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Venetoclax showed promising activity in a small phase II trial in relapsed/refractory Waldenström macroglobulinemia (WM). To
report the clinical activity of venetoclax and prognostic factors associated with outcomes in a larger cohort, we retrospectively
identified 76 patients with relapsed/refractory lymphoplasmacytic lymphoma (LPL)/WM treated with venetoclax monotherapy at
nine US medical centers. The median age at venetoclax treatment initiation was 66 years. MYD88, CXCR4, and TP53 mutations were
detected in 65 (94%), 23 (40%), and 10 (22%) patients, respectively. The median number of prior lines of treatment was 3, including
covalent BTK inhibitor in 82% and alkylating agent in 71% of patients. The overall and major response rates to venetoclax were 70%
and 63%, respectively. The median and 2-year progression-free survival (PFS) were 28.5 months and 57%, respectively. The median
and 2-year overall survival were not reached and 82%, respectively. Prior treatment with BTK inhibitor was the only factor
associated with PFS in multivariate analysis (hazard ratio 2.97, p= 0.012). Venetoclax dose interruptions and/or reductions occurred
in 27 patients (41%). Five patients (7%) developed laboratory tumor lysis syndrome (TLS), including 3 (4%) with clinical TLS.
Venetoclax resulted in a high response rate and a prolonged PFS in patients with heavily pretreated LPL/WM.
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INTRODUCTION
Lymphoplasmacytic lymphoma/Waldenström macroglobulinemia
(LPL/WM) is an uncommon indolent B-cell non-Hodgkin lym-
phoma characterized by recurrent relapses and progressively
shortening responses or resistance to subsequent treatments.
Although most patients respond to treatment with chemoimmu-
notherapy, proteasome inhibitors, or Bruton tyrosine kinase
inhibitors (BTKi), relapses are inevitable, and more active therapies
for patients with relapsed or refractory LPL/WM are needed [1].
The BH3-mimetic venetoclax inhibits the antiapoptotic protein

BCL2, which is overexpressed in LPL/WM, and induces apoptosis in
lymphoplasmacytic cell lines regardless of CXCR4 mutation status
[2]. Venetoclax has shown significant clinical activity in various
B-cell lymphoid malignancies, including LPL/WM [3, 4]. In a phase
II trial of venetoclax monotherapy (800 mg daily for two years) in
32 patients with relapsed or refractory WM, including 16
previously treated with BTKi, the overall (ORR), major, and minor
(MR) response rates were 84%, 81%, and 19%, respectively [4].

With a median follow-up of 33 months, the median progression-
free survival (PFS) was 30 months. Treatment with venetoclax was
safe, with the only recurring grade ≥3 adverse event being
neutropenia (45%), and only one episode of neutropenic fever.
Laboratory tumor lysis syndrome (TLS) was reported in only one
patient (without clinical TLS) [4]. Based on these results, the
National Comprehensive Cancer Network guidelines endorsed
venetoclax for treating relapsed/refractory WM in 2022 [5].
In this study, we sought to evaluate the clinical activity and

safety of venetoclax and identify factors associated with outcomes
in a larger cohort of patients with relapsed or refractory LPL.

METHODS
Patients
We retrospectively reviewed records of patients aged ≥18 years with a
diagnosis of LPL treated at nine US medical centers between January 2010 and
December 2022. We identified patients treated with venetoclax monotherapy
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in the context of a clinical trial or through commercial supply. We collected
clinical, laboratory, pathologic, and outcome data for each patient at diagnosis
and before venetoclax treatment initiation. Data on hemoglobin (Hb) levels,
absolute neutrophil counts (ANC), and serum immunoglobulin levels were
collected at serial time points during treatment with venetoclax. The primary
outcome was to determine the overall response rate (ORR), which included
MR, partial response (PR), very good partial response (VGPR), and complete
response (CR). Treatment responses were determined by the local investigator,
according to the 11th International Workshop on Waldenström Macroglobu-
linemia (IWWM-11) criteria for patients with WM, or based on serum
monoclonal protein levels, bone marrow involvement, and/or imaging for
patients with non-IgM LPL [6]. Secondary objectives were to determine the
major response rate (PR or better), time to best response, PFS, overall survival
(OS), and venetoclax safety, as well as predictors of ORR, major response, PFS,
and OS. We defined laboratory and clinical TLS per the Cairo-Bishop criteria [7].

Statistical analysis
We used descriptive statistics to summarize patient characteristics before
venetoclax initiation with the median and range presented for continuous
variables, and frequency count and percentage provided for categorical
variables. We used univariate logistic regression models to estimate the
association between patient characteristics and ORR. PFS was calculated
from the time of venetoclax initiation to either progression or death, and
OS from the time of venetoclax initiation to death due to all causes;
patients without events were censored at the time of the last follow-up.
PFS and OS were estimated using the Kaplan–Meier method and
compared using the log-rank test. Multivariate analyses (MVAs) were
performed using Cox proportional-hazard models to identify predictors of
PFS and OS. The stepwise selection, with p < 0.15 for entry criteria, was
used to build the final MVA model. All analyses were conducted using SAS,
9.4 (2016 by SAS Institute Inc., Cary, NC, USA).

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
The study was reviewed and approved by the institutional review
board (incorporating the ethics committee) at each participating
site. Irrespective of this analysis, all patients provided informed
consent before receiving treatment. This study is in accordance
with the Declaration of Helsinki.

RESULTS
Patient and disease characteristics
Seventy-six patients were included. At the time of venetoclax
treatment start (Table 1), the median age was 66 years (range, 38-
91), the median Hb level was 10 g/dL (range, 6–16), and the
median serum IgM level was 2409mg/dL (range, 5–9300). Sixty-
two (89%) patients had WM and eight (11%) had non-IgM LPL
(IgG/IgA serum monoclonal protein in 6 and absent in 2) (missing
n= 6). Forty-seven patients (65%) had a bone marrow biopsy
done within 3 months before starting venetoclax, with a median
bone marrow involvement by lymphoma of 60% (44% with ≥50%
involvement, missing n= 4). Among patients with available data,
MYD88, CXCR4, and TP53 mutations were detected in 65 (94%,
missing n= 7), 23 (40%, missing n= 19), and 10 (22%, missing
n= 31) patients, respectively.

Prior treatments
The median number of lines of treatment before venetoclax was 3
(range, 1-11; 63% ≥3) which included an anti-CD20 monoclonal
antibody in 67 patients (88%), covalent BTKi in 62 (82%),
proteasome inhibitor in 45 (59%), bendamustine in 44 (58%),
and cyclophosphamide in 32 (42%) (Table 2). Nineteen patients
(28%) had refractory disease (defined as stable [SD] or progressive
disease [PD]) while receiving the last therapy before venetoclax
(missing n= 9). The ORR to the BTKi before venetoclax was 77%
(CR 4%, VGPR 21%, PR 32%, MR 20%) (missing n= 6). Treatment
with BTKi lasted for a median of 14.3 months (range, 0.5-119.5)
and was stopped because of PD in 66% and toxicity in 34% of
patients. BTKi was the most frequent treatment used immediately

before venetoclax (39 patients, 51%). Nine patients (12%) required
plasmapheresis up to 30 days before starting venetoclax.

Treatment with venetoclax
The median time from diagnosis to starting venetoclax was 5.9
years (range, 0.1–22.3; missing n= 2). Venetoclax starting dose
was 20 mg in 16 patients (22%), 50 mg in 3 (4%), 100mg in 13
(17%), 200 mg in 37 patients (51%), and 400mg in 4 (5.5%)
(missing n= 3). Fifteen patients (21%) were admitted for
venetoclax treatment initiation, and four were admitted more
than once. The maximum venetoclax dose administered was
400mg in 23 patients (32%) and 800mg in 40 (56%) (other n= 7,
missing n= 5). Twenty patients (26%) received venetoclax on a
clinical trial. Patients treated with venetoclax on a clinical trial
were less heavily pretreated (median prior lines of treatment= 1.5,
20% ≥3 prior treatments) and less likely to have received prior
therapy with BTKi (n= 8/20, 40%) compared with those treated off

Table 1. Patient characteristics.

Patient characteristics at venetoclax initiation n= 76

Age (years), median (range) 66 (38–91)

Age >65 years, n (%) 43 (58)

Gender, Male n (%) 45 (59)

ECOG performance status, n (%)

0–1 60 (84.5)

2–3 11 (15.5)

Serum monoclonal protein, n (%)

IgM 62 (89)

IgG/IgA 6 (9)

Absent 2 (3)

Serum IgM Level

Median, range 2,409 (5–9300)

≥4000mg/dL, n (%) 22 (32)

Hemoglobin level (g/dL)

Median, range 10 (6-16)

≤11.5 d/dL, n (%) 53 (72)

Platelets (K/µL)

Median, range 183 (5–526)

≤100, n (%) 17 (23)

Serum B2 microglobulin level

Median, range 2 (0–13)

>3.0 g/dL, n (%) 16 (43)

BM involvement %

Median (range) 60 (0–92)

≥50%, n (%) 32 (70)

IPSSWM Score (at diagnosis), n (%)

High risk 6 (9)

Intermediate risk 36 (55)

Low risk 24 (36)

Genetic mutations (at any time point before venetoclax initiation)

MYD88 L265P 65 (94)

CXCR4 23 (40)

TP53 10 (22)

Missing data: ECOG performance status, n= 5; serum monoclonal protein,
n= 6; serum IgM Level, n= 8; hemoglobin level, n= 2; platelets, n= 3;
Serum B2 microglobulin level, n= 39; bone marrow involvement, n= 29;
IPSSWM Score, n= 10; MYD88, n= 7; CXCR4, n= 19; TP53, n= 31.
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trial (median prior lines of treatment= 4, 79% ≥3 prior, p= 0.005;
n= 54/56 [96%] received prior BTKi, p= 0.001).
The median duration of treatment with venetoclax was 11.6

months (range, 0.5–50.0) (missing n= 20). Treatment with
venetoclax was stopped due to PD in 27 patients (48%), planned
treatment completion in 15 (27%) (all 15 received venetoclax for
two years on a clinical trial), toxicity in 9 (16%), and other in 5 (9%).
Twenty patients (26%) remained on venetoclax at the time of data
cutoff, including nine patients who remained on venetoclax for
more than two years. Overall, 12 patients received treatment with
venetoclax for more than two years (21% (12/56) of patients
treated off-trial).
Venetoclax dose interruptions and/or reductions occurred in 27

patients (41%) (interruptions n= 9 (14%), reductions n= 11 (17%),
both n= 7 (11%), missing n= 10). Grade 3 and 4 neutropenia
occurred in 15 (24%) and 13 patients (21%) (missing n= 14),
respectively. The median time to nadir ANC was 1.9 months
(range, 0.2–22.7). Four patients (5.5%) developed febrile neutro-
penia (missing n= 3). Five patients (7%) developed laboratory TLS
(missing n= 2) (Table 3). Three patients (4%) met the criteria for
clinical TLS, all based on the development of acute kidney injury
(peak creatinine of 1.36–2.3 mg/dL). Laboratory TLS occurred at
the venetoclax starting dose in 4 patients: 20 mg in one patient,
200mg in two, and 400mg in one (missing n= 1). Most patients
(92%, missing n= 4) received prophylactic allopurinol, and 19
(27%, missing n= 5) received prophylactic intravenous fluids.
Although limited by the small number of events, it is notable that
patients who developed TLS had a high percentage of bone
marrow involvement, splenomegaly, and/or lymph node enlarge-
ment but did not have high serum monoclonal protein levels, and
most did not have CXCR4 or TP53 mutations. Further, TLS occurred
at a wide range of venetoclax starting doses (20–400 mg).

Outcomes and prognostic factors
The ORR and major response rate to venetoclax in patients
evaluable for response (n= 71, missing n= 5) were 70% and 63%,
respectively: CR 3%, VGPR 20%, PR 41%, and MR 7%; 30% were
refractory (SD 11% and PD 18%) (Fig. 1A). The median hemoglobin

Table 2. Treatment data before venetoclax treatment initiation.

Variable n (%)

Prior therapies

Median, range 3 (1–11)

≥3, n (%) 48 (63)

Anti-CD20 monoclonal antibody, n (%) 67 (88)

Bendamustine, n (%) 44 (58)

Cyclophosphamide, n (%) 32 (42)

Bendamustine and/or cyclophosphamide, n (%) 54 (71)

Covalent BTKi, n (%) 62 (82)

Non-covalent BTKi, n (%) 3 (4)

Proteasome inhibitors, n (%) 45 (59)

Autologous stem cell transplant, n (%) 5 (7)

Chimeric antigen receptor T-cell therapy, n (%) 1 (1)

Duration of treatment with BTKi, months, median (range) 14.3 (0.5–119.5)

Best response to covalent BTKi, n (%)

ORR 43 (77)

CR 2 (4)

VGPR 12 (21)

PR 18 (32)

MR 11 (20)

SD 11 (20)

PD 2 (4)

Reason for stopping BTKi, n (%)

PD 41 (66)

Toxicity 21 (34)

Refractory (SD/PD) to most recent therapy before
venetoclax, n (%)

19 (28)

Required plasmapheresis up to 30 days before
venetoclax, n (%)

9 (12)

Missing data: Duration of treatment with BTKi, n= 1; Best response to BTKi,
n= 6; Refractory to most recent therapy, n= 9; Required plasmapheresis,
n= 3.
BTKi Bruton tyrosine kinase inhibitor, CR complete response, MR minor
response, PD progressive disease, PR partial response, VGPR very good
partial response, SD stable disease.

Table 3. Profile of patients who developed laboratory TLS following venetoclax treatment initiation.

Characteristics at the time of venetoclax
initiation

Patient

1 2 3 4 5

Age 65 years 80 years 71 years 70 years 61 years

Gender Male Male Male Male Male

Serum monoclonal protein (level mg/dL) Not present IgM (949) IgM (2101) IgM (596) IgG (3111)

Genetic mutations:

MYD88 L265P Present Present Present Present Present

CXCR4 Absent Unknown Absent Absent Present

TP53 Absent Unknown Absent Present Absent

Bone marrow involvement 60% unknown 60% 60% 90%

Splenomegaly (≥15 cm) No Unknown Yes Unknown Unknown

Lymph node enlargement (≥1.5 cm) Yes Unknown Yes Unknown Yes

Mitigation/prophylaxis strategies Allopurinol
IV fluids
Inpatient monitoring
Rasburicase

Allopurinol Allopurinol
IV fluids

Allopurinol
Inpatient monitoring
Rasburicase

Inpatient monitoring

Venetoclax starting dose 200mg 400mg 100mg 200mg 20mg

Venetoclax dose at which TLS occurred 200mg 400mg Missing 200mg 20mg

Peak potassium, mmol/L 5.2 5.8 5.5 5.0 5.1

Peak phosphorus, mg/dL 4.8 4.0 6.7 6.5 6.7

Peak uric acid, mg/dL 8.7 2.6 8.5 7.5 10

Nadir calcium, mg/dL 7.5 9.2 7.4 7.4 7.1

Peak creatinine, mg/dL 1.3 1.57 2.49 1.36 2.3

Clinical TLS No Yes No (creatinine remained at
baseline)

Yes Yes

Required rasburicase after starting
venetoclax

Yes No No No Yes
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increased from 10.3 g/dL (range, 5.7–16.4) to 13.1 g/dL (range,
7.5–16.0), and the median serum IgM decreased from 2409mg/dL
(range, 5–9300) to 620 mg/dL (range, 0–4012). The median
hemoglobin increased from 10.3 g/dL (range, 5.7–16.4) to 13.1
g/dL (range, 7.5–16.0), and the median serum IgM decreased from
2409mg/dL (range, 5–9300) to 620 mg/dL (range, 0–4012). The
median time from venetoclax start to best response was 3.8
months (range, 0.2–36.0) (missing n= 8), to peak Hb level was
4.6 months (range, 0.1–23.8) (missing n= 16), and to nadir serum
M protein level was 6.9 months (range, 0.2–36.0) (missing n= 18).
ORR was higher in patients treated on clinical trial (95% vs. 62%;
odds ratio (OR)= 11.25; 95% confidence interval (CI), 1.39–90.89;
p= 0.023) and lower in patients who received ≥3 prior lines of

therapy (61% vs. 86%; OR= 0.26; 95% CI, 0.08–0.87; p= 0.028) and
in patients who received prior BTKi therapy (63% vs. 100%;
p= 0.06) (Table 4, Fig. 1B–D). No factors were associated with ORR
in multivariate logistic regression analysis. The major response rate
was higher in patients treated on clinical trial (OR= 7.29; 95% CI,
1.53–34.79; p= 0.0128) and lower in patients who received ≥3
prior lines of therapy (OR= 0.23; 95% CI, 0.07–0.71; p= 0.0108)
(supplementary table).
With a median follow-up of 19.3 months (range, 0.2–80.6), the

median PFS and 2-year PFS rate were 28.5 months (95% CI,
11–32.5) and 57% (95% CI, 44–68), respectively (Fig. 2A). The
median OS and 2-year OS rate were not reached (NR) (95% CI, NR-
NR) and 82% (95% CI, 70%–90%), respectively (Fig. 2B). Lymphoma

Fig. 1 Categorical response rates to venetoclax. A All patients and according to (B) number of prior treatments, C treatment on trial vs. not,
and D prior treatment with BTKi vs. not. BTKi Bruton tyrosine kinase inhibitor, CR complete response, MR minor response, ORR overall
response rate, PR partial response, VGPR very good partial response.
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was the most common cause of death (n= 11/14, 79%). The
2-year PFS rate was higher in patients who received treatment
with venetoclax on a clinical trial (85%; 95% CI, 60%–95%) than in
patients treated off trial (43%; 95% CI, 27%–58%) (hazard ratio
[HR]= 0.44; 95% CI, 0.22–0.89; p= 0.022; Table 5, Fig. 2C), and
trended towards being higher in patients who received venetoclax
800mg (66%; 95% CI, 49%–79%) vs 400mg maximum dose (34%,
95% CI, 12%–57%) (HR= 0.56; 95% CI, 0.28–1.12; p= 0.0998; Fig.
2D). The 2-year PFS rate was lower in patients who received ≥3
prior therapies (42%; 95% CI, 26%–57%) than in patients who
received 1–2 prior therapies (78%; 95% CI, 58%–90%) (HR= 2.07;
95% CI, 1.09–3.94; p= 0.027; Fig. 2E), in patients who received
prior treatment with BTKi (47%; 95% CI, 33%–60%) than in patients
who did not (92%; 95% CI, 57%–99%) (HR= 2.97; 95% CI,
1.28–6.90; p= 0.012; Fig. 2F), and in patients with TP53 mutations
(38%; 95% CI, 8%–63%) than in patients without TP53 mutations
(64%; 95% CI, 46%–78%) (HR= 2.62; 95% CI, 1.10–6.27; p= 0.035;
Fig. 2G). The 2-year PFS rate was not different in patients with
CXCR4 mutations (53%; 95% CI, 30%–72%) or without CXCR4
mutations (71%; 95% CI, 82%–84%) (HR= 1.47; 95% CI, 0.73–2.94;
p= 0.28; Fig. 2H). Prior treatment with BTKi was the only factor
associated with PFS in MVA (HR= 2.97; 95% CI, 1.28–6.90;
p= 0.012). In a univariate analysis for OS, age >65 years at
venetoclax treatment start (HR= 4.91; 95% CI, 1.09–22.17;
p= 0.039) and receipt of ≥3 prior treatments (HR= 13.81; 95%
CI, 1.76–108.31; p= 0.013) were associated with inferior OS
whereas treatment with venetoclax on a clinical trial was
associated with superior OS (HR= 0.05; 95% CI, 0.01–0.51;
p= 0.011). In MVA, receipt of ≥3 prior treatments (HR= 10.19;
95% CI 1.31–79.18; p= 0.027) was the only factor associated with
inferior OS.

DISCUSSION
Our study included heavily pretreated patients with a median of 3
prior lines of treatment, including BTKi and alkylating agents in
most patients (82% and 71%, respectively). Further, treatment
duration with covalent BTKi was short (median of 14 months), with
most patients stopping BTKi due to PD. In this high-risk patient
population, venetoclax resulted in high ORR (70%) and a
prolonged PFS (median= 29 months, 2-year PFS rate= 57%).
Responses to venetoclax were rapid, with median times to best

response of 3.8 months and to peak Hb of 4.6 months. These data
confirm the clinical activity of venetoclax in relapsed or refractory
LPL/WM reported in the phase II trial by Castillo et al. [4]. Our
study’s lower ORR and PFS (ORR= 84% and 2-year PFS rate= 80%
in the phase II trial) likely reflect a more heavily pretreated cohort
(median of 3 vs. 2 prior lines of treatment) and a higher proportion
of patients receiving prior BTKi (82% vs. 50%). The impact of
venetoclax dose (800 mg in the trial vs. 44% of patients receiving a
lower dose in this study) on these outcomes is unclear as the
optimal dosing of venetoclax in LPL/WM is not defined. Our data
show a trend towards superior PFS in patients receiving
venetoclax 800 mg vs. 400mg maximum dose but without
reaching statistical significance. The optimal treatment duration
with venetoclax is also unclear. Venetoclax was administered for
two years in the clinical trial by Castillo et al., with a rapid decline
in PFS seen shortly after the second year, suggesting that
prolonged treatment with venetoclax may be beneficial. This
observation likely explains why treatment with venetoclax was not
limited to two years in patients treated off-trial in our study.
Similar to the trial by Castillo et al. [4], our study showed inferior

ORR and PFS in patients with ≥3 lines of prior treatment and no
difference in ORR or PFS based on CXCR4 mutation status or
IPSSWM score. However, in contrast to the trial, our data showed
inferior ORR and PFS in patients with prior treatment with BTKi
and no difference in ORR, major response rate, or PFS based on
response to the most recent treatment before venetoclax. Further,
our study showed inferior PFS in patients with TP53 mutations.
Venetoclax dose interruptions and reductions were common

(40%) in our study. While we did not capture the cause of
venetoclax dose interruptions or reductions, neutropenia was
likely a significant contributor, as 45% of patients had grade ≥3
neutropenia while on treatment with venetoclax. However, the
rate of febrile neutropenia was low. TLS occurred in five patients
(7%), including clinical TLS in three (4%), despite implementing
standard TLS mitigation strategies, such as dose ramp-up,
prophylactic allopurinol, and inpatient monitoring. The small
number of patients with TLS limits our ability to clearly define risk
factors for TLS, but our limited data do not suggest that serum
monoclonal protein levels or the presence of TP53 or CXCR4
mutations are associated with risk for TLS, whereas high disease
burden in the bone marrow, spleen, and lymph nodes might be.
Overall, TLS remains a rare but important complication of
treatment with venetoclax in LPL/WM.
While chemoimmunotherapy and covalent BTKi are the

preferred early lines of treatment for most patients with LPL/
WM, the optimal sequencing of third and later lines of treatment is
unclear. Proteasome-based regimens are commonly used; how-
ever, their efficacy in BTKi-treated patients is unknown [8–12].
Furthermore, the use of bortezomib and ixazomib is often limited
by peripheral neuropathy and carfilzomib by cardiopulmonary
complications [1, 8–12]. The noncovalent BTKi pirtobrutinib
showed high efficacy (major response rate= 68%, median
PFS= 22 months with a 22-month median follow-up) and
excellent safety profile in heavily pretreated patients with LPL/
WM, including those with prior treatment with covalent BTKi [13].
Our data support venetoclax as a preferred treatment option in
multiply relapsed LPL, given its favorable efficacy and safety
profiles. Venetoclax is also an attractive option for combination
studies, particularly with BTKi, as preclinical evidence supports
dual inhibition of BCL2 and BTK in LPL [2, 14]. Unfortunately, the
combination of ibrutinib and venetoclax resulted in clinically
significant ventricular arrhythmias in patients with WM, a
phenomenon not seen with this combination in patients with
other B-cell lymphoid malignancies [15]. However, venetoclax and
other BCL2 inhibitors are being studied in combination with more
selective and potentially safer covalent and noncovalent BTKi to
improve efficacy and provide a time-limited treatment option in
LPL/WM [16].

Table 4. Univariate logistic regression analysis of factors associated
with ORR.

Characteristicsa Odds ratio (95% CI) p-value

Age ≥65 vs. <65 years 0.57 (0.20–1.64) 0.565

Treatment on clinical trial vs.
not

11.25 (1.39–90.89) 0.0232

Refractory to most recent
therapy vs. not

0.64 (0.20–2.01) 0.4428

≥3 prior therapies vs. 1–2 0.26 (0.08–0.87) 0.0284

CXCR4 mutation present vs.
absent

0.73 (0.22–2.41) 0.6073

TP53 mutation present vs.
absent

0.40 (0.09–1.84) 0.2410

Venetoclax highest dose
800mg vs. 400mg

‘ 0.5292

IPSSWM

- High vs. Low 0.71 (0.10–4.89) 0.7243

- Intermediate vs. Low 0.81 (0.25–2.67) 0.7314

- High vs. Intermediate 0.87 (0.14–5.55) 0.8824
aPrior treatment with BTKi was not included in UVA because all patients
who did not receive prior BTKi responded.
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Fig. 2 Survival outcomes with venetoclax. A PFS and B OS in the overall patient population. PFS in patients treated with venetoclax on
clinical trial vs. not (C), in patients treated with venetoclax 400mg vs. 800mg (D), in patients treated with 1-2 prior lines of treatment vs. ≥3 (E),
in patients with prior treatment with BTKi vs. not (F), in patients with TP53 wild-type vs. mutant (G), and in patients with CXCR4 wild-type vs.
mutant (H).
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Our study has several limitations, including its retrospective
nature, missing data, and heterogeneous treatment with veneto-
clax in terms of dose ramp-up schedule, target dose, and
treatment duration. MVAs were limited by the relatively small
sample size and missing data. Although we included patients
treated with venetoclax on a clinical trial to increase the sample
size, despite important differences between patients treated on vs.
off trial, we adjusted for trial status and other known related
factors in MVAs.
In conclusion, our multicenter retrospective study shows a high

response rate and a prolonged PFS with venetoclax in patients
with heavily pretreated LPL/WM and supports its use in this
setting. However, the optimal dose and duration of treatment with
venetoclax in LPL/WM remain unclear. TLS is an uncommon but
important complication of treatment with venetoclax in LPL/WM.

DATA AVAILABILITY
The data that support the findings of this study are available from the corresponding
author upon reasonable request.
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