the Fisher exact test. The Kaplan-
Meier method was used for time-to-event analyses with
censoring, and the log-rank test to assess differences
between group categories. P values , .05 indicate sta-
tistical significance. Statistical analyses and graphs were
performed using STATA 17.0 (College Station, TX).

RESULTS

Patients and Disease Characteristics

A total of 33 patients were enrolled. One patient received
venetoclax but was excluded from the analysis because
further workup indicated this patient had IgM myeloma.
The malignant cells expressed cyclin D1 and harbored the

t(11;14) translocation. This patient attained an MR and
progressed after 8 months of therapy.

The baseline characteristics of all participants are shown in
Table 1. The median time from the previous therapy to
venetoclax initiation was 9 months (range, 1-115 months).
Seven patients were treated in first relapse, and previous
treatment included bortezomib, dexamethasone and
rituximab (n 5 4), bendamustine and ofatumumab
(n 5 1), BTKi (n 5 1), and ofatumumab (n 5 1). Of the
11 refractory patients, four were refractory to proteasome
inhibitor–based regimens, three to BTKi, two to single agent
anti-CD20 monoclonal antibodies, one to bendamustine and
rituximab, and one to a phosphatidylinositol-3 kinase inhibitor.

Sixteen patients (50%) were previously treated with a BTKi.
BTKis were the last therapy before venetoclax in 11 patients
with a median time from BTKi cessation to venetoclax
initiation of 3 months (range, 1-15 months), of whom eight
were intolerant and three had progressed on BTKis. In the
remaining five patients, one was intolerant and four had
progressed on BTKis. The median time of BTKi exposure
was 10 months (range, 2-83 months).

The MYD88 L265P mutation was detected in all patients.
CXCR4mutations were detected in 17 patients, including 12
nonsense and five frameshift variants. Patients with CXCR4
mutations were less likely to have adenopathy $ 1.5 cm
(12% v 53%; P5 .01) and had a lower median serum beta-
2-microglobulin level (2.6 v 4.9 mg/dL; P 5 .002) versus
those without CXCR4 mutations.

Response to Therapy

Categorical responses included VGPR (n 5 6; 19%), PR
(n 5 19; 61%), and MR (n 5 1; 3%), for an ORR of 84%
(95% CI, 66 to 95) and major response rate of 81% (95%
CI, 63 to 93; Fig 2A). No patient attained a complete re-
sponse. The ORR was lower in those with refractory versus
relapsed disease (60% v 95%; P5 .03; Fig 2B), and those
who received $ 3 versus , 3 prior lines of therapy (63% v
95%; P5 .04; Fig 2C). No other clinical or genomic factor,
including prior BTKi exposure (Fig 2D), CXCR4 mutational
status (Fig 2E), and International Prognostic Scoring Sys-
tem for Waldenström Macroglobulinemia (Fig 2F), was
associated with a lower ORR. The major response rate was
also significantly lower in those with refractory versus re-
lapsed disease (50% v 95%; P5 .007). No other clinical or
genomic factor was associated with a lower major response
rate. No baseline characteristic was associated with VGPR
attainment. The kinetics of response to venetoclax are
shown in Appendix Fig A1 (online only).

The median times to minor and major response were
1.9 months (95% CI, 1.1 to 2.1) and 5.1 months (95% CI,
4.7 to 8.2), respectively. The median time to MR was longer
in patients previously treated with BTKis (4.5 and
1.4 months; P , .001). The median time to MR for the 11
patients in whom BTKis were the last line before venetoclax
was 4.5 months, and 4.7 months for the five who were

Assessed for eligibility
(N = 33)

Completed study treatment
(n = 21)

Excluded
   Did not meet criteria

(n = 1)
(n = 1)

Discontinued intervention
  Progressive disease
  Adverse event
  Inability to swallow pills
  Lack of response
  Issues with medical insurance
  Patient noncompliance

(n = 11)
(n = 6)
(n = 1)
(n = 1)
(n = 1)
(n = 1)
(n = 1)

Discontinued follow-up
  Progressive disease
  Completed follow-up

(n = 7)
(n = 6)
(n = 1)

Continue active follow-up
(n = 14)

Allocated to treatment
intervention

(n = 32)

Received venetoclax
(n = 32)

FIG 1. Flow diagram.
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treated with BTKis at a previous time point. A serum IgM
rebound, defined by a $ 25% increase in serum IgM
between baseline and cycle 2, was observed in only two of
the 11 patients in whom BTKis were the last line of therapy
before venetoclax. The median time to major response was
longer in those with previous BTKi exposure (8.5 and
4.4 months; P, .001); those with$ 3 prior lines of therapy
(10.8 v 4.8 months; P 5 .03); and those with refractory
versus relapsed disease (8.2 v 4.7 months; P 5 .007).

Serum IgM levels correlated with decrease in BM disease
burden. At 6, 12, and 24 months, the median decrease in
serum IgM level was 55%, 69%, and 72% and in BM
involvement was 65%, 70%, and 75%, respectively (cor-
relation r 5 0.94). Of the nine patients with baseline
lymphadenopathy ($ 1.5 cm), eight (89%) showed de-
creased adenopathy with follow-up scans, and one was
unevaluable. Of the eight patients with baseline spleno-
megaly ($ 15 cm), four (50%) showed reduction in spleen
size and one (13%) showed stability. Three patients were
unevaluable for extramedullary disease response, as ven-
etoclax was discontinued before assessments were
performed.

PFS, TTNT, and Overall Survival

With a median follow-up of 33 months (range, 24-38
months), 19 patients have progressed. The median PFS
was 30 months (95% CI, 27 to 38; Fig 3A). The 12- and 24-
month PFS rates were 83% (95% CI, 64 to 93) and 80%
(95% CI, 60 to 90), respectively. A trend for shorter PFS
was observed for those with refractory disease (Fig 3B)
and $ 3 lines of prior therapy (Fig 3C), but there was no
difference in PFS on the basis of prior BTK inhibition (Fig
3D), CXCR4 mutational status (Fig 3E), or International
Prognostic Scoring System for Waldenström Macroglobu-
linemia (Fig 3F). No other factor was associated with a
worse PFS.

Six patients progressed within the first 24 months, and 13
after completion of venetoclax therapy, including 10 be-
tween 24 and 36 months, and three after 36 months.
Among patients who progressed after completion of
24 months of venetoclax therapy, 10 were in PR and three
in VGPR. Attainment of VGPR was not associated with
progression after 24 months of treatment completion
(P 5 .65). The median DOR for the 19 patients who
attained PR was 34 months (95% CI, 29 to 37) and for the
six patients who attained VGPR was 37months (95% CI, 10
to not evaluable). The DOR for the one patient who attained
MR was 9 months.

Twelve patients have started a new therapy after ven-
etoclax. The median TTNT has not been reached. The 30-
month rate without subsequent therapy was 76% (57%-
88%). The 30-month rate without subsequent therapy was
lower for refractory patients than those with relapsed dis-
ease at 60% (95% CI, 25 to 83) and 85% (95% CI, 60 to
95), respectively (P 5 .006). All 32 patients were alive at

TABLE 1. Baseline Characteristics of the Participants
Characteristic Participants (n 5 32)

Age

At WM diagnosis, years (range) 58 (38-72)

At venetoclax initiation, years (range) 66 (39-80)

. 65 years at venetoclax initiation, No. (%) 18 (56)

Sex, No. (%)

Male 18 (56)

Female 14 (44)

Serum IgM level

Median, mg/dL (range) 3,512 (642-7,970)

$ 4,000 mg/dL, No. (%) 14 (44)

Hemoglobin level

Median, g/dL (range) 10.6 (6.4-13.5)

# 11.5 g/dL, No. (%) 23 (72)

Platelet count

Median, K/uL (range) 216 (60-445)

# 100 K/uL, No. (%) 3 (9)

Serum beta-2-microglobulin level

Median, g/dL (range) 3.6 (1.9-9.8)

. 3 g/dL, No. (%) 19 (59)

IPSSWM score, No. (%)

Low risk 12 (38)

Intermediate risk 8 (25)

High risk 12 (38)

BM involvement, No. (%)

Median (range) 35 (4-90)

$ 50% 13 (41)

Extramedullary disease, No. (%)

Adenopathy $ 1.5 cm 9 (28)

Splenomegaly $ 15 cm 8 (25)

Genomic profiling, No. (%)

MYD88 L265P mutation 32 (100)

CXCR4 mutation 17 (53)

Prior therapies

Median No. of prior therapies (range) 2 (1-10)

$ 3 prior therapies, No. (%) 12 (38)

Previous anti-CD20 monoclonal antibodies, No. (%) 28 (88)

Previous proteasome inhibitors, No. (%) 21 (66)

Previous BTKi, No. (%) 16 (50)

Previous chemotherapy, No. (%) 15 (47)

Refractory to most recent therapy, No. (%) 11 (34)

Indications to treat

Constitutional symptoms 17 (53)

Symptomatic anemia 14 (44)

Extramedullary diseasea 4 (13)

Hyperviscosity 1 (3)

Abbreviations: BM, bone marrow; BTKi, Bruton tyrosine kinase inhibitor; IgM,
immunoglobulin M; IPSSWM, International Prognostic Scoring System for
Waldenström Macroglobulinemia; WM, Waldenström macroglobulinemia.

aIncluded mediastinal lymphadenopathy of 8 cm, splenomegaly of 22 cm,
pleural effusion, and renal involvement (n 5 1 each).
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time of data cutoff, for a 30-month overall survival rate of
100% (95% CI, 89 to 100).

Patient Disposition

Twenty-one patients (66%) completed all scheduled therapy
cycles and received a median number of 25.5 cycles (range,
1-26 cycles) of treatment. Eleven patients (34%) did not
complete study therapy because of disease progression and
initiation of new treatment (n 5 6); inability to swallow pills
(n 5 1); Protocol (online only) noncompliance (n 5 1);
nonresponse (n5 1); related to medical insurance coverage
(n 5 1); and persistent pancytopenia (n 5 1). Of the 21
patients who completed therapy, 15 continue in active
follow-up; five had disease progression during follow-up and
new treatment initiated; and one patient completed all follow-

ups. Of the 12 patients who started a new therapy during the
study course, successor therapies included BTKi (n 5 4);
alkylators (n 5 3), proteasome inhibitor (n 5 1), and in-
vestigational agent (n5 4). Of the 13 patients who relapsed
after 24 months, six required treatment at a median time
from progression to next therapy of 6 months (range, 1-15
months). Seven patients have not yet required therapy. All
the patients exposed to BTKis have responded.

Drug Administration and Safety

Seven patients (22%) had venetoclax dose reduction related
to neutropenia (n 5 2), pancytopenia (n 5 1), fatigue not
otherwise attributable (n 5 1), diarrhea (n 5 1), multiple
grade 2 events (n 5 1), and dosing noncompliance, that is,
self-reduced (n 5 1). Among these patients, four were
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FIG 2. Categorical response rates to venetoclax for (A) all patients, and according to (B) relapsed or
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reduced to 600; two to 400; and one to 300 mg daily. The
only factor associated with dose reduction was female sex
(70% v 14% in males). Dose reductions were not associated

with worse ORR, major response rate, VGPR rate, or PFS
(P . .05 in all instances). Venetoclax was discontinued early
in one patient because of pancytopenia.
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Thirty-one patients (94%) experienced a grade$ 2 adverse
event (Table 2). The only grade 4 adverse events were
neutropenia (n 5 6) and febrile neutropenia (n 5 1). All
seven participants received G-CSF, and all events resolved
with a median of 4 days (range, 0-17 days). One participant
was dose-reduced twice for neutropenia. One patient, who
had generalized lymphadenopathy (3.7 cm), splenomegaly
(27 cm), and leukocytosis (59 K/uL), experienced a lab-
oratory tumor lysis syndrome (TLS) that wasmanaged as an

inpatient and responded to intravenous fluids and one dose
of rasburicase. No paradoxical IgM flare, secondary mye-
loid neoplasms, aggressive transformation, peripheral
neuropathy, cardiac arrhythmia, or clinical TLS were ob-
served on venetoclax therapy. No serum IgM rebound was
documented after stopping venetoclax therapy.

There were 21 temporary venetoclax holds in 14 partici-
pants. Reasons for drug holds included neutropenia
(n 5 6), infections (n 5 4), diarrhea (n 5 3), and mouth
sores, appendicitis, hip fracture, fatigue, stem-cell collec-
tion, laboratory TLS, jaw injury, and nausea (n 5 1 each).
The median duration of the drug hold was 6 days (range,
2-35 days). There was no difference in median serum IgM
levels at the start and the end of the drug hold (P 5 .25).

There was no difference in median serum IgG and im-
munoglobulin A levels between baseline and end of
treatment (P . .05 in both instances).

DISCUSSION

Herein, we present the results of, to our knowledge, this
first, prospective phase II study evaluating the oral BCL2
antagonist venetoclax in previously treated WM. We found
that venetoclax monotherapy was highly effective in pa-
tients with previously treated WM with an ORR of 84%, on
the basis of which our study met its end point. Responders
included those with refractory disease and those who
received$ 3 prior therapies, although lower response rates
were observed in these patients. Prior BTK exposure af-
fected time to minor andmajor response attainment but did
not affect depth of response or PFS. The delay in response
for this patient cohort is unlikely to be fully explained by an
IgM rebound following cessation of BTKis,13 as this was
observed in only two patients. Conversely, BTKi-promoted
selection of malignant clones overexpressing BCL2 family
members (eg, BCLXL) has been postulated to contribute to
relative resistance associated with venetoclax in patients
with CLL and could be etiologic for this observation in
patients with WM.14

Important secondary findings were a major response of
81% and the relatively long PFS of 30 months in this
population of patients whose median prior therapies was
two, and of whom 34% were refractory to previous therapy,
including 50% previously exposed to BTKis. These efficacy
outcomes compare favorably with non-BTKi regimens in
previously treated WM, wherein PFS durations of 8-20
months have been observed.2 Importantly, a rapid de-
cline in PFS betweenmonths 24 and 36 was observed in 10
patients who completed the 2-year course of Protocol
therapy, suggesting that indefinite continuation of ven-
etoclax may be necessary in patients with WM. Importantly,
CXCR4 mutation status did not affect response or PFS to
venetoclax, in contrast to experiences with BTKis.10,15 Since
MYD88 mutations were detected in all the participants, we
were unable to assess the impact of venetoclax on MYD88

TABLE 2. Grade 2 or Higher Adverse Events Associated With Venetoclax Therapy

Adverse Event
Grade
2

Grade
3

Grade
4

Total Grades
2-4

Blood and lymphatic system
disorders

Neutropenia 3 8 6 17

Anemia 7 1 0 8

Lymphopenia 5 1 0 6

Thrombocytopenia 2 0 0 2

Febrile neutropenia 0 0 1 1

Ear and labyrinth disorders

Tinnitus 0 1 0 1

GI disorders

Nausea 4 0 0 4

Diarrhea 2 1 0 3

Constipation 0 1 0 1

Dyspepsia 0 1 0 1

Gastroesophageal reflux 1 0 0 1

General disorders

Chills 1 0 0 1

Myalgia 1 0 0 1

Rash 1 0 0 1

Infections and infestations

Upper respiratory infection 2 1 0 3

Sinusitis 2 0 0 2

Tooth infection 1 0 0 1

Urinary tract infection 1 0 0 1

Investigations

Alkaline phosphatase increased 0 1 0 1

INR increased 1 0 0 1

Metabolism and nutrition disorder

Hyperglycemia 0 1 0 1

TLS 0 1 0 1

Musculoskeletal and connective
tissue disorders

Back pain 1 0 0 1

Nervous system disorder

Headache 1 1 0 2

Abbreviations: INR, international normalized ratio; TLS, tumor lysis syndrome.
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wild-type WM patients. Other markers of clinical benefit
included improvement in hemoglobin levels and decrease
in lymphadenopathy and splenomegaly. Notably, ven-
etoclax led to impressive decreases in BM disease in-
volvement. In comparison to BTKis, venetoclax offers a
more robust clearance of BM disease burden.13,16,17

The precise sequencing of BTKis and BCL2 inhibitors in WM
remains to be clarified, and further study will be required to
address this point. In CLL, resistance to venetoclax post-BTKi
exposure has been observed, whereas BTKis appeared ef-
fective after venetoclax.18,19 Our results suggested similar
levels of efficacy for venetoclax for either BTKi-naive or
previously exposed patients, thereby offering a meaningful,
active treatment option for those previously exposed to aBTKi.

Neutropenia was the only grade 4 adverse event and was
effectively managed with G-CSF. TLS, a major concern in
patients with CLL receiving venetoclax,20 was only observed
as a laboratory anomaly without clinical manifestations in one
patient in this study. A previous study also reported low rates
of tumor lysis events in patients with indolent lymphomas
treated with venetoclax, comparable with our findings.7 The
favorable safety profile of venetoclax provides a platform to

study combination regimens in patients with WM. It would be
of interest to investigate venetoclax in combination with anti-
CD20 monoclonal antibodies in WM, given encouraging
experience with this combination in CLL.21

Another promising combination is concurrent use of ven-
etoclax with BTKis as suggested by in vitro WM studies, and
ongoing findings from clinical trials examining the combi-
nation of ibrutinib and venetoclax in CLL and mantle cell
lymphoma.6,22-25 As suggested by these combination
studies, concurrent inhibition of BTK and BCL2 could
potentially lead to more robust tumor killing and deeper
responses including minimal residual disease achieve-
ment, a finding that remains elusive for most patients with
WM with current pharmacotherapy. Given these observa-
tions, a prospective study evaluating ibrutinib and ven-
etoclax in treatment-naive patients with WM has been
initiated (NCT04273139).

In conclusion, venetoclax is safe and highly active in pa-
tients with previously treated WM, including those previ-
ously treated with BTKis. CXCR4 mutation status did not
affect treatment response. The optimal duration of ven-
etoclax therapy in WM is yet to be determined.
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APPENDIX
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FIG A1. Response kinetics to venetoclax in patients with previously treated WM. MR, minor response; ORR,
overall response rate; PR, partial response; VGFR, very good partial response; WM, Waldenström
macroglobulinemia.

TABLE A1. Venetoclax Dose Modification Guidelines
Cohort 1

Dose Level 1 (mg) Dose Level –1 (mg) Dose Level –2 (mg) Dose Level –3 (mg) Dose Level –4 (mg)

Week 1 starting dose 200 100 100 — —

Week 2 first dose escalation 400 200 200 — —

Week $ 3
Escalation to target dose and all cycles thereafter

800 600 600 200 100

Cohort 2

Dose Level 1 (mg) Dose Level –1 (mg) Dose Level –2 (mg) Dose Level –3 (mg) Dose Level –4 (mg)

Week 1 starting dose 400 200 100 — —

Week $ 2
Escalation to target dose and all cycles thereafter

800 600 400 200 100

Dosing will be held for any of the following conditions: Grade 4 absolute neutrophil count (, 500/mL) for. 7 days (neutrophil growth factors are permitted).
Grade 4 platelets (, 25,000/mL) or in subjects with baseline thrombocytopenia, decrease of. 75% from baseline or, 20,000/mL, whichever is higher. Hold
until grade 3 unless active bleeding. Grade 3 or 4 nausea, vomiting, or diarrhea (if persistent despite optimal antiemetic and/or antidiarrheal therapy). Any
other related grade 4 toxicities and any unmanageable nonhematologic grade 3 toxicities.
Drugmodification or discontinuation actions for ABT-199–related events: First hold: ABT-199 until recovery from criteria to hold;may restart at original dose

level. Second hold: ABT-199 until recovery from criteria to hold; restart at –1 dose level. Third hold: ABT-199 until recovery from criteria to hold; restart at –2
dose level (if applicable, see Tables 6-1 and 6-2). Fourth hold: ABT-199 until recovery from criteria to hold; restart at –3 dose level (if applicable, see Tables 6-
1 and 6-2). Fifth hold: ABT-199 until recovery from criteria to hold; restart at –4 dose level (if applicable, see Tables 6-1 and 6-2). Sixth hold: discontinue ABT-
199.
If a participant has a drug hold, the schedule of assessments will not change. If participants do notmeet treatment criteria on day 1 of the cycle, the cycle will

not be delayed.
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TABLE A2. Data Categorization for Analysis
Variable Categories

Age, years # 65
. 65

Sex Male
Female

Hemoglobin level, g/dL # 11.5
. 11.5

Platelet count, K/uL # 100
. 100

Serum beta-2-microglobulin level, mg/dL # 3
. 3

Serum IgM level, mg/dL , 4,000
$ 4,000

BM involvement, % , 50
$ 50

IPSSWM risk Low
Intermediate
High

Lymphadenopathy $ 1.5 cm Yes
No

Splenomegaly $ 15 cm Yes
No

CXCR4 mutational status Wild-type
Mutated

Previous BTKi exposure Yes
No

Disease status Relapsed
Refractory

No. of previous lines of therapy , 3
$ 3

Abbreviations: BM, bone marrow; BTK, Bruton tyrosine kinase
inhibitor; IgM, immunoglobulin M; IPPSWM: International Prognostic
Scoring System for Waldenström Macroglobulinemia.
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