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KEY PO INT S

l In this phase 1b study,
venetoclax plus
R-CHOP demonstrated
manageable safety and
promising activity in
B-cell NHL.

l Recommended dose
of venetoclax was
established as 800 mg
(days 4-10, cycle 1;
days 1-10, cycles 2-8)
in combination with
standard R-CHOP.

Novel strategies, such as chemosensitization with targeted agents, that build on the success
of standard immunochemotherapy show promise for the treatment of non-Hodgkin lym-
phoma (NHL). Here, we report a phase 1b study investigating dose escalation of the BCL2
inhibitor, venetoclax, in combinationwith rituximab or obinutuzumab and cyclophosphamide,
doxorubicin, vincristine, andprednisone (R-/G-CHOP) chemotherapy in B-cell NHL.Objectives
included safety assessment and determination of a recommended phase 2 dose (RP2D). Fifty-
six patients were enrolled, most with follicular lymphoma (43%) or diffuse large B-cell lym-
phoma (DLBCL; 32%). Dose-limiting toxicities were reported in 3/14 patients at the first
venetoclax dose (200 mg/d), after which dosing was changed from daily to 10 days per cycle
and escalated to 800 mg. A further reduction to 5 days per cycle occurred at the 800-mg
dose level in the G-CHOP arm. Cytopenias were predominant among grade 3/4 events and
reported at a higher rate than expected, particularly in the G-CHOP arm; however, safety
wasmanageable. Overall response rates were 87.5% (R-CHOP andG-CHOP combinations);
complete response (CR) rateswere 79.2% and 78.1%, respectively. Most double-expressor

(BCL21 and MYC1) DLBCL patients (87.5%; n 5 7/8) achieved CR. Although the maximum tolerated dose was not
reached, the RP2D for venetoclax with R-CHOP was established at 800 mg days 4 to 10 of cycle 1 and days 1 to 10 of
cycles 2 to 8; higher doses were not explored, and this dosing schedule demonstrated an acceptable safety profile. This
regimen is subsequently being evaluated in first-line DLBCL in the phase 2 portion of the study. This trial was registered
at www.clinicaltrials.gov as #NCT02055820. (Blood. 2019;133(18):1964-1976)

Introduction
BCL2 is an important prosurvival molecule and a key member of
a family of proteins that governs the intrinsic apoptosis pathway.1

Overexpression of BCL2 due to t(14;18) chromosomal trans-
location is found in;90% of cases of follicular lymphoma (FL).2,3

The same translocation is present in 15% to 30% of patients
with diffuse large B-cell lymphoma (DLBCL), with 8% to 30%
exhibiting BCL2 amplification.4-9 BCL2 overexpression confers
resistance to the proapoptotic activities of chemotherapy with
cyclophosphamide, doxorubicin, vincristine, and prednisone
(CHOP) and is associated with poor prognosis in patients with
first-line (1L) DLBCL.10,11 In particular, patients with concurrent

overexpression of BCL2 and MYC proteins (“double-expressor”
lymphoma; DE) or concurrent translocations of both MYC and
BCL2 genes (“double-hit” lymphoma) have inferior outcomes
relative to other groups.6,10-14 Inhibition of BCL2 is therefore an
attractive therapeutic target for B-cell malignancies, particularly
because it acts independently of the often dysfunctional tumor
suppressor protein, TP53, which lies upstream and renders B cells
resistant to chemotherapy.15,16

Venetoclax is a highly selective, potent, oral BCL2 inhibitor that
is approved in .50 countries, including in the United States, for
the treatment of adult patients with chronic lymphocytic leukemia
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with or without 17p deletion (del[17p]), who have received at least
1 prior therapy, and in the European Union for adult chronic
lymphocytic leukemia patients with del(17p) or TP53 mutation,
who are unsuitable for or have failed a B-cell receptor pathway
inhibitor, or without del(17p) or TP53 mutation who have failed
both chemoimmunotherapy and a B-cell receptor pathway
inhibitor.17-19 Recently, a single-agent dose-escalation trial of
venetoclax in relapsed/refractory non-Hodgkin lymphoma (NHL)
reported an overall response rate (ORR) of 38% (complete re-
sponse [CR] rate, 14%) and 18% (CR rate, 12%) in patients with FL
and DLBCL, respectively.20

Obinutuzumab (GA101; G) is a glycoengineered, type II mono-
clonal anti-CD20 antibody,with greater direct cell death induction,
antibody-dependent cellular cytotoxicity, and phagocytosis than
rituximab (R).21 In the phase 3 GALLIUM trial, FL patients treated
with G plus chemotherapy had longer progression-free survival
(PFS) than patients treated with R plus chemotherapy, but end-of-
induction response rates were similar in both groups (88.5% vs
86.9%, respectively).22 In the phase 3 GOYA study in 1L DLBCL
patients, G-CHOP and R-CHOP demonstrated similar activity (with
CR rates of 56.7% and 59.5%, respectively); the primary end point
of improved PFS with G-CHOP over R-CHOP was not met.23

Preclinical data demonstrated synergy when venetoclax was com-
bined with R24 or G in vitro and increased efficacy of venetoclax
plus R when combined with CHOP in vivo in DLBCL xenograft
models (supplemental Appendix, available on the Blood Web
site). Based on these findings andmode of action, venetoclax may
have potential as a chemosensitizing agent.

The CAVALLI study explored the safety and efficacy of com-
bining venetoclax with R-CHOP or G-CHOP chemotherapy in
patients with NHL. Here, we report results of the phase 1b part
of CAVALLI.

Methods
Preclinical materials and methods
Details of the preclinical analyses of venetoclax with R and G,
with and without CHOP, in NHL models are available in the
supplemental Appendix.

Study design and patients
This phase 1b/2 multicenter, open-label study was conducted to
assess oral administration of venetoclax in combination with IV R
or G plus standard doses of CHOP in patients with B-cell NHL
(phase 1b) and 1L DLBCL (phase 2) (clinicaltrials.gov identifier:
#NCT02055820; European Union Clinical Trials Register iden-
tifier: 2013-003749-40). The study was conducted in 2 stages:
the dose-escalation phase 1b stage followed a modified 313
design to guide dose and schedule selection for the phase 2
expansion stage in 1L DLBCL. The phase 1b stage was con-
ducted at 15 sites across North America, Europe, and Australia.

The study protocol was approved by the institutional review
board or ethics committee at participating institutions in ac-
cordance with the International Conference on Harmonization
guidelines, including Good Clinical Practice and the ethical
principles originating from the Declaration of Helsinki.25,26 In-
formed consent was obtained from all patients. A scientific

oversight committee, including 3 experts in NHL, reviewed
safety and efficacy data regularly during the conduct of the
study, along with the study internal monitoring committee. All
authors had access to study data.

Eligible patients were aged 18 years or older, with histologi-
cally confirmed B-cell NHL (transformed lymphomas, including
Richter syndrome cases, were considered following discussion
with the Medical Monitor); untreated or with 1 prior therapy
(excluding R-CHOP); 1 or more bidimensionally measurable
lesions .1.5 cm; Eastern Cooperative Oncology Group (ECOG)
performance status #2; and adequate organ and hematologic
function, defined as hemoglobin $9 g/dL, absolute neutrophil
count$1.53 109/L, and platelet count$753 109/L (unless due
to underlying disease, as evidenced by extensive bone marrow
[BM] involvement).

Exclusion criteria included mantle cell lymphoma or small lym-
phocytic lymphoma histology; primary mediastinal DLBCL; primary
central nervous system lymphoma or secondary involvement;
chemotherapy or other investigational therapy within 28 days
prior to start of cycle 1; significant cardiovascular or liver disease
that could affect compliance with the protocol or interpretation
of results or that could increase risk to the patient; or known HIV
infection. A full list of inclusion/exclusion criteria is provided in
the supplemental Appendix.

Treatments
The phase 1b portion of the study included 2 parallel treatment
arms, with planned venetoclax doses ranging from 200 to
800 mg once daily orally on 21 days per cycle plus standard
cycles of R-CHOP (arm A) or G-CHOP (arm B). Standard CHOP
chemotherapy consisted of IV cyclophosphamide 750 mg/m2,
IV doxorubicin 50 mg/m2, and IV vincristine 1.4 mg/m2 (with
a 2.0-mg cap) on day 1, and prednisone 100 mg/d orally on days
1 to 5. In arm A, venetoclax was combined with R (375 mg/m2 IV)
on day 1 for 8 cycles. In arm B, venetoclax was combined with
G (1000 mg IV) on days 1, 8, and 15 of cycle 1 and day 1 of cycles
2 to 8. Venetoclax was initiated on day 4 of cycle 1 and then
on day 1 for cycles 2 to 8 to mitigate the potential risk and allow
distinction of tumor lysis syndrome (TLS) induced by venetoclax
from that caused by R-CHOP or G-CHOP. CHOP chemotherapy
was given for 6 or 8 cycles on a patient-by-patient basis after
discussion between the Investigator and Medical Monitor.
Patients receiving only 6 cycles of CHOP received 2 additional
21-day cycles of venetoclax plus anti-CD20 antibody on day 1 of
the cycle to ensure equal duration of therapy in all patients.
Protocol-mandated treatment modifications are summarized in
supplemental Table 1.

Venetoclax dose escalation was under a modified 313 design,
with at least 3 patients per arm enrolled into each cohort. A
6-week (ie, 2-cycle) observation period was allowed for evaluation
of dose-limiting toxicities (DLTs). If none of the first 3 evaluable
patients experienced a DLT, the next dose cohort was opened. If
a DLT was observed in 1 patient, additional patients were en-
rolled at that dose level until at least 6 evaluable patients had
completed the DLT observation window or a second DLT oc-
curred. If no additional DLTs were reported, the next dose could
be evaluated. If an additional DLT was observed after cohort
expansion, further enrollment on that dosing schedule was halted
and that dose was either declared as exceeding the maximum
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tolerated dose (MTD) or a different dosing regimen was imple-
mented, in which case dose escalation could resume.

Granulocyte-colony stimulating factor was mandated in later
protocol versions for all cycles with CHOP (administration for-
mulation and length of administration by Investigator’s choice).
Anti-infective prophylaxis for viral, fungal, bacterial, or Pneumo-
cystis jirovecii infections was permitted. A short (,7 days) course
of steroids (up to 100 mg of prednisone or equivalent daily) was
allowed before initiation of study treatment of palliation of lymphoma-
related symptoms. Warfarin could be administered under the
guidance of the Medical Monitor.

Mandatory prophylaxis for TLS included hydration and admin-
istration of a uric acid–reducing agent (eg, allopurinol), orally
beginning 72 hours prior to the first venetoclax dose (details in
the supplemental Appendix). Patients with bulky disease (ie, any
lymph node or mass more than either 8 or 10 cm on the screening
computed tomography [CT] depending on the protocol version)
and/or lymphocytosis due to circulating lymphoma cells were
considered to be at higher TLS risk and required hospitalization
for more intensive prophylaxis (eg, rasburicase) and monitoring
during the initial dose of venetoclax. Supportive measures were
permitted per local standard of care.

Objectives and outcomes
The primary objective was to determine the MTD of venetoclax
when given in combination with R-CHOP or G-CHOP, defined as
the highest dose resulting in DLTs in less than one-third of
patients in a cohort of 6 or more patients. The MTD and dosing
schedule for venetoclax when combined with R-CHOP and
G-CHOPwere to be taken forward as the recommended phase 2
dose (RP2D) for the respective arm, unless there was any safety
or tolerability indication that a lower dose would be more ap-
propriate. Secondary objectives were to assess efficacy (response,
duration of response, PFS, and overall survival) and characterize
thepharmacokinetic profiles of venetoclax plus R-CHOPorG-CHOP.
Exploratory objectives included biomarker assessments and
preliminary assessment of the efficacy of venetoclax plus R-CHOP
in different potential prognostic subgroups. See the supple-
mentary Appendix for additional methodology on pharmaco-
kinetics and exploratory objectives.

Safety Laboratory assessments and adverse event (AE) moni-
toring were used to assess safety. AEs were coded using the
most recent version of the Medical Dictionary for Regulatory
Activities and graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events, Version 4.0
(NCI CTCAE v4.0). The MTD of venetoclax plus R-CHOP or
G-CHOP was determined separately for each arm. DLTs were
any grade $3 AEs attributed to venetoclax plus R-CHOP or
G-CHOP, as well as grade 3/4 neutropenia or thrombocyto-
penia, identified on day 1 of cycle 2 or 3, resulting in delay of that
cycle. The DLT window was defined as the first 2 cycles, because
venetoclax administration started on day 4 of cycle 1. The fol-
lowing AEs were excluded as DLTs: grade 3/4 neutropenia not
accompanied by fever and improved to grade 2 by day 1 of next
cycle; grade 3 febrile neutropenia; grade 3 TLS without mani-
festations of clinical TLS according to Howard criteria27; grade 3
nausea or vomiting #7 days.

Hematologic assessment to monitor for cytopenias occurred
throughout treatment, including complete blood counts per-
formedondays 1, 4, 5, 8, and 15of cycle 1, days 1 and10of cycles 2
to 6, and day 1 of cycles 7 and 8.

Efficacy Responses were assessed by the investigators and an
independent review committee according to a modified version
of Lugano 2014 criteria,28 which required confirmation of a
partial response (PR) by a decrease in lesion size by 50% using CT
and confirmation of a CR by clearing of BM on biopsy/aspirate if
involved with lymphoma at diagnosis. Response assessment by
clinical evaluation and imaging occurred after cycle 4 and at endof
treatment. Positron emission tomography (PET)-CT was manda-
tory at screening and endof treatment, but diagnostic CT could be
used at the cycle 4 assessment. After end of treatment, clinical
assessment occurred every 3months until progressive disease (PD)
or end of study, with CT scans every 6 months for 2 years and as
clinically indicated.

Statistical analysis
Sample size for the dose-finding stage was based on a modified
313 design in order to guide dose and schedule selection for
the phase 2 portion of the study on the basis of DLTs. The
expected enrollment for the dose-finding stage was 24 to
60 patients. The intent-to-treat population, which included all en-
rolled patients regardless of any treatment delivered, was used
to evaluate efficacy. All patients who received venetoclax, R-CHOP,
or G-CHOP in any amount were included in the safety and phar-
macokinetic populations. Efficacy and safety evaluations were
summarized descriptively. Analysis was performed at Roche
Products Ltd (Welwyn Garden City, UK).

Results
Preclinical data
Preclinical in vitro and in vivo studies in NHL cell lines and
xenograft models showing enhanced cell death induction and
antitumoral efficacy for the combination of venetoclax and G
(supplemental Figures 1 and 2) provided proof of principle for
the clinical investigation of this combination in a phase 1b study
in NHL patients. Significantly increased direct cell death was
observed with the addition of venetoclax to R or G; furthermore,
venetoclax did not impact antibody-dependent cellular cyto-
toxicity compared with the antibodies alone. In in vivo models,
reduction in tumor volume was greatest in animals treated with
the combination of R or G (6 CHOP) plus venetoclax.

Patient disposition and demographics
Data cutoff was June 30, 2017. Fifty-six patients (arm A with
R-CHOP, n 5 24; arm B with G-CHOP, n 5 32) were enrolled in
this phase 1b study. All patients were included in both the
efficacy and the safety analysis populations. Patient demographics
and baseline characteristics are shown in Table 1. Most patients
had FL or DLBCL. Most (91.1%) patients had no prior therapy; of
the 5 patients with prior therapy, 4 hadFL and 1 hadmarginal zone
lymphoma.

DLTs, modification of venetoclax dosing schedule,
and RP2D
In both arms, the initial starting dose (cohort 1) of venetoclax
was 200 mg/d for 8 cycles (21-day cycles). One patient in arm A
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(R-CHOP) cohort 1 and 2 patients in arm B (G-CHOP) cohort 1
experienced a DLT (supplemental Table 2). The incidence of
cytopenias (Table 2; supplemental Table 3) and DLTs led the
scientific oversight committee to recommend a shorter ven-
etoclax dosing schedule of 400 to 800 mg on days 4 to 10 of
cycle 1 and days 1 to 10 of cycles 2 to 8 in both arms to mitigate
the unexpectedly high hematologic toxicity (Figure 1). Details
of DLTs in subsequent cohorts are provided in supplemental
Table 2. High levels of cytopenias, predominantly midcycle
thrombocytopenia, in the first 6 patients in cohort 4 (800 mg
venetoclax) of arm B led to further shortening of the venetoclax
dosing schedule (cohort 4B); these 6 patients received ven-
etoclax 800mg on days 4 to 8 of cycle 1 and days 1 to 5 of cycles
2 to 8, resulting in reduced incidence of all-grade and grade 4
thrombocytopenia. Two patients in arm B cohort 4A who ex-
perienced midcycle thrombocytopenia also subsequently had
their venetoclax therapy reduced to 5 days per cycle. Platelet
counts for 3 patients in arm B cohort 4A are shown in supple-
mental Figure 3; lower platelet counts were observed in later
cycles.

Cytopenias, including febrile neutropenia, as well as diarrhea
were reported at increased frequency over that expected
with the R-CHOP backbone and were considered to be re-
lated to combination therapy. Although these toxicities were
adequately managed with medical intervention and dose
interruptions, the scientific oversight committee did not
recommend further dose escalation beyond 800 mg. There-
fore, although the MTD of venetoclax plus R-CHOP was
not reached, the RP2D for this combination was determined
to be 800 mg on days 4 to 10 of cycle 1 and days 1 to 10 of
cycles 2 to 8.

The alternative 5-day dosing regimen for 800 mg venetoclax
plus G-CHOP resulted in acceptable toxicity; however, arm B
was not expanded to phase 2 because the GOYA study (from
which results became available while this study was ongoing)
did not demonstrate superiority of G-CHOP over R-CHOP.23

Safety
The most common all-grade AEs in treatment arms A and B
together were neutropenia (57.1%) and nausea (53.6%). Table 2,
supplemental Table 3, and supplemental Table 4 summarize
AEs and serious AEs, in each treatment arm, and supplemental
Figure 4 provides an overview of the incidence of cytopenia per
cycle. No deaths due to AEs were reported. The most common
grade 3/4 AEs were neutropenia, febrile neutropenia, throm-
bocytopenia, and anemia, reported in 54.2%, 33.3%, 16.7%,
and 12.5% of patients, respectively, with R-CHOP, and 59.4%,
25.0%, 37.5%, and 31.3% of patients with G-CHOP (Table 3;
supplemental Table 5). Thrombocytopenia occurred without
hemorrhage and recovered before the start of the next cycle.
The percentage of patients receiving prophylactic granulocyte-
colony stimulating factor during cycles 1 to 6 in arm A ranged
from 85.7% to 100% (cohort 1), 66.7% to 100% (cohorts 2 and 4),
and 87.5% to 100% (cohort 3), and in arm B from 85.7% to
100% (cohorts 1 and 2), 83.3% to 100% (cohorts 3 and 4a), and
all patients in cohort 4b.

Three patients (total 5.4%), all with FL, developed laboratory
TLS without clinical sequelae on cycle 1 day 4, after the first
dose of venetoclax and having shown no TLS after R-CHOP or

G-CHOP administration. The patient with grade 4 TLS defined
as a DLT (arm A cohort 3 [venetoclax 600 mg]) was able to
reinitiate venetoclax 200 mg and escalate back to venetoclax
600 mg without a further occurrence. The 2 patients with grade
3 TLS were in arm B cohorts 3 and 4, assigned to 600 and
800 mg venetoclax. All 3 patients were at high risk for TLS per
protocol.

Median duration of treatment was 154 days in arm A (venetoclax
plus R-CHOP) and 152 days in arm B (venetoclax plus G-CHOP).
Three patients overall received .6 cycles of CHOP, all in arm
B: 2 in cohort 4A (venetoclax 800mg, 10-day administration) and
1 in cohort 4B (venetoclax 800 mg, 5-day administration). More
than two-thirds of patients in both treatment arms received
$90% overall dose intensity (supplemental Table 6) for each
drug, with the exception of venetoclax in arm B (22% of patients
received$90% dose intensity). Venetoclax dosing was modified
(reduced or interrupted) per protocol due to AEs for 37 patients
(66.1%), with neutropenia (9/37; 24.3%) and febrile neutropenia
(8/37; 21.6%) accounting for nearly half of these cases. Overall,
a higher percentage of patients in arm B (71.9%) than in arm A
(58.3%) experienced AEs leading to venetoclax dose reduction
or interruption. Seventeen patients (30.3%) discontinued ven-
etoclax treatment early (16 patients discontinued due to AEs
[supplemental Table 7]; 1 patient discontinued due to PD).

Two of 24 patients (8.3%) in arm A and 6 of 32 patients (18.8%) in
arm B, respectively, were unable to complete $6 cycles of
CHOP because of AEs. The rate of dose reduction due to AEs
for each study drug is shown in supplemental Table 8. Further
details of treatment modifications are available in the supple-
mental Appendix.

Efficacy
Fifty-six patients were evaluable for end-of-treatment response
(Table 4). The median follow-up time for patients with CR/PR at
end of treatment (n 5 49) was 22 months (range 11.4-36.4). In
the intent-to-treat population, the ORR (CR/PR at end of
treatment) was 87.5% for the entire study population, similar in
both arms, with CR rates of 79.2% and 78.1% in arms A and B,
respectively (Table 4). PD occurred in a small number of
patients, including 2 patients with 1L DLBCL (6 days from the start
of cycle 1 and 42 days after the last dose of venetoclax [cycle 8])
(Figure 2); of these, 1 patient had DE DLBCL and the other had
MYC-positive DLBCL.

Across both treatment arms, ORR was 88.9% (all CR) in DLBCL,
83.3% (75.0% CR; 8.3% PR) in FL, and 71.4% (57.1% CR; 14.3%
PR) in other histologic types. Responses with venetoclax plus
G-CHOP and venetoclax plus R-CHOP by histologic subtype of
NHL are shown in Table 4.

Median PFS was not reached in either treatment arm. Patients
with DLBCL achieved 1-year PFS rates of 70% and 100% in arms
A and B, respectively; for those with FL, PFS was 100% and
90% in arms A and B, respectively. One-year PFS estimates
across cohorts are shown in supplemental Figure 5 and by cohort
and histology in supplemental Table 9a-b. Kaplan-Meier curves
for overall survival according to treatment arm are shown in
supplemental Figure 6.
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Exploratory data on BCL2/MYC biomarker expression were avail-
able for 39 of 56 patients, of whom 74.4% (29/39) were BCL2
positive. Analysis in DLBCL patients revealed that 57% (8/14) were
DE (supplemental Table 10a). Nine DLBCL samples were classi-
fied by cell-of-origin (COO) subtype (NanoString Technologies) as
activated B-cell-like (n 5 5), germinal center B-cell-like (n 5 3), or
unclassified (n5 1). Most DLBCL (87.5%) DE patients achieved CR
(supplemental Table 10b). One DLBCL patient had double-hit
status according to fluorescence in situ hybridization; this patient
achieved a CR and remained progression free as of the data cutoff.

Pharmacokinetics
Pharmacokinetic data from 49 patients indicate that venetoclax
exposures (Cmax and area under the curve0-8h) tested at 200,
400, 600, and 800 mg were similar when coadministered with
R-CHOP or G-CHOP (eg, 1.43 vs 1.98 mg/mL for Cmax, and 6.82
vs 6.85 h×mg /mL for area under the curve0-8h, following the adminis-
tration of an 800 mg venetoclax dose on day 4; supplemental
Table 11). Venetoclax plasma concentrations peaked at ;4 to
8 hours, whereas trough concentrations (cycle 1, day 8) remained
comparable between patients who received either R or G.

Cohort 1

Cohort 2

Cohort 3

Cohort 4A

Cohort 4B

200

W
0

R-/G-CHOP D1 R-/G-CHOP
Continue for 6–8 cycles CHOP
8 cycles R or G
8 cycles VEN

R-/G-CHOP
DLT observation period

W
1

W
2

W
3

W
4

W
5

W
6

W
7

W
8

400

600

800

800

400

600

800

800

400

600

800

800

Figure 1. Dose-escalation cohorts (313 design):
modified dosing schema. Four dosing cohorts received
venetoclax ranging from 200 to 800 mg every day plus
R-CHOP or G-CHOP. Standard CHOP chemotherapy
was administered consisting of IV cyclophosphamide
750 mg/m2, IV doxorubicin 50 mg/m2, and IV vincristine
1.4 mg/m2 (with a 2.0-mg cap) on day 1, and prednisone
100 mg/day orally on days 1 to 5. A 6-week (ie, 2-cycle)
observation period was allowed for evaluation of DLTs.
Patients who experienced responses without excessive
toxicity were allowed up to 8 cycles of CHOP at the
investigator’s discretion after discussion with the Med-
ical Monitor. D, day; W, week.

Table 3. Grade 3/4 AEs occurring in 2 or more patients in either study arm

Arm A: VEN 1 R-CHOP,
n (%)

VEN 200 mg, VEN 400 mg, VEN 600 mg, VEN 800 mg, Total
Cohort 1 (n 5 7) Cohort 2 (n 5 3) Cohort 3 (n 5 8) Cohort 4 (n 5 6) (N 5 24)

Neutropenia 4 (57.1) 2 (66.6) 5 (62.5) 2 (33.3) 13 (54.2)

Febrile neutropenia 3 (42.9) 0 2 (25.0) 3 (50.0) 8 (33.3)

Thrombocytopenia 3 (42.9) 0 1 (12.5) 0 4 (16.7)

Anemia 2 (28.6) 0 0 1 (16.7) 3 (12.5)

Pneumonia 0 0 0 0 1 (4.2)

Diarrhea 1 (14.3) 1 (33.3) 0 0 2 (8.3)

TLS 0 0 1 (12.5) 0 1 (4.2)

Arm B: VEN 1 G-CHOP,
n (%)

VEN 200 mg, VEN 400 mg, VEN 600 mg, VEN 800 mg, VEN 800 mg, Total
(N 5 32)Cohort 1 (n 5 7) Cohort 2 (n 5 7) Cohort 3 (n 5 6) Cohort 4A (n 5 6) Cohort 4B (n 5 6)

Neutropenia 2 (28.6) 4 (57.1) 5 (83.3) 6 (100) 2 (33.3) 19 (59.4)

Febrile neutropenia 2 (28.6) 4 (57.1) 0 1 (16.7) 1 (16.7) 8 (25.0)

Thrombocytopenia 2 (28.6) 2 (28.6) 2 (33.3) 4 (66.7) 2 (33.3) 12 (37.5)

Anemia 1 (14.3) 1 (14.3) 1 (16.7) 4 (66.7) 3 (50.0) 10 (31.3)

Pneumonia 1 (14.3) 1 (14.3) 0 0 0 2 (6.3)

Diarrhea 0 0 0 0 0 0

TLS 0 0 1 (16.7) 1 (16.7) 0 2 (6.3)

Lung infection 0 1 (14.3) 0 1 (16.7) 0 2 (6.3)

Percentages represent the incidence of that specific AE per cohort in each arm.
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Discussion
CAVALLI is the first study to evaluate the combination of stan-
dard CHOP plus an anti-CD20 antibody with the BCL2 inhibitor,

venetoclax, in patients with DLBCL and FL. The phase 1b dose-
finding part of the study, which was based on preclinical findings,
identified the RP2D for venetoclax in combination with standard

Table 4. Disease response at end of treatment by PET/CT

Arm A: VEN 1 R-CHOP,
n/N (%)

VEN 200mg, VEN 400mg, VEN 600mg, VEN 800 mg,
TotalCohort 1 Cohort 2 Cohort 3 Cohort 4

Responders 6/7 (85.7) 3/3 (100) 7/8 (87.5) 5/6 (83.3) 21/24 (87.5)

CR
Overall 6/7 (85.7) 2/3 (66.7) 6/8 (75.0) 5/6 (83.3) 19/24 (79.2)
DLBCL 3/3 (100) 0/0 1/2 (50.0) 4/5 (80.0) 8/10 (80.0)
FL 2/3 (66.7) 1/1 (100) 5/6 (83.3) 0/0 7/10 (70.0)
Other* 1/1 (100) 1/2 (50.0) 0/0 1/1 (100) 3/4 (75.0)

PR
Overall 0/7 1/3 (33.3) 1/8 (12.5) 0/6 2/24 (8.3)
DLBCL 0/3 0/0 0/2 0/5 0/10
FL 0/3 0/1 1/6 (16.7)† 0/0 1/10 (10.0)
Other* 0/1 1/2 0/0 0/1 1/4 (25.0)

PD
Overall 0/7 0/3 1/8 (12.5) 1/6 (16.7) 2/24 (8.3)
DLBCL 0/3 0/0 1/2 (50.0) 1/5 (20.0) 2/10 (20.0)
FL 0/3 0/1 0/6 0/0 0/10
Other* 0/1 0/2 0/0 0/1 0/4

Missing
Overall 1/7 (14.3) 0/3 0/8 0/6 1/24 (12.5)
DLBCL 0/3 0/0 0/2 0/5 0/10
FL 1/3 (33.3) 0/1 0/6 0/0 1/10 (10.0)
Other* 0/1 0/2 0/0 0/1 0/4

Arm B: VEN 1 G-CHOP,
n/N (%)

VEN 200mg, VEN 400mg, VEN 600mg, VEN 800 mg (10 d), VEN 800 mg (5 d),
TotalCohort 1 Cohort 2 Cohort 3 Cohort 4A Cohort 4B

Responders 5/7 (71.4) 6/7 (85.7) 5/6 (83.3) 6/6 (100) 6/6 (100) 28/32 (87.5)

CR
Overall 3/7 (42.9) 6/7 (85.7) 4/6 (66.7) 6/6 (100) 6/6 (100) 25/32 (78.1)
DLBCL 0/0 1/1 (100) 2/2 (100) 2/2 (100) 3/3 (100) 8/8 (100)
FL 2/3 (66.7) 3/3 (100) 2/4 (50.0) 3/3 (100) 2/2 (100) 12/15 (80.0)
Other* 1/4 (25.0) 2/3 (66.7) 0/1 1/1 (100) 1/1 (100) 5/10 (50.0)

PR
Overall 2/7 (28.6) 0/7 1/6 (16.7) 0/6 0/6 3/32 (9.4)
DLBCL 0/0 0/1 0/2 0/2 0/3 0/8
FL 0/3 0/3 1/3 (33.3) 0/3 0/2 1/14 (7.1)
Other* 2/4 (50.0)† 0/3 0/1 0/1 0/1 2/10 (20.0)

Missing
Overall 2/7 (28.6) 1/7 (14.3) 1/6 (16.7) 0/6 0/6 4/32 (12.5)
DLBCL 0/0 0/1 0/2 0/2 0/3 0/8
FL 1/3 (33.3) 0/3 0/2 0/3 0/2 1/13 (7.7)
Other* 1/4 (25.0) 1/3 (33.3) 1/1 (100) 0/1 0/1 3/10 (30.0)

If no PET-CTwas performed at end of treatment, available CT results were included instead. Responses were assessed by the investigators and central review based on imaging studies and BM
examinations using a modified version of the Lugano Classification described by Cheson et al28 with the following modifications: (1) For CR, if the BM was involved by lymphoma prior to
treatment, the infiltrate must have cleared on repeat BM biopsy or aspirate; (2) For PET-CT–based PR, CT criteria for PR (or CR) must also be met. Nonmissing end-of-treatment (EOT) CT
response was used if EOT PET response wasmissing. Five (8.9%) patients discontinued early due to toxicity (3 in cohort 1) and havemissing EOT response assessments (2 discontinued in cycle
5 and responded in cycle 4; 1 discontinued in cycle 1 and responded during follow-up).

*Transformed lymphoma, marginal zone lymphoma, composite lymphoma, and Waldenström macroglobulinemia.

†Three patients (1 in arm A, 2 in arm B) with BM involvement at baseline who achieved radiologic CR were classified as having PR due to missing BM data at EOT with all other
evidence of CR. Percentages within bars were calculated per cohort; those above bars were calculated per arm.
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R-CHOP as 800 mg on days 4 to 10 of cycle 1 and days 1 to 10 of
cycles 2 to 8. Although the MTD was not reached, venetoclax
doses beyond 800mgwere not planned because less than dose-
proportional changes in plasma exposure at high doses were
seen in an earlier phase 1 study, where 1200 mg was the highest
dose explored.20

The main safety signal to arise in this study overall was for
cytopenias; in particular, a higher incidence of febrile neu-
tropenia, thrombocytopenia, and anemia was associated with
addition of venetoclax to G- or R-CHOP than has been reported
for either G- or R-CHOP.23 Other novel targeted agents com-
bined with chemoimmunotherapy have shown similar increased
rates of grade 3/4 hematologic AEs.29,30 Although the rate of
cytopenias, including neutropenia and thrombocytopenia,
was higher than expected (particularly with venetoclax plus
G-CHOP), it should be noted that midcycle laboratory sam-
pling per the protocol may have picked up additional cases.
Nonetheless, the dose intensity of the backbone remained
intact, and the regimen was tolerated overall. Moreover, the

myelosuppressive effects of venetoclax plus R-CHOP or G-CHOP
were manageable with prophylaxis, supportive measures, and
dose modifications or delays (applied first to venetoclax). There
were no fatal AEs. Further assessment of increased myelosup-
pressive effects in the larger phase 2 part of the CAVALLI study
is needed for more accurate prophylactic recommendations.

After modification of initial daily venetoclax dosing to a shorter
schedule in response to toxicity, no patients in cohorts 2 to 4
discontinued from arm A (venetoclax plus R-CHOP). Thrombo-
cytopenia appeared to be cumulative over treatment, with average
platelet levels decreasing in later cycles, although there was no
excess of bleeds, and only 5 patients received platelet transfusions.

Response rates for venetoclax plus R-CHOP or G-CHOP were
promising in bothDLBCL andFL, comparing favorablywith historical
rates from studies such as GOYA, GAUDI, and GALLIUM.22,23,31 The
high CR rate (88.9%) observed in the poor-prognosis population of
DE and BCL2-high DLBCL is a particularly promising finding, but
requires validation in a larger group of patients, which is ongoing in

FL
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Figure 2. Duration of disease response by PET-CT or CT. The combined response for CR/PR canbe contributed by either PET-CTorCT, whichever is available. If both PET-CT andCT
results were available and discordant, PET-CT results were used. *Patient continued on study therapy after PD. †Five transformedDLBCL (all CR); 1 composite lymphomawith DLBCL and FL
portions (response not available); 1 Waldenström macroglobulinemia (PR); 5 marginal zone lymphoma (3 CR, response not available in 2 patients). SD, stable disease.
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the phase 2 portion of this study. Insufficient material was available
for COO analysis in some cases, limiting the interpretation of the
data in DLBCL patients in this context.

TLS predominantly occurs after therapy in hematologic malig-
nancies and has been reported in the literature in some patients
with DLBCL or FL, particularly those with a high tumor burden.32,33

Of note, although all 3 cases of laboratory TLS in CAVALLI occurred
in patients who were considered at high risk, events did not occur
until after initiation of venetoclax, providing evidence for the in-
creased antitumor properties of the combination over R-/G-CHOP
alone. This provides additional support for further testing of this
combination in NHL, particularly as effective TLS mitigation strat-
egies for venetoclax therapy are established.34

In conclusion, the phase 1b CAVALLI study demonstrated man-
ageable safety and promising efficacy for the combination of
venetoclax with R-/G-CHOP in NHL and established a dosing
regimen for venetoclax plus R-CHOP that has been implemented
in the ongoing phase 2 study in 1L DLBCL. This will provide further
information on the benefit-risk profile of this combination in 1L
DLBCL, including higher-risk patient subgroups identifiedbyBCL2,
MYC, and COO biomarker analysis.
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21. Mössner E, Brünker P, Moser S, et al.
Increasing the efficacy of CD20 antibody
therapy through the engineering of a new
type II anti-CD20 antibody with enhanced
direct and immune effector cell-mediated
B-cell cytotoxicity. Blood. 2010;115(22):
4393-4402.

22. Marcus R, Davies A, Ando K, et al.
Obinutuzumab for the first-line treatment of
follicular lymphoma. N Engl J Med. 2017;
377(14):1331-1344.
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