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All-grade AEs for BTKi arms:1–8

• Atrial fibrillation range: 3.3–17%
• Bleeding range: ~23–49.4%

• Hypertension range: 7.3–54%
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RESONATE-2: Median follow-up, 82.7 months; N=269
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Adverse events over time with continuous ibrutinib therapy in 1L CLL
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Hypertension and incident cardiovascular events following
ibrutinib initiation
Tyler Dickerson,1 Tracy Wiczer,1 Allyson Waller,1 Jennifer Philippon,1 Kyle Porter,2 Devin Haddad,3 Avirup Guha,3 Kerry A. Rogers,4
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KEY PO INT S

l Among lymphoid
malignancy patients
treated with ibrutinib,
the subsequent
incidence of new
hypertension is
nearly 72%.

l Development of new
or worsened HTN
after ibrutinib
initiation associates
with a more than
twofold increased risk
of other cardiac
events.

Ibrutinib is associated with dramatic efficacy against B-cell malignancies. Yet, it has been
linked with potentially limiting cardiotoxicity, including emerging reports of profound
hypertension (HTN). The long-term incidence, severity, and impact of HTN development
with ibrutinib are unknown. Therefore, in 562 consecutive patients treated with ibrutinib
for B-cell malignancies from 2009 through 2016, we assessed the new/incident or wors-
ened HTN (systolic blood pressure [BP] cutoff, 130 mm Hg). Observed incident HTN rates
were compared with Framingham-heart–predicted incident HTN rates. We also evaluated
the relationship of HTN to the development of other major adverse cardiovascular events
(MACEs), including arrhythmia, myocardial infarction, stroke, heart failure, and cardio-
vascular death. Further, we assessed the effects of different antihypertensive classes on
ibrutinib-related HTN. Overall, 78.3% of ibrutinib users developed new or worsened HTN
over amedian of 30months. NewHTNdeveloped in 71.6%of ibrutinib users, with a time to
50% cumulative incidence of 4.2 months. Among those without preceding HTN, 17.7%
developed high-grade HTN (BP >160/100 mm Hg). In multivariate regression, new or
worsened HTN was associated with increased MACEs (hazard ratio [HR], 2.17; 95% con-

fidence interval [CI], 1.08-4.38). No single antihypertensive class was associated with prevention or control of ibrutinib-
related HTN. However, antihypertensive initiation was associated with a lower risk of a MACE (HR, 0.40; 95% CI,
0.24-0.66). Collectively, these data suggest that ibrutinib is associated with a substantial increase in the incidence
and severity of HTN, and that HTN development carries a higher risk of subsequent cardiotoxic events. (Blood. 2019;
134(22):1919-1928)

Introduction
Ibrutinib is an oral Bruton’s tyrosine kinase inhibitor, with dra-
matic efficacy against many lymphoid malignancies.1-5 It also
targets several alternative kinases, broadening its efficacy as an
effective immunemodulator. Accordingly,.150 additional trials
testing ibrutinib’s efficacy against other cancers are ongoing.6-9

Despite ibrutinib’s benefits, cardiotoxicity has emerged as
an increasingly important complication of this life-saving
therapy.5,10-14 Available long-term data have suggested that
nearly 20% of ibrutinib users go on to develop incident
arryththmia.10-13 Although initial clinical trials had limited
ability to describe these events over time, the profile of many
of these events has been increasingly well defined.

However, emerging initial reports have suggested that ibrutinib
is linked with an even higher prevalence of significant or pro-
found hypertension (HTN), which had not been recognized.15,16

In an analysis of chronic lymphocytic leukemia (CLL) early-phase

trial data, nearly 23% of ibrutinib users developed new or
worsened HTN.15 Similarly, follow-up data from early clinical
trials have suggested a potential continual rise in the incidence
of HTN development over time.16,17 Despite this, available initial
reports have not linked ibrutinib-related HTN with other car-
diovascular events, including arrhythmias.16 Yet, whether this
pattern holds over long-term follow-up and the degree to which
ibrutinib-related HTN has ramifications on the development of
other cardiovascular events remains unknown.

Methods
Study population
From consecutive patients treated with ibrutinib for lymphoid
malignancies at The Ohio State University’s Comprehensive
Cancer Center from 2009 through 2016, we evaluated the rates
of incident or worsening HTN, after Institutional Review Board
approval.11,13 We also assessed the incidence of other major
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Discussion
In this study of the incidence and cardiovascular ramifications of
ibrutinib-associated HTN, more than 75% of patients developed
new or worsened HTN during therapy. This relationship remained,
even after adjustment for ibrutinib dose and was not attenuated by
the use of any specific antihypertensive class. Moreover, among
those with HTN development, the rate of MACE, including atrial
fibrillation and ventricular arrhythmia, during ibrutinib use was
disproportionately elevated, in line with prior similar observations in
persons treated with other nonspecific or multitargeted tyrosine
kinase inhibitors for cancer control.25-27 Yet, we also noted that the
initiation of an antihypertensive after HTN development was as-
sociated with a lower risk of a subsequent MACE. These obser-
vations are of particular importance, given the rapidly increasing
number of ibrutinib users and the lack of available tools or early
markers to guide the assessment of long-term cardiotoxicity risk.

The observation of increase in BP after ibrutinib initiation adds to
a growing body of evidence of linking ibrutinib with adverse
cardiovascular outcomes. In a recent review of available pub-
lished randomized trial data, the use of ibrutinib appeared to
associate with a nearly threefold increase in the incidence of
grade 3 or 4 HTN.16,17 Similarly, focused follow-up analysis from
the early phase PCYC-1102/1103 study of high-risk CLL sub-
groups (www.clinical trials.gov # NCT01105247) revealed an
incidence of grade 3 or more HTN development of 26%.28

Within these, the reported incidence of HTN was significant, yet
trailed the 38% development of grade 3 to 4 HTN rates observed
in the present examination. Although unclear, the reasons behind
these differences may be explained by the more critical and
systematic nature of present examination, the inclusion of nontrial
ibrutinib users with more comorbidities, as well as the use of
contemporary SBP cutoff of 130mmHg to defineHTN, as opposed
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Overall, 78.3% of ibrutinib users developed new or worsened HTN over a median of 30
months. New HTN developed in 71.6% of ibrutinib users, with a time to 50% cumulative
incidence of 4.2 months.

In a multivariate model new or worsened HTN was associated with increased major 
adverse cardiovascular events (MACEs, including arrhythmia, myocardial infarction, 
stroke, heart failure, and cardio-vascular death) (HR, 2.17; 95% CI, 1.08-4.38).
However, anti-hypertensive initiation was associated with a lower risk of a MACE (HR, 
0.40; 95% CI, 0.24-0.66). 

Ibrutinib - hypertension

Blood (2019) 134 (22): 1919–1928.



IBRUTINIB – ATRIAL FIBRILLATION

the original dose, 22 (43%) patients reduced the dose of
ibrutinib without a hold, and 11 (22%) patients continued their
ibrutinib dose without interruption from the prior dose prior to
the onset of AF. Six (12%) patients permanently discontinued
ibrutinib due to treatment-emergent AF.

Stroke prevention in patients with treatment-
emergent AF

Figure 4 presents the anticoagulation and/or antiplatelet strat-
egy for stroke prevention stratified by CHA2DS2-VASc score.
Supplemental Table 1 provides the anticoagulation and anti-
platelet drug therapies used. Of 51 patients with treatment-
emergent AF, 42 (82%) had a CHA2DS2-VASc score of ≥ 2.
Of these 42 patients, 17 (40%) received anticoagulation alone,
6 (14%) received antiplatelet agents, 4 (10%) patients received
both, and 15 (36%) received neither. Of 9 patients with
CHA2DS2-VASc score ≤ 1, 4 (44%) received anticoagulation
alone, 2 (22%) received antiplatelet agents alone, and 3 (34%)
received neither. During a median observation time of 9.9
months (range 0–45.2 months) after AF was identified, no
thrombotic strokes occurred in these 51 patients with
treatment-emergent AF.

Two major bleeds occurred after the identification of
treatment-emergent AF. The first patient developed an intracra-
nial bleed requiring burr hole evacuation while on ibrutinib
therapy. He was on antiplatelet therapy with aspirin and
anticoagulation with rivaroxaban. Ibrutinib was permanently
discontinued in this patient. The second patient with a major
bleed (gastrointestinal) was not on any antiplatelet or
anticoagulation therapy. Ibrutinib was temporarily held for this
patient and resumed at the original dose. Clinically relevant
non-major bleeding occurred in 12 patients. The breakdown
of these events is presented in Supplemental Table 2.
Ibrutinib was continued at the same dose in ten patients, and
concomitant anticoagulation was discontinued in four patients.

Patients with persistent AF

Prior to beginning ibrutinib therapy, eight patients were in
persistent AF. All 8 patients had a CHA2DS2-VASc score of

≥ 2 at the start of ibrutinib therapy. Two patients received both
anticoagulation and antiplatelet therapy, three patients
anticoagulation alone, one patient antiplatelet therapy alone,
and two patients received no stroke prophylaxis. Five patients
were started on 140 mg daily ibrutinib, one patient at 140 mg
every other day, and one patient at 280 mg daily due to con-
comitant anticoagulation therapy and concern for bleeding.
One patient began full-dose ibrutinib at 420 mg daily. The
median time on ibrutinib therapy was 21.3 months (range
14.4–53.3 months), and none required modification of their
ibrutinib therapy due to worsening of AF. One patient experi-
enced a clinically relevant non-major bleed (bruising).

Table 3 Multivariable analyses
of time to AF in patients with no
AF at ibrutinib start (n= 290) and
in the subset with no prior history
of AF (n= 269)

Parameter At risk for AF (n= 290) No prior history of AF (n= 269)

HR (95% CI) p value HR (95% CI) p value

Age > = 65 1.79 (0.84–3.83) 0.13 2.20 (0.90–5.39) 0.08

Hypertension 1.04 (0.53–2.03) 0.92 1.15 (0.49–2.70) 0.74

Heart failure 3.42 (1.53–7.66) 0.003 2.51 (0.98–6.42) 0.06

Valvular heart disease 1.36 (0.54–3.40) 0.51 2.48 (0.95–6.46) 0.06

History of AF 3.48 (1.42–8.66) 0.007

Italicized table entries indicate P-value < 0.05

Table 4 Comparison of treatment-emergent AF risk prediction models
(n= 290)

Model N (%) Hazard ratio (95% CI) p value

Framingham risk*

< 10% 163 (56) Reference

10–20% 75 (26) 2.2 (1.1–4.3) 0.02
> 20% 52 (18) 3.4 (1.7–6.5) 0.0003
Mayo CLL AF Score**

0-1 86 (30) Reference

2–3 90 (31) 1.9 (0.7–5.1) 0.20

4 64 (22) 2.9 (1.1–7.7) 0.03
5–7 50 (17) 6.4 (2.6–16.0) < 0.0001
Italian AF risk score***

0 18 (6) Reference

1–2 176 (61) 1.7 (0.2–13.0) 0.64

3–4 59 (20) 5.2 (0.7–41.0) 0.12

> = 5 37 (13) 10.8 (1.4–85.3) 0.02

Italicized table entries indicate P-value < 0.05
*Predictive components are age, sex, BMI, systolic blood pressure, treat-
ment for hypertension, PR interval, significant murmur, and prevalent
heart failure

**Calculated as age > 75.3 points, > 65.2 points, male sex 1 point, HTN 1
point, valve disease 2 points. The scores are then categorized into four
risk groups: 0–1; 2–3; 4; 5–7

***Calculated as age > 65.1 point, male gender 1 point, valve disease 2
points, cardiomyopathy 3 points, hyperthyroidism 1 point, chronic lung
disease 1 point, DM 1 point, severe infections 1 point
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Outcomes

The median EFS of the entire cohort was 3.9 years, and me-
dian OS was 5.3 years. On univariable analysis, the develop-
ment of treatment-emergent AF was associated with shorter
EFS (HR 2.7, 95% CI 1.6–4.5, p< 0.001) and shorter OS (HR
4.1, 95% CI 2.3–7.3, p < 0.001, Table 5). In multivariable
analyses, treatment-emergent AF remained a significant pre-
dictor of EFS after adjusting for prior CLL treatment status,
and TP53 disruption, heart disease, valvular heart disease, and
past history of AF (HR 2.0, 95% CI 1.1–3.8, p = 0.02).
Treatment-emergent AF also remained a significant predictor
of shorter OS after adjusting for age, prior CLL treatment
status, TP53 disruption, heart failure, valvular heart disease,
and past history of AF (HR 3.2, 95% CI 1.6–6.3, p= 0.001).

Discussion

In this large retrospective analysis of CLL patients treatedwith
ibrutinib, the risk of treatment-emergent AF at 2 years was ~

16%, which is significantly higher than that reported in
ibrutinib registration trials [11, 12]. As would be expected,
comorbidities of patients (particularly past history of atrial
fibrillation and heart failure) and not CLL characteristics (such
as Rai stage, CLL FISH profile or IGHV mutation status)
predicted the development of treatment-emergent AF. Most
patients with treatment-emergent AF were able to continue
ibrutinib therapy; however, the dose of ibrutinib was reduced
in ~ 50% patients. Approximately 80% patients with
treatment-emergent AF had a high CHADS2-VASC score (≥
2), and despite inconsistent use of anticoagulation due to the
increased risk of bleeding, no patient developed a thrombotic
stroke after a median observation of ~ 10 months. Finally, the
development of treatment-emergent AF was associated with a
shorter EFS and OS, independent of other adverse character-
istics such as age, prior therapy, and TP53 disruption, suggest-
ing that the occurrence of AF is associated with poor out-
comes in CLL patients who receive ibrutinib.

In a pooled analysis of 756 patients who received ibrutinib
(either as a single agent or in combination with chemotherapy)
in 4 clinical trials, the risk of treatment-emergent AFwas 6.5%

Fig. 2 a Time to atrial fibrillation Framingham risk score. b Time to atrial fibrillationMayoCLLAF risk score. cTime to atrial fibrillation Italian AF risk score

Ann Hematol

Archibald W, Annals of Hematoly 2020

Based on lower Akaike information criteria (AIC), the
Italian score (AIC = 513) was best able to predict risk of
treatment-emergent AF versus the Mayo CLL risk score
(AIC = 524) and the Framingham risk score (AIC = 530).

Framingham
score

Mayo clinic 
score

Italian score
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ACALABRUTINIB – ATRIAL FIBRILLATION

viously treated CLL, atrial fibrillation of any grade was re-
ported in 5% of patients receiving ibrutinib monotherapy 
at a median follow-up of 9.4 months, which increased to 
11% with 44 months of follow-up; in the RESONATE-2 
study in patients with treatment-naïve CLL, any-grade 
atrial fibrillation was reported in 6% and 11% of patients 
at median follow-up durations of 18.4 and 60 months, re-
spectively.16-19 Additionally, in the CLL-12 trial in patients 
with asymptomatic, treatment-naïve, early stage CLL, 
any-grade atrial fibrillation was reported in 18% of pa-
tients receiving ibrutinib versus 7% of patients on placebo 
after a median follow-up of 31 months, with grade 3 to 4 
events reported in 6% and 2% of patients, respectively.20 

With longer follow-up in the phase Ib/II PCYC-1102 ibruti-
nib trial, atrial fibrillation of grade 3 or higher was reported 
in 10% of patients with relapsed/refractory CLL at a 
median of 6.8 years of follow-up and in 6% of patients 
with treatment-naive CLL at a median of 7.3 years of fol-
low-up.19 A review of 16 ibrutinib clinical studies found the 
rate of any-grade atrial fibrillation (4–16%) to be higher 
than that in a general population (1–2%).21 In a single-
center, retrospective analysis in ibrutinib-treated patients 
(n=562), new or worsening hypertension was associated 
with an increased risk of atrial fibrillation.14,22 
Acalabrutinib, a second-generation, potent, highly selec-
tive, covalent BTK inhibitor, was approved for the treat-
ment of CLL based on the results of two randomized, 
controlled phase III studies, ELEVATE-TN and ASCEND.3,23,24 
Compared with ibrutinib, acalabrutinib has greater selec-
tivity for BTK in vitro,7,9 which has been hypothesized to 
explain differences in the tolerability profiles of the two 
agents.6,9,16,25 At median follow-up duration of 16.1 months 
in the ASCEND studies, the incidence of atrial fibrillation 
of any grade was 5% in the acalabrutinib monotherapy 
arm compared with 3% in the comparator arm.23,24 Simi-
larly, at a median follow-up of 28.3 months in the ELEV-
ATE-TN study, the incidence of any-grade atrial fibrillation 
was 4% in the acalabrutinib monotherapy arm versus 1% 

in the comparator arm.23 
In order to further explore cardiac and hypertension-re-
lated effects of acalabrutinib in patients with CLL, we 
conducted a retrospective pooled analysis of data from 
all clinical studies of acalabrutinib (from phase I to III) in 
CLL containing an acalabrutinib monotherapy arm and 
characterized CV adverse events (AE). 

Methods 
Data were from a pooled population of patients with CLL 
treated with at least one dose of acalabrutinib monother-
apy in all sponsored clinical trials containing an acala-
brutinib monotherapy arm (Table 1).9,23,24,26-29 Because of the 
inclusion of a phase I study and an initial phase II study, 
acalabrutinib was given orally at total daily doses of 100–
400 mg (although the majority of patients in this analysis 
[78%] received 100 mg twice daily [BID]). Treatment con-
tinued until progressive disease or toxicity. Each study’s 
protocol was approved by an Institutional Review Board 
and each study was conducted in accordance with the 
general principles set forth in the International Confer-
ence on Harmonization Guidelines for Good Clinical Prac-
tice and the Declaration of Helsinki, and in accordance 
with all applicable legal and regulatory requirements. All 
participants gave written informed consent.  
AE were coded using Medical Dictionary for Regulatory Ac-
tivities v21.1. Severity was graded according to National 
Cancer Institute Common Terminology Criteria for Adverse 
Events (CTCAE) v4.03. The protocols defined AE as those 
occurring or worsening on or after the first dose of acala-
brutinib, through the treatment phase, and within 30 days 
of the last dose. For this analysis, cardiac AE were those 
categorized under the system organ class “cardiac dis-
orders”; hypertension AE, which were considered an AE of 
clinical interest, included the following preferred terms: 
hypertension, blood pressure increased, essential hyper-

Table 1. Study summaries.

Study name Study description Number of patientsa

ACE-CL-001 (NCT02029443) Ph I/II study of acalabrutinib in patients with CLL 301; TN/RR: 112/189

ACE-CL-007 (NCT02475681; 
ELEVATE-TN)b Ph III study of acalabrutinib ± O vs C+O in TN CLL 224; all TN

ACE-CL-309 (NCT02970318; ASCEND) Ph III study of acalabrutinib vs IdR or BR in RR CLL 189; all RR

15-H-0016 (NCT02337829) Ph II study of acalabrutinib in patients with RR or TN 
with del(17p) CLL 48; TN/RR: 16/32

a596 patients started on the acalabrutinib 100 mg twice daily (BID) dose; 166 patients started on a different dose, and 106 of these patients 
were later switched to the 100 mg BID dose. bStudy has acalabrutinib monotherapy and combination therapy arms; only monotherapy patients 
were included. BR: bendamustine plus rituximab; C: chlorambucil; CLL: chronic lymphocytic leukemia; IdR: idelalisib plus rituximab; O: obi-
nutuzumab; PD: progressive disease; Ph: phase; PO: orally; RR: relapsed/refractory; TN: treatment-naïve.

 Haematologica | 107 - June 2022   
1336

ARTICLE - Cardiovascular adverse events with acalabrutinib J.R. Brown et al.

creasing Shanafelt risk score category (2% [n=3], 5% 
[n=14], 3% [n=6], and 13% [n=6], respectively; Online Sup-
plementary Table S4). The cumulative incidence of atrial 
fibrillation events was higher in patients with Shanafelt 
risk scores ≥5 and in those with a previous history of atrial 
fibrillation compared with patients with Shanafelt risks 
scores ≤4 (Figure 2). Infections occurred concurrently in 
seven (18%) of the 38 patients who experienced an atrial 
fibrillation/flutter event, including three patients with 
concurrent pneumonia. 

Hypertension adverse events 
In total, hypertension events were reported in 67 patients 
(9%). The majority of patients with hypertension events 
had relapsed/refractory CLL (n=39 [58%]) compared with 
treatment-naïve CLL (n=28 [42%]). Median time to an 
event of hypertension was 6.5 months (Figure 1B). Patients 
who experienced hypertension events more commonly 
had risk factors for hypertension (defined in the Online 
Supplementary Appendix) compared with patients without 
hypertension events (79% [n=53/67] vs. 59% [n=412/695], 
respectively). Among the 67 patients with hypertension 
events, 43 (64%) had preexisting hypertension. Other than 
preexisting hypertension, the most common risk factors 
(incidence >5%) included hyperlipidemia (19% [n=13]), hy-
percholesterolemia (19% [n=13]), diabetes mellitus (10% 
[n=7]), coronary artery disease (9% [n=6]), chronic ob-
structive pulmonary disease (7% [n=5]), and coronary ar-

tery bypass (6% [n=4]). In total, 13 of 43 (30%) patients 
with preexisting hypertension and 0 of 24 patients without 
preexisting hypertension received at least one concomi-
tant medication for hypertension management during the 
hypertension event. 
Thirty-five grade ≥3 hypertension events (grade 3, n=34; 
grade 4, n=1) were reported in 30 patients, among whom 
24 (80%) had a prior history of hypertension. Ten patients 
(1%) experienced 10 grade ≥3 hypertension events (29% of 
total grade ≥3 hypertension events) during the first 6 
months of acalabrutinib treatment; 0.6% (n=4) experi-
enced grade ≥3 hypertension events >6 to 12 months after 
treatment initiation and 1% (n=7) >12 to 24 months after 
starting treatment. Among the 30 patients with grade ≥3 
hypertension events, no patient discontinued acalabruti-
nib treatment due to these events, and 21 (70%) were 
continuing acalabrutinib at data cut-off. Three of the 
grade ≥3 hypertension AE (9%) led to dose delay and 18 
(51%), including the three resulting in dose delay, were 
managed with concomitant medications. Among the 17 
events that were not managed with concomitant medi-
cations or dose delay, no additional actions were docu-
mented. Two patients experienced grade 3 hypertension 
that required hospitalization or prolonged hospitalization; 
both events resolved with drug interruption/dosing delay 
and concomitant or additional medication. One patient 
had grade 4 hypertension and experienced the event while 
hospitalized for a grade 3 serious hypercalcemia event. 

Figure 2. Time to onset of atrial fibrillation by Shanafelt risk score category and previous history of atrial fibrillation (AF).
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762 patients
median age 67yy (32-89)
BMI 26,7kg7m2 (16-49)



1st vs 2nd generation BTKi R/R
atrial fibrillation hypertension

HR: 0.52 (95% CI: 0.32-0.86)

Atrial Fibrillation

— Acalabrutinib
— Ibrutinib

Patients at Risk, n Mo

Cu
m

ul
at

iv
e 

Ev
en

t R
at

e 
(%

)

100

80

60

40

20

0
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54

Acalabrutinib
Ibrutinib

266
263

255
241

240
224

231
208

228
199

218
185

206
176

197
166

188
156

183
143

172
136

167
128

142
117

115
96

89
73

58
56

35
36

19
18

8
8

HR: 0.34 (95% CI: 0.21-0.54)

Hypertension

— Acalabrutinib
— Ibrutinib

Mo

Cu
m

ul
at

iv
e 

Ev
en

t R
at

e 
(%

)

100

80

60

40

20

0
600 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54

266
263

246
230

229
203

220
183

216
170

205
153

193
141

184
130

176
120

169
111

157
104

153
98

136
85

114
69

89
48

60
40

34
27

17
15

0
0

5
7

57

0
1

Byrd J, JCO 2021; Brown J, NEJM 2022

ACALABRUTINIB

ZANUBRUTINIB



Study Arm Treatment duration

Grade 3–4 AEs*
SPM,

%

AE-related 
treatment 
D/C rates

Neutropenia
%

Infections,
%

Febrile 
neutropenia

%

TLS, 
%

Atrial 
fibrillation,

%

Bleeding, 
%

Hypertension
%

CLL141

f/u: 28.1 mo
VenG
G-Chl

53 
48 

18 
15 

5 
4 

1†

2† ‒ ‒ ‒ 14‡

10‡ 
16
15

CLL132

f/u: 27.9 mo

IVO
VenG
VenR

FCR/BR

49
56
46
52

22
14
11
20

8
3
4

11

7§, ¶

9§, ¶

10§, ¶

4§, ¶

3
0
1
1

2
1
1
1

‒

2║

‒
2║
‒

12
6
6

15

GLOW3

f/u: 27.7 mo
VenI
G-Chl

35
50

15
11

2¶

3¶
0
6

7
0

‒ 8
2

‒ 10
2

CAPTIVATE4

(MRD cohort)
f/u: 31.3 mo

VenI 31¶

35¶
16¶

19¶ ‒ 0 3¶

3¶
3¶

0¶
6¶

10¶ ‒ 4
6

CAPTIVATE5

(FD cohort)
f/u: . 27.9mo

VenI 33 8 0.6 0 1 1 6 - 5

VenI

I mono

uMRD unconfirmed

††

1. Fischer K, et al. N Engl J Med 2019; 380:2225–2236 (incl. appendix); 2. Eichhorst B, et al. ASH 
2021. Abstract 71 (Oral); 3. Kater AP, et al. N Engl J Med 2022; ePub ahead of print; 4. Wierda 
WG, et al. J Clin Oncol 2021; 39:3853–3865. 5 Tam C, Blood 2022, 22 (139: 3278-3289

† Any grade laboratory TLS;  ‡ All grade, most frequently reported were basal cell 
carcinoma and squamous cell carcinoma; ║ Secondary neoplasia during therapy 
until d84 after EoT, mostly nonmelanoma skin cancer; ¶ Grade ≥3 AEs; **
Continuation of ibrutinib up to C36 allowed if MRD still detectable;†† 3-month Ibr
lead-in followed by 12 cycles of combination.

IVO e VenI non autorizzate dall’Agenzia Regolatoria

Key phase 2/3 clinical trials on BCL-2i 1L

to PD6 12 15 24

**

††

††



Study Arm Treatment duration

Grade 3–4 AEs*
SPM,

%

AE-related 
treatment 
D/C rates

Neutropenia
%

Infections,
%

Febrile 
neutropenia

%

TLS, 
%

Atrial 
fibrillation,

%

Bleeding, 
%

Hypertension
%

CLL141

f/u: 28.1 mo
VenG
G-Chl

53 
48 

18 
15 

5 
4 

1†

2† 0 0 0 14‡

10‡ 
16
15

CLL132

f/u: 27.9 mo

IVO
VenG
VenR

FCR/BR

49
56
46
52

22
14
11
20

8
3
4

11

7§, ¶

9§, ¶

10§, ¶

4§, ¶

3
0
1
1

2
1
1
1

0

2║

‒
2║
‒

12
6
6

15

GLOW3

f/u: 27.7 mo
VenI
G-Chl

35
50

15
11

2¶

3¶
0
6

7
0

‒ 8
2

‒ 10
2

CAPTIVATE4

(MRD cohort)
f/u: 31.3 mo

VenI 31¶

35¶
16¶

19¶ 0 0 3¶

3¶
3¶

0¶
6¶

10¶ ‒ 4
6

CAPTIVATE5

(FD cohort)
f/u: . 27.9mo

VenI 33 8 0.6 0 1 1 6 - 5

VenI

I mono

uMRD unconfirmed

††

1. Fischer K, et al. N Engl J Med 2019; 380:2225–2236 (incl. appendix); 2. Eichhorst B, et al. ASH 
2021. Abstract 71 (Oral); 3. Kater AP, et al. N Engl J Med 2022; ePub ahead of print; 4. Wierda 
WG, et al. J Clin Oncol 2021; 39:3853–3865. 5 Tam C, Blood 2022, 22 (139: 3278-3289

† Any grade laboratory TLS;  ‡ All grade, most frequently reported were basal cell 
carcinoma and squamous cell carcinoma; ║ Secondary neoplasia during therapy 
until d84 after EoT, mostly nonmelanoma skin cancer; ¶ Grade ≥3 AEs; **
Continuation of ibrutinib up to C36 allowed if MRD still detectable;†† 3-month Ibr
lead-in followed by 12 cycles of combination.

IVO e VenI non autorizzate dall’Agenzia Regolatoria

Key phase 2/3 clinical trials on BCL-2i 1L

to PD6 12 15 24

**

††

††



CLL14: Grade 3/4 neutropenia

The rates of neutropenia and febrile neutropenia were comparable across treatment arms;1
median duration of neutropenia† was similar between arms (22 days);2

G-CSF was administered in 43.5% and 45.8% of patients in the VenO and OClb arms, respectively1

Select Grade 3/4 AEs1 VenO 
(N=212*)

OClb 
(N=214)

Neutropenia, n (%) 112 (52.8) 103 (48.1)

Febrile neutropenia, n (%) 11 (5.2) 8 (3.7)

In the VenO arm, most Grade 3 and 4 neutropenia occurred during the combination period3

Post treatment

97 patients 
(45.8%)

46 patients 
(23.2%)

9 patients 
(4.5%)

VenO 
combination

Venetoclax monotherapy

Median (range) duration 
of Grade 3 and 4 

neutropenia†,2

VenO arm OClb arm

22 days
(2–363)

22 days
(2–456)

13% IB
8-yy FU

11% ACAL
4-yy FU
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* Clinical TLS was defined per Howard criteria. † Includes both labs meeting Howard criteria without a reported AE and with 
reported AEs. These were compiled by AbbVie. ‡ TLS risk was calculated for studies M15-550 and M15-889 based on ALC and 
LN sizes as a result of differences in the specification of TLS risk categories in the eCRFs for these studies compared with the
other studies included in this summary. Risk for some patients could not be determined, so the sum of the Ns across risk 
categories is less than the total N in this summary.  ALC, absolute lymphocyte count; eCRF electronic case report form; LN, 
lymph node; TLS, tumor lysis syndrome. 

Seymour J, et al. ASH 2020. Abstract 2231 (Poster).

AbbVie clinical trials assessment
TLS Risk

Total
Low Medium High

Treatment-naive CLL, n 206 81 17 304

TLS (any AE), n (%) 1 (0.5) 0 1 (5.9) 2 (0.7)

Clinical TLS* 1 (0.5) 0 0 1 (0.3)
Labs meeting Howard criteria†, n (%) 7 (3.4) 3 (3.7) 3 (17.6) 13 (4.3)

R/R CLL, n 215 382 203 834‡

Any AE of TLS, n (%) 0 8 (2.1) 10 (4.9) 18 (2.2)
Clinical TLS* 0 3 (0.8) 1 (0.5) 4 (0.5)

Labs meeting Howard criteria†, n (%) 2 (0.9) 12 (3.1) 22 (10.8) 37 (4.4)
Total patients, n 421 463 220 1,138‡

Any AE of TLS, n (%) 1 (0.2) 8 (1.7) 11 (5.0) 20 (1.8)
Clinical TLS* 1 (0.2) 3 (0.6) 1 (0.5) 5 (0.4)

Labs meeting Howard criteria†, n (%) 9 (2.1) 15 (3.2) 25 (11.4) 50 (4.4)

TLS mitigation measures implemented in 1L and R/R CLL clinical 
studies, successfully mitigate the risk of TLS with venetoclax



Obinutuzumab infusion related reactions (IRRs)

IRR G-CHL FCR/BR RVe GVe GIVe
CLL11
any grade
G3 or higher

221 (66%)
67 (20%)

- - - -

CLL14
any grade
G3 or higher

107 (55%)
22 (11%)

- - 96 (44%)
19 (9%)

-

CLL13
any grade
G3 or higher

- 70 (32.4%)
12 (5.6%)

82 (34.6%)
18 (7.6%)

119 (52.2%)
10 (4.3%)

53 (22.9%)
10 (4.3%)

Eichhorst B, abstract 71, ASH 2021

Flinn IW, et al. Blood 2019; 



* Prednisolone or equivalent such as dexamethasone or methylprednisolone. Hydrocortisone should not be used;
† In the absence of IRRs/sensitivity; ‡ ALC ≥25×109/L or bulky lymphadenopathy.
ALC, absolute lymphocyte count; IRR, infusion-related reaction Fischer K, et al. N Engl J Med 2019; 380:2225–2236 (incl. appendix).

If IRR develops, infusion should be temporarily interrupted/slowed down and concomitant medication administered as 
appropriate. Upon resolution, the infusion will resume at half of the previous rate

The first dose is infused at a reduced rate of 25 mg/hour over 4 hours (escalated in increments of 
50 mg/hour every 30 minutes to 400 mg/hour†) and can be split over 2 days (100/900 mg)

Oral acetaminophen and antihistamine 30–60 min before first and subsequent infusions 

Corticosteroids*
60 min before first C1D1/2 infusion(s)
At subsequent infusions, administer if prior Grade 3 IRR or if ALC >25×109/L
or at investigator’s discretion

Prophylaxis for obinutuzumab-related IRRs
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1. Fischer K, et al. N Engl J Med 2019; 380:2225–2236 (incl. appendix); 2. Eichhorst B, et al. ASH 
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Key phase 2/3 clinical trials on BCL-2i 1L

to PD6 12 15 24

**

††

††



Study Arm Treatment duration

Grade 3–4 AEs*
SPM,

%

AE-related 
treatment 
D/C rates

Neutropenia
%

Infections,
%

Febrile 
neutropenia

%

TLS, 
%

Atrial 
fibrillation,

%

Bleeding, 
%

Hypertension
%

CLL141

f/u: 28.1 mo
VenG
G-Chl

53 
48 

18 
15 

5 
4 

1†

2† 0 0 0 14‡

10‡ 
16
15

CLL132

f/u: 27.9 mo

IVO
VenG
VenR

FCR/BR

49
56
46
52

22
14
11
20

8
3
4

11

7§, ¶

9§, ¶

10§, ¶

4§, ¶

3
0
1
1

2
1
1
1

0

2║

‒
2║
‒

12
6
6

15

GLOW3

f/u: 27.7 mo
VenI
G-Chl

35
50

15
11

2¶

3¶
0
6

7
0

‒ 8
2

‒ 10
2

CAPTIVATE4

(MRD cohort)
f/u: 31.3 mo

VenI 31¶

35¶
16¶

19¶ 0 0 3¶

3¶
3¶

0¶
6¶

10¶ ‒ 4
6

CAPTIVATE5

(FD cohort)
f/u: . 27.9mo

VenI 33 8 0.6 0 1 1 6 - 5

VenI

I mono

uMRD unconfirmed

††

1. Fischer K, et al. N Engl J Med 2019; 380:2225–2236 (incl. appendix); 2. Eichhorst B, et al. ASH 
2021. Abstract 71 (Oral); 3. Kater AP, et al. N Engl J Med 2022; ePub ahead of print; 4. Wierda 
WG, et al. J Clin Oncol 2021; 39:3853–3865. 5 Tam C, Blood 2022, 22 (139: 3278-3289

† Any grade laboratory TLS;  ‡ All grade, most frequently reported were basal cell 
carcinoma and squamous cell carcinoma; ║ Secondary neoplasia during therapy 
until d84 after EoT, mostly nonmelanoma skin cancer; ¶ Grade ≥3 AEs; **
Continuation of ibrutinib up to C36 allowed if MRD still detectable;†† 3-month Ibr
lead-in followed by 12 cycles of combination.

IVO e VenI non autorizzate dall’Agenzia Regolatoria

Key phase 2/3 clinical trials on BCL-2i 1L

to PD6 12 15 24

**

††

††



CONCLUSIONs

• The knowledge of the safety profile of targeted drugs plays a pivotal role in the clinical practice;

• Integration of the safety profile with the biological markers allow to personalized the treatment;

• The optimal strategies to prevent AEs (such as TLS and IRR) decrease the rate of discontinuation, allow full-
therapy exposure and, likely, to reach a better outcome. 



Thank you for the attention!


