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1Service d’hématologie clinique du Centre Hospitalier Universitaire (CHU) de Nantes, INSERM Centre de Recherche en Cancérologie et Immunologie Nantes
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KEY PO INT S

l Ibrutinib,
obinutuzumab, and
venetoclax
combination is well
tolerated and can be
safely given in
relapsed or untreated
patients with MCL.

l The triple combination
provides durable
complete molecular
responses for
treatment-naive or
relapsed patients with
high-risk genetics.

Ibrutinib, obinutuzumab, and venetoclax demonstrate synergy in preclinical models of
mantle cell lymphoma (MCL). OAsIs (NCT02558816), a single-arm multicenter prospective
phase 1/2 trial, aimed to determine the maximum tolerated dose of venetoclax in com-
bination with fixed doses of ibrutinib and obinutuzumab, in relapsed MCL patients. At the
venetoclax MTD, extension cohorts were opened for relapsed and untreated patients.
Safety and efficacy were secondary objectives. Minimal residual disease (MRD) was
assessed by allele-specific oligonucleotide quantitative polymerase chain reaction. Be-
tween 14 October 2015 and 29 May 2018, 48 patients were enrolled. No dose-limiting
toxicity was reported, and venetoclax at 400 mg per day was chosen for extension.
Eighteen (75%) relapsed and 8 (53%) untreated patients experienced grade 3/4 adverse
events. The complete response rate assessed by positron emission tomography at the end
of cycle 6 was 67% in relapsed and 86.6% in untreated patients. MRD clearance for
evaluable patients was seen in 71.5% of relapsed (10/14 patients) and 100% of untreated
MRD-evaluable patients (n 5 12) at the end of 3 cycles. The median follow-up for relapsed
patients was 17 months (range, 10-35 months). The 2-year progression-free survival (PFS)

was 69.5% (95% confidence interval [CI], 52.9%-91.4%) and 68.6% (95% CI, 49.5%-95.1%) for overall survival. The
median follow-upwas 14months (range, 5-19) for untreated patients, the 1-year PFSwas 93.3% (95%CI, 81.5%-100%).
The combination of obinutuzumab, ibrutinib, and venetoclax is well tolerated and provides high response rates, in-
cluding at the molecular level, in relapsed and untreated MCL patients. This trial was registered at www.clinicaltrials.gov
as #NCT02558816. (Blood. 2021;137(7):877-887)

Introduction
Mantle cell lymphoma (MCL) is a hematological malignancy that
is characterized by recurrent genetic alterations that affect cell cycle,
DNA damage, and cell survival pathways. B-cell receptor signaling
via Bruton tyrosine kinase (BTK), together with microenvironmental
cues that modulate BCL2-dependent survival pathways, have also
been identified as key functional dependencies in MCL disease
pathogenesis and as potential therapeutic targets.1

Newly diagnosed patients with MCL are commonly treated with
immuno-chemotherapy plus rituximab maintenance as ongoing

therapy of residual lymphoma B cells, with autologous stem-cell
transplant consolidation in younger patients. However, most
patients experience relapse and response duration decreases
from one salvage therapy to the next.2-4

Ibrutinib is a first-in-class BTK inhibitor (BTKi) and has been
approved in relapsed MCL, where an overall response rate of
68% was seen.5 However, the complete response rate was 23%,
with a progression-free survival (PFS) and overall survival (OS) of
31% and 47% at 2 years, respectively. Resistance to BTKi can
occur by diversemechanisms, including acquired BTKmutations,6
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activation of the alternative NF-kB pathway,7 activation of alter-
nate kinase signaling networks,8 and in some instances metabolic
reprogramming.9 Venetoclax is a Bcl-2 inhibitor that has shown
single agent efficacy in MCL.10 Here again, resistance is en-
countered, in particular through overexpression of BCL-2 family
proteins MCL-1 and BCL-xL via MCL microenvironmental cues.11

Othermechanisms of primary or acquired resistance to venetoclax
have been described in MCL, including imbalance in BCL-2
protein expression.12,13 Dual targeting of BTK and BCL-2 signaling
pathways by combination therapy with ibrutinib plus venetoclax
has recently demonstrated high efficacy in relapsed MCL.14

Preclinical investigations in primary MCL cells have shown that
microenvironment-dependent long-term expansion and drug
resistance to venetoclax can be counteracted by obinutuzumab,
a type II glycoengineered humanized anti-CD20 antibody.15

Mechanistically, this occurs through downregulation of BCL-xL
expression via inhibition of both classical and alternative NF-kB
signaling. These findings, together with reports describing
favorable clinical results in chronic lymphocytic leukemia,
provided a rationale for investigation of combination therapy
by ibrutinib, obinutuzumab, and venetoclax in MCL. Treatment
by obinutuzumab, ABT-199 (venetoclax) plus ibrutinib in re-
lapsed/refractory MCL (OAsIs) trial was initiated to investigate
the maximum tolerated dose (MTD) of venetoclax in combi-
nation with fixed doses of ibrutinib plus obinutuzumab and
assess the tolerability, safety, and efficacy in both relapsed and
untreated patients with MCL.

Methods
Study design and participants
The OAsIs study (NCT02558816) was a prospective, open-label,
multicenter phase 1/2 trial done in 5 centers in France and 1 in
the United Kingdom. OAsIs was designed to assess the safety,
tolerability, and efficacy of ibrutinib, obinutuzumab, and
venetoclax. Patients were enrolled at the time of relapse or pro-
gression (cohort A or B, respectively) or when newly diagnosed
(cohort C). Full descriptions of treatment regimens are given in
the supplemental Appendix (available on the Blood Web site).
This was the first time that obinutuzumab plus ibrutinib had been
used in MCL. Therefore, 9 relapsed patients were treated with
fixed doses of ibrutinib (560 mg/d for $2 years or until pro-
gression) and obinutuzumab (1 g IV, cycle 1 days 1, 8, and 15;
cycles 2-6 day 1; and every 2 months until cycle 24) to ensure
safety (cohort A). Cohort A was completed before the second
part of the trial (cohort B) for relapsed or refractory patients
commenced. The primary objective of cohort B was to de-
termine the MTD of venetoclax when combined with ibrutinib
and obinutuzumab. Treatment consisted of fixed doses of both
obinutuzumab (1 g IV cycle 1 days 1, 8, and 15; cycle 1b-8 day
1; and every 2 months until cycle 23) and ibrutinib (560 mg/d for
$2 years) combined with escalating doses of venetoclax. There
were 3 predetermined doses of venetoclax: 400 mg/d, 600 mg/d,
and 800 mg/d. Cohort C was open to previously untreated MCL
patients. This used the cohort B regimen, but with a fixed dose of
venetoclax as defined from that part of the study and in ac-
cordance with the data and safety monitoring committee
(DSMC) recommendation. Dose-limiting toxicities (DLTs) were
assessed during the first cycle for cohort A and during cycle 2 for
cohorts B and C.

To prevent tumor lysis syndrome (TLS), the protocol was amended
to include an additional venetoclax ramp-up cycle, called cycle
1-b, where venetoclax was given as follows: cycle 1-b week 1,
20 mg/d; week 2, 50 mg/d; week 3, 100 mg/d; and week 4,
200 mg/d.14 At the start of cycle 2, venetoclax was further es-
calated as follows, C2W1 400mg/d, C2W2 400, 600 or 800mg/d.
A risk stratification for TLS classified patients into 3 risk groups
(supplemental Appendix, section S4).

Patients .18 years with either relapsed or recently diagnosed
and previously untreated MCL were eligible for inclusion in the
OAsIs trial. HIV-positive patients or patients presenting major
comorbidities not related to lymphoma at diagnosis were excluded.
The key eligibility criteria are listed in the supplemental Appendix.
MCL diagnosis was established by local expert pathologists
according to the World Health Organization classification.

All patients provided written informed consent. The study was
performed according to the Declaration of Helsinki and ap-
proved by the following national competent authorities: Agence
Nationale de Sécurité du Médicament et des Produits de Santé
(ANSM) (on 11 September 2015) plus National Ethics Com-
mittees (Comité de Protection des Personnes [CPP] Ouest VI) (18
August 2015) (France); Medicines & Healthcare products Reg-
ulatory Agency (MHRA)/Health Research Authority (HRA) (on 22
July 2016 and 07October 2016) and Research Ethics Committee
(REC) (18 July 2016) for (United Kingdom).

Procedures
At baseline, disease characteristics were assessed through clin-
ical examination, standard biological parameters, bone marrow
biopsy, computed tomography scan (neck, chest, abdomen and
pelvis) and/or positron emission tomography scan. Response to
treatment was assessed using clinical examination at each visit,
computed tomography scan (Cheson 99 criteria), positron emission
tomography scan (Lugano criteria) (supplemental Appendix) and at
the molecular level (see below). The MCL international index (MIPI)
was calculated at time of inclusion in the trial16 (Appendix).

Testing for minimal residual disease (MRD) was performed by
allele-specific oligonucleotide quantitative polymerase chain
reaction (ASO-qPCR) assays targeting either the clonal immu-
noglobulin H (IgH) rearrangement or the t(11;14)(q13;q32)
translocation, designed to reach a sensitivity of 1025, in blood
and bone marrow.17,18 The local investigators were blinded to
the MRD results. TP53mutation status was assessed by targeted
capture sequencing on pretreatment blood or bone marrow
DNAwith demonstrated clonal tumor B cells, as assessed by flow
cytometry or ASO-qPCR. TP53 deletion status was assessed by
array comparative genomic hybridization (CGH) on pretreatment
blood or bone marrow DNA samples (500 ng DNA) when tumor
B-cell infiltration was $20% (lower sensitivity limit of the assay),
as assessed by either 4-color flow cytometry or ASO-qPCR.18

IGHV mutation status was assessed by sequencing of clonal
framework region 1 IGH sequences and analysis for percent
identity to the nearest germline VH sequence by using V-quest:
.98% identity is scored as nonmutated IGHV.19

Outcomes
The primary end point was the occurrence of unacceptable
toxicity defined as an adverse event (AE) or an abnormal lab-
oratory value assessed as unrelated to disease progression,
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Table 1. Patient characteristics at inclusion

Cohort A: relapsed patients,
ibrutinib and obinutuzumab

(n 5 9)

Cohort B: relapsed patients,
ibrutinib, obinutuzumab, and

venetoclax (n 5 24)

Cohort C: untreated patients,
ibrutinib, obinutuzumab, and

venetoclax (n 5 15)

Age (y), median (range) 64 (58-82) 66 (45-76) 65 (51-77)

Sex
Female 3 (33) 5 (21) 9 (60)
Male 6 (67) 19 (79) 6 (40)

No. of previous lines, median
(range)

1 (1, 4) 1 (1, 3) —

Median time from previous line of
treatment (months)

31 (1-65) 24 (1-172) —

Prior stem-cell transplantation
Yes 7 (78) 13 (54) —

Stage of MCL at inclusion
II 1 (11) 3 (12) 0 (0)
III-IV 8 (89) 21 (88) 15 (100)

Bone marrow involved
No 4 (44) 13 (59) 7 (47)
Yes 5 (56) 9 (41) 8 (53)
Missing — 2 —

MIPI score at inclusion
High risk 1 (11) 7 (29) 4 (27)
Intermediate risk 4 (44) 8 (33) 11 (73)
Low risk 4 (44) 9 (38) 0 (0)

MIPIb score at inclusion
High risk 5 (62%) 11 (61%) 6 (55%)
Intermediate risk 3 (38%) 7 (39%) 5 (45%)
Missing 1 6 4

Tumor size >5 cm
No 5 (56) 15 (62) 9 (60)
Yes 4 (44) 9 (38) 6 (40)

ECOG performance-status
0-1 8 (89) 22 (92) 15 (100)
2 1 (11) 2 (8) 0 (0)

Blastic or pleomorphic
Blastic 2 (22) 4 (17) 0 (0)
Pleomorphic MCL 0 (0) 1 (4) 1 (7)
Missing 0 (0) 1 (4) 0 (0)

Cytogenetic and molecular
features
TP53 mutated (NGS) 1 (11) 5 (21) 2 (13)
Not evaluable* 2 7 1
17p deletion 1 (11) 2 (8) 6 (40)
Not evaluable* 5 18 5
IGHV mutated (NGS) 1 (11) 7 (29) 2 (13)
Not evaluable* 2 8 3

ECOG, Eastern Cooperative Oncology Group; MIPIb, biologic Mantle Cell Lymphoma International Prognostic Index; NGS, next generation sequencing.

*Not evaluated; IGHVmutation status and TP53 screening by NGS is assessed in blood and/or bone marrow only if clonal B cells are detectable by flow or PCR. Assessment is not evaluated if
no clonal infiltration; array CGH is performed only when patients show .20% infiltration by flow the sample (blood and/or bone marrow) and is not evaluated if ,20% infiltration.
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intercurrent illness, or concomitant medications occurring during
the first cycle for cohort A or during cycle 2 for cohorts B and C.
This had tomeet anyof the following criteria: grade 4hematological
toxicity for .10 days (except lymphopenia) or any grade $3
nonhematological toxicity lasting .10 days or leading to a treat-
ment delay of .2 weeks, as defined in retreatment requirements.
All grade 4 life-threatening events were considered as a DLT re-
gardless of the duration of the event. Toxicity grades were classified
according to the National Cancer Institute, Common Terminology
Criteria for Adverse Events v 4.0. Overall response rate, complete
response rate, partial response rate, OS, and PFS were secondary
end points. Data were updated on 3 March 2020.

Statistical analyses
The aim of the trial was to assess the MTD of venetoclax when
combined with fixed doses of ibrutinib and obinutuzumab. The
MTD in cohort B was defined as the dose at which a DLT oc-
curred in 33% of the patients during cycle 2. In the event of DLT,
a modified continual reassessment method (CRM) was used to
allocate doses of venetoclax from patient 1 to patient 12.20-22 We
used a design with grouped inclusion of 3 patients per dose level
(400, 600, and 800 mg/d). The model used for the CRM esti-
mation was an exponential model. After assessment of MTD in
cohort B, cohort C could be opened for inclusion using a fixed
dose of venetoclax, according to the results from cohort B and
following independent data monitoring committee review and
approval. Twelve additional patients were enrolled in cohort B to
assess safety and efficacy. We planned to enroll 48 patients (9 in
cohort A, 24 in cohort B, and 15 in cohort C). Safety and efficacy
analyses were conducted on all subjects receiving $1 dose of
study treatment, and response rates were described by number
and percent. PFS and OS were analyzed using the Kaplan-Meier
method. All outputs were produced using R version 4.0.0. This
trial was registered at www.clinicaltrials.gov as #NCT02558816.

Role of the funding source
Roche SAS supplied obinutuzumab, Janssen-Cilag supplied
ibrutinib and AbbVie supplied venetoclax. Roche SAS, Janssen-
Cilag and AbbVie funded the trial and contributed neither to
protocol design, trial execution, data collection, data analysis
nor writing of the present manuscript. The corresponding author
had full access to all the data in the study and had final re-
sponsibility for the decision to submit for publication. The trial
was sponsored by the CHU de Nantes (Nantes, France).

Results
Characteristics of the patients
Forty-eight patients were enrolled in the study between 14October
2015 and 29May 2018. Patient characteristics at baseline according
to each cohort are shown in Table 1.MIPI score at inclusionwas high
in 12 patients, including 4 of the 15 in cohort C. Screening for TP53
alterations was performed by NGS and/or array CGH in blood or
bone marrow with demonstrable clonal B-cell infiltration for a total
of 37patients.Overall, 13 cases ofTP53 alterationwere identifiedof
which 4 had biallelic alterations. IGHVmutation status was assessed
in a total of 35 of 48 patients. In 25 of these 35 patients, the clonal
IGHV rearrangement comprised an unmutated IGHV gene.

Safety
Since no DLT was observed in cohort A (n 5 9), cohort B was
opened. The first 6 patients who received the triple combination

(3 at venetoclax 400mg/d and 3 at venetoclax 600mg/d) did not
experience any DLT. Among the first 3 patients who received
venetoclax at 800 mg/d, 1 was not eligible for toxicity assess-
ment because of grade 3 neutropenia that occurred during cycle
1, before the patient started venetoclax. Following DSMC rec-
ommendation, 3 additional patients were enrolled at that dose
level. None experienced DLT. The CRM model was thus not
needed. Following DSMC recommendation (see “Discussion”),
a dose of venetoclax 400 mg/d, together with obinutuzumab
and ibrutinib, was chosen to complete the trial. Cohort C was
then opened for untreated patients (n 5 15), and 12 additional
patients were enrolled in cohort B, as preplanned. Thus, 24 re-
lapsed patients were enrolled in cohort B, including 15 patients
who received venetoclax at 400 mg/d.

No DLT was reported in any cohort. The most frequent un-
expected AEs and serious AEs (SAEs) between cycles 1 and 6 are
shown in Table 2. Eight (89%) patients in cohort A, 18 (75%)
patients in cohort B, and 8 (53%) patients in cohort C had grade 3
or higher AEs during this period. The most frequent grade 3 or
4 AEs in all cohorts were thrombocytopenia and neutropenia.
Grade 3 or 4 thrombocytopenia was only reported in relapsed
patients, as was neutropenia grade 3. Two patients in cohort A
and 2 in cohort B received blood transfusions between cycles 1
and 6. One patient in cohort A, 5 in cohort B, and no patients in
cohort C required platelet transfusions. One patient (cohort B,
cycle 5) presented with grade 3 atrial fibrillation. One biological
TLS grade 3 (cohort A, cycle 1) and 1 biological TLS grade 1
(cohort C, cycle 1) occurred. Three patients in cohort A, 8 in
cohort B, and 2 in cohort C received,90% of planned treatment
(see supplemental Appendix). In brief, ibrutinib was temporally
stopped or dose reduced because of toxicity in 3 patients in
cohort A (neutropenia in 2 patients and chronic graft-versus-host
disease [cGVHD] in 1 patient), 5 patients in cohort B (throm-
bocytopenia in 2 cases, palpitation and atrial fibrillation in 1
patient, diarrhea in 2 cases, and neutropenia in 2 cases), and
2 patients in cohort C (rash in 1 case and alanine aminotransferase
increase in 1 case). Venetoclax was temporally stopped or dose
reduced only in cohort B (neutropenia in 4 cases).

At the time of the present analysis, 3 patients stopped treatment
because of AE after cycle 6. One patient in cohort B (cycle 18)
stopped treatment because of grade 3 thrombocytopenia and
neutropenia. One patient stopped treatment because of acute
peripheral neuropathy (cohort C), which led to treatment dis-
continuation after cycle 9. This patient was in complete remission
(CR) at the molecular level at the end of cycle 6 and still remains
in CR (6 months after end of treatment). One allografted patient
stopped treatment because of cGVHD that led to ibrutinib
discontinuation. Controlled grade 1 cGVHD was preexisting at
the time of inclusion and progressed to grade 3 after cycle 1,
when the patient had only received obinutuzumab and ibrutinib.
Upon stopping ibrutinib, cGVHD returned to grade 1 but returned
to grade 3 when ibrutinib was restarted. Two patients in cohort B
presented atrial fibrillation, 1 at cycle 10 (grade 2) and 1 at cycle
12 (grade 1). These last 2 patients remained on therapy. All AEs
and SAEs and treatment compliance are presented in the
supplemental Appendix.

Responses and patient outcome
Responses are presented in Table 3. PFS and OS curves are
shown in Figure 1.
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Relapsed patients treated with ibrutinib plus obinutuzumab
(cohort A) Of the 9 patients treated, 7 achieved CR, according
to Cheson or Lugano criteria, at the end of cycle 6. Six patients
completed the 24 cycles of treatment, while 3 had discontinued

therapy (progression of disease in 1 patient who was TP53 wild-
type and cGVHD reactivation in 1 patient; 1 patient underwent
allograft upon the local investigator’s decision). One out of 2
patients with blastoid variant reached CR at the end of cycle 6

Table 3. Responses according to Cheson 99 criteria, Lugano criteria, and MRD status

Cohort A: relapsed patients,
ibrutinib and obinutuzumab

(n 5 9)

Cohort B: relapsed patients,
ibrutinib, obinutuzumab, and

venetoclax (n 5 24)

Cohort C: untreated patients,
ibrutinib, obinutuzumab, and

venetoclax (n 5 15)

Response at end of cycle 2
(Cheson 99)
CR/CRu 3 (34) 9 (38) 8 (53)
PR 2 (22) 11 (46) 7 (47)
SD 2 (22) 1 (4) —

PD 1 (11) 3 (12) —

Missing 1 (11) — —

Response at end of cycle 4
(Cheson 99)
CR/CRu 4 (44) 15 (62) 12 (80)
PR 3 (34) 4 (17) 2 (13)
SD 1 (11) 1 (4) —

PD 1 (11) 4 (17) 1 (7)

Response at end of cycle 6
(Cheson 99)
CR/CRu 7 (78) 16 (67) 12 (80)
PR 0 (0) 2 (8) 2 (13)
SD 1 (11) — —

PD 1 (11) 4 (17) 1 (7)
Not done — 2 (8)† —

Response at end of cycle 6
(Lugano)
CR 7 (78) 16 (67) 13 (86)
PR 1 (11) 1 (4) 1 (7)
PD 1 (11) 5 (21) 1 (7)
Not done — 2 (8)† —

MRD in blood at end of cycle 3
Negative 4 (44) 10 (42) 12 (80)
Positive 2 (22) 4 (17) —

Not evaluable for MRD* 2 (22) 7 (29) 3 (20)
Progression before end of

cycle 3
1 (11) 3 (12) —

MRD in blood at end of cycle 6
Negative 4 (44) 10 (42) 11 (73)
Positive 2 (22) 3 (12) —

Not evaluable for MRD* 2 (22) 7 (29)† 2 (13)
Progression before end cycle 6 1 (11) 4 (17) 1 (7)
Missing sample — — 1 (7)

MRD in BM at end of cycle 6
Negative 4 (44) 9 (38) 10 (67)
Positive 1 (11) 3 (12) —

Not evaluable for MRD* 2 (22) 7 (29)† 2 (13)
Progression before end cycle 6 1 (11) 4 (17) 1 (7)
Missing sample 1 (11) 1 (4) 2 (13)

BM, bone marrow; CRu, complete remission unconfirmed; PD; progression disease; PR, partial response; SD, stable disease.

*Not evaluable; MRD assays are performed only in patients with clonal disease that is detectable by ASO-qPCR to sensitivity of 1024/1025. Assay is not evaluated if this is not possible.

†Two patients were allografted before cycle 6.
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Figure 1. PFS and OS according to cohort. PFS (A) and OS (B) in cohort A (ibrutinib plus obinutuzumab), relapse patients. PFS (C) and OS (D) in cohort B (ibrutinib,
obinutuzumab, and venetoclax), relapse patients. PFS (E) and OS (F) in cohort C (ibrutinib, obinutuzumab plus venetoclax), untreated patients.
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(this patient is alive and in CR at last contact), and 1 died because
of progression. With a median follow-up of 45 months range,
39-49 months), the 1- and 2-year PFS and OS were 89% (95%
confidence interval [CI], 70.6%-100.0%), respectively. Median
duration of response was not reached.

Relapsed patients treated with triple combination (cohort B)
(n5 24) After completing 2 cycles of therapy, 20 patients (84%)
had an objective response, including 9 CR/CRu according to
Cheson criteria. At the end of cycle 6, 16 patients (67%) were in
CR/CRu, and 4 had progressed, one of whom was TP53 mutated
(others were not informative for TP53 status). Two out of 4 patients
with blastoid variant reached CR at end of cycle 6, 1 underwent
allograft after cycle 4, and 1 progressed according to Lugano
criteria. Three out of 4 patients with blastoid variant were alive and
in CR at last contact. One patient with pleomorphic variant pro-
gressed at cycle 2. At the last follow-up, 3 patients have com-
pleted the full program and 12 have discontinued therapy. The
reasons for treatment discontinuation were progression of disease
(7 patients), investigator decision (3 patients) (all 3 underwent
allograft), AE (1 patient) (thrombocytopenia and neutropenia
grade 3), and treatment of an unrelated solid tumor (which, after
review, was present at the time of inclusion). Nine patients
(venetoclax 400 mg/d) remain on the protocol. At the time of this
analysis, 18 patients were alive, and all were disease-free. With a
median follow-up of 17 months (range, 10-35 months), the 1-year
PFSwas 74.5% (95%CI, 58.8%-94.5%) and 87.5% (95%CI, 75.2%-
100%) for OS. Median duration of response was not reached.

Untreated patients treated with triple combination (cohort
C) (n 5 15) One patient progressed at cycle 4, while the 14
remaining patients have responded and remain disease-free
under treatment. One patient with pleomorphic variant reached
CR and was on therapy at last contact (cycle 11). The only patient
who progressed was not TP53mutated nor 17p deleted. With a
median follow-up of 14 months (range, 5 to 19), OS and PFS at
one year are 100% and 93.3% (95% CI, 81.5%- 100%), re-
spectively. Median duration of response was not reached.

MRD assessment and TP53 alteration
MRD assessment was possible in 32 of 48 study patients (in-
cluded all patients with TP53 alteration) (Figure 2). Molecular
MRD analysis was not possible in 16 patients for the following
reasons; no MRD marker because of no initial clonal infiltration,
11 of 48 trial patients (cohort A, n 5 2; B, n 5 7; C, n 5 2), assay
failure in 2 of 48 trial patients (cohort B, n 5 1; C, n 5 1), or lack of
follow-up samples in 3 of 48 trial patients (cohort A, 1 patient in
early progressionbefore cycle 3; cohort B, n52 for either insufficient
DNA or early progression before cycle 3 in 1 patient each).

AmongMRD-evaluable patients (n5 32), 26 (4 out of 6 in cohort
A; 10 out of 14 in cohort B, and 12 out of 12 in cohort C) were
MRD negative (81%) by ASO-qPCR in the peripheral blood after
cycle 3 (including 11 patients with TP53 alterations), while 6 were
MRD positive (including 1 with TP53 mutation in cohort B). Of
those patients who were MRD negative at cycle 3, all remained
negative at cycle 6 when tested in both blood and bone marrow
by ASO-qPCR, except for 1 patient (treated in cohort A) who
converted to MRD positivity (this patient had a TP53 alteration).
Of the 6 patients who were MRD positive in the blood at cycle 3,
2 became negative at cycle 6 in both blood and bone marrow (1
in cohort A and 1 in cohort B). A third MRD-positive patient (in
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Figure 2. Clearance of MRD. (A-C) Absolute changes in the level of MRD in pe-
ripheral blood, as assessed by ASO-qPCR, in 32 patients who had data that could be
evaluated from cohorts A (n 5 6), B (n 5 14), and C (n 5 12), as indicated. Therapy
time points C3 (end of cycle 3) and C6 (end of cycle 6) of ibrutinib, obinutuzumab, and
venetoclax are shown. MRD levels that are detectable, but not quantifiable, are
shown as positive nonquantifiable (PNQ). The threshold for MRD negativity in the
blood varied according to the sample. Neg, negative values.
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cycle 3 and cycle 6 blood) was reported MRD negative in the
bone marrow at cycle 6. In total, 4 patients showed persistent MRD
positivity at cycle 6, of whom 1 with TP53 alteration (cohort B).
Molecular response rates at C3 across cohorts were 4 out of 6 MRD
negative in cohort A (66%), 10 out of 14 MRD negative in cohort B
(71.4%), and 12 out of 12 MRD negative in cohort C (100%).

IGHVmutational status did not appear to be correlated with MRD
response. Seven out of 8 IGHV-mutation and 20 of 25 IGHV-
nonmutated cases, respectively, were MRD negative in blood by
cycle 3 (for response rates of 87.5% and 80%, respectively).

Discussion
The triple combination of obinutuzumab, ABT-199 (venetoclax)
plus ibrutinib is well tolerated, with noDLTs reported, and theMTD
(maximum tested dose was 800 mg/d) for venetoclax was not
reached. A dose of 400mg/d of venetoclax was taken forward into
the expansion phase of this study. There were several lines of
evidence that supported this decision. First, patients treated with
venetoclax doses of 600 to 800 mg/d were more frequently
transfused over time, and the observed response rates were
not higher than with the 400-mg/d dose, suggesting that the
venetoclax dose-effect was limited, as already seen in in vitro
experiments.15 Also, using a lower dose of venetoclax has the
advantage of reducing the pill burden (venetoclax is formulated
in 100-mg tablets and ibrutinib in 140-mg tablets), which is im-
portant in the setting of lengthy therapies for elderly patients with
MCL. Furthermore, a comparison between obinutuzumab and
ibrutinib (cohort A) with obinutuzumab ibrutinib and venetoclax
(cohort B) in relapsed patients shows that the addition of ven-
etoclax increases toxicity, in particular hematological toxicities such
as thrombocytopenia and neutropenia. The number of AEs was
much lowerwhen the triple combination (with venetoclax 400mg/d)
was given to treatment-naive patients (cohort C). In particular,
hematological AEswere rare in untreated patients who had not been
previously exposed to hematotoxic agents such as chemotherapy.

The OAsIs and AIM (ibrutinib plus venetoclax in relapsed pa-
tients) trials raise the question of the best treatment option for
relapsed MCL, even if such a cross-study comparison should be
interpreted with caution because patients numbers are small,
follow-ups are short, and patient populations are different. With
these limitations in mind, we observe that the overall response
rate for the triple combination in relapsed patients according to
Cheson criteria was 79%, with 62% achieving a CR at the end of
cycle 4, as compared with 42% in CR with ibrutinib plus ven-
etoclax at the same time point.14 According to Lugano criteria,
62% reached CR at week 16 with ibrutinib plus venetoclax
compared with 67% at cycle 6 with triple combination. MRD
evaluation differed between the trials and was not possible by
ASO-PCR in all patients. The MRD clearance rate for MRD-
evaluable patients with ibrutinib plus venetoclax at week 16
was 15% (2 patients out of 13 evaluable) compared with 71.5%
(10 patients out of 14 evaluable) at the same time point in the
present trial. In an intention-to-treat analysis taking into account
all included patients, MRD clearance rates at week 16 are were
41.7% (10 patients out of 24) for relapsed patients treated with
the triple combination vs 8% (2 out of 24) with ibrutinib plus
venetoclax, increasing to 9 out of 24 (38%) with ongoing therapy.
In OAsIs, all MRD-evaluable, untreated patients (12 out of 15)
reached MRD negativity in the blood at cycle 3 and remained

MRD negative at the end of cycle 6. Thus, the triple combination
should be positioned early in the course of the disease, including
frontline and upstream of chimeric antigen receptor T-cell
therapy, which has recently shown high efficacy in relapsed MCL
patients previously exposed to BTKi.23

OAsIs was not designed or powered to compare ibrutinib plus
obinutuzumab (cohort A) with the addition of venetoclax (cohort B)
in relapsed patients, and we cannot conclude what additional
benefit or toxicity is derived from the addition of venetoclax.
However, results in the OAsIs trial show that triple combination is
effective, achieving deep responses, even in high-risk patients with
TP53 alterations or blastoid MCL.24 Indeed, the only refractory
patient in the untreated cohort encountered was TP53 wild-type.
Preclinical data showed that obinutuzumab and ibrutinib could
overcome microenvironment-driven venetoclax resistance via
blockade of NF-kB–dependent Bcl-xL induction.15 Interestingly,
Bcl-xL has recently been implicated in resistance to ibrutinib plus
venetoclax in MCL patients.25 It will be important to check these
findings in the current trial, particularly since despite very en-
couraging results, some patients progress rapidly. A caveat is the
relatively small numbers of patients studied. Further investigations
in the clinical setting are required to fully explore this.

In conclusion, the OAsIs trial demonstrates that the combination
of ibrutinib, obinutuzumab, and venetoclax is well tolerated and
highly active in MCL. It provides an early and high percentage of
MRD negativity with CR and sustained clinical and molecular
responses in both relapsed and untreated patients. Known high-
risk features (such as TP53 alteration) appear not to impact ef-
ficacy, but numbers are small. OAsIs strongly supports further
clinical investigations of the combination of obinutuzumab,
venetoclax, and ibrutinib for untreated MCL patients.
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