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Abstract

Purpose: Venetoclax-based therapy is a standard-of-care option in first-line and relapsed/

refractory chronic lymphocytic leukemia (CLL). Patient management following venetoclax 

discontinuation remains nonstandard and poorly understood.

Experimental Design: To address this, we conducted a large international study to identify 

a cohort of 326 patients who discontinued venetoclax and have been subsequently treated. 

Coprimary endpoints were overall response rate (ORR) and progression-free survival for the 

post-venetoclax treatments stratified by treatment type [Bruton’s tyrosine kinase inhibitor (BTKi), 

PI3K inhibitor (PI3Ki), and cellular therapies].

Results: We identified patients with CLL who discontinued venetoclax in the first-line (4%) 

and relapsed/refractory settings (96%). Patients received a median of three therapies prior to 

venetoclax; 40% were BTKi naïve (n = 130), and 81% were idelalisib naïve (n = 263). ORR to 

BTKi was 84% (n = 44) in BTKi-naïve patients versus 54% (n = 30) in BTKi-exposed patients. 

We demonstrate therapy selection following venetoclax requires prior novel agent exposure 

consideration and discontinuation reasons.

Conclusions: For BTKi-naïve patients, selection of covalently binding BTKis results in high 

ORR and durable remissions. For BTKi-exposed patients, covalent BTK inhibition is not effective 

in the setting of BTKi resistance. PI3Kis following venetoclax do not appear to result in durable 

remissions. We conclude that BTKi in naïve or previously responsive patients and cellular 

therapies following venetoclax may be the most effective strategies.

Introduction

Treatment paradigms for patients with chronic lymphocytic leukemia (CLL) have rapidly 

evolved over recent years. Novel kinase inhibitors targeting Bruton’s tyrosine kinase (BTKi) 

and PI3K (PI3Ki) that disrupt signaling downstream of the B-cell receptor (BCR) are now 

standard therapeutic options. Furthermore, the potent, selective, and orally bioavailable 

small-molecule BCL2 inhibitor (BCL2i), venetoclax, is licensed as both monotherapy 

and in combination with anti-CD20 mAbs (rituximab in relapsed/refractory CLL and 

obinutuzumab in first-line CLL) and now represents a key component of treatment 

pathways.

Pivotal randomized clinical trials established ibrutinib monotherapy and idelalisib-rituximab 

(1, 2) as standard treatment options in relapsed/refractory CLL prior to the pivotal 

venetoclax trial publications.(3, 4) As a result, outcomes with venetoclax following 

discontinuation of BCR inhibitors (BCRi) have been subsequently established both from 

prospective clinical trials (5, 6) and large retrospective cohort series (7, 8).

The success of the MURANO trial (9), the recent German CLL14 trial (10), and other 

pivotal venetoclax monotherapy phase I-II trials (3, 4, 6) encouraged prescribing physicians 

to utilize venetoclax (with or without anti-CD20 mAb), because of its favorable efficacy and 

safety profile (11, 12) earlier in treatment pathways. As a result, this change has identified 
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a number of key issues regarding sequencing of therapy following venetoclax (13), in 

particular is the question of the activity of BTKi, PI3Ki, and cellular therapies in the setting 

of CLL progression following venetoclax discontinuation.

Four small series have reported on the response rate to ibrutinib following venetoclax in 6, 

11, 8, and 27 BTKi-naïve patients, respectively (14–17). These very limited data suggest 

that a covalent BTKi may remain effective in venetoclax-exposed patients. Moreover, recent 

studies of venetoclax resistance mechanisms (18, 19) do not suggest overlapping BCL2i and 

BTKi resistance pathways. However, no prospective study has addressed the key question 

of BTKi efficacy post-venetoclax in BTKi-naïve patients, and large, robust case series are 

lacking. Similarly, no data exist regarding the efficacy and toxicity prolife of PI3Ki in 

venetoclax-exposed, PI3Ki-naïve patients with relapsed CLL.

Finally, patients who have discontinued both BCRi and BCL2i have poor outcomes, however 

these outcomes have typically been collected from series of heavily pretreated, poor risk, 

older patients (7, 8,20). At present, an understanding of the optimal therapeutic approaches 

in the dual pathway exposed setting remains limited. Cellular therapies including chimeric 

antigen receptor T cell (CAR-T; ref. 21) and allogeneic stem cell transplantation (alloSCT; 

ref. 22) have demonstrated efficacy in heavily pretreated CLL patients; however, data 

establishing the therapeutic value of these approaches in venetoclax-exposed patients is 

lacking.

To address these key unanswered questions, we conducted a large, international cohort 

study to establish the therapeutic efficacy of several treatment approaches for patients with 

relapsed/refractory CLL who discontinued venetoclax-based therapy for any reason and had 

received a subsequent therapy. To our knowledge, this is the largest series of patients with 

CLL, who have received and discontinued venetoclax-based therapy, for whom detailed 

outcome on post-venetoclax therapy is described.

Materials and Methods

We conducted an international, multicenter, retrospective cohort study to describe the 

characteristics and outcomes of patients with CLL who discontinued venetoclax-based 

therapy between 2014 and 2019. Thirty-one academic and community sites in the United 

States, European Union/United Kingdom (EU/UK), and South America participated in this 

study. The study was institutional review board approved by each participating institution in 

accordance with the Declaration of Helsinki and was conducted in partnership between U.S. 

centers, EU/UK centers, and CLL Collaborative Study of Real-World Evidence.

To define the study cohort, medical chart review was performed to identify all patients 

with CLL at each institution who discontinued venetoclax-based therapies. Utilizing a 

standardized case report form, investigators collected data on patient’s pre-venetoclax 

demographics, disease characteristics, clinical and genetic characteristics, prior therapies, 

venetoclax dosing, response and survival outcomes of venetoclax, reasons for venetoclax 

discontinuation, and subsequent therapies. We collected data on whether venetoclax was 

administered in the context of a prospective clinical trial or in routine clinical practice. 
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For patients who received venetoclax in combination with other therapies, we collected 

data on which agent(s) it was paired with, whether the combination was given on a 

fixed duration schedule, and number of cycles of therapy administered. Reasons for 

venetoclax discontinuation were characterized as adverse event (AE), progression of CLL, 

Richter transformation, alloSCT, CAR-T therapy, cost concerns, death not secondary to 

progression or toxicity, physician or patient preference, secondary malignancy, sudden death 

on therapy, or other reason not previously described or unknown. Patients who discontinued 

venetoclax due to Richter transformation were excluded from analyses related to the primary 

endpoint. Detailed information regarding available pre-venetoclax clinical, molecular, and 

genetic prognostic data were collected including Rai stage, del(17p), del(11q), karyotype 

complexity (defined in this study as >3 cytogenetic aberrations), IGHV mutation status, 

TP53 mutation, NOTCH1 mutation, BTK mutation, and PLCgamma2 mutation. For post­

venetoclax therapies, we collected data on 19 unique regimens/therapies including overall 

response rate (ORR), complete remission (CR) rate, discontinuation rate, reason for 

discontinuation, and progression-free survival (PFS) and overall survival (OS). This report 

and all analyses focus on patients treated with a BTKi, PI3Ki, or cellular therapy. For 

patients who discontinued a post-venetoclax therapy due to an AE, we collected data on 

specific AEs leading to discontinuation. Toxicity assessment was defined according to the 

Common Terminology Criteria for AEs (version 4.0) where applicable.

Coprimary endpoints for this study were ORR and PFS for post-venetoclax treatments. We 

focused on outcomes of patients who were treated with a BTKi, PI3Ki, or cellular therapy 

(CAR-T or alloSCT) following venetoclax. Patients were further stratified on the basis 

of whether they were also treated with a BTKi or PI3Ki prior to venetoclax (BTKi/PI3Ki­

exposed or BTKi/PI3Ki-naïve) and the reason for discontinuation of first kinase inhibitor 

(AE or progression of disease). Patients receiving a BTKi, PI3Ki, or cellular therapy as 

any line of therapy following venetoclax were included in assessment of study primary 

endpoints. Data regarding disease status at the time of alloSCT, conditioning regimen, donor 

source, degree of donor mismatch, and AEs (cytomegalovirus reactivation, graft-versus-host 

disease, and infections) were outside the scope of this study and were intentionally not 

collected. Of note, all patients who had received venetoclax in combination with a second 

novel agent (i.e., BTKi) were excluded from survival and sequencing analyses.

Investigators were requested to classify responses as defined by modified iwCLL criteria as 

CR, partial remission [PR; including PR with lymphocytosis (PR-L)], stable disease (SD), 

and progressive disease (PD; ref. 23). Because of study design, response assessments and 

follow-up intervals were not standardized, but time to best response was collected. PFS was 

defined as the time from the start of post-venetoclax therapy to last follow-up, progression 

of CLL, or death. OS was defined as the time from the start of post-venetoclax therapy to 

death from any cause. PFS and OS were both estimated by the Kaplan-Meier method (24). 

Patients with no progression or death were censored at last follow-up. Timing, frequency, 

causality, and duration of AEs for post-venetoclax therapies were not collected. All other 

comparisons were descriptive. Statistical analyses were performed using STATA 10.1 (Stata 

Statistical Software, Release 10, 2007; StataCorp LP). The database was locked on 8/1/2019 

for analysis, last follow-up was defined as date of the most recent medical visit or death.
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Results

Patient characteristics

We identified 326 patients with CLL who were treated with venetoclax and subsequently 

discontinued therapy; 4% (n = 13) as first-line and 96% (n = 313) for relapsed/refractory 

CLL. Of these, 67% received venetoclax as part of standard clinical practice (vs. clinical 

trial) and 73% received venetoclax as a monotherapy administered continuously (vs. 

combination or fixed duration schedule). Of those treated with a combination (n = 90), 

78% were paired with anti-CD20 antibody (rituximab n = 41, obinutuzumab n = 13, and 

ofatumumab n = 8) and 16 patients were paired with BTKi with or without an anti-CD20 

antibody. The median number of cycles of anti-CD20 mAb administered in combination 

with venetoclax was six (range 1–12). Baseline characteristics for the entire study cohort 

are included in Table 1. Baseline characteristics demonstrate this patient population to 

be a heavily pretreated (median three prior therapies) with several poor risk prognostic 

features including 47% del(17p) positive, 45% TP53 mutated, 39% complex karyotype, and 

18% NOTCH1 mutated. The three most common reasons for discontinuing the regimen 

immediately preceding venetoclax were progression of CLL (59%), treatment-related AE 

(26%), and patient preference (6%).

Venetoclax response, dosing, and reasons for discontinuation

Following venetoclax dose escalation, 73% of patients achieved a stable venetoclax dose of 

400 mg once daily (vs. 27% <400 mg daily). The ORR to venetoclax was 69% (28% CR). 

The median time to best response to venetoclax was 3 months (range 1–31 months). The 

median time to venetoclax discontinuation was 9 months (range 0.1–60 months). The most 

common reasons for discontinuation of venetoclax included progression of CLL (37%), AE 

(20%), Richter transformation (13%), physician or patient preference (8%), planned cellular 

therapy (7%), unrelated death (5%), secondary malignancy (3%), sudden death (3%), and 

other (4%). The median time to venetoclax discontinuation due to AE was 5.5 months, due 

to Richter transformation was 9 months, and due to CLL progression was 12 months. No 

patient discontinued venetoclax due to financial concerns (0%). Of the 326 patients who 

have discontinued venetoclax, 188 (58%) were treated with a subsequent line of therapy, 56 

(17%) are alive untreated and 82 (25%) died prior to a subsequent line of therapy. Causes of 

death and why patients were not treated were not collected. With a median follow-up of 17 

months (range 1–84 months), the median OS for the cohort from start of venetoclax to last 

follow-up or death was estimated to 28 months (Supplementary Fig. S1).

Sequencing of therapies following venetoclax

For patients who were treated with BTKi, PI3Ki, CAR-T, and anti-CD20 antibody 

monotherapy following venetoclax discontinuation, response data, median PFS, and reasons 

for discontinuation for post-venetoclax therapy are summarized in Table 2. The most 

common class of therapy administered in the post-venetoclax setting was BTKi. We 

identified 74 patients treated with a BTKi, of which 44 were BTKi naïve and 30 were 

previously BTKi exposed (33% BTKi intolerant and 66% BTKi refractory of whom 6 

had confirmed BTK or PLCgamma2 mutations in a limited number of patients analyzed). 

BTKi-naïve patients received ibrutinib (n = 43) or acalabrutinib monotherapy (n = 1). 
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BTKi-exposed patients received ibrutinib (n = 4), acalabrutinib (n = 20), or a noncovalently 

binding BTKi monotherapy within a clinical trial (n = 6). No patient received BTKi in 

combination with either an anti-CD20 mAb or venetoclax. The ORR to BTKi in BTKi-naïve 

patients was 84% (CR 9%, n = 44). This was significantly higher than the ORR to BTKi 

in patients who were previously BTKi-exposed pre-venetoclax (ORR = 54%, n = 30; P < 
0.001). In the BTKi-exposed patients, the ORR to BTKi was 50% in prior BTKi-resistant 

patients and 70% in prior BTKi-intolerant patients.

With a median follow-up of 7.7 months (1–48 months) for patients treated with BTKi 

post-venetoclax, the estimated median PFS to post-venetoclax BTKi was 32 months in 

BTKi-naïve patients, not reached in BTKi-intolerant patients but was only 4 months in 

patients who were known to be BTKi resistant (Fig. 1A and B, BTKi naïve vs. BTKi 

resistant). Of note, median follow-up for the group of BTKi-naïve patients treated with 

BTKi post-venetoclax was 10.5 months (1–48 months). In the subset of patients who 

discontinued venetoclax due to progression, the estimated median PFS to post-venetoclax 

BTKi was not reached (n = 29) in BTKi-naïve patients (Supplementary Fig. S2). While the 

overall discontinuation rates were comparable, the reasons for discontinuation of a BTKi 

varied depending on whether patients were exposed to a BTKi pre-venetoclax (Table 2) 

with a higher proportion of BTKi-exposed patients discontinuing due to CLL progression 

(66.6% discontinuations vs. 21.4% discontinuations; P = 0.0001). While testing for ibrutinib 

resistance in BTKi-exposed patients was limited to 61 patients, BTKCys481 mutations were 

documented in 18 patients and PLCgamma2 in 4 patients. Because of small numbers, 

outcomes were not analyzed separately in patients with ibrutinib-associated resistance 

mutations.

In this series, patients receiving a PI3Ki were all PI3Ki-naïve and BTKi-exposed prior to 

venetoclax (n = 17). While the ORR to PI3Ki was 46.9%, responses were not durable 

with a median PFS of only 5 months (Fig. 1C) and an overall discontinuation rate of 78% 

(most commonly due to progression of CLL). The ORR to CD19-directed CAR-T therapy 

(various products on clinical studies) was 66% in 18 patients all of whom were both BTKi- 

and venetoclax-exposed; the median PFS was 9 months (Fig. 1D). The median PFS was 

not reached for 19 patients who underwent alloSCT post venetoclax (Fig. 1D). The use of 

anti-CD20 mAb monotherapy did not result in durable remissions following venetoclax with 

an ORR of 32% and a median PFS of only 2 months.

Discussion

In this largest experience to date of therapies following venetoclax discontinuation, 

we demonstrated that the therapeutic selection following venetoclax requires careful 

consideration of prior novel agent exposure and reasons for discontinuation. By virtue of the 

period in which the population studied received venetoclax and the study design in which 

patients were only included if they had discontinued venetoclax, this is a predominantly 

relapsed/refractory, heavily pretreated, and genetically poor risk CLL patient population 

with a short median time on venetoclax of only 9 months.
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Until now, patient series of BTKi outcomes following venetoclax exposure were very limited 

in terms of patient number and follow-up. Anderson and colleagues (15) described 6 patients 

receiving ibrutinib as their first therapy following progression of CLL on venetoclax. Five 

partial responses were noted, and two patient deaths were considered ibrutinib related. 

Brown and colleagues described 10 partial responses in 11 patients and have subsequently 

updated this series to include 27 patients with an ORR of 56% (16). Recently, Greil and 

colleagues described eight partial responses to ibrutinib in all 8 patients discontinuing 

venetoclax following treatment, typically at first relapse, on the MURANO trial (17). These 

series did not provide information regarding durability of responses and were limited to the 

study of ibrutinib following venetoclax.

To the best of the authors’ knowledge, we provide the largest series outlining outcomes 

for patients with CLL receiving BTKi therapy after venetoclax. For BTKi-naïve patients, 

selection of a covalently binding BTKi results in high response rates (ORR 84%) and 

durable remissions (median PFS 32 months). PFS in this patient population did not appear 

to be negatively impacted by the reason for discontinuation of venetoclax (resistance 

vs. intolerance), suggesting nonoverlapping mechanisms of resistance. Although indirect 

comparisons across patient populations are challenging, the median PFS for BTKi following 

venetoclax from this dataset (32 months) appears comparable with the median PFS of 

venetoclax monotherapy following ibrutinib (24.7 months; ref. 6). It is likely that the second 

novel agent chosen in a sequence, whether it is venetoclax or a BTKi, will result in a shorter 

PFS than the first agent regardless of the order. In addition, while it may be tempting to 

compare these PFS data with PFS data for from recent relapsed/refractory clinical trials such 

as RESONATE or MURANO, it is important to note that the patient populations enrolled 

in these landmark studies have essentially not been exposed to novel agents and are not 

comparable (9, 25).

In the MURANO trial (9), patients in the experimental arm were treated with fixed duration 

venetoclax-rituximab. Most of these patients had received one prior immunochemotherapy 

and virtually no patients enrolled had received prior BCR inhibitors. Fixed duration, 

nontoxic, and highly effective therapy such as venetoclax-rituximab is an attractive option. 

Now our data enhance the credibility of this approach as the first novel agent in the 

relapsed/refractory setting by providing more robust and definitive evidence of efficacy and 

durable responses of BTK inhibition following BCL2 inhibition. Mechanisms of resistance 

to venetoclax are becoming increasingly well understood (17, 18), and no mechanism to 

date~has described enhanced interference with BCR signaling as a contributing event. Our 

data, coupled with this evolving literature, are grounds for reassurance, particularly in a field 

where sequencing randomized trials [venetoclax +/− anti-CD20 antibodies → ibrutinib vs. 

ibrutinib → venetoclax (+/− anti-CD20 antibodies)] are highly unlikely to be performed.

We also examined the influence of the reason for prior BTKi discontinuation on retreatment 

with a BTKi post-venetoclax discontinuation. We found that the reason for prior BTKi 

discontinuation strongly influences subsequent responses. For previously BTKi-exposed 

patients, BTK inhibition with a covalently binding BTKi is, unsurprisingly, ineffective in 

the setting of BTKi failure but can be considered if BTKi was discontinued for intolerance. 

This strategy is particularly relevant as access to next-generation covalently binding BTKis 
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such as acalabrutinib are now approved in the first-line and relapsed/refractory settings (26, 

27). While the discontinuation rates observed for BTK-exposed and BTK-naïve populations 

were equivalent, importantly more discontinuations in the BTK-exposed group were due 

to CLL progression. Observed similarity in discontinuation rates are likely attributable to 

small number of patients studied and the limited follow-up. Furthermore, we highlight 

that a subset of the BTKi-exposed patients received noncovalent BTKis on a clinical 

trial, which may account for the relatively low discontinuation rate observed. Sequencing 

recommendations may need to be further modified as more data become available from the 

early clinical studies of noncovalently binding BTKi in BTKi-resistant patients (28–30).

We also examined outcomes in a small subset of patients treated with PI3Ki following 

venetoclax. Durable remissions were not seen in this small subpopulation, all of whom were 

PI3K-naïve and both BTKi- and venetoclax-exposed. This finding suggests that there may 

be possible overlap in resistance mechanisms to either agent, although this needs further 

exploration in larger numbers of patients with pharmacodynamic studies before conclusions 

can be definitive. It is important to note that currently approved and commercially available 

PI3Kis were studied in essentially BTKi-naïve and venetoclax-naïve patient populations 

and reported results may not translate to a patient population previously treated with novel 

agents. While the PI3Ki duvelisib is approved in patients who have failed at least two 

prior therapies, no patient treated on that study had been previously exposed to a BTKi or 

venetoclax (31).

We also examined the role of CAR-T and alloSCT following venetoclax discontinuation. 

Small patient numbers in a heterogeneous population with various stem cells products and 

techniques preclude definitive conclusions, however, both approaches seem to demonstrate 

therapeutic efficacy and can be considered in appropriate high-risk patients for whom 

limited other options exist. These findings also support current guidance from The European 

Society for Blood and Marrow Transplantation regarding the utility and timing of alloSCT 

following the introduction of novel agents (particularly in fit patients with an available 

donor who are being treated with their second novel agent; ref. 32). Outcomes in the 

post-venetoclax alloSCT setting are being explored in considerably more detail in a separate 

case series (33).

Our study has several limitations. It is retrospective and hypothesis generating only. 

However, in the absence of a planned clinical trial to address sequencing questions, our data 

may help to guide practice and may also aid in the design of future prospective clinical trials. 

We recognize that clinical and prognostic data were not uniformly collected, and responses 

are not confirmed centrally. Information regarding treatment schedule, dose, interruptions, 

adherence, and AEs to post-venetoclax therapies were not collected and follow-up is limited 

and may be different among patients, centers, and treatment regimens. To try to address 

these limitations, we partnered with investigators who are both well versed in the use of 

venetoclax and other novel agents, routinely perform response assessments on prospective 

clinical studies, and who also have considerable experience in conducting real world 

evidence studies in CLL. In addition, the large number of centers who participated makes 

it unlikely that any one anomaly in practice variation or data collection would significantly 

impact results. The protocol and case report form requested investigators to follow iwCLL 
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criteria to define response and progression of disease and was standardized with drop down 

menus to allow for consistency of data collection. Given limited follow-up and relatively 

small numbers in each cohort, PFS estimates must be interpreted with caution. These are 

hypothesis generating only, however, they do suggest potential differences in durability of 

response to agents based on prior treatment history and reasons for discontinuation. In 

addition, not all patients for whom we have response data have available data for follow-up 

in survival analyses, which may affect PFS data. In addition, we highlight that these data 

do not provide a definitive comparison of outcomes between alloSCT andCAR-T products 

in this setting and should not be used to guide the selection of cellular therapy modality 

over another. We recognize that we do not have data regarding the remission status at time 

of cellular therapy and additional important prognostic data, which may impact outcomes. 

Finally, the patient population included here is considerably older, more heavily pretreated, 

and with a higher proportion of poor risk genetic features as compared with patients 

currently treated in clinical practice and those treated on recent venetoclax studies such 

as MURANO and CLL14 (9, 10).

Our cohort represents the first wave of patients treated at our centers who are discontinuing 

venetoclax and, like patients who discontinued ibrutinib in early series, are likely to be 

heavily pretreated and high risk (34–36). Despite this, we believe these data are still 

informative in guiding the development of sequencing algorithms.

In conclusion we provide the first series describing efficacy and survival of a large 

population of patients who had discontinued venetoclax-based therapy. Critically, the well­

known efficacy of BTKi monotherapy does not seem to be considerably compromised 

by prior venetoclax treatment, providing reassurance and flexibility when sequencing 

therapeutic novel agent options. BTKi in patients who are BTKi-naïve or responding at time 

of BTKi discontinuation and alloSCT following venetoclax appear to be the most effective 

strategies with durable responses. Overall, our data provide further support for the use of 

venetoclax-based therapy earlier in the treatment course of CLL.
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Translational Relevance

BTK (BTKi) and BCL2 inhibitors (BCL2i) are now commonly utilized, highly effective 

agents for treatment of patients with chronic lymphocytic leukemia in the first-line 

(CLL14) and relapsed/refractory settings. While efficacy data for the use of venetoclax 

post-BTKi has been well described, data for the opposite sequence is limited. We 

present the largest series of patients receiving BTKi post-venetoclax and demonstrate 

efficacy and durability of response. Outcomes in patients with prior BTKi exposure were 

dependent on the discontinuation reason for BTKi pre-venetoclax. These data support 

the utility of venetoclax-based therapy early in treatment pathways before BTKi. From 

a translational perspective, these observations suggest minimal overlap between BCL2i 

(BCL2 Gly101Val mutations) and BTKi (Cys481/PLCgamma2 mutations) mechanisms 

of resistance. While less is known about PI3K inhibitor (PI3Ki) resistance, PI3Kis 

were not effective in double novel agent-exposed patients, suggesting potential Pi3Ki 

resistance in BTKi- and/or venetoclax-resistant cells.
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Figure 1. 
A, PFS in for BTKi in BTK-naïve patients. B, PFS for BTKi in BTK-exposed patients. 

C, PFS for PI3Ki in PI3Ki-naïve patients. D, PFS for alloSCT and CAR-T following 

venetoclax in BTKi-exposed patients.
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Table 1.

Baseline characteristics.

Characteristic Result (range) Number with available data

Median age at CLL diagnosis 58 years (32–88) 326

Median age at venetoclax start 66 years (38–91) 324

Median number therapies prior to venetoclax 3 (0–11) 326

Male 69% 326

White 87% 325

Rai stage ≥ 3 64% 318

Del(17p) positive 47% 312

TP53 mutation present 45% 221

TP53 disruption (del17p or TP53 mutation) 56% 312

Del(11q) positive 27% 311

Complex karyotype present 39% 279

NOTCH1 mutation present 18% 103

IGHV unmutated 82% 171

Ibrutinib prior to venetoclax 60% 324

Any BTKi prior to venetoclax 61% 324

Idelalisib prior to venetoclax 19% 324
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