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Summary

Background—We hypothesised that combining zanubrutinib with obinutuzumab and venetoclax
(BOVen) as an initial therapy for chronic lymphocytic leukaemia and small lymphocytic
lymphoma would lead to high rates of undetectable minimal residual disease (MRD), and we
explored MRD as a biomarker for directing treatment duration.

Methods—This multicenter, investigator-initiated, single-arm, phase 2 trial took place at two two
academic medical centres in the USA. Patients were eligible for the primary cohort if they had
treatment-naive chronic lymphocytic leukaemia or small lymphocytic lymphoma, required therapy,
and were at least 18 years of age with an Eastern Cooperative Oncology Group performance status
up to 2. BOVen was administered in 28 day cycles (oral zanubrutinib at 160 mg twice per day
starting in cycle 1 on day 1; intravenous obinutuzumab at 1000 mg on day 1 [split over day 1

with 100 mg and day 2 with 900 mg for an absolute lymphocyte count >25 000 cells per puL

or lymph nodes >5 cm in diameter], day 8, and day 15 of cycle 1, and day 1 of cycles 2-8;

and oral venetoclax ramp up to 400 mg per day starting in cycle 3 on day 1) and discontinued
after 8-24 cycles when prespecified undetectable MRD criteria were met in the peripheral blood
and bone marrow. The primary endpoint was the proportion of patients that reached undetectable
MRD in both the peripheral blood and bone marrow (flow cytometry cutoff less than one chronic
lymphocytic leukaemia cell per 10 000 leukocytes [<1074]) assessed per protocol. This trial is
registered at clinicaltrials.gov (NCT03824483). The primary cohort is closed to recruitment, and
recruitment continues in the 7P53-mutated mantle cell lymphoma cohort.

Findings—Between March 14, 2019, and Oct 10, 2019, 47 patients were screened for eligibility,
and 39 patients were enrolled and treated. Median age was 62 years (IQR 52—70) with 30 (77%)
of 39 male participants and nine (23%) of 39 female participants. 28 (72%) of 39 patients had
unmutated immunoglobulin heavy-chain variable-region and five (13%) of 39 had 17p deletion

Lancet Haematol. Author manuscript; available in PMC 2022 December 01.
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or 7P53 mutation. After a median follow-up of 25.8 months (IQR 24.0-27.3), 33 (89%) of 37
patients (95% CI 75-97) had undetectable MRD in both blood and bone marrow, meeting the
prespecified undetectable MRD criteria to stop therapy after a median of ten cycles (IQR 8-12),
which includes two cycles of zanubrutinib and obinutuzumab before starting venetoclax. After
median surveillance after treatment of 15.8 months (IQR 13.0-18.6), 31 (94%) of 33 patients

had undetectable MRD. The most common adverse events were thrombocytopenia (23 [59%]

of 39), fatigue (21 [54%]), neutropenia (20 [51%]), and bruising (20 [51%]), and the most
common adverse event at grade 3 or worse was neutropenia (seven [18%]) in the intention-to-treat
population. One death occurred in a patient with intracranial haemorrhage on day 1 of cycle 1 after
initiating intravenous heparin for pulmonary emboli.

Interpretation—BOVen was well tolerated and met its primary endpoint, with 33 (89%) of

37 previously untreated patients with chronic lymphocytic leukaemia or small lymphocytic
lymphoma reaching undetectable MRD in both peripheral blood and bone marrow despite a
median treatment duration of only 10 months, owing to our undetectable MRD-driven treatment
discontinuation design. These data support further evaluation of the BOVen regimen in chronic
lymphocytic leukaemia and small lymphocytic lymphoma with treatment duration guided by early
MRD response kinetics.

Funding—Beigene, Genentech (Roche), Grais-Cutler Fund, Lymphoma Research Fund,
Lymphoma Research Foundation, American Cancer Society, Farmer Family Foundation, and the
National Instititutes of Health and National Cancer Institute.

Introduction

Venetoclax, a B-cell lymphoma 2 (BCL2) inhibitor, combined with obinutuzumab, a
CD20 antibody, is approved in chronic lymphocytic leukaemia and small lymphocytic
lymphoma.1-2 Venetoclax and obinutuzumab is administered as a fixed-duration therapy (1
year) and induces undetectable minimal residual disease (MRD) and durable responses.
Given that undetectable MRD is correlated with prolonged progression-free survival,
thereby predicting longer remissions after treatment, we explored MRD as a biomarker
for directing treatment duration.

Bruton’s tyrosine kinase (BTK) inhibitors sensitise chronic lymphocytic leukaemia cells to
venetoclax through increased mitochondrial BCL2 dependence, upregulated proapoptotic
Bcl-2-like protein 11, and decreased intracellular myeloid leukaemia-cell differentiation
protein 1.3 These observations are supported by trials showing that BTK and BCL2
inhibitor combinations are well tolerated, with bone marrow undetectable MRD occurring in
57-77% of patients.>7

Zanubrutinib (BGB-3111; BTK inhibitor) showed 100% BTK occupancy in lymph nodes
and minimal inhibition of interleukin-2-inducible T-cell kinase (essential for antibody-
dependent cytotoxicity), and is an appealing BTK inhibitor to combine with venetoclax

and obinutuzumab.8-12 We hypothesised that MRD-directed treatment with zanubrutinib,
obinutuzumab, and venetoclax (BOVen) would lead to frequent, durable undetectable MRD.

Lancet Haematol. Author manuscript; available in PMC 2022 December 01.
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Study design and participants

Procedures

This multicentre, investigator-initiated, single-arm, phase 2 trial was done in two academic
medical centres in the USA (appendix p 19). This trial was approved by the relevant
institutional review boards, and complied with the Declaration of Helsinki and Good
Clinical Practice Guidelines. All patients provided written informed consent.

The purpose of this study was to determine the rate of MRD undetectable response of

the BOVen regimen in patients with chronic lymphocytic leukaemia or small lymphocytic
lymphoma. A separate study of 7P53-mutated mantle cell lymphoma and an expansion
cohort of treatment-naive patients with chronic lymphocytic leukaemia or small lymphocytic
lymphoma were added after the initial cohort was completed, and is now recruiting patients.
These outcomes are not reported in this manuscript.

Inclusion criteria were as follows: age at least 18 years; Eastern Cooperative Oncology
Group performance status up to 2; diagnosis of chronic lymphocytic leukaemia or small
lymphocytic lymphoma (WHO classification);13 treatment naive (localised radiation or
corticosteroids permitted); requiring treatment (as established by the 2018 guidelines of

the International Workshop for Chronic Lymphocytic Leukaemia [iwCLL]);1* adequate
organ function (creatinine clearance >50 mL/min per 1.73 m?, total bilirubin up to two
times the upper limit of normal [ULN] or up to three times the ULN with Gilbert’s, and
transaminases up to two times the ULN); and adequate haematological function (absolute
neutrophil count of =500 cells per mL and platelets =75 000 cells per mL and haemoglobin
>9.0 g/dL) unless associated with chronic lymphocytic leukaemia or small lymphocytic
lymphoma diagnosis. We excluded patients with HIV, hepatitis B virus (HBV), or hepatitis
C virus (occult or previous HBV infection with undetectable HBV DNA was permitted
with prophylaxis), patients who were pregnant or breastfeeding (because of the potential for
foetal abnormalities and insufficient data on lactation), patients with uncontrolled concurrent
medical problems, bleeding diathesis, CNS haemorrhage or stroke within 6 months, major
surgery within 4 weeks, QTc higher than 450 ms, active malignancy, or systemic cancer
therapy within 3 years (locoregional therapy with curative intent was permitted), and
patients who had received coadministration of strong cytochrome P450 3A, 2C8, 2C9, and
2C19 inhibitors or inducers, warfarin, or dual antiplatelets.

BOVen was administered in 28 day (monthly) cycles. Zanubrutinib was administered at 160
mg orally twice per day starting on day 1 of cycle 1. Obinutuzumab was administered at
1000 mg intravenously on day 1 (100 mg on day 1 and 900 mg on day 2 of cycle 1 for an
absolute lymphocyte count >25000 cells per UL or lymph nodes >5 ¢cm in largest transaxial
dimension), day 8, and day 15 of cycle 1, and day 1 of cycles 2-8. Venetoclax was initiated
on day 1 of cycle 3 with a 5 week ramp up to 400 mg administered orally per day (20

mg, 50 mg, 100 mg, 200 mg, and 400 mg). Venetoclax and obinutuzumab were provided

by Genentech (Roche, San Francisco, CA, USA) and zanubrutinib was provided by Beigene

Lancet Haematol. Author manuscript; available in PMC 2022 December 01.
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Pharmaceuticals (San Mateo, CA, USA; US Food and Drug Administration Investigational
New Drug number 142458).

Treatment consisted of 8-24 cycles (including two lead-in cycles of zanubrutinib and
obinutuzumab) with the duration determined by prespecified MRD criteria. Beginning on
day 1 of cycle 7 and then every other cycle, patients with undetectable MRD in the
peripheral blood (cutoff less than one chronic lymphocytic leukaemia cell per 10 000
leukocytes [<1074]) underwent bone marrow biopsy and aspiration within 14 days to assess
MRD status. If patients had undetectable MRD in the bone marrow, then MRD testing
was repeated in peripheral blood after two additional cycles. Patients with confirmed
undetectable MRD discontinued therapy. Dose interruptions or reductions were permitted
for zanubrutinib (80 mg twice per day and 80 mg once per day) and venetoclax (300 mg,
200 mg, 100 mg, 50 mg, 20 mg, and 10 mg once per day) in the case of adverse events.
Treatment was continued with growth-factor support for grade 3 or 4 neutropenia in the
absence of fever or evidence of infection. Dose modification for obinutuzumab was not
permitted. Zanubrutinib and venetoclax were held for 3—7 days before and after surgical
procedures.

Patients who met MRD-retreatment criteria or biopsy-confirmed progressive disease
resumed treatment with zanubrutinib and venetoclax. MRD-retreatment criteria were
peripheral blood MRD comprising more than 1% of the total leukocytes for patients with
previous undetectable MRD-directed discontinuation, and a 1 log increase in peripheral
blood MRD for those who completed therapy with persistent detectable MRD.

MRD was evaluated for the primary endpoint with at least ten-colour flow cytometry.

On the basis of iwCLL recommendations, the MRD flow-cytometry assay was considered
undetectable if it was lower than a threshold of 1074. Assessment of peripheral blood MRD
occurred at baseline, at every other cycle starting on day 1 of cycle 3, at the end of treatment,
and during surveillance after treatment (every 3 months). Assessment of bone marrow MRD
occurred at baseline, on day 1 of cycle 3, and when peripheral blood undetectable MRD was
shown. Bone marrow was obtained on day 1 of cycle 3 to facilitate MRD concordance data.
Peripheral blood MRD assessment on day 1 of cycle 5 was used to measure the decrease

in MRD as assessed by immunosequencing from baseline to day 1 of cycle 5 (AMRD).
Local MRD flow cytometry was used for the primary endpoint and MRD was also evaluated
at each MRD-assessment timepoint, with a central 14-colour MRD flow-cytometry assay
(Memorial Sloan Kettering Cancer Center Clinical Flow Cytometry Laboratory, New York,
NY, USA) and with immunosequencing (clonoSEQ, Adaptive Biotechnologies, Seattle, WA)
at all MRD assessments (limit of detection of less than one leukaemic cell per 2000 000
leukocytes given sufficient input).

Patients were examined for investigator-assessed response (iwCLL guidelines 2018)14 with
complete blood counts and CT scan of the neck, chest, abdomen, and pelvis at baseline,
before cycles 3 and 7, after bone marrow undetectable MRD was confirmed, 30 days

after discontinuation, then every 6 months until progressive disease. Bone marrow biopsy
and aspiration was required at baseline, on day 1 of cycle 3, and for MRD and response
assessment in patients that had peripheral blood undetectable MRD. Patients who received

Lancet Haematol. Author manuscript; available in PMC 2022 December 01.
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up to two cycles of therapy and underwent response assessment or exhibited progressive
disease before initial restaging were examined for response. Overall response, complete
response, complete response with incomplete marrow recovery, and partial response were
defined as per the 2018 iwCLL guidelines.1

Toxicity assessments included history, vitals, examination, and laboratories, including
complete blood counts with differential and serum chemistries at all visits (appendix p 20).
Adverse events were assessed at every study visit using the Common Terminology Criteria
version 5.0. All patients who received any amount of therapy were examined for toxicity.
Adverse events were tabulated in the manuscript irrespective of the relationship to protocol
therapy.

Patients were examined at baseline with a genetic assessment, which included
immunoglobulin heavy-chain variable-region (IGHV) gene-mutation analysis, fluorescence
in-situ hybridisation (deletion [del]11q, trisomy 12, del13q, and del17p), and MSK-IMPACT
targeted DNA sequencing (all exons) of 400 genes associated with haematological
malignancies.?® Molecular assessments were not repeated.

Criteria for removal from the study included progressive disease while on treatment,
unacceptable toxicity, withdrawal of consent, or non-adherence to protocol treatment or
follow-up.

The primary endpoint was undetectable MRD, defined as the proportion of patients reaching
undetectable MRD in both the peripheral blood and bone marrow (flow cytometry cutoff
<1074]). Secondary activity endpoints were time to undetectable MRD from treatment
initiation, recommended phase 2-3 duration of therapy, proportion of patients successfully
discontinuing therapy after reaching the undetectable MRD endpoint, and durability of
clinical benefit after treatment discontinuation, as measured by duration of peripheral
blood undetectable MRD response and treatment-free survival. Recommended phase 2—

3 duration of therapy was not established (appendix p 13). Treatment-free survival is

not reported in this manuscript, because only one patient required subsequent treatment.
Secondary safety endpoints included safety and tolerability (number of haematological and
non-haematological adverse-event rates) and reduction in tumour lysis syndrome risk with
two cycles of zanubrutinib and obinutuzumab before venetoclax.16

Statistical analysis

Sample size was calculated to provide adequate power for detecting an improvement in

the primary endpoint (proportion of patients with undetectable MRD confirmed in both
peripheral blood and bone marrow by flow cytometry at <10™4) using an exact single-stage
phase 2 design.1” With 37 patients, there was 80% power to detect an improvement in

the primary endpoint from 50% (null) to 70% (alternative) using a one-sided significance
level of 0.05. This design required that at least 24 patients reached the primary endpoint

for their results to be declared promising and eligible for further investigation. The per-
protocol population included patients who received at least two cycles of treatment and
underwent MRD and response assessment or exhibited progressive disease. The intention-to-

Lancet Haematol. Author manuscript; available in PMC 2022 December 01.
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treat population included all patients who were enrolled and treated. Patients who were
ineligible for the per-protocol analysis were replaced, but were included in the intention-to-
treat analysis. Activity data are presented per protocol, and the primary endpoint is also
presented in an intention-to-treat analysis. A 7P53-mutated mantle cell lymphoma cohort
and a treatment-naive chronic lymphocytic leukaemia or small lymphocytic lymphoma
expansion cohort were added (total 38 patients) after the initial cohort was completed

and met the primary endpoint. This manuscript includes patients in the primary chronic
lymphocytic leukaemia and small lymphocytic lymphoma cohort (39 patients) and excludes
the expansion cohorts.

Patient and disease characteristics were summarised using descriptive statistics (numbers
and percentages for categorical variables; median and range for continuous variables).
Toxicities were summarised by maximum grade per patient and reported irrespective of

the relationship to protocol therapy. Responses were tabulated and summarised descriptively,
and we calculated frequencies and proportions of peripheral blood undetectable MRD,

bone marrow undetectable MRD, overall response, complete response or complete response
with incomplete marrow recovery, and treatment discontinuation. We calculated time to
undetectable MRD and progression-free survival from the start of treatment and MRD-

free survival from end of treatment using the Kaplan-Meier method. Successful treatment
discontinuation was defined as sustained undetectable MRD for at least 6 months after
treatment discontinuation. We assessed MRD concordance between MRD methods and
compartments (peripheral blood vs bone marrow) using Lin’s concordance correlation
coefficient. The biphasic nature of the time to undetectable MRD curve prompted a
post-hoc MRD-kinetics analysis. AMRD was measured as the decrease in MRD by
immunosequencing from baseline to day 1 of cycle 5. The Youden Index was used to
identify an optimal AMRD cutoff to predict bone marrow undetectable MRD within 8
months. Statistical analyses were done with R, version 4.1.0. This trial is registered at
ClinicalTrials.gov (NCT03824483).

Role of the funding source

Results

The funders of the study had no role in study design, data collection, data analysis, data
interpretation, or writing of the report.

Between March 14, 2019, and Oct 10, 2019, 47 patients signed informed consent and were
screened for eligibility (figure 1). 39 patients at Memorial-Sloan Kettering Cancer Center
(n=21) and Massachusetts General Hospital Cancer Center (n=18) were eligible and initiated
treatment. Participants had a median age of 62 years (IQR 52-70) and were predominantly
male (table 1). Of the 39 patients, 26 (67%) had chronic lymphocytic leukaemia or small
lymphocytic lymphoma with high or very high International Prognostic Index for chronic
lymphocytic leukaemia,8 28 (72%) had unmutated IGHV and five (13%) had 17p deletion
or 7P53 mutation.16

Cutoff for data analysis was on July 1, 2021, median follow-up was 25.8 months (IQR
24.0-27.3), and median follow-up after treatment was 15.4 months (IQR 10.8-17.3). Of the

Lancet Haematol. Author manuscript; available in PMC 2022 December 01.
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39 patients enrolled (intention-to-treat population), 37 (95%) received at least two cycles
of therapy and underwent MRD and response assessment, and thus could be assessed

for MRD and response (per-protocol population). Two patients received fewer than two
cycles of therapy because of intracranial haemorrhage occurring on day 1 of cycle 1 (n=I)
and metastatic adenocarcinoma on day 25 of cycle 1 (n=I) and did not undergo MRD

or response assessment. Undetectable MRD in both peripheral blood and bone marrow
(primary endpoint) occurred in 33 (89%) of 37 patients (95% CI 75-97; figure 2A) in the
per-protocol analysis and 33 (85%) of 39 patients (70-94) in the intention-to-treat analysis.
Median time to bone marrow undetectable MRD was 8 months (IQR 6-10). 37 (100%) of
37 patients had an overall response and 21 (57%) of 37 had a complete response or complete
response with incomplete marrow recovery (figure 2B).

33 (89%) of 37 patients (95% CI 75-97) reached the prespecified MRD endpoint and
discontinued therapy after a median of 10 cycles (IQR 8-12; figure 3); of 33 patients

who reached the prespecified MRD endpoint, iwCLL complete response or complete
response with incomplete marrow recovery response at time of MRD-directed treatment
discontinuation occurred in 18 patients (55%; 95% CI 36—72) and partial response in 15
patients (45%; 28-64). Three (8%) of 37 patients completed 24 cycles and stopped therapy
with detectable bone marrow MRD. One (3%) of 37 patients withdrew consent with an
ongoing MRD detectable partial response after two cycles of therapy. Of 15 patients with
MRD undetectable partial response at treatment discontinuation, 14 (93%) had borderline
lymphadenopathy or splenomegaly, one (7%) had substantial intra-abdominal soft tissue
measuring 6.6x2.5 cm with biopsy showing no evidence of chronic lymphocytic leukaemia
or small lymphocytic lymphoma. Of these 15 patients, 13 (87%) had continued reduction
in lymphadenopathy or splenomegaly after treatment discontinuation (including two who
later had complete responses), one had no change in disease, and one had biopsy-confirmed
progressive disease.

Median progression-free survival was not reached, with only one patient having progressive
disease (figure 3; appendix p 3). Of 33 patients who met the prespecified undetectable MRD
endpoint and discontinued therapy, 33 (100%) met the prespecified definitition of successful
treatment discontinuation, and 31 (94%) had ongoing undetectable MRD in the peripheral
blood as established by flow cytometry following a median time of 15.8 months (IQR
13-18.6) during surveillance after treatment (appendix p 12). Two patients had recurrent
detectable MRD as established by flow cytometry (figure 3), including one with detectable
MRD (0.22% in peripheral blood) and progressive lymphadenopathy (biopsy confirmed
chronic lymphocytic leukaemia or small lymphocytic lymphoma) 12 months after treatment,
who then reached peripheral blood undetectable MRD with venetoclax and zanubrutinib
after 3 months retreatment.

The most common all-cause adverse events (table 2) were thrombocytopenia (23 [59%)]

of 39), fatigue (21 [54%]), neutropenia (20 [51%]), bruising (20 [51%]), diarrhoea (18
[46%]), infusion-related reaction (17 [44%]), anaemia (16 [41%]), cough (14 [36%]), rash
(13 [33%]), and nausea (12 [31%]). Adverse events of grade 3 or worse in 5% of patients or
more were neutropenia (5 [18%]), thrombocytopenia (3 [8%]), rash (3 [8%]), lung infection
(3 [8%]), and infusion-related reaction (2 [5%]). Nine (23%) of 39 patients received
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granulocyte colony-stimulating factor (G-CSF) for grade 3—4 (five patients) or grade 2
neutropenia (four patients). One grade 1 atrial-fibrillation event occurred in a patient with
previous paroxysmal atrial fibrillation. One death occurred due to intracranial haemorrhage
on day 1 of cycle 1 after initiating intravenous heparin for pulmonary emboli, following

one dose of zanubrutinib and day 1 of split-dose obinutuzumab. No additional grade 3 or
worse bleeding or bruising occurred. One death occurred in a patient who was diagnosed
with metastatic adenocarcinoma on day 25 of cycle 1 and opted for hospice. Of four patients
who required dose reduction for toxicity, three required dose reduction of zanubrutinib and
venetoclax for grade 2 diarrhoea after 5.9 months, 6.4 months, and 8.2 months, and one
patient required dose reduction of venetoclax for grade 3 lung infection after 5.9 months.

16 (43%) of 37 patients were at high risk for tumour lysis syndrome at baseline.16 After
the two-cycle lead in, two (5%) remained at high risk for TLS and four (11%) initiated
venetoclax treatment as an inpatient (appendix p 2). No patients had laboratory or clinical
TLS during the venetoclax ramp up (Howard criteria).

Of 35 patients who achieved peripheral blood undetectable MRD, all (100%) had
undetectable MRD as established by immunosequencing at less than 1074, 33 (94%) had
undetectable MRD as established by immunosequencing at less than one leukaemic cell

per 100 000 leukocytes (<107°), and five (14%) had undetectable MRD as established

by immunosequencing at less than 1078 (table 2; appendix p 16). Of 30 patients who
reached bone marrow undetectable MRD as established by flow cytometry (<1074) and

had concurrent evaluation by immunosequencing, 24 (80%) had undetectable MRD as
established by immunosequencing at less than 1074, 12 (40%) had undetectable MRD as
established by immunosequencing at less than 1072, and one (3%) was undetectable by
immunosequencing at less than 1076 (denominator includes two patients were indeterminate
for presence of residual disease at <1076). Among patients meeting the prespecified
undetectable MRD endpoint permitting treatment discontinuation, the rate of peripheral
blood undetectable MRD as established by immunosequencing at less than 1075 improved
from 20 (61%) in 33 patients to 26 (87%) in 30 patients during the two cycles of therapy
preceding treatment discontinuation, suggesting declining MRD at treatment discontinuation
(appendix p 16).

We evaluated MRD concordance by method (14-colour flow cytometry or
immunosequencing) and compartment (peripheral blood or bone marrow) in a preplanned
secondary analysis using Lin’s concordance coefficient (appendix pp 4, 5, and 15). Among
paired peripheral blood and bone marrow sample collections, good concordance was shown
between peripheral blood and bone marrow MRD measurements using either flow cytometry
(r=0.77, 95% CI 0.70-0.82) or immune-sequencing (r=0.87, 0.82-0.91), but MRD was
higher in bone marrow than peripheral blood, leading to 13 (11%) of 117 discordant

pairs (MRD status) with immune-sequencing and 18 (15%) of 118 discordant pairs (MRD
status) with flow cytometry. Flow cytometry and immune-sequencing both showed stronger
concordance in peripheral blood (r=0.90, 0.88-0.92) than bone marrow (r=0.84, 0.79-0.88)
and discordant pairs (MRD status) were less frequent in peripheral blood (ten [3%] of 396
paired sample collections) than bone marrow (12 [10%] of 116 paired sample collections).
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We did a post-hoc analysis to find out whether AMRD (decrease in MRD by
immunosequencing from baseline to day 1 of cycle 5) predicts early bone marrow
undetectable MRD. Median AMRD was 2.8 log (IQR 2.1 log to 4 log). Day 1 of cycle 5 was
selected because it was the time at which venetoclax had been delivered at the target dose
for 1 month. A AMRD reduction to 1/400th of the baseline AMRD (2.6 log, AMRD400) was
identified as the optimal cutoff point for predicting undetectable MRD by the end of cycle

8 (sensitivity 21 [88%] of 24 patients, specificity 11 [100%] of 11, positive predictive value
21 [100%] of 21, negative predictive value 11 [79%] of 14; appendix p 6 and 14). Among
21 patients who reached AMRDA400, all had bone marrow undetectable MRD after a median
of six cycles (IQR 6-6), and later met the prespecified MRD treatment-discontinuation
criterion to stop therapy, 20 (95%) of 21 patients required 12 or fewer cycles of therapy,

and median duration of therapy was eight cycles (IQR 8-10; appendix p 14). Among 14
patients who did not reach AMRDA400, seven (50%) required more than 12 cycles of therapy,
and median duration of therapy was 13 cycles (IQR 12-17.5). Traditional biomarkers of
chronic lymphocytic leukaemia or small lymphocytic lymphoma (eg, IGHV status, del17p,
and 7P53 mutation) did not appear to be associated with AMRD400 (appendix p 17).

Of 33 patients who discontinued therapy after reaching the prespecified MRD endpoint,
MRD was evaluated every 3 months by immunosequencing in 31 (94%) patients for a
median observed time of 12 months (IQR 6-15) measured from end of treatment to recurrent
detectable MRD at equal or greater than 107> or last immunosequencing assessment.
Median time to recurrent detectable MRD at 10> was not reached and was longer among
patients who had AMRD400 (log rank p<0.001; appendix p 7 and 8). Of 20 patients who
reached AMRDA400 and later discontinued therapy after reaching the prespecified MRD
endpoint, the 1 year rate of recurrent detectable MRD at equal or greater than 107> was 5%
(95% CI1 0-15). Of 11 patients who did not reach AMRDA400 and later discontinued therapy
after reaching the prespecified MRD endpoint, the 1 year rate of recurrent detectable MRD
at equal or greater than 107> was 75% (19-92).

Discussion

In this multicentre, phase 2 trial, we investigated MRD-directed, time-limited treatment
with BOVen as a first-line therapy in chronic lymphocytic leukaemia or small lymphocytic
lymphoma. The primary endpoint of the trial was met, with 33 (89%) of 37 patients attaining
undetectable MRD as established by flow cytometry at a cutoff of less than 1074, confirmed
in both peripheral blood and bone marrow, all of whom met the prespecified undetectable
MRD endpoint treatment-discontinuation criterion and stopped therapy after a median of 10
months of treatment. MRD and clinical responses were durable; one patient with recurrent
detectable MRD and clinical progression had venetoclax and zanubrutinib retreatment and
reached an undetectable MRD response in peripheral blood for a second time. AMRD400
identified a cohort of patients (40%) exhibiting delayed bone marrow MRD clearance,
despite longer treatment duration, and this warrants further study as a predictive biomarker
for treatment duration.

The high rates of undetectable MRD in both peripheral blood and bone marrow are
highly encouraging and compare favourably with other drug combinations in the frontline
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treatment of chronic lymphocytic leukaemia and small lymphocytic lymphoma. In the
CLL14 trial,2 which led to the approval of venetoclax combined with obinutuzumab,

the frequency of undetectable MRD was 76% in the peripheral blood and 57% in the

bone marrow in the group treated with venetoclax and obinutuzumab.12 In two phase

2 trials evaluating ibrutinib combined with venetoclax in previously untreated chronic
lymphocytic leukaemia, the frequency of bone marrow undetectable MRD was 72—75%,
and one trial reported undetectable MRD in both peripheral blood and bone marrow in

58% patients.® 19 Among patients who were treatment naive on the phase 2 trial that
ibrutinib-venetoclax-obinutuzumab for 14 cycles followed by ibrutinib monotherapy, the rate
of undetectable MRD in both peripheral blood and bone marrow was 67%,’ and in the
phase 2 trial investigating acalabrutinib, venetoclax, and obinutuzumab treatment, which
permitted treatment discontinuation after completing 15 cycles for patients in undetectable
MRD complete response, the rate of bone marrow undetectable MRD was 77%.20 A concern
of our study design was that the extended duration of therapy up to 24 months, compared
with 12-24 months in other studies, would naturally result in a higher undetectable MRD
rate. However, BOVen resulted in bone marrow undetectable MRD after a median of

only 8 months (IQR 6-10), showing that the undetectable MRD rate was not related to
extended treatment duration. Importantly, although CD20 antibody therapy can interfere
with MRD evaluations that rely on flow cytometric assessment of CD20 expression, our
flow cytometric MRD assay panels was comprised of more than ten antibodies, did not

rely on CD20 expression, and exhibited high concordance with immunosequencing.?!
Comparisons across trials are fraught with selection bias resulting in differences in treated
patient populations, and randomised data are needed to establish the optimal BTK inhibitor
to combine with venetoclax with or without obinutuzumab, and to establish whether BOVen
improves progression-free survival and overall survival compared with current standard
first-line therapy (eg, venetoclax and obinutuzumab, or a BTK inhibitor, such acalabrutinib
or ibrutinib, with or without obinutuzumab).12:22-24

BOVen was associated with a low rate of grade 3 or worse neutropenia (18%) and

one episode of febrile neutropenia (3%), which compared favourably with grade 3 or

worse neutropenia rates reported in patients on ibrutinib and venetoclax with or without
obinutuzumab (35-56%).6:719 This observation was unexpected given previous randomised
data reporting a higher rate of grade 3 or worse neutropenia with zanubrutinib than with
ibrutinib, albeit in largely relapsed or refractory populations.8 Further, the rate of grade

3 or worse neutropenia was 10.1% in a treatment-naive population with 17p del chronic
lymphocytic leukaemia who were receiving zanubrutinib.19 G-CSF administration could
partially account for the low incidence of severe neutropenia with BOVen, but the proportion
of patients developing grade 3 or worse neutropenia with or without receiving G-CSF was
just 11 (28%) of 39 patients. Additionally, cardiac toxicities were infrequent and included
one (3%) of 39 patients with a history of paroxysmal atrial fibrillation who developed
recurrent atrial fibrillation and five (13%) with hypertension. These preliminary safety

data are encouraging and compare favorably to ibrutinib-venetoclax-obinutuzumab, which
was associated with frequent grade 3—4 neutropenia (56%), thrombocytopenia (40%), and
hypertension (48%). On the basis of our results in the initial cohort reported here, expansion
cohorts were added. We will expand upon the BOVen safety results in these ongoing
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expansion studies within the current protocol evaluating the BOVen regimen in previously
untreated 7P53mutated mantle cell lymphoma and a treatment-naive chronic lymphocytic
leukaemia expansion cohort.

Although MRD is a promising surrogate for survival in chronic lymphocytic leukaemia and
small lymphocytic lymphoma, its real potential is as a biomarker for guiding treatment.
MRD has been applied in prospective trials to evaluate its use to escalate or de-escalate
therapy, analogous to FDG-PET imaging in Hodgkin lymphoma. Early MRD Kkinetics,

as measured in the peripheral blood of patients receiving venetoclax-based therapy, has
been shown to correlate with progression-free survival.25286 MRD is an appealing early
endpoint that does not require bone marrow biopsy. We showed that AMRDA400 can identify
a cohort of patients who had bone marrow undetectable MRD within eight cycles. This
finding is similar to those in the CLARITY chronic lymphocytic leukaemia study?6 of
ibrutinib-venetoclax in relapsed or refractory chronic lymphocytic leukaemia and small
lymphocytic lymphoma, which showed that a 2 log depletion following 2 months of
venetoclax was associated with higher rates of bone marrow undetectable MRD.26 We
observed about 10-15% discordance between peripheral blood and bone marrow with both
MRD maodalities, which cannot be overcome by simply adjusting the peripheral blood
MRD threshold (appendix p 5). We observed a relatively higher discordance between MRD
modalities in the confirmatory bone marrow as a result of MRD levels near the limit of
detection. Had bone marrow biopsies been done at uniform timepoints, for instance at 12
months or 15 months, as opposed to those of our study, which required bone marrow
biopsies to be done within 14 days of initial peripheral blood undetectable MRD, we would
expect less discordance at this timepoint and fewer repeat bone marrow biopsies. These data
support our decision to require confirmation of undetectable MRD in both peripheral blood
and bone marrow to discontinue therapy. Although AMRDA400 provides prognostic insight
for patients receiving BOVen, and might overcome the limitation of peripheral blood and
bone marrow discordance, thereby obviating the need for bone marrow biopsy, this potential
surrogate endpoint requires external validation in prospective trials and should be validated
with different MRD modalities, such as flow cytometry-based MRD assays.

We observed a strong association between AMRD400 and undetectable MRD response
duration among patients who met the prespecified undetectable MRD endpoint for treatment
discontinuation. This finding cannot be explained by end-of-treatment MRD, because MRD
depth was similar between patients who reached or did not reach AMRD400. Moreover,
because AMRD400 was associated with earlier bone marrow undetectable MRD, patients
who reached AMRDA400 received less therapy than those who did not meet AMRDA400.

As such, our MRD-driven treatment-discontinuation design probably underestimated the
association between AMRD400 and undetectable MRD response duration. These data
suggest that AMRD400 defines a cohort of patients with high-risk biology independent

of traditional chronic lymphocytic leukaemia and small lymphocytic lymphoma biomarkers
(appendix p 9-11). We hypothesise that AMRD400 can identify patients for an abbreviated
treatment with BOVen therapy (8—12 months), and flag patients at higher risk who require
a longer course of therapy and could be included in further research into mechanisms of
resistance. Similar assessment of early MRD kinetics should be explored among patients
receiving venetoclax and obinutuzumab, which might define a similar cohort of patients
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with an unfavourable MRD-response Kinetics signature who are more likely to develop early
MRD and ultimately clinical recurrence and might benefit from extended therapy.

We did not require complete response to discontinue therapy. Among patients with
undetectable MRD, many have only a partial response owing to borderline lymphadenopathy
or splenomegaly, which could represent fibrosis after treatment rather than viable tumour.
This assertion is supported by post-hoc analyses from prospective trials that investigate CAR
T-cell therapy and venetoclax-based combinations, suggesting that undetectable MRD is a
better predictor of progression-free survival than iwCLL-assessed complete response.27-30
In our study, 15 patients were in undetectable MRD partial response when therapy was
discontinued, including 13 with borderline lymphadenopathy and splenomegaly and one
patient with a large residual mass that was biopsied without viable chronic lymphocytic
leukaemia and small lymphocytic lymphoma. 13 of 15 patients with at least two consecutive
scans after treatment had continued reduction, supporting our hypothesis that residual
radiographic abnormalities often do not reflect viable tumour. One patient with undetectable
MRD partial response subsequently had progressive disease, but immunosequencing
revealed a bone marrow MRD of 0.1% at time of treatment discontinuation for this patient.

This study is limited by its relatively small sample size, therefore we did not have the
statistical power to detect differences in outcomes between subgroups, particularly by
presence of 17p deletion or 7P53 mutation. Additionally, we enrolled relatively fewer
women (23%) limiting our ability to find potential differences in outcomes by biological
sex. This study is further limited by relatively short follow-up, and additional observation
after treatment is needed to assess the feasibility of MRD-driven discontinuation. By using
an MRD endpoint to guide treatment discontinuation, an additional limitation is that we
probably underestimated the true proportion of patients treated with BOVen who would
reach undetectable MRD at less than 1075 with continuous therapy. Among 35 patients who
reached peripheral blood undetectable MRD at less than 1074, 33 (94%) had undetectable
disease at less than 107> and five (14%) had undetectable disease at less than 1076,
Importantly, the rate of undetectable MRD at less than 10~ increased from 61% to 87%
with the last 2 months of therapy, with some reaching less than 107> only after treatment
discontinuation. These data suggest a higher proportion of patients would reach undetectable
MRD at less than 107 with extended therapy. Notwithstanding, we do not have prospective
data to establish the clinically relevant cutoff for treatment discontinuation (1074, 1075,

or 107%) to prolong progression-free survival or overall survival, and we will assess this
question with longer follow-up. If we learn that attaining bone marrow undetectable MRD
at less than 107° or less than 1076 leads to improved outcomes, future studies should take
this into account. These data were analysed on a per-protocol basis to facilitate an accurate
assessment of the median duration of treatment to reach undetectable MRD. However, our
study would also have met its primary endpoint on an intention-to-treat basis (85%, 95% ClI
70-94). Another potential limitation of our study is that more recent data, published after
our study was initiated, showed that venetoclax-based combinations can reach bone marrow
undetectable MRD higher than the null hypothesis.6~7- 19-20 However, BOVen resulted in
undetectable MRD in both peripheral blood and bone marrow in 89% (75-97) of patients,
which is encouraging given that patients treated with BOVen received less therapy than
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other reported venetoclax-based combinations, with a median treatment duration of only 10
months (IQR 8-12).

In summary, the results of this phase 2 study in previously untreated chronic lymphocytic
leukaemia or small lymphocytic lymphoma show that MRD-directed therapy with BOVen
has a favourable safety profile in comparison to combinations of venetoclax and other

BTK inhibitors, with or without a CD20 antibody. The study met its primary endpoint,

with 89% of patients reaching undetectable MRD in both peripheral blood and bone
marrow, meeting the prespecified undetectable MRD treatment-discontinuation criterion,
and discontinuing therapy after a median of 10 months. In this proof-of-concept study, we
have identified AMRDA400 as a potential biomarker to guide duration of therapy. AMRD400
identifies patients who reach early bone marrow undetectable MRD and defines a cohort

of patients with high-risk biology at increased risk for MRD recurrence after treatment
discontinuation. Given that these data support further development of BOVen in chronic
lymphocytic leukaemia and small lymphocytic lymphoma, we plan to prospectively evaluate
AMRDA400 as a biomarker to guide treatment duration.
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Research in context
Evidence before this study

We searched PubMed on July 1, 2021, for the terms “chronic lymphocytic
leukaemia/small lymphocytic lymphoma” and “untreated”, “venetoclax”, and “ibrutinib”,
“acalabrutinib”, or “zanubrutinib” and restricted the search to “clinical trial” with no
language or date restrictions. This search identified a single-centre, phase 2 study of
ibrutinib and venetoclax (fixed duration of 24 months) in high-risk and older patients
with previously untreated chronic lymphocytic leukaemia and a single-centre, phase

2 study of ibrutinib, venetoclax, and obinutuzumab (14 months followed by ibrutinib
maintenance) in a treatment-naive cohort. We next searched the archives of abstracts
presented at the 2018-20 Annual Meetings of the American Society of Hematology.
This search identified a multicentre, phase 2 study of ibrutinib and venetoclax (minimum
15 months) in previously untreated chronic lymphocytic leukaemia and a single-centre,
phase 2 study of acalabrutinib, venetoclax, and obinutuzumab (minimum 15 months) in
previously untreated chronic lymphocytic leukaemia. These regimens were associated
with undetectable minimal residual disease (MRD) in the bone marrow in 57-77% of
patients, but only 58-67% of patients had undetectable MRD in both blood and bone
marrow. Although grade 3 or worse neutropenia occurred in 32-56% patients in these
studies, infectious complications were uncommon.

Added value of this study

To our knowledge, this multicentre, phase 2 study is the first reported prospective trial
in chronic lymphocytic leukaemia or small lymphocytic lymphoma to use MRD as the
principal determinant of treatment duration and discontinuation, and the first to report
the safety, tolerability, and activity of venetoclax and obinutuzumab combined with the
second-generation Bruton’s tyrosine kinase inhibitor zanubrutinib in this disease setting.
Additionally, a post-hoc analysis revealed that early-MRD-response kinetics defined a
discrete cohort of patients (40%) with high-risk biology, which appeared independent
of traditional biomarkers for chronic lymphocytic leukaemia or small lymphocytic
lymphoma, which predicted MRD outcomes after treatment.

Implications of all the available evidence

These results support MRD-directed, time-limited therapy with zanubrutinib,
obinutuzumab, and venetoclax as a well tolerated regimen for previously untreated
patients with chronic lymphocytic leukaemia or small lymphocytic lymphoma, with a
low rate of grade 3 or worse neutropenia, which resulted in undetectable MRD in the
blood and bone marrow in 89% (95% CI 75-97) of patients with a median treatment
duration of 10 cycles (IQR 8-12). These data warrant further study of this regimen as

a first-line therapy for chronic lymphocytic leukaemia or small lymphocytic lymphoma,
and we plan to prospectively validate early-MRD-response kinetics as a biomarker to
guide treatment duration.
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47 patients assessed for eligibility

8 excluded
2 on concomitant medication
2 QTc prolongation
1 creatinine clearance
1 unrelated active malignancy
2 declined to participate
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39 received protocol therapy

2 excluded from efficacy analysis
1intracranial haemorrhage onday 1 of cycle 1
after starting intravenous heparin for new

1 metastatic adenocarcinoma diagnosed on
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pulmonary emboli
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Figure 1:
Study profile
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Figure 2: MRD and iwCLL response
(A) MRD response as assessed by flow cytometry in evaluable patients. (B) iwCLL response

in evaluable patients. MRD=minimum residual disease. iwCLL=International Workshop

for Chronic Lymphocytic Leukaemia. *One patient was initially ascertained as having
peripheral-blood undetectable MRD, but subsequent serial testing confirmed MRD positivity
at the threshold of detection, so the patient was excluded from the proportion of patients
reaching undetectable MRD. TAIl 33 patients who reached bone marrow undetectable MRD
met the prespecified endpoint, with undetectable MRD confirmed in both peripheral blood
and bone marrow.
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Figure 3: Patient-level outcomes

Swimmer’s plot of patient-level outcomes. iwCLL response was inclusive of initial
complete response, complete response with incomplete marrow recovery, or partial response.
iwCLL=Internationai Workshop for Chronic Lymphocytic Leukaemia. MRD=minimal

residual disease. *As assessed by flow cytometry.
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Table 1:
Baseline characteristics
Patients (n=39)

Age, years 62 (52-70)
Sex

Female 9 (23%)

Male 30(77%)
Race and ethnicity

White and non-Hispanic 35 (90%)

Unknown 4 (10%)
Median lymphocyte count (per pL) 43400 (20450-103300)
Immunoglobulin heavy-chain variable region unmutated 28 (72%)
Chronic lymphocytic leukaemia with high-risk or very-high-risk CLL-IPI 26 (67%)
17p deletion or 7P53 mutation 5 (13%)

17p deletion 2/39(5%)

TP53 mutation 5/38 (13%)

NOTCHI mutation 6/38 (16%)

SF3B1 mutation 5/38(13%)
Fluorescence in-situ hybridisation (hierarchical)

17p deletion 2(5%)

11q deletion 6(15%)

Normal 17(44%)

Trisomy 12 5 (13%)

13q deletion 9 (23%)

Data are n (%), n/N (%) or median (IQR). CLL-IPI=International Prognostic Index for chronic lymphocytic leukaemia.
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Adverse events

Table 2:

Grade1-2 Grade3 Grade4 Gradeb
Thrombocytopenia 20 (51%) 3 (8%) 0 0
Fatigue 20 (51%)  1(3%) 0 0
Neutropenia 13(33%) 2(5%) 5(13%) 0
Bruising 20(51%) 0 0 0
Diarrhoea 18 (46%) 0 0 0
Infusion-related reaction 15(39%) 1(3%) 1(3%) 0
Anaemia 16(41%) 0 0 0
Cough 14(36%) 0 0 0
Rash 10 (26%)  3(8%) 0 0
Nausea 12 (31%) 0 0 0
Constipation 11 (28%) 0 0 0
Nasal congestion 10 (26%) 0 0 0
Gastroesophageal reflux disease 10 (26%) 0 0 0
Insomnia 9 (23%) 0 0 0
Myalgia 9(23%) 0 0 0
Arthralgia 8 (21%) 0 0 0
Abdominal pain 7(18%) 0 0 0
Anxiety 7(18%) 0 0 0
Dyspnea 7(18%) 0 0 0
Sinusitis 7(18%) 0 0 0
Alkaline phosphatase increased 5(13%) 1(3%) 0 0
Dizziness 6(15%) 0 0 0
Dry skin 6(15%) 0 0 0
Postnasal drip 6(15%) 0 0 0
Back pain 6(15%) 0 0 0
Weight loss 6(15%) 0 0 0
Hypocalcaemia 6(15%) 0 0 0
Hyperglycaemia 5 (13%) 0 0 0
Sore throat 5 (13%) 0 0 0
Hypertension 5(13%) 0 0 0
Lung infection 2(5%) 3(8%) 0 0
Mucositis oral 3(8%) 1(3%) 0 0
Aspartate aminotransferase increased 4 (10%) 0 0 0
Headache 4 (10%) 0 0 0
Bloating 4 (10%) 0 0 0
Dyspepsia 4 (10%) 0 0 0
Edema limbs 4(10%) 0 0 0
Non-cardiac chest pain 4 (10%) 0 0 0
Paresthesia 4 (10%) 0 0 0
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Grade1-2 Grade3 Grade4 Gradeb
Weight gain 4(10%) 0 0 0
Creatinine increased 4(10%) 0 0 0
Skin infection 2(5%) 1(3%) 0 0
Blood bilirubin increased 1(3%) 1(3%) 0 0
Febrile neutropaenia 0 1(3%) 0 0
Heart failure 0 1(3%) 0 0
Hypophosphataemia 0 1(3%) 0 0
Intracranial haemorrhage 0 0 0 1(3%)

Page 25

Data are n (%). All-cause grade 1-2 adverse events occurring in at least 10% of patients and all grade 3,4, and 5 events are shown, irrespective of

the relationship to protocol therapy.
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