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BACKGROUND
Ibrutinib, an inhibitor of Bruton’s tyrosine kinase, and venetoclax, an inhibitor of B-cell 
lymphoma 2 protein, have been approved for patients with chronic lymphocytic leukemia 
(CLL). Preclinical investigations have indicated potential synergistic interaction of their 
combination.

METHODS
We conducted an investigator-initiated phase 2 study of combined ibrutinib and veneto-
clax involving previously untreated high-risk and older patients with CLL. All patients had 
at least one of the following features: chromosome 17p deletion, mutated TP53, chromo-
some 11q deletion, unmutated IGHV, or an age of 65 years or older. Patients received 
ibrutinib monotherapy (420 mg once daily) for 3 cycles, followed by the addition of 
venetoclax (weekly dose escalation to 400 mg once daily). Combined therapy was admin-
istered for 24 cycles. Response assessments were performed according to International 
Workshop on Chronic Lymphocytic Leukemia 2008 criteria. Minimal residual disease was 
assessed by means of multicolor flow cytometry in bone marrow (sensitivity, 10−4).

RESULTS
A total of 80 patients were treated. The median age was 65 years (range, 26 to 83). A total 
of 30% of the patients were 70 years of age or older. Overall, 92% of the patients had un-
mutated IGHV, TP53 aberration, or chromosome 11q deletion. With combined treatment, 
the proportions of patients who had complete remission (with or without normal blood 
count recovery) and remission with undetectable minimal residual disease increased over 
time. After 12 cycles of combined treatment, 88% of the patients had complete remission 
or complete remission with incomplete count recovery, and 61% had remission with unde-
tectable minimal residual disease. Responses were noted in older adults and across all 
high-risk subgroups. Three patients had laboratory evidence of tumor lysis syndrome. The 
adverse-event profile was similar to what has been reported with ibrutinib and venetoclax.

CONCLUSIONS
In this study, combined venetoclax and ibrutinib was an effective oral regimen for high-
risk and older patients with CLL. (Funded by AbbVie and others; ClinicalTrials.gov number, 
NCT02756897.)
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Chronic lymphocytic leukemia (CLL) 
is the most common leukemia in the 
United States and was historically treated 

with chemoimmunotherapy. An understanding 
of the biologic mechanisms of CLL led to highly 
effective targeted therapies.1

Ibrutinib, an irreversible inhibitor of Bruton’s 
tyrosine kinase (BTK), is an approved treatment 
for CLL.2,3 In a phase 1b–2 study of ibrutinib 
monotherapy, with a median follow-up of 5 years, 
the overall response rate was 87% among pa-
tients with previously untreated CLL and 89% 
among those with relapsed or refractory dis-
ease.4 Most responses with continuous and in-
definite treatment were partial, with persistent 
disease typically in the bone marrow; complete 
remission was uncommon. Venetoclax, an inhibi-
tor of B-cell lymphoma 2 (BCL2) protein, was 
initially approved for relapsed or refractory CLL 
with chromosome 17p deletion [del(17p)] and 
recently approved in combination with rituxi-
mab.5,6 In a phase 1 study involving patients with 
relapsed or refractory CLL, a response rate of 
79% was noted, with a 20% rate of complete 
remission.5 In several studies, achievement of 
undetectable minimal residual disease with chemo-
immunotherapy-based treatment was associated 
with prolonged progression-free and overall sur-
vival.7,8 Remission with undetectable minimal 
residual disease is rare with ibrutinib; it was 
seen in 5 to 30% of the patients with relapsed or 
refractory CLL treated with venetoclax.4,5,9

Preclinical models have indicated that com-
bined ibrutinib and venetoclax may be synergis-
tic.10-12 Ibrutinib results in mobilization of CLL 
cells from protective microenvironment niches 
where contact provides survival signals.13 Ibrutinib-
mediated inhibition of BTK results in reduced 
levels of myeloid-cell leukemia 1 (MCL1) protein, 
with an increase or no change in BCL2 levels.10 
Venetoclax targets BCL2 to induce apoptosis, 
whereas MCL1 could protect from mitochondria-
mediated cell death. A decrease in MCL1 levels 
by ibrutinib may lead to synergy when combined 
with venetoclax. Furthermore, these drugs have 
nonoverlapping toxic effects. This combination 
was reported to be safe and active in patients 
with mantle-cell lymphoma.14 Given the clinical-
ly complementary activity, preclinical synergism, 
and nonoverlapping toxic effects, we examined 
the safety and efficacy of combined ibrutinib 

and venetoclax treatment in previously untreated 
patients with CLL.

Me thods

Patient Population

We designed an investigator-initiated, open-label, 
phase 2 study involving high-risk and older pa-
tients with previously untreated CLL. All patients 
had an International Workshop on Chronic Lym-
phocytic Leukemia (IWCLL) indication for treat-
ment (criteria are provided in the Supplementary 
Appendix, available with the full text of this ar-
ticle at NEJM.org).15 Patients were enrolled at the 
University of Texas M.D. Anderson Cancer Cen-
ter (MDACC) in Houston. All patients had at 
least one high-risk genetic feature: del(17p), mu-
tated TP53, chromosome 11q deletion [del(11q)], 
or unmutated IGHV; patients 65 years of age or 
older were eligible, independent of high-risk 
genetic features. Eligible patients had an age of 
18 years or older, an Eastern Cooperative Oncol-
ogy Group performance-status score of 2 or less 
(on a 5-point scale in which higher numbers 
reflect greater disability), and adequate renal 
function (creatinine clearance, >50 ml per min-
ute) and hepatic function. The platelet count had 
to be more than 20,000 per cubic milliliter, 
unless a lower count was deemed to be disease-
related. Additional eligibility criteria are listed in 
the Supplementary Appendix. All patients under-
went pretreatment evaluation with computed 
tomographic (CT) imaging and bone marrow 
aspiration and biopsy and were assessed for 
IGHV mutation status, cytogenetic abnormalities 
by means of f luorescence in situ hybridization 
(FISH), and conventional cytogenetics (see the 
Supplementary Appendix). Targeted sequencing 
of 29 genes, including TP53, SF3B1, NOTCH1, and 
BIRC3 (Table S1 in the Supplementary Appendix), 
was performed on tumor DNA from the pre-
treatment samples. The study had two treatment 
groups: patients with previously untreated CLL 
(reported here) and patients with relapsed or 
refractory disease (not reported here).

Treatment Plan

Ibrutinib monotherapy (420 mg once daily) was 
administered for the first 3 cycles, followed by 
the addition of venetoclax at the start of cycle 4 
(Fig. 1A). Each cycle was 28 days. Ibrutinib mono-
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therapy was intended to reduce the risk of veneto-
clax-associated tumor lysis syndrome. Weekly 
dose escalation of venetoclax to a target dose 
of 400 mg once daily and strategies for mitiga-
tion of tumor lysis syndrome were in accordance 
with recommendations in the prescribing infor-
mation for venetoclax. Combined ibrutinib and 
venetoclax was administered for 24 cycles. Patients 
who remained positive for minimal residual dis-
ease in bone marrow at the end of combined 
treatment could continue ibrutinib alone until 
disease progression or unacceptable toxic effects.

All patients received antiviral prophylaxis with 
valacyclovir or acyclovir. Prophylaxis for pneumo-
cystis pneumonia was not mandated.

The occurrence of tumor lysis syndrome was 

assessed according to the Cairo–Bishop defini-
tion (see the Supplementary Appendix).16 All 
patients were assessed for risk of tumor lysis 
syndrome (according to lymph-node tumor bur-
den on CT imaging and the absolute lymphocyte 
count) before starting ibrutinib and before start-
ing venetoclax. (For details on risk categoriza-
tion, see the Supplementary Appendix.)

Study Assessments

Response assessments were performed according 
to IWCLL 2008 criteria (see the Supplementary 
Appendix).15 Response assessment, including as-
sessment of minimal residual disease in bone 
marrow, was done after cycle 3 (before the start 
of venetoclax) and then after cycles 3, 6, 9, 12, 

Figure 1. Study Schema and Response to Treatment.

Panel A shows the study schema. Patients received ibrutinib monotherapy (420 mg once daily) for 3 cycles (each 
 cycle was 28 days), and then venetoclax was added. The dose of venetoclax was escalated weekly to a target dose  
of 400 mg once daily. Combined ibrutinib and venetoclax were administered for a total of 24 cycles. Patients who 
 remained positive for minimal residual disease (MRD) in bone marrow at the end of combined treatment could con-
tinue ibrutinib alone until disease progression or unacceptable toxic effects. Clinical responses and MRD were mea-
sured after 3 cycles of ibrutinib monotherapy and then after every 3 cycles for the first 12 cycles of the combination 
and every 6 cycles for cycles 13 to 24 of the combination. Panel B shows response to treatment over time. Responses 
(complete remission, with or without normal blood count recovery; partial remission; and undetectable MRD in 
bone marrow) are shown for patients after 3 cycles of ibrutinib monotherapy and at different time points for the 
combination therapy.
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18, and 24 of combination therapy. After com-
pleting combined therapy, patients were moni-
tored by means of complete blood count, assess-
ment of minimal residual disease in the blood, 
and physical examination every 6 cycles. Patients 
with residual disease on CT scan or in bone mar-
row after 24 cycles of the combination therapy 
had follow-up CT scans or bone marrow biopsy 
yearly until remission. Minimal residual disease 
was assessed by means of multicolor flow cytom-
etry in bone marrow with a sensitivity of 10−4, 
with the use of standardized European Research 
Initiative on CLL methods (see the Supplemen-
tary Appendix).17 Responses were assessed by the 
first author and an MDACC radiology collabora-
tor. Adverse events were graded according to 
National Cancer Institute Common Terminology 
Criteria for Adverse Events, version 4.0.3.

Study Oversight

The study protocol was designed by the first and 
last authors and is available at NEJM.org. The 
authors vouch for the accuracy and completeness 
of the data and for the adherence of the study 
to the protocol. The MDACC institutional review 
board approved this study, and the study was 
conducted in accordance with the Declaration of 
Helsinki. All patients provided written informed 
consent. The study was partially supported with 
funding and drug supply (venetoclax) from AbbVie. 
The pharmaceutical sponsor approved the study 
design and reviewed the manuscript but had no 
role in the collection or analyses of data or the 
writing of the manuscript.

Statistical Analysis

A three-stage design18 was used, with a rate of 
complete remission or complete remission with 
incomplete blood count recovery of 25% under 
the null hypothesis and a rate of 50% under the 
alternative hypothesis. With a total sample size 
of 80 (sample sizes were 16 in the first stage and 
39 in the second stage), the study had a power of 
96.6% and a one-sided type I error rate of 0.018. 
The futility stopping boundaries were 4 or fewer 
patients with a response in the first stage and 13 
or fewer patients with a response in the second 
stage. The combination therapy would be deemed 
to be promising if at least 28 patients with a 
response were observed by the end of the study 
(see the Supplementary Appendix). Toxic effects 

were monitored in a cohort size of 3, and the 
trial would be stopped early if there was more 
than a 92% chance that the incidence of toxic 
effects was greater than 30%. The primary end 
point was the best response (complete remission 
or complete remission with incomplete count 
recovery) at any time during the treatment for up 
to 2 months after the completion of combined 
therapy. The rate of complete remission or com-
plete remission with incomplete count recovery 
was estimated along with the exact 95% confi-
dence interval. Safety data were summarized with 
the use of descriptive statistics. Time-to-event 
outcomes, including progression-free and over-
all survival, were estimated with the use of the 
Kaplan–Meier method.

R esult s

Patient Characteristics

From July 2016 through June 2018, a total of 80 
patients (Table 1) initiated study treatment. The 
median age was 65 years (range, 26 to 83); 30% 
of the patients were 70 years of age or older. A 
total of 83% of the patients had unmutated 
IGHV; 18% had del(17p), 14% had mutated TP53, 
and 25% had del(11q). Overall, 92% of the pa-
tients had unmutated IGHV, TP53 aberration, or 
del(11q).

Of the 80 patients, 5 withdrew from the study 
during the ibrutinib-monotherapy phase (reasons 
for withdrawal are described below) and did not 
initiate venetoclax. The median follow-up was 
14.8 months.

Efficacy

Responses are shown in Figure 1B, and in Table 
S2 in the Supplementary Appendix. After the 
initial 3 cycles of ibrutinib monotherapy, most 
responses were partial. After the addition of 
venetoclax, the proportions of patients who had 
complete remission or complete remission with 
incomplete count recovery and remission with 
undetectable minimal residual disease in bone 
marrow increased over time (Fig. 1B, and Fig. S1 
in the Supplementary Appendix). Of the total 80 
patients enrolled, 59 (74%; 95% confidence inter-
val [CI], 63 to 83) had complete remission or 
complete remission with incomplete count re-
covery as their best response. After 6 cycles of 
the combination, 51 of 70 patients (73%; 95% CI, 
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61 to 83) had complete remission or complete 
remission with incomplete count recovery, and 
28 of 70 patients (40%; 95% CI, 28 to 52) had 
remission with undetectable minimal residual 
disease in bone marrow. After 12 cycles of the 
combination, 29 of 33 patients (88%; 95% CI, 72 
to 97) were in complete remission or complete 
remission with incomplete count recovery, and 
20 of 33 patients (61%; 95% CI, 42 to 77) had 
remission with undetectable minimal residual 
disease in bone marrow. After 18 cycles of the 
combination, 25 of 26 patients (96%; 95% CI, 80 
to 100) were in complete remission or complete 
remission with incomplete count recovery, with 
18 of 26 (69%; 95% CI, 48 to 86) having remis-
sion with undetectable minimal residual disease 
in bone marrow. Three patients completed 24 
cycles of combined therapy; all had complete re-
mission or complete remission with incomplete 
count recovery, with undetectable minimal re-
sidual disease in bone marrow.

Patients 65 years of age or older had a high 
rate of response. A total of 74% had complete 
remission or complete remission with incomplete 
count recovery, and 44% had undetectable mini-
mal residual disease in bone marrow after 6 cy-
cles of the combination; these rates increased to 
94% and 76%, respectively, after 12 cycles of the 
combination (Table 2). Responses were seen 
across all high-risk subgroups, independent of 
IGHV mutation status, FISH category, TP53 mu-
tation, NOTCH1 mutation, and SF3B1 mutation 
(Table 2).

The estimated 1-year progression-free and over-
all survival were 98% (95% CI, 94 to 100) and 
99% (95% CI, 96 to 100), respectively (Fig. S2A 
and S2B in the Supplementary Appendix). No 
patient has had CLL progression. Richter’s trans-
formation developed in one patient; this was a 
63-year-old man with CLL with high-risk genom-
ics (unmutated IGHV and NOTCH1 mutation) in 
whom back pain developed during dose escala-
tion of venetoclax and who was noted to have 
transformation to diffuse large B-cell lymphoma 
(DLBCL).

One patient died. This was a 60-year-old man 
who was having headache and numbness on the 
right side for 1 week before starting ibrutinib. 
The patient received 1 day of ibrutinib mono-
therapy, had progressive neurologic symptoms, 
and was found to have cryptococcal infection of 

the central nervous system; ibrutinib treatment 
was discontinued. The patient died 6 months 
later from complications of disseminated crypto-
coccal infection. Given that the patient had symp-
toms before starting ibrutinib and received only 
1 day of ibrutinib, the death was deemed by the 
treating physician and the first author to be un-
related to ibrutinib.

Characteristic Value

Age

Median (range) — yr 65 (26–83)

≥65 yr — no. (%) 43 (54)

≥70 yr — no. (%) 24 (30)

Male sex — no. (%) 57 (71)

Baseline laboratory tests

Median absolute lymphocyte count (range)  
— ×10−9/liter

75.6 (1.1–338.0)

Median hemoglobin (range) — g/dl 11.6 (7.7–15.8)

Median platelet count (range) — ×10−9/liter 130 (28–334)

Median serum β2-microglobulin (range) — mg/liter 3.5 (1.7–13.7)

Hierarchical FISH — no. (%)

Chromosome 17p deletion 14 (18)

Chromosome 11q deletion 20 (25)

Trisomy 12 17 (21)

Negative 10 (12)

Chromosome 13q deletion 19 (24)

IGHV status — no./total no. (%)

Unmutated 63/76 (83)

Mutated 13/76 (17)

Cytogenetics — no./total no. (%)

Complex 12/78 (15)

Diploid 32/78 (41)

Gene mutation — no./total no. (%)

TP53 11/79 (14)

NOTCH1 22/79 (28)

SF3B1 18/79 (23)

BIRC3 5/79 (6)

Positivity for ZAP70 — no./total no. (%)† 60/79 (76)

Positivity for CD38 — no. (%)‡ 42 (52)

*  FISH denotes fluorescence in situ hybridization.
†  ZAP70 was assessed by means of immunohistochemical analysis or flow cytom-

etry; expression of 20% or more was considered positive.
‡  CD38 was assessed by means of flow cytometry; expression of 30% or more 

was considered positive.

Table 1. Characteristics of All 80 Patients at Study Entry.*
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Stratification According to Risk of Tumor 
Lysis Syndrome

At the time of ibrutinib initiation, 13% of the 
patients were at high risk, 72% at medium risk, 
and 15% at low risk for venetoclax-associated 
tumor lysis syndrome. At the time of venetoclax 
initiation, 3% of the patients were at high risk, 
43% at medium risk, and 54% at low risk for 

tumor lysis syndrome. Ibrutinib monotherapy led 
to downgrading of the risk category in 80% of 
the high-risk patients and 48% of the medium-
risk patients. (For changes in lymph-node tumor 
burden and absolute lymphocyte count with 
ibrutinib monotherapy, see Figs. S3 and S4, re-
spectively, in the Supplementary Appendix.) Three 
patients (two at medium risk and one at low risk 

Characteristic
After 3 Cycles of 

Venetoclax–Ibrutinib
After 6 Cycles of 

Venetoclax–Ibrutinib
After 9 Cycles of 

Venetoclax–Ibrutinib
After 12 Cycles of 

Venetoclax–Ibrutinib

no. of patients with undetectable MRD/total no. (%)

All patients 12/72 (17) 28/70 (40) 31/60 (52) 20/33 (61)

Age

<65 yr 4/32 (12) 11/31 (35) 14/27 (52) 7/16 (44)

≥65 yr 8/40 (20) 17/39 (44) 17/33 (52) 13/17 (76)

≥70 yr 4/23 (17) 10/23 (43) 11/18 (61) 6/7 (86)

Sex

Female 2/21 (10) 7/19 (37) 8/17 (47) 6/9 (67)

Male 10/51 (20) 21/51 (41) 23/43 (53) 14/24 (58)

FISH

Chromosome 17p deletion 1/12 (8) 3/12 (25) 6/12 (50) 5/6 (83)

Chromosome 11q deletion 4/17 (24) 10/17 (59) 10/13 (77) 7/9 (78)

Trisomy 12 2/16 (12) 5/16 (31) 6/13 (46) 2/5 (40)

Negative 1/10 (10) 5/9 (56) 4/8 (50) 2/4 (50)

Chromosome 13q deletion 4/17 (24) 5/16 (31) 5/14 (36) 4/9 (44)

Complex cytogenetics 2/11 (18) 3/10 (30) 6/10 (60) 4/5 (80)

IGHV status

Unmutated 11/57 (19) 25/55 (45) 27/49 (55) 15/24 (62)

Mutated 1/11 (9) 3/11 (27) 2/8 (25) 3/6 (50)

Gene mutation

TP53 0/9 1/8 (12) 2/8 (25) 3/4 (75)

NOTCH1 2/18 (11) 6/17 (35) 6/15 (40) 6/10 (60)

SF3B1 4/14 (29) 8/15 (53) 7/12 (58) 3/7 (43)

Absolute lymphocyte count

≥100×109/liter 6/28 (21) 12/27 (44) 12/23 (52) 9/13 (69)

<100×109/liter 6/44 (14) 16/43 (37) 19/37 (51) 11/20 (55)

Platelet count

<100×109/liter 3/18 (17) 5/18 (28) 5/16 (31) 6/11 (55)

≥100×109/liter 9/54 (17) 23/52 (44) 26/44 (59) 14/22 (64)

Serum β2-microglobulin

≥3.5 mg/liter 8/39 (21) 18/37 (49) 17/31 (55) 8/11 (73)

<3.5 mg/liter 4/33 (12) 10/33 (30) 14/29 (48) 12/22 (55)

Table 2. Remission with Undetectable Minimal Residual Disease (MRD) in Bone Marrow, According to Pretreatment Characteristics.
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for tumor lysis syndrome) had laboratory evi-
dence of tumor lysis syndrome. No patient had 
clinical evidence of tumor lysis syndrome.

Discontinuation of Study Treatments

A total of 11 patients (14%) discontinued study 
treatments. Five patients withdrew from the 
study during ibrutinib monotherapy: 1 each had 
rash, hypertension, use of prohibited medica-
tion, and unrelated infection (cryptococcus), and 
1 withdrew consent in order to receive treatment 
with a local physician. Six patients withdrew 
from the study during the combination phase: 
2 had recurrent neutropenia, and 1 each had 
DLBCL transformation, fallopian-tube cancer, 
allogeneic stem-cell transplantation, and hemo-
lytic anemia. The patient with hemolytic ane-
mia later received a diagnosis of myelodysplastic 
syndrome.

Safety

Toxic effects of grade 3 or higher were noted in 
60% of the patients. Nonhematologic adverse 
events that occurred in at least 5% of the pa-
tients are listed in Table 3. Easy bruising, arthral-
gia, and diarrhea were the most common non-
hematologic adverse events. An increase in the 
aminotransferase level was noted in 5 patients 
(grade 1 or 2 in 4 patients and grade 3 in 1 pa-
tient). Grade 3 or 4 neutropenia occurred in 38 
of 80 patients (48%) (grade 3 in 21 patients and 
grade 4 in 17). The incidence of grade 3 or 4 
neutropenia was similar among patients younger 
than 65 years of age (18 of 37 patients [49%]) 
and among those 65 years of age or older (20 of 
43 patients [47%]). A total of 19 of 80 patients 
(24%) had grade 3 or 4 neutropenia during ibru-
tinib monotherapy; 29 of 75 patients (39%) had 
grade 3 or 4 neutropenia during the combina-
tion phase (10 patients had grade 3 or 4 neutro-
penia during both ibrutinib monotherapy and 
the combination phase). A total of 19 patients 
(24%) received granulocyte colony-stimulating 
factor (G-CSF) support for neutropenia. Grade 3 
thrombocytopenia occurred in 2 patients (2%) 
during the combination phase. No patient had 
grade 4 thrombocytopenia.

Neutropenic fever occurred in four patients 
(in one during ibrutinib monotherapy and in 
three during the combination phase); cultures 
remained negative in three patients, and one 

patient had pneumocystis pneumonia. Aspergillus 
and cryptococcus pneumonia developed in one 
patient during cycle 1 of ibrutinib monotherapy. 
Additional infectious complications leading to 
hospitalization included pneumonia (nonneutro-
penic, culture negative) in three patients, celluli-
tis in two patients, and nonneutropenic fever, 
anaplasmosis infection, septic arthritis, and ap-
pendicitis, each in one patient.

The dose of ibrutinib was reduced in 35 of 80 
patients (44%). The most common reasons for 
dose reduction were atrial fibrillation (in 9 pa-
tients), neutropenia (in 5), rash (in 5), hyperten-
sion (in 3), and myalgia (in 3). The dose of vene-
toclax was reduced in 18 of 75 patients (24%). 
The most common reason for dose reduction 
was neutropenia (in 12 patients). Additional rea-
sons for dose reductions are listed in the Supple-
mentary Appendix.

Atrial fibrillation occurred in 12 patients 
(15%) (grade 1 or 2 in 4 patients, grade 3 in 7, 
and grade 4 in 1). Atrial fibrillation developed in 

Event Any Grade Grade 3 or Higher

no. of patients (%)

Easy bruising 48 (60) 0

Arthralgia 38 (48) 1 (1)

Diarrhea 33 (41) 1 (1)

Nausea or vomiting 29 (36) 0

Myalgia 22 (28) 1 (1)

Rash 19 (24) 0

Nail changes 13 (16) 0

Atrial fibrillation or flutter 12 (15) 8 (10)

Oral mucositis 12 (15) 0

Hypertension 11 (14) 8 (10)

Fatigue 11 (14) 1 (1)

Dry skin 9 (11) 0

Gastroesophageal reflux disease 8 (10) 0

Constipation 7 (9) 0

Headache 6 (8) 0

Increased creatinine level 6 (8) 0

Epistaxis 5 (6) 0

Increased aminotransferase level 5 (6) 1 (1)

*  Shown are adverse events (irrespective of the relationship to the study drugs) 
that were reported in at least 5% of the patients.

Table 3. Nonhematologic Adverse Events in All 80 Patients.*
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7 patients during ibrutinib monotherapy and in 
5 patients during the combination phase (Table S3 
in the Supplementary Appendix).

Discussion

Our data showed that combination therapy with 
ibrutinib and venetoclax was effective in patients 
with CLL, with no new toxic effects from the 
combination that were not reported previously 
for the individual agents. Toxic effects of grade 3 
or higher were noted in 60% of the patients 
(neutropenia accounted for most of these effects). 
As expected, the majority of patients had a par-
tial response after 3 cycles of ibrutinib mono-
therapy. With the addition of venetoclax, we 
noted a rapid conversion of partial responses 
into complete responses (with or without nor-
mal count recovery) and a steady increase in the 
proportion of patients with undetectable minimal 
residual disease in bone marrow. After 12 cycles 
of the combination, 88% of the patients were in 
complete remission or complete remission with 
incomplete count recovery, with 61% in remis-
sion with undetectable minimal residual disease 
in bone marrow. These efficacy results are sub-
stantially better than what has been reported 
with ibrutinib or venetoclax monotherapy for 
patients with CLL; with monotherapy, the major-
ity of responses have been partial, and remis-
sions with undetectable minimal residual disease 
in bone marrow have been rare, especially with 
ibrutinib.2,4,5,19,20 These results also appear favor-
able as compared with chemoimmunotherapy 
(in the CLL10 trial, the rates of complete remis-
sion and undetectable minimal residual disease 
in peripheral blood were 40% and 74%, respec-
tively, in the f ludarabine–cyclophosphamide–
rituximab group and 31% and 63%, respectively, 
in the bendamustine–rituximab group).21

Because CLL typically occurs in older adults, 
the majority of patients who need treatment are 
older than 65 years of age. This group of pa-
tients often has unacceptable side effects and 
has a lower rate of complete remission and un-
detectable minimal residual disease with chemo-
immunotherapy than younger patients.21-23 We 
found significant efficacy, with a rate of com-
plete remission or complete remission with in-
complete count recovery of 94% and a rate of 
undetectable minimal residual disease in bone 
marrow of 76% after 12 cycles of combined 

treatment among patients 65 years of age or older. 
It is notable that the incidence of grade 3 or 4 
neutropenia was similar among patients 65 years 
of age or older (47%) and those younger than 
65 years of age (49%). Responses with combined 
ibrutinib and venetoclax were seen across all 
genetic subgroups, including high-risk subgroups 
such as patients with del(17p), del(11q), unmutat-
ed IGHV, or mutated TP53.

No new safety concerns were noted with com-
bination therapy. The toxicity profile was similar 
to what has been noted for ibrutinib or veneto-
clax monotherapy. Atrial fibrillation, probably 
related to ibrutinib, occurred in 15% of the pa-
tients — an incidence similar to that in pub-
lished data.24 Grade 3 or 4 neutropenia was 
noted in 48% of the patients and was managed 
by G-CSF support and dose interruptions or dose 
reductions of study drugs. The incidence of 
grade 3 or 4 neutropenia noted in this trial 
(48%) is similar to the rate reported in other 
venetoclax trials (venetoclax monotherapy in 
relapsed or refractory CLL5 [41%]; venetoclax 
plus rituximab in relapsed or refractory CLL 
[MURANO trial]6 [58%]). The risk of neutrope-
nic fever was 5%, a risk similar to the 3.6% risk 
of neutropenic fever reported in the MURANO 
trial.6 The current median follow-up of the trial 
is 14.8 months; a longer follow-up is needed to 
adequately assess the long-term safety of this 
combination.

Treatment with ibrutinib or venetoclax mono-
therapy is until disease progression; venetoclax 
administered for 2 years when combined with 
6 cycles of rituximab was recently approved for 
relapsed or refractory CLL. In the present trial, 
the combined treatment will stop after 24 cycles. 
A time-limited treatment strategy leading to deep 
remission and a treatment-free interval poten-
tially has advantages over continuous indefinite 
treatment: increased depth of remission may lead 
to prolonged progression-free and overall survival, 
as has been noted with chemoimmunotherapy; 
deep remissions may avoid resistance and elimi-
nate aggressive clones; time-limited treatment 
reduces the potential for ongoing long-term toxic 
effects; and time-limited treatment may have 
lower cost. Longer follow-up of this trial is 
needed to assess outcomes beyond the 24 cycles 
of combined therapy. The appropriate duration 
of treatment with targeted agents such as com-
bined ibrutinib and venetoclax in patients with 
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CLL remains uncertain, and this study and several 
other ongoing trials (ClinicalTrials.gov numbers, 
NCT02910583 and NCT03462719; and EudraCT 
number, 2013 - 001944 - 76) are exploring this ques-
tion.25 Whether treatment with targeted agents 
can be discontinued safely in patients with re-
mission with undetectable minimal residual dis-
ease remains an unanswered question at this 
time, although some early data suggest that this 
might be the case.26,27

In conclusion, we found combined ibrutinib 
and venetoclax to be an active regimen for high-
risk and older patients with previously untreated 
CLL. High rates of complete response and remis-
sion with undetectable minimal residual disease 

in bone marrow were noted with this regimen 
without unanticipated toxic effects at early time 
points of follow-up.

A data sharing statement provided by the authors is available 
with the full text of this article at NEJM.org.
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