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KEY PO INT S

l The phase 2 CAVALLI
study assessed
efficacy and safety of
venetoclax 1 R-CHOP
in patients with
DLBCL, including Bcl-
21 subpopulations.

l Venetoclax 1 R-CHOP
showed potential for
improved efficacy vs
R-CHOP alone,
supporting further
investigation of
venetoclax in Bcl-21

DLBCL.

The phase 2 CAVALLI (NCT02055820) study assessed efficacy and safety of venetoclax, a
selective B-cell lymphoma-2 (Bcl-2) inhibitor, with rituximab plus cyclophosphamide,
doxorubicin, vincristine, and prednisone (R-CHOP) in first-line (1L) diffuse large B-cell
lymphoma (DLBCL), including patients demonstrating Bcl-2 protein overexpression by
immunohistochemistry (Bcl-2 IHC1). Eligible patients were ‡18 years of age and had
previously untreatedDLBCL, Eastern CooperativeOncologyGroup performance status £2,
and International Prognostic Index 2 to 5. Venetoclax 800mg (days 4-10, cycle 1; days 1-10,
cycles 2-8) was administered with rituximab (8 cycles) and cyclophosphamide, doxorubicin,
vincristine, and prednisone (6-8 cycles) in 21-day cycles. Primary end points were safety,
tolerability, and complete response (CR) at end of treatment (EOT). Secondary end points
were progression-free survival (PFS) and overall survival. Comparative analyses used
covariate-adjusted R-CHOP controls from the GOYA/BO21005 study, an appropriate
contemporary benchmark for safety and efficacy. Safety and efficacy analyses included 206
patients. CR rate at EOTwas 69% in the overall population andwasmaintained across Bcl-2
IHC1 subgroups. With a median follow-up of 32.2 months, trends were observed for

improved investigator-assessed PFS for venetoclax plus R-CHOP in the overall population (hazard ratio [HR], 0.61; 95%
confidence interval [CI], 0.43-0.87) and Bcl-2 IHC1 subgroups (HR, 0.55; 95% CI, 0.34-0.89) vs R-CHOP. Despite a higher
incidence of grade 3/4 hematologic adverse events (86%), related mortality was not increased (2%). Chemotherapy
dose intensity was similar in CAVALLI vs GOYA. The addition of venetoclax to R-CHOP in 1L DLBCL demonstrates
increased, but manageable, myelosuppression and the potential of improved efficacy, particularly in high-risk Bcl-2
IHC1 patient subgroups. (Blood. 2021;137(5):600-609)

Introduction
The prognosis of patients with diffuse large B-cell lymphoma
(DLBCL) has improved considerably with the addition of
rituximab to cyclophosphamide, doxorubicin, vincristine, and
prednisone (R-CHOP) chemotherapy.1-6 Beyond cell-of-origin
(COO) effects and adjustment for clinicopathologic risk factors,
DLBCL subgroups defined by molecular biomarkers provide
independent prognostic value.7-11 Specifically, overexpression
of B-cell lymphoma-2 (Bcl-2), an antiapoptotic regulator linked

to tumor aggressiveness, confers resistance to the proa-
poptotic activities of cyclophosphamide, doxorubicin, vin-
cristine, and prednisone (CHOP) chemotherapy in the first-line
(1L) setting and is associated with inferior outcome, identify-
ing a patient population with unmet needs.7,12-17 Concurrent
overexpression of Bcl-2 and Myc proteins (double-expressor
lymphoma [DEL]; 20-30% of DLBCL) is a feature associated with
adverse outcome. Additionally, patients with rearrangements
of MYC and BCL-2 (high-grade B-cell lymphoma, formerly
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“double-hit” lymphoma [DHL]) have a particularly poor prognosis
with R-CHOP.18-21

Venetoclax, a highly selective potent oral inhibitor of Bcl-2, has
shown promising clinical activity in a range of non-Hodgkin
lymphoma (NHL) subtypes.22,23 Results from the CAVALLI
Phase 1b study (NCT02055820) support the potential of ven-
etoclax as a rational targeted inhibitor and chemosensitizing
agent.24 During CAVALLI phase 1b, the maximum tolerated
dose of venetoclax plus R-CHOP was not reached, and the
recommended phase 2 dose (RP2D) for the combination (sup-
ported by exposure-efficacy and exposure-safety analyses) was a
noncontinuous dosing schedule of venetoclax, 800mg on days 4
to 10 of cycle 1 and days 1 to 10 of cycles 2 to 8.

CAVALLI phase 1b reported increased rates of grade 3/4 he-
matologic adverse events (AEs) consistent with other studies
using novel targeted agents combined with chemotherapy.25,26

In this small patient population (N 5 24), the myelosuppressive
effects of venetoclax plus R-CHOP were manageable with
granulocyte colony-stimulating factor (G-CSF) prophylaxis,
supportive measures, and dose modifications or delays (applied
first to venetoclax). Subsequently, the phase 2 expansion further
assessed myelosuppression, as well as the clinical efficacy of this
regimen, in the 1L DLBCL setting.

Here, we report efficacy, safety, and biomarker analyses from the
phase 2 portion of the CAVALLI study, using the RP2D of
venetoclax plus R-CHOP in an expanded population of patients
with previously untreated DLBCL.

Methods
Study design and participants
CAVALLI (NCT02055820; European Union Clinical Trials Reg-
ister identifier: 2013-003749-40) is a multicenter open-label
phase 1b/2 study assessing venetoclax in combination with
standard R-CHOP or obinutuzumab (G)-CHOP in patients with
B-cell NHL (dose-finding phase 1b stage) and with R-CHOP in
previously untreated DLBCL (phase 2 expansion stage). The
phase 2 part of CAVALLI was conducted at 50 sites across North
America, Europe, and Australia.

After the first 20 patients completed the initial 2 treatment cy-
cles, data were reviewed by the Internal Monitoring Committee
and Scientific Oversight Committee to confirm safety and tol-
erability of the phase 2 dose, whereas ongoing enrollment
continued. Additionally, Internal Monitoring Committee and
Scientific Oversight Committee safety data reviews were con-
ducted periodically throughout.

Eligible patients were $18 years of age, with previously un-
treated CD201DLBCL, an Eastern CooperativeOncologyGroup
performance status (ECOG PS) of 0 to 2, an International
Prognostic Index (IPI) score of 2 to 5, $1 bidimensionally
measurable lymphoma lesion .1.5 cm in its longest dimension,
and adequate hematologic function. Patients with transformed
lymphoma were considered for inclusion after discussion with
the Medical Monitor. Key exclusion criteria included prior
therapy for NHL, contraindication to rituximab or any of the
components of CHOP, prior anthracycline therapy, central

nervous system lymphoma or primary mediastinal DLBCL, and
evidence of significant uncontrolled concomitant diseases.

The study protocol was approved by the institutional review
board or ethics committees 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. Informed
consent was obtained from all patients. All authors had access to
study data.

Treatment
Patients received venetoclax, 800 mg orally on a noncontinuous
dosing schedule of days 4 to 10 of cycle 1 and days 1 to 10 of
cycles 2 to 8 (21-day cycles), as determined during the dose-
finding phase 1b stage. Rituximab, 375 mg/m2, was given IV
on day 1 of cycles 1 to 8. Standard CHOP, consisting of IV
cyclophosphamide 750 mg/m2, doxorubicin 50 mg/m2, and
vincristine 1.4 mg/m2 (with a 2.0 mg cap) on day 1 and pred-
nisone 100 mg/d orally on days 1 to 5, was given for 6 cycles.
Investigators were able to prescribe 2 additional cycles if they
felt it was necessary and in the patient’s best interest.

Tumor lysis syndrome (TLS) prophylaxis was mandatory, in-
cluding hydration and a uric acid–lowering agent (eg, allopuri-
nol) administered daily $72 hours before the first venetoclax
dose. Patients with bulky disease (ie, any lymph node or mass
$10 cm on computed tomography scan) at screening and/or
lymphocytosis due to circulating lymphoma cells were consid-
ered to be at higher risk for TLS and, therefore, required hos-
pitalization for prophylaxis (eg, with rasburicase) and close
monitoring during the initiation of venetoclax treatment. Sup-
portive measures as per local standards of care were permitted.
Further details relating to TLS mitigation used in CAVALLI have
been published previously.24

The use of prophylactic G-CSF was mandated in later protocol
versions for all cycles involving CHOP chemotherapy. Anti-
infective medications to prevent recurrent viral, bacterial, or
fungal infections were permitted but not mandated.

End points and assessments
The primary efficacy end point was positron emission tomog-
raphy (PET)-complete response (CR), assessed by an in-
dependent review committee (IRC), according to modified
Lugano 2014 criteria,27 for the intention-to-treat (ITT) and pre-
specified biomarker-driven populations. Prespecified biomarker
analyses included investigator assessment of efficacy in the
following patient subgroups: Bcl-2 protein overexpression by
immunohistochemistry (Bcl-2 IHC1), Bcl-2 IHC2, DEL, DHL, and
DLBCL COO subtypes (activated B cell [ABC] and germinal
center B cell [GCB]). Bone marrow examination was required to
confirm CR; if previously positive, not performed, or indeterminate
at screening, bone marrow examination was repeated. Secondary
efficacy end points included investigator-assessed objective re-
sponse rate (ORR), CR, progression-free survival (PFS), overall
survival (OS), and relative dose intensity (RDI). Safety end points
included frequency and severity of AEs, grade 3/4 AEs, and serious
AEs (SAEs). Graded physical examinations, vital sign assessments,
and laboratory tests were also performed.
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Assessments of disease response were conducted 15 to 21 days
after completion of cycle 4 and 6 to 8 weeks after day 1 of the last
cycle (end of treatment [EOT] response visit). Patients were
followed for disease response every 3 months for up to 2 years
until progression or study termination, whichever occurred first.
Survival follow-up continued until death, loss to follow-up,
consent withdrawal, or study termination.

Bcl-2 protein expression was assessed by immunohistochemistry
(IHC) using the anti–Bcl-2 (124) mouse monoclonal antibody,28

whereas Myc IHC was assessed using the clone Y69 Epitomics
antibody.29 Bcl-2 IHC scoring incorporated the percentage of
positively stained tumor cells ($50% of tumor cells, as previously
defined18,30) and the intensity of tumor cell staining. Tumor cells
were assigned an intensity of “weak” or “strong,” depending on
whether the signal was substantially weaker or stronger than in
mantle zone B cells and paracortical T cells in normal tonsils,
which were used as references for “moderate”Bcl-2 IHC staining
intensity. Based on $50% of tumor cells being assigned to
the no-expression, weak-expression, moderate-expression, or
strong-expression groups, tumors were allocated 1 of 4 possible
IHC scores (0, 11, 21, or 31). Samples scoring 0 or 11 were
designated Bcl-2 IHC2, and samples scoring 21 or 31 were
called Bcl-2 IHC1. Similarly, tumors were classified asMyc IHC1 if
$40% of cells showed Myc nuclear staining above background
intensity.18,30

The DEL population was defined as all patients with DLBCL
coexpressing Bcl-2 and Myc proteins, according to IHC. BCL-2
and c-MYC translocations were assessed by fluorescence in situ
hybridization (FISH) using Vyvis LSI Bcl-2 and MYC Dual Color
Break Apart Probes. COO subtype was assessed by RNA ex-
pression using a NanoString Lymph 2Cx assay.

Statistical analysis
The sample size in CAVALLI phase 2 was calculated with the
intention of obtaining sufficient patients for estimation of PET-
CR rates in the DLBCL biomarker subgroups (supplemental
Materials, available on the Blood Web site). The planned en-
rollment was ;160 to 200 patients, aiming to recruit ;50 pa-
tients with DEL, 80 to 100 patients with Bcl-2 IHC1 DLBCL, and
40 to 50 patients with Bcl-2 IHC1 GCB or ABC DLBCL. With a
subgroup size of 50 enrolled patients, the 95% confidence in-
tervals (CIs) for estimation of PET-CR would have a margin of
error not exceeding 16%. No formal hypothesis testing was
planned.

Efficacy and safety analyses were based on all enrolled patients
who received any venetoclax and/or R-CHOP treatment. To fully
assess the safety and efficacy of venetoclax plus R-CHOP, the
R-CHOP control arm (patients with IPI scores of 2-5 only) from the
GOYA/BO21005 study (NCT01287741)31 was selected (January
2017, prior to primary analysis) as a statistically robust and
clinically meaningful contemporary comparator for exploratory
analyses (supplemental Materials).

The Bcl-2 biomarker-evaluable population (BEP) in GOYA in-
cluded 370 of 703 patients. To ensure that this subset was rep-
resentative of the overall ITT GOYA R-CHOP population, baseline
characteristics (including age, ECOG PS, lactate dehydrogenase
[LDH] levels, IPI, and COO) and PFS outcome were compared
between the BEP and ITT populations and shown to be similar

(supplemental Figure 1; supplemental Table 1). Additionally, no
differences between baseline characteristics and PFS outcome for
the IPI 2 to 5 subset of patients in the BEP (n 5 308) and ITT
population (n5 564) were identified, allowingmeaningful analysis
(supplemental Figure 1; supplemental Table 1). To ensure an

Table 1. Baseline characteristics (safety-evaluable
population)

Parameter
CAVALLI phase 2

(N 5 206)
GOYA IPI 2 to 5

(N 5 564)

Age, median (range), y 65 (18-85) 62 (18-83)

Female 93 (45) 267 (47)

ECOG PS*
0-1 172 (84) 476 (84)
2 34 (17) 87 (15)

Stage III-IV 177 (86) 478 (85)

IPI
2-3 155 (75) 455 (81)
4-5 51 (25) 109 (19)

COO n 5 171 n 5 373
ABC 48 (28) 104 (28)
GCB 101 (59) 213 (57)
Unclassified 22 (13) 56 (15)

Bcl-2 IHC n 5 179 n 5 308
High† 104 (58) 151 (49)
Low 75 (42) 157 (51)

Myc IHC n 5 179 n 5 304
Positive 133 (74) 248 (82)
Negative 46 (26) 56 (18)

Double expressor n 5 179 n 5 299
Yes 80 (45) 124 (41)
No 99 (55) 175 (59)

Bcl-2† and Myc IHC n 5 179 n 5 299
Bcl-2 IHC1/Myc IHC1

(DHL, DEL)
80 (45) 124 (41)

Bcl-2 IHC1/Myc IHC2 24 (13) 24 (8)
Bcl-2 IHC2/Myc IHC1 53 (30) 119 (40)

BCL-2 FISH n 5 151 n 5 265
Positive 40 (26) 59 (22)
Negative 89 (59) 145 (55)
Undetermined 22 (15) 61 (23)

MYC FISH n 5 142 n 5 232
Positive 12 (8) 20 (9)
Negative 110 (78) 178 (77)
Undetermined 20 (14) 34 (15)

BCL-2 & MYC FISH n 5 139 n 5 230
BCL-2 FISH1/MYC

FISH1 (DHL)
7 (5) 8 (3)

Unless noted otherwise, data are n (%).

*One patient in the GOYA study had an ECOG PS of 3.

†High is defined as an IHC score of 21 or 31.
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analogous duration of follow-up between CAVALLI and GOYA
patients, data from an interim analysis of GOYA were used.

Response rates were compared using a double-robust method
adjusting for baseline covariates (age, sex, ECOG PS [$2 vs,2],
bone marrow involvement, IPI score [high vs nonhigh], bulky
disease [.7.5 cm, as specified in the GOYA study], disease stage
[IV vs I-III], LDH [low/normal vs high], and COO subtype [ABC,
GCB; determined using NanoString Lymph 2Cx assay in both
studies]).32 Adjusted Cox regression was used to compare PFS
and OS, adjusted for baseline covariates. Safety analyses of
CAVALLI vs GOYA were summarized descriptively.

Results
Patient population
In total, 211 patients were enrolled in CAVALLI phase 2; 206
(98%) patients were included in the efficacy and safety analyses
(3 patients did not receive any treatment and 2 other patients
with an IPI score of 1 were excluded from analyses). An overview
of patient disposition is shown in supplemental Figure 2.

Patient demographics and baseline characteristics for CAVALLI
phase 2 and GOYA IPI 2 to 5 are shown in Table 1. Overall
baseline characteristics were similar between the 2 populations.
Themedian age in CAVALLI phase 2 was 65 years (range, 18-85);
55% (113/206) of patients were male, and most had advanced-
stage disease. The CAVALLI study had a higher proportion of
patients with an IPI score of 4 or 5 compared with GOYA (25% vs
19%, respectively). Bcl-2 IHC data were available for 179 patients
enrolled in CAVALLI; of those, 58% (n 5 104) were Bcl-2 IHC1

compared with 49% (n5 151) in GOYA (where 308 patients with
IPI 2-5 were evaluable for Bcl-2 IHC; Table 1). IHC1 Myc protein
expression was reported for 74% (n 5 133) of patients in
CAVALLI compared with 82% (n 5 248) in GOYA, whereas
45% (n 5 80) of patients were categorized as DEL in CAVALLI
compared with 41% (n 5 124) in GOYA (Table 1). In CAVALLI,
FISH analysis for BCL-2 and MYC was available for 139 patients;
of those, 7 (5%) were categorized as DHL (vs 8/230, 3% cate-
gorized as DHL for GOYA; Table 1). Of the 161 enrolled patients
with Bcl-2 and COOdata available in CAVALLI, 44 (27%) had Bcl-
2 IHC1/ABC DLBCL and 46 (29%) had Bcl-2 IHC1/GCB DLBCL.

At the time of analysis (data cutoff 28 June 2019), median follow-
up in CAVALLI was 32.2 months. Data cutoff for GOYA was
29 April 2016; median follow-up was 29.6 months. Median di-
agnosis to treatment interval was well matched between the
study populations: 26 days for CAVALLI vs 24 days for GOYA.

Treatment received
In total, 144 of 206 (70%) CAVALLI patients completed ven-
etoclax treatment (supplemental Figure 2). Median number of
treatment cycles was 8 (range, 1-8) for venetoclax and rituximab,
and 6 (range, 1–8) for each component of CHOP. A total of 134
(65%) patients received 6 cycles of R-CHOP, whereas only 5 (2%)
patients received 7 cycles and 15 (7%) patients received 8 cycles.
The proportion of patients who received $90% overall dose
intensity was 61% for venetoclax, 73% for rituximab, cyclo-
phosphamide, and doxorubicin, 69% for vincristine, and 74% for
prednisone (Table 2). Furthermore, the RDI of R-CHOP in
CAVALLI was maintained at a level similar to that seen in GOYA

Table 2. Patients achieving >90% dose intensity
(safety-evaluable population)

CAVALLI phase 2
(N 5 206)

GOYA IPI 2 to 5
(N 5 564)

Venetoclax
DI, median (range), % 95 (4-103) N/A
Patients with .90%

DI, n (%)
123 (61) N/A

Rituximab
DI, median (range), % 96 (9-106) 97 (12-111)
Patients with .90%

DI, n (%)
148 (73) 466 (83)

Cyclophosphamide
DI, median (range), % 96 (12-128) 96 (15-110)
Patients with .90%

DI, n (%)
148 (73) 410 (73)

Doxorubicin
DI, median (range), % 96 (12-128) 95 (15-110)
Patients with .90%

DI, n (%)
148 (73) 403 (72)

Vincristine
DI, median (range), % 96 (17-101) 95 (13-167)
Patients with .90%

DI, n (%)
141 (69) 400 (71)

Prednisone
DI, median (range), % 97 (10-141) 96 (3-200)
Patients with .90%

DI, n (%)
152 (74) 425 (75)

DI, dose intensity.

Table 3. IRC-assessed PET-CR rates (safety-evaluable population)

CAVALLI phase 2 (N 5 206) GOYA IPI 2 to 5 (N 5 564)

Adjusted delta CR (95% CI), %Lugano 2014 responses, n (%)

All 143 (69) 354 (63) 6 (0-13)

Bcl-2 IHC1 n 5 104 n 5 151

67 (64) 91 (60) 2 (0-12)

DEL n 5 80 n 5 124

53 (66) 75 (61) 2 (0-14)
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(Table 2), with the exception of rituximab. Although there was
little difference in the administered dose of rituximab, the RDI
was lower in CAVALLI (73%) than in GOYA (83%) as a result of
dose delays in several patients in the CAVALLI study (supple-
mental Figure 3).

Efficacy
PET-CR rates at EOT by IRC were 69% (143/206) overall,
64% (67/104) in the Bcl-2 IHC1 population, and 66% (53/80) in
the DEL population (Table 3). Rates were similar to those in the
GOYA cohort. PET-CR rates for patients in the Bcl-2 IHC1

subgroups are provided in supplemental Table 2.

IRC-based ORR assessments in CAVALLI were similar to the
matched GOYA control in the overall population (83% vs 80%;
supplemental Table 3). The IRC-assessed ORR was numerically
higher in CAVALLI than in GOYA in patients with Bcl-2 IHC1

disease (83% vs 77%) and in the DEL subgroup (84% vs 77%;
supplemental Table 3). Investigator-assessed ORR and CR were
numerically superior in CAVALLI compared with GOYA in the
overall population and in the Bcl-2 IHC1 and DEL subgroups
(supplemental Table 4).

After a median follow-up of 32.2 months, investigator-assessed
2-year PFS for venetoclax plus R-CHOP vs the matched GOYA
control was 80% vs 67% (hazard ratio [HR], 0.61; 95% CI, 0.43-
0.87), 78% vs 62% (HR, 0.55; 95% CI, 0.34-0.89), 83% vs 75%
(HR, 0.77; 95% CI, 0.39-1.50) and 72% vs 61% (HR, 0.77; 95%
CI, 0.46-1.29) in the overall population and the Bcl-2 IHC1, Bcl-
2 IHC2, and DEL subgroups, respectively (Figure 1; Table 4).
IRC-assessed PFS results corroborated these findings (sup-
plemental Figure 4; supplemental Table 5). Two-year PFS in
CAVALLI vs GOYA for patients in the Bcl-2 IHC1 subgroups are
provided in supplemental Figures 5 and 6, and supplemental
Tables 6 and 7.

Two-year OS for venetoclax plus R-CHOP vs the matched GOYA
control (after a median follow-up of 32.2 months) was 86% vs
81% (HR, 0.72; 95% CI, 0.48-1.10), 83% vs 75% (HR, 0.67; 95%
CI, 0.38-1.19), 79% vs 74% (HR, 0.95; 95% CI, 0.50-1.79), and
90% vs 83% (HR, 0.90; 95% CI, 0.41-1.98) in the overall pop-
ulation and the Bcl-2 IHC1, Bcl-2 IHC2, and DEL subgroups,
respectively (Figure 2; Table 4). OS for patients in the Bcl-2 IHC1

subgroups in CAVALLI vs GOYA are provided in supplemental
Figure 7 and supplemental Table 6.
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Figure 1. Investigator-assessed PFS in CAVALLI vs GOYA IPI 2 to 5. Kaplan-Meier curves for the overall population (A) and the Bcl-2 IHC1 (B), Bcl-2 IHC2 (C), and DEL (D)
subgroups. The following covariates were adjusted: age, sex, ECOG PS, bone marrow involvement, IPI (high vs nonhigh), bulky disease (.7.5 cm), disease stage (IV vs I-III), LDH,
and COO.
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Safety
An overview of safety in CAVALLI vs GOYA is shown in Table 5.
Rates of AEs were higher in patients receiving venetoclax with
R-CHOP in CAVALLI than with R-CHOP alone in GOYA for all
AEs (99% vs 94%, respectively), grade 3/4 AEs (86% vs 66%,
respectively), and SAEs (56% vs 41%, respectively; Table 5). The
most common any-grade AEs in CAVALLI vs GOYA were neu-
tropenia (68% vs 41%, respectively), infections and infestations
(63% vs 46%, respectively), nausea (52% vs 27%, respectively),
fatigue (40% vs 18%, respectively), and diarrhea (39% vs 14%,
respectively).

In CAVALLI, rates of grade 3/4 cytopenias and grade 3 to 5
infections were similarly distributed across cycles 1 to 6, with a
reduction in cycles 7 and 8 (supplemental Figure 8). Incidence of
grade 3/4 thrombocytopenia appeared to be cumulative across
cycles 1 to 6. In total, 33% received red blood cells, and 15%
received platelet concentrate. Higher rates of grade 3/4 cyto-
penias (including neutropenia, anemia, and thrombocytopenia),
febrile neutropenia, and infections occurred in CAVALLI phase 2
vs GOYA (neutropenia: 68% vs 39%, respectively; anemia: 24%
vs 9%, respectively; thrombocytopenia: 22% vs 2%, respectively;
febrile neutropenia: 31% vs 16%, respectively; and infections
and infestations: 23% vs 16%, respectively; Table 5). Further-
more, 1 patient in CAVALLI developed nonserious grade 3
laboratory TLS before venetoclax administration (abnormal
electrolytes were phosphorus, potassium, and uric acid). This AE
occurred before the study protocol was amended with updated
TLS prophylaxis recommendations.

Venetoclax-related AEs (any grade) were reported in 95% of
patients in CAVALLI. The majority of these were (Medical Dic-
tionary for Regulatory Activities preferred terms) blood and
lymphatic system disorders (74% of patients), gastrointestinal
disorders (65% of patients), and general disorders and admin-
istration site conditions (45% of patients). Rates of venetoclax-
related neutropenia and febrile neutropenia were 61% and 27%
respectively, whereas nausea, fatigue, diarrhea, thrombocyto-
penia, vomiting, and asthenia occurred in 40%, 29%, 27%, 21%,
20%, and 9% of patients, respectively. AEs leading to venetoclax
discontinuation or interruption/dose reduction occurred in
41 (20%) and 114 (55%) patients, respectively (supplemental
Table 8).

During cycle 1 of CAVALLI, the majority of patients (188/206;
91%) received G-CSF prophylaxis. However, the timing of

administration with respect to antilymphoma treatment, the
formulation (pegylated [pegfilgrastim] or nonpegylated [fil-
grastim] G-CSF), and the number of daily filgrastim doses were
left to the investigators’ clinical judgment and local practice. This
resulted in considerable variation in prescribing patterns across
sites, with a median of 5 days (range, 1-10) of consecutive
prophylactic filgrastim administration during cycle 1. Pegfil-
grastim prophylaxis was uniform in terms of cycle timing
(between day12 and13) and resulted in a significant reduction
in the rates of grade 3/4 neutropenia (16/75; 21%) and febrile
neutropenia (2/75; 3%) in patients who received an appropri-
ately timed dose in cycle 1 vs patients who did not receive any
G-CSF prophylaxis (10/18; 56% and 1/18; 6%, respectively). This
trend cannot be confirmed for subsequent treatment cycles
because more patients received G-CSF and there were treat-
ment delays, making interpretation difficult (supplemental
Table 9).

Data regarding prophylactic antibiotic use were collected per
patient across the entire treatment course and appeared to be
lower in patients without any grade 3 to 5 infections than in those
with $1 reported episode (99/158; 63% vs 41/48; 85%), most
likely reflecting the more stringent use of antimicrobial pro-
phylaxis following a significant episode of infection, rather than
prior to the event.

In total, there were 32 deaths in CAVALLI; 24 were attributed to
progressive disease (investigator assessed), and 5 were due to
AEs (1 case each of neutropenia [cause of death was sepsis
on day 12], pseudomonal sepsis [on day 523], and sudden
cardiac death [on day 347], and 2 cases of acute myeloid leu-
kemia [on days 729 and 1137]). An additional nonfatal case of
acute myeloid leukemia was reported in CAVALLI (3/206 pa-
tients) compared with 2 of 564 patients (1 fatal, 1 nonfatal) in
GOYA. The remaining 3 deaths in CAVALLI were due to events
deemed unrelated to study drugs (acute respiratory failure,
multiple comorbidities, bilateral pneumonia) outside of the
safety reporting period (.1 year after day 1, cycle 1).

Discussion
The phase 2 (expansion) CAVALLI study in 1L DLBCL included
high-risk patient subgroups identified by Bcl-2 protein expres-
sion status, and distributed across ABC andGCBCOO subtypes,
to support a prespecified hypothesis that Bcl-2 IHC1 patients
would gain greater benefit than Bcl-2 IHC2 patients from the
addition of venetoclax to R-CHOP.

Table 4. Investigator-assessed PFS and OS (safety-evaluable population)

Population

CAVALLI phase 2 GOYA IPI 2 to 5
PFS HR (95% CI)

adjusted*
OS HR (95% CI)

adjusted*N PFS (24 mo) OS (24 mo) N PFS (24 mo) OS (24 mo)

All 206 79.6 85.6 564 67.2 80.9 0.61 (0.43-0.87) 0.72 (0.48-1.10)

Bcl-2 IHC1 104 77.6 82.8 151 61.7 75.4 0.55 (0.34-0.89) 0.67 (0.38-1.19)

Bcl-2 IHC2 75 83.4 89.9 157 74.6 83.2 0.77 (0.39-1.50) 0.90 (0.41-1.98)

DEL 80 72.3 79.0 124 60.6 77.4 0.77 (0.46-1.29) 0.95 (0.50-1.79)

*Covariates include age, sex, ECOG PS, body mass index, IPI (high vs nonhigh), bulky disease (.7.5 cm), disease stage (IV vs I-III), LDH, and COO subtype.
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The GOYA study was considered to be a relevant contemporary
benchmark for safety and efficacy for this single-arm study, based
on the fact that it was conducted at similar sites, used a suitable
control-arm regimen (R-CHOP for 6-8 cycles),31 had comparable
enrollment criteria with similar per-protocol patient management,
and an appropriate follow-up duration. Furthermore, the Bcl-2
IHC (Ventana; investigational-use only) assay used in both trials
enables direct comparison of Bcl-2 protein expression status.
Proportions of DLBCL patients demonstrating Bcl-2 and Myc
protein overexpression were similar in the GOYA and CAVALLI
studies and, in turn, were consistent with Bcl-2 positivity rates (IHC
and FISH) from the published literature.16,17,31

Efficacy data for venetoclax plus R-CHOP were encouraging. In
CAVALLI, PET-CR rates were similar to GOYA for the overall
patient population, the Bcl-2 IHC1 population, and patients with
DEL disease. Importantly, a signal for improved investigator-
assessed PFS for venetoclax plus R-CHOP compared with
matched R-CHOPGOYA controls was suggested in the CAVALLI
population overall, mainly driven by the Bcl-2 IHC1 sub-
population. This signal was less clear in the Bcl-2 IHC2 and DEL
subpopulations. Notably, a randomized trial (NCT03984448)

exploring the use of venetoclax plus rituximab chemotherapy in
high-risk DLBCL is ongoing.

Rates of AEs, grade 3/4 AEs, and SAEs were higher in CAVALLI
vs GOYA, and the majority of patients in CAVALLI experienced
venetoclax-related AEs, highlighting the increased toxicity of the
venetoclax 1 R-CHOP combination. CAVALLI reported higher
rates of hematologic toxicity and infection (grade 3/4 AEs) than
in R-CHOP controls.31 Although primary prophylaxis with G-CSF
wasmandated in the phase 2 protocol, the number and timing of
the doses administered were not specified, leading to variable
practices between countries and across sites. Such prescribing
inconsistencies, along with the mechanism of action of ven-
etoclax and the expected toxicity profile for R-CHOP, might
have contributed to the higher rate of grade 3/4 neutropenia and
febrile neutropenia. Crucially, these additional events were
manageable and did not translate into an increased risk for death
in CAVALLI.

Other nonhematological AEs were consistent with the predict-
able safety profile of venetoclax. TLS mitigation strategies33

implemented during CAVALLI phase 1b, including the initiation
of venetoclax on cycle 1 day 4 to reduce the potential risk of
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Figure 2. OS in CAVALLI vs GOYA IPI 2-5. Kaplan-Meier curves for the overall population (A) and the Bcl-2 IHC1 (B), Bcl-2 IHC2 (C), and DEL (D) subgroups. The following
covariates were adjusted: age, sex, ECOG PS, bone marrow involvement, IPI (high vs nonhigh), bulky disease (.7.5 cm), disease stage (IV vs I-III), LDH, and COO.
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rapid tumor debulking at first treatment administration (when
patients are likely to have the highest tumor burden), proved
adequate in phase 2.

Published data highlight a correlation between maintaining
R-CHOP dose intensity and improved long-term outcome in
patients with treatment-naive DLBCL.34-36 The RDI of R-CHOP in
CAVALLI was maintained at a level similar to that in GOYA.
However, 61%of patients received$90%of the full dose intensity
for venetoclax, lower than for each individual component of the
R-CHOPbackbone. Although this was largely anticipated because
of the study protocol recommending modification of venetoclax
first to preserve R-CHOP delivery, it may also reflect caution
exercised by investigators using a new drug combination.

The starting dose of venetoclax in CAVALLI phase 1b (200/d for
21 days) was poorly tolerated, and dose-limiting toxicities were
observed. Following the reduction of venetoclax administration
to 10 of 21 days, the 200-mg dose was tolerated, and it was
possible to increase the dose to 800 mg/d for 10 days (RP2D
regimen), allowing a greater overall dose intensity. Furthermore,
reducing the dose duration led to improved safety compared
with decreasing the dose. Future clinical development of ven-
etoclax in DLBCL should use the RP2D regimen from treatment
start and mandate primary prophylaxis with G-CSF (including
timing and duration) as part of the schedule of assessments. In

line with the above observations, recurrent febrile neutropenia
or prolonged grade 3/4 myelosuppression requiring clinical
intervention might initially be mitigated using shorter treatment
duration (eg, reduction from 10 days to 5 days), followed by
venetoclax dose reductions in subsequent cycles.

In conclusion, the combination of venetoclax with R-CHOP
demonstrated increased, but manageable, myelosuppression
and potential improved outcomes in high-risk Bcl-2 IHC1 sub-
groups compared with matched covariate-adjusted R-CHOP
control data from the GOYA study. CAVALLI phase 2 data
provide a rationale to further explore this combination in pre-
viously untreated DLBCL Bcl-2 IHC1 patients, for whom the
unmet medical need is greatest.
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