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Effective Tumor Debulking with Ibrutinib Before
Initiation of Venetoclax: Results from the CAPTIVATE
Minimal Residual Disease and Fixed-Duration Cohorts
Paul M. Barr1, Alessandra Tedeschi2, William G. Wierda3, John N. Allan4, Paolo Ghia5, Daniele Vallisa6,
Ryan Jacobs7, Susan O’Brien8, Andrew P. Grigg9, Patricia Walker10, Cathy Zhou11, Joi Ninomoto11,
Gabriel Krigsfeld11, and Constantine S. Tam12

ABSTRACT
◥

Purpose: The phase II CAPTIVATE study investigated first-
line treatment with ibrutinib plus venetoclax for chronic
lymphocytic leukemia in two cohorts: minimal residual disease
(MRD)-guided randomized treatment discontinuation (MRD
cohort) and fixed duration (FD cohort). We report tumor
debulking and tumor lysis syndrome (TLS) risk category
reduction with three cycles of single-agent ibrutinib lead-in
before initiation of venetoclax using pooled data from the MRD
and FD cohorts.

Patients andMethods: In both cohorts, patients initially received
three cycles of ibrutinib 420 mg/day then 12 cycles of ibrutinib plus
venetoclax (5-week ramp-up to 400 mg/day).

Results: In the total population (N ¼ 323), the following decreases
from baseline to after ibrutinib lead-in were observed: percentage of
patients with a lymph node diameter ≥5 cm decreased from 31% to 4%,
with absolute lymphocyte count ≥25 � 109/L from 76% to 65%, with
high tumor burden category for TLS risk from 23% to 2%, and with an
indication for hospitalization (high TLS risk, or medium TLS risk and
creatinine clearance <80mL/minute) from 43% to 18%. Laboratory TLS
perHowardcriteria occurred inonepatient; no clinicalTLSwasobserved.

Conclusions: Three cycles of ibrutinib lead-in before venetoclax
initiation provides effective tumor debulking, decreases the TLS risk
category and reduces the need for hospitalization for intensive
monitoring for TLS.

Introduction
Ibrutinib, a once-daily oral Bruton’s tyrosine kinase inhibitor,

and venetoclax, a BCL-2 inhibitor, are both approved for the
treatment of chronic lymphocytic leukemia (CLL)/small lympho-
cytic lymphoma (SLL; refs. 1, 2). Together, ibrutinib and venetoclax
eliminate both dividing and resting CLL cells through different
but complementary modes of action that preferentially affect
distinct CLL subpopulations and cell compartments (3–5). In the
CAPTIVATE and GLOW clinical studies, the combination of
ibrutinib plus venetoclax demonstrated high rates of undetectable

minimal residual disease (MRD) in both peripheral blood and bone
marrow and high rates of progression-free survival in patients with
previously untreated CLL/SLL (6–8), with durable treatment-free
remissions in patients treated with fixed-duration ibrutinib plus
venetoclax (7, 8).

Tumor lysis syndrome (TLS), a potentially life-threatening adverse
event resulting from release of tumor cell contents into the circulation,
can occur spontaneously in tumors with a high proliferative rate or in
response to treatment in patients with high tumor burden (9). TLS is
characterized by electrolyte and metabolic disturbances with labora-
tory findings of hyperuricemia, hyperkalemia, hyperphosphatemia,
and/or hypocalcemia, which can lead to renal insufficiency, cardiac
arrhythmias, seizures, andmultiorgan failure (9). TLS was identified as
an adverse reaction early in the development of venetoclax. Prevention
strategies are required to mitigate TLS risk, including standardized
dose ramp-up and risk-adapted prophylaxis and monitoring as
described in prescribing information for venetoclax (2). Per venetoclax
prescribing information, a proportion of patients will require hospi-
talization for intensive monitoring during venetoclax initiation
because of high TLS risk ormedium TLS risk with creatinine clearance
<80 mL/minute (2). Real-world data suggest that most patients have
one or more planned hospitalizations during venetoclax ramp-up
highlighting challenges for settings outside of clinical trials (10).
Despite these prevention strategies, approximately 9–12% of patients
with CLL and high baseline tumor burden develop laboratory and/or
clinical TLS during venetoclax initiation (10, 11). Reduction of TLS
risk category through effective tumor debulking before venetoclax
initiation could allow more patients to initiate venetoclax in the
outpatient setting and reduce healthcare burden for patients, care-
givers, and healthcare providers. Previous studies using single-agent
ibrutinib demonstrated rapid tumor debulking in a large proportion of
patients with CLL/SLL (12). Therefore, three cycles of single-agent
ibrutinib lead-in before combination treatment with ibrutinib plus
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venetoclax is expected to reduce tumor burden category for TLS risk
and the need for hospitalization during venetoclax initiation.

CAPTIVATE is a multicenter phase II study that demonstrated
deep and durable responses with ibrutinib plus venetoclax in first-line
treatment of CLL/SLL (6, 7). Here, we report results from the lead-in
portion of the CAPTIVATE study to evaluate tumor debulking, TLS
risk, and indication for hospitalizationwith three cycles of single-agent
ibrutinib lead-in before venetoclax initiation.

Patients and Methods
Study design and treatment

CAPTIVATE is a multicenter, international, phase II study com-
prising two sequentially enrolled cohorts: the MRD cohort (6) and the
fixed-duration (FD) cohort (7). In both cohorts, patients received
single-agent oral ibrutinib (420 mg once daily) lead-in for three cycles
followed by combined ibrutinib plus oral venetoclax (target dose
400 mg once daily after standard 5-week ramp-up, with TLS prophy-
laxis and monitoring per venetoclax prescribing information; ref. 2)
for 12 cycles. Each cycle was 28 days. Subsequently, FD cohort patients
received no further treatment (7), while MRD cohort patients were
randomly assigned to subsequent treatment, including a placebo arm,
according to MRD status (6).

The study was conducted in accordance with International
Conference on Harmonisation guidelines for Good Clinical Practice
and principles of the Declaration of Helsinki. The protocol was
approved by the institutional review boards or independent
ethics committees of all participating institutions. All patients
provided written informed consent. This study is registered with
ClinicalTrials.gov (NCT02910583).

Patients
Key eligibility criteria included adults aged ≥18 to <70 years (MRD

cohort) or ≤70 years (FD cohort); previously untreated CLL/SLL
requiring treatment per International Workshop on Chronic Lym-
phocytic Leukemia (iwCLL) criteria (13); measurable nodal disease by
CT; Eastern Cooperative Oncology Group performance status of 0 or
1; and adequate hepatic, renal, and hematologic function. Due to
requirement for TLS prophylaxis per venetoclax prescribing informa-

tion (2), patients with known allergy to xanthine oxidase inhibitors
and/or rasburicase were excluded.

Tumor burden and TLS risk category assessments
Tumor burden was assessed by radiographic evaluation of the sum

of the products of perpendicular diameters (SPD) of target lymph
nodes and craniocaudal spleen length using CT or MRI, and by
absolute lymphocyte count (ALC). Radiographic evaluation was per-
formed at baseline and at the end of cycle 3 (before venetoclax
initiation in cycle 4). ALC and serum creatinine were assessed at
baseline, on day 1 of cycles 2 and 3, at the end of cycle 3 (before
venetoclax initiation in cycle 4), and at 24 hours prior to each
venetoclax ramp-up (weeks 2–4 of cycle 4 and week 1 of cycle 5).
Additional hematology and serum chemistry samples were collected at
6–8 hours and at 24 hours after the first dose of each venetoclax ramp-
up for patients in the high-risk category for TLS, as recommended per
venetoclax prescribing information (2). Creatinine clearance was
calculated using the Cockcroft-Gault formula. Tumor burden cate-
gories for TLS risk (Supplementary Table S1) were assessed at baseline
and before venetoclax initiation in cycle 4 using criteria described in
venetoclax prescribing information (2).

TLS monitoring assessments
TLS monitoring with serum chemistry, which included potassium,

uric acid, phosphorus, and calcium, was performed on the same
schedule as that described for ALC and serum creatinine. Indication
for hospitalization for TLS prophylaxis andmonitoringwas assessed at
the same timepoints as TLS risk category assessments (Supplementary
Table S2). Patients in the high-risk category for TLS (≥1 lymph node
lesion ≥10 cm in longest diameter, or ≥1 lesion ≥5 cm to <10 cm plus
circulating lymphocytes >25�109/L) were hospitalized during the first
24–48 hours of venetoclax treatment for more rigorous TLS moni-
toring and prophylaxis as recommended per venetoclax prescribing
information (2). Hospitalization was also recommended for patients
with medium TLS risk and creatinine clearance <80 mL/minute (2)
and could be considered as clinically indicated for patients lacking
immediate access to a facility capable of promptly correcting TLS or
who were otherwise considered at risk for TLS per treating physician
discretion. TLS was assessed using Howard criteria (9).

Data availability statement
Requests for access to individual participant data from clinical

studies conducted by Pharmacyclics LLC, an AbbVie Company, can
be submitted through Yale Open Data Access (YODA) Project site at
http://yoda.yale.edu.

Results
Three hundred twenty-three patients were enrolled in

CAPTIVATE: 164 in the MRD cohort and 159 in the FD cohort.
Baseline characteristics were similar between cohorts (Table 1).

Tumor burden reduction
In the overall population, lymph node burden was reduced in all

patients after three cycles of ibrutinib lead-in (Fig. 1A). Among 313
patients withmeasurable target lesions at baseline [lymph node longest
diameters (LDi)>1.5 cm], 280 (89%) had reductions of≥50% in SPDof
target lymph nodes; 44 (14%) had resolution of maximum LDi to
≤1.5 cm (Fig. 1A). Representative images are shown in Fig. 1B. The
proportion of patients with LDi ≥5 cm decreased from 31% (101/323)
at baseline to 4% (14/323) after ibrutinib lead-in (Fig. 1C). The

Translational Relevance

Effective tumor debulking with single-agent ibrutinib before
venetoclax initiation may reduce the proportion of patients with a
high hematological tumor burden requiring hospitalization for
intensive monitoring for tumor lysis syndrome (TLS). We evalu-
ated the impact of single-agent ibrutinib lead-in on tumor debulk-
ing and risk of TLS using pooled data from 323 patients with
chronic lymphocytic leukemia (CLL) treated with first-line ibru-
tinib plus venetoclax in the CAPTIVATE study. At baseline, 74
(23%) patients had a high tumor burden category for TLS risk.
Three cycles of single-agent ibrutinib lead-in before initiation of
venetoclax provided effective tumor debulking and reduced TLS
risk category for 68 (92%) of these patients. Consequently, hospi-
talization during venetoclax initiation was no longer indicated in
61% of patients with such an indication at baseline. Ibrutinib plus
venetoclax represents an all-oral, once-daily, chemotherapy-free
regimen that can be delivered in the outpatient setting for most
patients with CLL.
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proportion of patients with LDi ≥10 cm was 3% (10/323) at baseline
and 0% after ibrutinib lead-in. Of 213 patients with spleen length
enlargement at baseline, 172 (81%) had reductions of ≥50% in spleen
length after ibrutinib lead-in; 83 (39%) had resolution of craniocaudal
spleen length to ≤13 cm (Fig. 1D).

Mean ALC remained above baseline levels after two cycles of
ibrutinib lead-in (day 1 of cycle 3) due to its established pharmaco-
dynamic effects of lymphocytosis but was reduced to below baseline
levels after three cycles (Fig. 1E). The proportion of patients with ALC
≥25 � 109/L decreased from 76% (245/323) at baseline to 65% (209/
323) after three cycles of single-agent ibrutinib lead-in (Fig. 1F).

TLS risk category/indication for hospitalization
At baseline risk assessment for TLS before ibrutinib initiation, 23%

(74/323) of patients were categorized as high tumor burden category
for TLS risk. Most (66/323; 20%) of these patients were categorized as
high tumor burden category for TLS risk based on LDi ≥5 cm to 10 cm
with ALC ≥25 � 109/L, whereas 2% (8/323) had LDi ≥10 cm. After
ibrutinib lead-in, 2% (5/323) of patients were in the high tumor burden
category for TLS risk, all of whom had LDi ≥5 cm to 10 cm with ALC
≥25 � 109/L (Fig. 2A). Overall, 92% (68/74) of patients with high
tumor burden category for TLS risk at baseline shifted to medium
[53/74 (72%)] or low [15/74 (20%)] tumor burden categories for TLS
risk and 7% (5/74) remained in the high tumor burden category for
TLS risk; one patient had missing assessment after ibrutinib lead-in.

The proportion of patients indicated for hospitalization for TLS
monitoring and prophylaxis per venetoclax prescribing information
decreased from 43% (140/323) at baseline to 18% (58/323) after
ibrutinib lead-in (Fig. 2B).

Of 140 patients in the total population who met criteria for
indication for hospitalization at baseline, 61% (85/140) were no longer
indicated for hospitalization after lead-in.Of 58 patients whomet criteria
for indication forhospitalization after ibrutinib lead-in, 5 hadhigh tumor
burden category forTLS risk and 53hadmedium tumor burden category
for TLS risk with creatinine clearance <80 mL/minute. Of the 323
patients, 312 completed three cycles of ibrutinib lead-in and started
ibrutinib plus venetoclax.Overall, followingprotocol and local standards
of care, 55/312 patients (18%) were hospitalized for TLSmonitoring and
prophylaxis during venetoclax initiation. Results were consistent
between the MRD and FD cohorts.

Laboratory and clinical TLS
In 312 patients who started treatment with ibrutinib plus

venetoclax, abnormalities in TLS-associated individual laboratory
parameters were modest in frequency during monitoring (Table 2).
Laboratory TLS per Howard criteria occurred in one patient who was
in the low tumor burden category for TLS risk at baseline and did not
receive protocol-specified oral hydration and allopurinol; abnormal-
ities resolved spontaneously without dose modification, hospitaliza-
tion, or clinical sequelae. No patients had laboratory TLS with
increased creatinine and no clinical TLS was observed.

Discussion
Three cycles of single-agent ibrutinib lead-in before venetoclax

initiation provided effective tumor debulking with substantial reduc-
tions in lymph node burden and ALC in this analysis of 323 young,
fit patients treated with first-line ibrutinib plus venetoclax in the
CAPTIVATE study, including in patients with high-risk disease
features. Indeed, 89% of patients met radiographic criteria for partial
response or better after three cycles of ibrutinib, with ≥50% reductions

Table 1. Patient demographics and disease characteristics at
baseline.

MRD
cohort FD cohort

Overall
population

Characteristic N ¼ 164 N ¼ 159 N ¼ 323

Age
Median, years (range) 58 (28–69) 60 (33–71) 59 (28–71)
≥65 years, n (%) 41 (25) 45 (28) 86 (27)

Male, n (%) 103 (63) 106 (67) 209 (65)
ECOG PS, n (%)

0 105 (64) 110 (69) 215 (67)
1 59 (36) 49 (31) 108 (33)

Histology, n (%)
CLL 156 (95) 146 (92) 302 (93)
SLL 8 (5) 13 (8) 21 (7)

Rai stage, n (%)
0/I/II 111 (68) 113 (71) 224 (69)
III/IV 53 (32) 44 (28) 97 (30)
Missing 0 2 (1) 2 (0.6)

Bulky disease, n (%)
≥5 cm 53 (32) 48 (30) 101 (31)
≥10 cm 5 (3) 5 (3) 10 (3)

ALC ≥25 � 109/L, n (%) 125 (76) 120 (75) 245 (76)
ALC, � 109/L

Mean (SD) 86 (81) 92 (89) 89 (85)
Median (range) 56 (1–419) 70 (1–503) 65 (1–503)

Tumor burden category for TLS risk, n (%)
High 40 (24) 34 (21) 74 (23)
Medium 102 (62) 97 (61) 199 (62)
Low 22 (13) 28 (18) 50 (15)

Cytopenia at baseline, n (%)
Any cytopenia 59 (36) 54 (34) 113 (35)
Hemoglobin ≤11 g/dL 35 (21) 37 (23) 72 (22)
Platelet count ≤100 � 109/L 30 (18) 21 (13) 51 (16)
ANC ≤1.5 � 109/L 14 (9) 13 (8) 27 (8)

Hierarchical cytogenetics classification, n (%)a

Del(17p) 26 (16) 20 (13) 46 (14)
Del(11q) 28 (17) 28 (18) 56 (17)
Trisomy 12 22 (13) 23 (14) 45 (14)
Normal 25 (15) 33 (21) 58 (18)
Del(13q) 63 (38) 54 (34) 117 (36)
Unknown 0 1 (1) 1 (0.3)

Mutated TP53, n (%)
Yes 20 (12) 16 (10) 36 (11)
No 144 (88) 142 (89) 286 (89)
Unknown 0 1 (1) 1 (0.3)

Del(17p) or mutated TP53, n (%)
Yes 32 (20) 27 (17) 59 (18)
No 131 (80) 129 (81) 260 (80)
Unknown 1 (1) 3 (2) 4 (1)

IGHV gene mutation status, n (%)
Unmutated 99 (60) 89 (56) 188 (58)
Mutated 63 (38) 66 (42) 129 (40)
Unknown 2 (1) 4 (3) 6 (2)

Complex karyotype, n (%)b

Yes 31 (19) 31 (19) 62 (19)
No 106 (65) 102 (64) 208 (64)
Unknown 27 (16) 26 (16) 53 (16)

Abbreviations: ALC, absolute lymphocyte count; ANC, absolute neutrophil
count; ECOG PS, Eastern Cooperative Oncology Group performance status;
FD, fixed duration; FISH, fluorescence in situ hybridization; MRD, minimal
residual disease; SD, standard deviation; TLS, tumor lysis syndrome.
aPer Dohner hierarchy.
bDefined as ≥3 abnormalities by conventional CpG-stimulated cytogenetics.

Tumor Debulking with Ibrutinib Lead-In

AACRJournals.org Clin Cancer Res; 28(20) October 15, 2022 4387



in target lymph nodes. Consistent with known effects of single-agent
ibrutinib (12), together with reductions in lymph node burden, an
initial increase in ALC was observed after the first cycle of ibrutinib
lead-in followed by a gradual reduction in ALC in subsequent cycles.
There was greater reduction in ALC during cycle 3, suggesting greater
potential benefit with three versus two cycles of lead-in. These findings
are consistent with results of previous studies demonstrating that
single-agent ibrutinib treatment for 2–4months rapidly reduces tumor
bulk in a large proportion of patients with CLL/SLL (12, 14), effectively
mitigating the risk of venetoclax-related TLS.

With this tumor debulking, three cycles of ibrutinib lead-in before
venetoclax initiation in the CAPTIVATE study reduced tumor burden
category for TLS risk for 92% of patients with high tumor burden at

baseline as defined by very large lymph nodes (LDi ≥10 cm), or a
combination of large lymph nodes (LDi ≥5 cm to 10 cm) with elevated
lymphocyte count (≥25 � 109/L) per venetoclax prescribing informa-
tion (2). Similar results were observed in the phase III GLOW study,
which evaluated first-line treatment with three cycles of ibrutinib
followed by 12 cycles of combined ibrutinib plus venetoclax in a
complementary population of older/unfit patients; after ibrutinib lead-
in, tumor burden category was reduced in 85% of patients with high
tumor burden category at baseline (8). Building on the results
of previous studies, we demonstrated that tumor debulking with
single-agent ibrutinib lead-in also reduced the need for hospitalization
for intensive monitoring for TLS in the young, fit population of the
CAPTIVATE study. After three cycles of ibrutinib lead-in,
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Single-agent ibrutinib lead-in impact on tumor debulking.A,Waterfall plot of percent change in the sum of the products of perpendicular diameters of target lymph
nodes (SPD) in individual patients after ibrutinib lead-in,a (B) representative CT scans of target lymph nodes at baseline and after ibrutinib lead-in, (C) lymph node
maximal LDi of target lymph nodes at baseline and after ibrutinib lead-in, (D)waterfall plot of percent change in spleen length enlargement in individual patients after
ibrutinib lead-in,b (E) mean ALC by cycle during ibrutinib lead-in, and (F) ALC by timepoint at baseline and after ibrutinib lead-in. aIn patients withmeasurable target
lesions (LDi>1.5 cm) at baseline andmeasured after ibrutinib lead-in (n¼ 313). bIn patientswith spleen length enlarged>13 cmatbaseline andmeasured after ibrutinib
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hospitalization during venetoclax initiation was no longer indicated in
61% of patients with such indication at baseline and 82% of patients
were able to initiate venetoclax without hospitalization. The impact of
ibrutinib lead-in on hospitalization has yet to be reported for the older/
unfit population in the GLOW study who may be more likely to have
renal impairment necessitating hospitalization per venetoclax pre-
scribing information.

The phase III CLL14 study of first-line treatment with venetoclax
plus obinutuzumab used one cycle of obinutuzumab before venetoclax
initiation; although no clinical or laboratory TLS occurred during
venetoclax initiation, laboratory TLS occurred in 3 of 212 patients
(1.4%) during obinutuzumab lead-in before venetoclax initiation (15).
TLS has been reported with obinutuzumab initiation, and US pre-
scribing information for obinutuzumab recommends TLS prophylaxis
for patients with high tumor burden, ALC >25 � 109/L, or renal
impairment (16). In a recent phase II study, patients received one cycle
of acalabrutinib followed by two cycles of acalabrutinib plus obinu-
tuzumab before venetoclax initiation; no clinical or laboratory TLSwas
observed during venetoclax initiation, but laboratory TLS occurred in
2 of 37 patients (5%) during the acalabrutinib and obinutuzumab
combination portion of the lead-in (17). Similarly, no cases of TLS

were reported during venetoclax initiation in 29 patients who started
combination treatment with zanubrutinib plus venetoclax after
3 months of zanubrutinib lead-in in the SEQUOIA Cohort 3 arm (18).
Furthermore, infusion-related reactions occurred in 45% of patients
treated with venetoclax plus obinutuzumab in the CLL14 study (15)
and in 22% of patients treated with acalabrutinib plus obinutuzumab
plus venetoclax in the phase II study (17). In comparison, laboratory
TLS during the CAPTIVATE study was observed in just one patient
(0.3%) treated with ibrutinib plus venetoclax, during venetoclax
initiation. The occurrence in a patient with low tumor burden category
for TLS risk highlights the importance of TLS prophylaxis
and monitoring in all patients initiating venetoclax. The safety
profile of ibrutinib lead-in was consistent with that previously
reported with single-agent ibrutinib (6). Cross-trial comparisons
should be interpreted with caution given differences in patient
populations, and the broader safety profile of each regimen should
also be taken into consideration, but ibrutinib may represent an
attractive option for tumor debulking before venetoclax initiation
without the risk of anti-CD20–related TLS or infusion-related reac-
tions given the significant clinical and economic burden associated
with treatment-emergent TLS (19). Oral debulking with ibrutinib may
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tion. FD, fixed duration; MRD, minimal
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also represent an attractive alternative to intravenous anti-CD20
agents in the context of the COVID pandemic, minimizing time in
the clinic with lower potential for compromising immune response to
COVID vaccination (20).

In conclusion, tumor debulking with three cycles of single-agent
ibrutinib reduces tumor burden category for TLS risk prior to vene-
toclax initiation, resulting in avoidance of hospitalization during
venetoclax initiation in a large proportion of patients with high
baseline risk of TLS. Ibrutinib plus venetoclax represents an all-oral,
once-daily, chemotherapy-free, time-limited regimen that offers
patient convenience and ease of administration and can be delivered
in the outpatient setting for most patients with CLL/SLL.
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