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BACKGROUND AND MECHANISM 
OF ACTION

Overexpression of the anti-apoptotic protein BCL-2 allows 
cancer cells to evade apoptosis by sequestering pro-apoptotic 

proteins. Venetoclax (ABT-199, GDC-0199) is a selective, 
highly potent, first-in-class orally bioavailable, BH3 mi-
metic inhibitor of BCL-2. As shown in Figure 1, venetoclax 
binds selectively to BCL-2 freeing pro-apoptotic proteins 
that initiate programmed cell death or apoptosis.
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Abstract
Venetoclax, a highly potent BCL-2 inhibitor, is indicated for treatment of some he-
matologic malignancies as monotherapy, and/or in combination with other agents. 
Venetoclax pharmacokinetics has been extensively characterized in patients and 
healthy participants. After oral dosing, the median time to reach maximum plasma 
concentration ranged from 5 to 8 h and harmonic mean half-life ranged from 14 to 
18 h. Food increases venetoclax bioavailability by 3–5-fold and venetoclax should 
be administered with food to ensure adequate and consistent bioavailability. 
Venetoclax is eliminated via cytochrome P450 (CYP)3A metabolism, and a negligi-
ble amount of unchanged drug is excreted in urine. Strong CYP3A/P-glycoprotein 
inhibitors increased venetoclax exposures (AUC) by 1.44- to 6.90-fold while a sig-
nificant decrease (71%) has been observed when dosed with strong CYP3 inducers. 
Venetoclax does not inhibit or induce CYP enzymes or transporters. Venetoclax 
pharmacokinetics is not appreciably altered by age, weight, sex, but the exposure 
is up to twofold higher in participants from Asian countries. Mild-to-severe renal 
impairment or end-stage renal disease do not alter venetoclax exposures, and vene-
toclax is not cleared by dialysis. Although mild-to-moderate hepatic impairment 
does not affect venetoclax exposures, twofold higher exposure was observed in sub-
jects with severe hepatic impairment. Venetoclax exposure is comparable across 
patients with different hematologic malignancies and healthy participants. Overall, 
venetoclax exposure is only affected by food and CYP3A modulators and is only 
higher in Asian subjects and subjects with severe hepatic impairment. Venetoclax 
exposure–response relationships are malignancy-dependent and can be different 
between monotherapy and combination therapy.
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During the time leading up to the discovery of veneto-
clax, the role of BCL-2 family members in tumor initiation 
and disease progression was well recognized1; however, 
the feasibility of disrupting protein–protein interactions 
as a druggable target had not been realized. In addition, 
the BH3 binding domain responsible for BCL-2 protein–
protein interactions is highly similar to that of BCL-XL, 
which through early work on BCL-2 antagonism for the 
agents ABT-737 and navitoclax,2–7 was known to be a key 
protein involved in platelet survival.8 To overcome this 
challenge, navitoclax was re-engineered to form vene-
toclax, which has sub-nanomolar affinity for BCL-2 but 
much lower affinity for BCL-XL.9 The development of 
venetoclax as an orally bioavailable, high-affinity inhibi-
tor of a protein–protein interaction represented a break-
through event in medicinal chemistry and apoptosis 
research that has opened the door for investigation in a 
wide range of hematological malignancies.

Venetoclax was initially approved in 2016 for the 
treatment of patients with relapsed/refractory chronic 
lymphocytic leukemia (CLL) with 17p deletion who 
had received at least one prior therapy.10 Rituximab is 
an anti-CD20 monoclonal antibody that is commonly 
used in combination with chemotherapy in patients 
with CLL, and on the basis of results from the MURANO 
trial,11 venetoclax is now approved for use in combina-
tion with rituximab in patients with CLL or small lym-
phocytic lymphoma (SLL) who have received at least 1 
prior therapy and in combination with azacitidine, or 
decitabine, or low-dose cytarabine in adults 75 years or 
older, or who have comorbidities that prevent the use of 
intensive induction chemotherapy and are newly diag-
nosed with acute myeloid leukemia (AML). Venetoclax 
continues to have an active development program, which 

is being conducted in collaboration between AbbVie and 
Genentech, and is being developed for several other he-
matological malignancies, including multiple myeloma 
(MM) and non-Hodgkin's lymphoma (NHL), and others. 
Venetoclax in combination with obinutuzumab was also 
approved as a first-line therapy for adult patients with 
CLL in the European Union (EU) and thus provides an 
alternative approach to first-line chemotherapy.12

Venetoclax was granted Breakthrough Therapy desig-
nation and accelerated approval by the FDA, and in the 
EU was given an Orphan Drug Designation for MM, dif-
fuse B-cell lymphoma (DLBCL), and NHL. An important 
aspect of the venetoclax clinical development program 
was the robust clinical pharmacology and pharmacomet-
rics approach that was used to characterize the properties 
of this first-in-class agent and support its accelerated ap-
proval. Below, we summarize the clinical pharmacokinet-
ics and pharmacodynamics of venetoclax and highlight 
the drug–drug interactions (DDIs) and modeling aspects 
of the clinical pharmacology program.

PHYSICOCHEMICAL PROPERTIES 
AND ADME

Venetoclax has a high molecular weight (868 Da), with 
high hydrophobicity (logP = 8.1).13 It has very poor aque-
ous solubility of 0.0023, 0.0004, 0.011, 0.010 mg/mL at 
pH 1, 7.4, fasted state simulated intestinal fluid, fed state 
simulated intestinal fluid, respectively. It also has low 
long-chain triglyceride (LCT) solubility of 2 mg/mL de-
spite the high logDpH7.4 of 5.4. Venetoclax is an ionizable 
compound with two pKa values of physiological impor-
tance (3.4, acidic sulfonamide and 10.3, basic piperazine).

F I G U R E  1   Mechanism of action of venetoclax.
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Given such challenging physicochemical properties, 
venetoclax is a biopharmaceutics classification system 
(BCS) class IV compound that required the use of an 
amorphous solid dispersion formulation within the cur-
rently marketed tablets.14 This improved the bioavailabil-
ity but resulted in a relatively large tablet (physical size of 
the 100 mg tablet >1 g) because of low tablet drug loading. 
The high lipophilicity of the molecule could explain its 
oral absorption via lymphatic transport.13

In a mass balance study of a single-dose radiolabeled 
[14C]venetoclax,15 100% of the total radioactive dose was 
recovered, almost entirely in feces. Urinary excretion was 
minimal (<0.1%). The extent of absorption was estimated to 
be at least 65%. Venetoclax was cleared primarily by hepatic 
metabolism (~66%). Unchanged venetoclax represented 
72.8% of total plasma radioactivity. Metabolite M27, formed 
by CYP3A4, was identified as a major metabolite. The ab-
solute bioavailability of venetoclax was estimated at 5.4% 
under fasting conditions16 in a phase I study of 12 females 
using a stable labeled (13C-labeled) intravenous microdose. 
This would translate to an absolute bioavailability in clin-
ical practice of 18%–28% under fed conditions. Venetoclax 
is highly bound to human plasma protein with unbound 
fraction in plasma <0.01 across a concentration range of 
1–30 μM (0.87–26 μg/mL).10 The mean blood-to-plasma 
ratio was 0.57. The apparent volume of distribution (Vdss/F) 
of venetoclax ranged from 256 to 321 L in patients.10

Central nervous system penetration

Venetoclax can cross the blood–brain barrier as dem-
onstrated in an open-label, phase I study in 46 pediat-
ric patients with relapsed/refractory (R/R) AML, acute 
lymphoblastic leukemia (ALL), or other hematological 
malignancies. Venetoclax concentrations in cerebrospi-
nal fluid (CSF) were between <0.1 and 26 ng/mL with a 
mean concentration of 3.6 ng/mL.17 The mean plasma-to-
CSF ratio was 385 with a range of 44–1559, the mean is 
more than fourfold higher than the blood-to-brain ratio 
observed preclinically in mice, which suggests that other 
anatomical and/or physiological factors are involved in 
venetoclax disposition to the CSF.17

SINGLE- AND MULTIPLE-DOSE 
PHARMACOKINETICS

The clinical pharmacokinetics of venetoclax has been 
investigated in several oncology patient populations and 
healthy participants. Studies in healthy participants were 
only conducted in females because venetoclax may com-
promise male fertility based on findings in animals.10

Single-dose pharmacokinetics

The single-dose pharmacokinetics of venetoclax was eval-
uated in the first-in-human study in patients with R/R 
CLL/SLL in addition to healthy participants, a summary is 
provided in Table 1.18 The majority of patients (50/56) in 
this assessment received a single 50 mg dose while healthy 
participants received doses between 50 and 400 mg.

Venetoclax plasma concentrations peaked at approx-
imately 6–8 h after a single dose in patients (Figure  2). 
The mean maximum plasma concentration (Cmax) and 
area under the plasma concentration–time curve from 
time zero to infinity (AUC∞) values at the highest dose of 
400 mg were 2.35 μg/mL and 41.0 μg*h/mL, respectively. 
The venetoclax harmonic mean half-life ranged from 14.1 
to 18.2 h at different doses.

Multiple-dose pharmacokinetics

The multiple-dose pharmacokinetics of 150–1200 mg 
venetoclax was also evaluated in the first-in-human study 
in a pooled dataset of 222 patients with CLL/SLL or NHL, 
a summary of multiple-dose pharmacokinetics in patients 
is provided in Table 2.19 This dataset included the patients 
from the single-dose pharmacokinetic evaluation.

Venetoclax showed minimal accumulation with ac-
cumulation ratio of 0.8–1.6 over the 100–800 mg once 
daily dose range.19 At venetoclax dosing of 400 mg once 
daily with a meal, the mean (±SD) steady-state Cmax 
value was 2.10 ± 1.11 μg/mL, and the AUC0–24 value was 
32.8 ± 16.9 μg*h/mL. The Cmax and AUC values were dose-
proportional in this study across the dose range of 300–900 mg 
(p ≥ 0.124) and somewhat less than dose-proportional at the 
1200 mg dose. Steady-state concentrations were achieved by 
week 6 or 7 of venetoclax dosing.19

INFLUENCE OF INTRINSIC 
FACTORS ON VENETOCLAX 
PHARMACOKINETICS

Age, body weight, and sex

The effect of demographic variables (age, body weight, and 
sex) on venetoclax pharmacokinetics was evaluated using 
population PK (popPK)  models developed using plasma 
concentration data from 51 healthy participants and 455 
patients with R/R CLL/SLL or NHL enrolled in 8 clinical 
studies.30 Ages ranged from 25 to 88 years and the median 
age of the population was 65 years. The majority of partici-
pants were older than 60 years of age, consistent with the 
typical demographics of patients with CLL/SLL or NHL. 
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There was minimal to no relationship between individual 
participant estimated apparent oral clearance (CL/F) or 
apparent volume of distribution of the peripheral com-
partment after oral administration (V2/F) and age. These 
findings were confirmed in a recent popPK analysis of 
over 3000 participants.31 As venetoclax is predominantly 

metabolized by CYP3A, which has been shown to be unaf-
fected by age in adults,32,33 the lack of an age-related effect 
on venetoclax CL/F was expected.

Similarly, there was minimal to no relationship be-
tween individual participant  estimated CL/F or V2/F 
and bodyweight (range of 36.9–143.0 kg, median 78.6 kg), 

T A B L E  1   Summary of venetoclax pharmacokinetic parameters after a single dose in healthy participants and patients (Mean [%CV]).

Dose (mg) n Meal type Tmax
a (h) Cmax (μg/mL) t1/2

b (h) AUCc (μg*h/mL)

Relapsed/refractory chronic lymphocytic leukemia (CLL) and small lymphocytic lymphoma (SLL) patients18

20 3 Low fat 6.0 (6.0–6.0) 0.07 (28.6) 16.9 (16.1, 17.7)d 2.0 (1.9, 2.1)d

50 50 Low fat 6.0 (2.0–18.2) 0.26 (46.1) 19.0 (33.7)e 5.2 (57.7)e

100 1 Low fat 8.0 1.19 22.5 35.8

200 2 Low fat 7.0 (6.0–8.0) 1.15 (0.73,1.57) 40.9 (30.9, 50.9) 49.5 (23.1, 76.0)

Non-Hodgkin lymphoma (NHL) patients19

5019 4 High fat 8.0 (6.0–8.0) 0.34 (35.3) 15.3 (8.5) 6.8 (48.5)c

100 3 High fat 4.0 (4.0–22.9) 0.50 (62) 18.2 (17.1, 19.3)d 9.7 (5.4, 14.1)c,d

200 13 High fat 6.0 (3.0–24.0) 1.05 (39) 16.0 (20.6)f 20.4 (28.9)c,f

300 9 High fat 8.0 (4.0–23.0) 1.81 (50.8) 16.7 (47.9)g 38.0 (50.5)c,g

400 3 High fat 6.9 (6.0–7.2) 1.43 (51.0) 14.1 (17.7) 30.2 (36.1)c

50 3 Fasting 4.0 (4.0–6.0) 0.16 (68.8) – 2.2 (77.3)c

100 4 Fasting 5.0 (4.0–8.0) 0.24 (54.2) – 3.5 (51.4)c

200 13 Fasting 8.0 (4.0–24.0) 0.22 (45.5) – 3.3 (45.5)c

300 9 Fasting 4.0 (4.0–8.0) 0.58 (93.1) – 7.6 (90.8)c

400 2 Fasting 16 (8.0–24.0) 0.38 (0.31,0.46) – 6.1 (4.8, 7.4)c

20 15 Low fat 6.0 (4.0–8.0) 0.09 (33.3) – 1.2 (41.7)c

100 6 Low fat 6.0 (3.0–24.0) 0.45 (55.6) – 5.3 (47.2)c

300 4 Low fat 8.0 (4.0–8.0) 1.15 (57.4) – 12.3 (81.3)c

400 9 Low fat 8.0 (4.0–24.0) 1.05 (37.1) – 15.2 (32.2)c

5020 11 Low fat 8 (4–12) 0.212 (39.2) 19.1 (50.8) 4.32 (51.2) (AUCt)
4.52 (52.7) (AUCinf)

Acute myeloid leukemia (AML) patients

40021 11 8.0 (4.0–24.0) 2.34 (83.3) – 38.5 (97)  (AUC24)

Healthy volunteers

20022 12 Moderate fat 8.0 (6.0–10.0) 1.12 (41.1) 19.3 (20.2) 14.7 (42.2)

10023 12 Moderate fat 6.0 (4.0–8.0) 0.763 (24) 19.6 (4.34) 9.46 (24)

40024 3 Moderate fat 8.0 (8.0–10.0) 2.35 (23.4) 14.5 (11) 41.0 (37.8)

10025 24 Fasting 4.0 (4.0–6.0) 0.17 (59) 16.1 (50.9) 2.48 (60)

10025 24 Low fat 6.0 (4.0–10.0) 0.54 (38.9 18.0 (31.1) 7.79 (41.1)

10025 24 High fat 6.0 (4.0–14.0) 0.84 (41.7) 19.1 (18.3) 11.34 (37.1)

50 (film-coated)25 15 Moderate fat 4.0 (4.0–8.0) 0.40 (27.5) 17.2 (53.2) 4.46 (33.4)
aTmax presented as median (range).
bHarmonic mean and pseudostandard deviation.
cAUC = AUC∞ on week 1 day −7 (0–72-h sampling) and AUC0–24 on week 1 day 1 (0–24-h sampling). For all healthy volunteers assessments, AUC reported is 
AUCinf.
dn = 2.
en = 47.
fn = 12.
gn = 8.
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supporting a fixed-dosing regimen for venetoclax regard-
less of body weight. Venetoclax CL/F was similar between 
males and females; however, V2/F was estimated to be 32% 
(95% CI = 23–41) lower in females. Sex did not have an ef-
fect on AUC, the main measure of exposure, suggesting 
that dose adjustments based on sex are not necessary de-
spite the slightly lower V2/F in females.

Pediatrics

Venetoclax pharmacokinetics have been evaluated in 
pediatrics, primarily with AML or ALL.34–36 Utilizing 
the venetoclax popPK model, doses in pediatrics were 
selected based on weight (allometric scaling) for chil-
dren ages ≥2 years old and based on weight and CYP3A 

ontogeny for children aged <2 years old using a CYP3A 
maturation function.36 This dosing scheme achieved ex-
posures in pediatric subgroups comparable to that ex-
pected in adults.

Race and ethnicity

Asian participants  on average showed higher exposure 
than non-Asian participants. First-generation healthy Han 
Chinese participants residing in China had 94% higher 
mean Cmax values and 66% higher mean AUC values than 
those observed historically in non-Asian participants re-
ceiving the same dose. However, the Tmax and harmonic 
mean half-life values were similar and individual veneto-
clax concentrations in the majority of the 12 participants 

F I G U R E  2   Venetoclax plasma 
concentration–time profiles after a 
single dose (a) and at steady-state (b). 
Abbreviations: AML, acute myeloid 
leukemia; AZA, azacitidine; CLL, chronic 
lymphocytic leukemia; Dec, decitabine; 
HVs, healthy volunteers; LoDAC, low 
dose cytarabine.
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T A B L E  2   Venetoclax pharmacokinetic parameters after multiple doses in patients (Mean [%CV]).

Dose (mg) n Tmax
a (h) Cmax (μg/mL) AUC24 (μg*h/mL)

Relapsed/refractory chronic lymphocytic leukemia (CLL)18

100i,u 2 5.0 (4.0, 6.0) 1.58 (1.36, 1.80) 22.0 (20.2, 23.8)

150i,u 9 6.0 (3.0–23.5) 0.91 (27.5) 12.7 (37.8)o

200i,u 7 8.0 (4.0–8.0) 1.44 (44.4) 24.3 (44.4)v

300i,u 6 5.0 (3.0–8.0) 1.16 (52.6) 16.1 (50.3)x

400i,u 8 7.0 (4.0–11.2) 2.18 (49.5) 35.5 (57.2)w

600i,u 12 8.0 (4.0–24.0) 2.73 (54.2) 46.0 (52)x

800i,u 7 8.0 (6.0–8.0) 2.99 (36.8) 45.7 (31.5)

400i,y 60 6.0 (2.0–24.7) 2.07 (51.7) 31.8 (48.7)z

Non-Hodgkin lymphoma (NHL)

50b,26 4 5 (4–6) 0.43 (91) 5.83 (86)

100b,26 4 7 (6–8) 0.70 (18) 10.0 (30)

100c 4 6 (4–8) 0.39 (74) 4.4 (43)

200c 3 8 (6–8) 0.82 (98) 11.5 (93)

400c 4 6.6 (6–7.5) 1.32 (68) 19.4 (65)

100d 2 6, 6 0.63 (0.60–0.66)e 7.79, 9.74e

200d 1 4 0.55 7.74

400d 6 6 (1.5–6.0) 1.55 (51) 20.3 (44)f

600d 7 8 (0–8) 1.83 (55) 29.0, 59

800d 3 8 (3–8) 3.23 (14) 39.5, 50.8e,g

1200d 7 6 (0–8) 5.26 (84) 89.9 (85)

200h,i,27 3 6.0 (4.0–6.0) 1.11 (27.9) 16.3 (28.2)

300h,i 5 6.0 (4.0–8.0) 1.94 (38.7) 31.5 (35.2)

400h,i 15 6.0 (4.0–8.0) 2.24 (58.5) 36.9 (61)j

600h,i 12 6.0 (2.2–8.0) 2.70 (65.9) 45.3 (81)

800h,i 6 6.0 (4.0–8.0) 3.96 (58.6) 53.0 (57.4)k

900h,i 6 7.7 (6.0–8.0) 2.93 (22.9) 45.2 (14.2)

1200h,i 10 8.0 (4.0–8.0) 4.60 (41.1) 72.1 (39.4)

1200h,i 22l 8.0 (4.0–24.0) 3.53 (48.7) 58.1 (47.2)l

1200i,m 32 8.0 (4.0–24.0) 3.87 (47) 62.8 (44.6)n

Combined Non-Hodgkin lymphoma or chronic lymphocytic leukemia (CLL) and small lymphocytic lymphoma (SLL)19

100e,i 2 5.0 (4.0, 6.0) 1.58 (1.36, 1.80) 22 (20.2, 23.9)

150i 9 6.0 (3.0–23.5) 0.91 (27.5) 12.7 (37.8)o

200i 10 7.0 (4.0–8.0) 1.34 (42.5) 21.6 (44.9)p

300i 11 6.0 (3.0–8.0) 1.51 (50.3) 23.8 (51.3)q

400i 75 6.0 (2.0–24.7) 2.10 (52.9) 32.8 (51.5)r

600i 24 6.0 (2.2–24.0) 2.71 (59) 45.6 (67.1)s

800i 13 6.0 (4.0–8.0) 3.43 (51.3) 48.8 (44.1)t

900i 6 7.7 (6.0–8.0) 2.93 (22.9) 45.2 (14.2)

1200i 32 8.0 (4.0–24.0) 3.87 (47) 62.8 (44.6)n

Acute myeloid leukemia (AML)28

800 13 6 (4–8) 3.74 (48.4) 61.6 (69.3)

Multiple myeloma (MM)29

300 6 5 (2–8) 0.897 (66) 13.4 (64)
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in the study were within the range observed for non-Asian 
participants.37

For Japanese patients with R/R CLL/SLL (n = 10), the 
mean Cmax and AUC0–24 at the 400 mg dose were 2.08 μg/
mL and 31.0 μg*h/mL, respectively, which is similar to 
that observed in non-Asian patients.38 In patients with 
AML, Asian patients had 67% higher mean relative bio-
availability than non-Asian patients; however, the range 
of exposures was similar between Asian and non-Asian 
patients.39 A recent popPK analysis in more than 3000 
participants estimated a 61% higher bioavailability in 
Asian participants.31

The higher venetoclax exposure in Asian participants 
is likely attributed to a difference in bioavailability rather 
than clearance of venetoclax. This is supported by simi-
larity in terminal half-life between Asian and non-Asian 
participants.37 The bioavailability difference could be 
the result of variability in CYP3A expression and differ-
ences in activity/expression of transport proteins in the 

gastrointestinal tract, because function-altering genetic 
variants in the CYP3A4 gene are extremely rare.

Despite the higher exposure in Asian participants, the 
dose typically used in non-Asian patients was deemed ap-
propriate for Asian subjects based on the established vene-
toclax exposure–response relationship.38,39

Hepatic or renal impairment

In the hepatic impairment study,40 venetoclax Cmax and 
AUC values in participants with mild (n = 6) or moder-
ate (n= 6) hepatic impairment were similar to those in 
participants with normal hepatic function (n = 6; central 
value ratios [90% CI] of 1.08 [0.73–1.6] and 1.26 [0.81–
1.97], respectively, in mild hepatic impairment and 0.88 
[0.58–1.33] and 1.40 [0.87–2.23], respectively, in moder-
ate hepatic impairment). These results confirmed those 
obtained using popPK analysis.30,31 The venetoclax Cmax 

Dose (mg) n Tmax
a (h) Cmax (μg/mL) AUC24 (μg*h/mL)

600 5 8 (2.7–8) 2.56 (69) 38.2 (66)

900 4 6 (4–8) 1.850 (70) 26.3 (77)aa

1200 12 6.1 (4–8) 4.16 (37) 71.5 (50)ab

Abbreviation: ND, not determined.
aTmax presented as median (range).
bArm A: venetoclax daily × 3 days per a 28-day cycle (3/28-day dosing).
cArm B: venetoclax daily × 7 days per a 28-day cycle (7/28-day dosing).
dArm C: venetoclax daily × 28 days per a 28-day cycle (28/28-day dosing).
ePresented as mean (individual values).
fn = 5.
gn = 2.
hSteady-state: Week 6/7 Day 1 data.
iLow-fat meal.
jn = 13.
kn = 5.
ln = 20.
mSteady-state combined data at 1200 mg from Week 6/7 Day 1 dose-escalation and safety-expansion cohorts.
nn = 30.
on = 8.
pn = 9.
qn = 10.
rn = 69.
sn = 23.
tn = 12.
uSteady-state: combined data from Week 3 Day 1 (Cohort 1) and Week 6 Day 1 (subsequent cohorts) in the dose-escalation cohorts.
vn = 6.
wn = 5.
xn = 11.
ySteady-state combined data at 400 mg from Week 6/7 Day 1 dose escalation and safety expansion cohorts.
zn = 56.
aan = 3.
abn = 9.

T A B L E  2   (Continued)
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8 of 16  |      SALEM and MENON

value in participants with severe hepatic impairment 
(n = 5) was also similar to that in participants with nor-
mal hepatic function (central value ratio [90% CI] of 0.95 
[0.61–1.48]), but the AUC value was substantially higher 
(2.7 [1.63–4.49]) and the half-life was considerably longer 
(35 vs. 17 h). No significant adverse events were reported. 
A twofold reduction in dose is recommended for patients 
with severe hepatic impairment while no adjustment 
is needed for patients with mild or moderate hepatic 
impairment.10

Mild, moderate, and severe renal impairment were 
also found not to affect venetoclax pharmacokinetics.31,39 
The lack of relationship between venetoclax exposure 
and renal function is consistent with the observation that 
venetoclax is not eliminated in the urine.15 No dose ad-
justment of venetoclax is recommended for patients with 
mild, moderate, or severe renal impairment.

A study to assess how end-stage renal disease (ESRD) 
might affect the pharmacokinetics of venetoclax was also 
conducted in participants with ESRD undergoing hemo-
dialysis (eGFR < 15 mL/min).41 There was no difference 
in plasma venetoclax concentrations between arterial and 
venous samples, suggesting that hemodialysis did not af-
fect the pharmacokinetics of venetoclax. The fraction un-
bound (fu) of venetoclax increased approximately twofold 
for participants with ESRD compared with participants 
with normal renal function. The unbound Cmax and AUC 
from time 0 to 48 h were comparable between ESRD and 
normal function groups indicating that no dose adjust-
ment is needed for patients with renal insufficiency based 
on pharmacokinetics. The mean half-life in subjects with 
ESRD was also comparable to subjects with normal renal 
function demonstrating that ESRD did not affect the half-
life of venetoclax.

Venetoclax PK across patient populations

A summary of venetoclax PK across patient populations 
is presented in Tables 1 and 2. Evaluation of venetoclax 
pharmacokinetics in different populations (healthy, 
n = 51; CLL/SLL, n = 336; and NHL, n = 118) indicated 
no relationship between CL/F and population, and a 79% 
higher (95% CI = 35–123) V2/F in patients with CLL/SLL 
or NHL compared with healthy participants.30 This corre-
sponds to a point-estimate of V2/F of 118 L in healthy male 
participants and 202 L in CLL/SLL/NHL male patients. 
The larger V2/F in patients with CLL/SLL and NHL is due 
to a lower Cmax value, which is likely a reflection of less 
frequent pharmacokinetic sampling and therefore less 
precise estimates of Cmax in the cancer patients that were 
studied compared with the healthy participants. Among 
cancer patients, there were no statistically significant 

differences (p > 0.01) in parameters between those with 
CLL/SLL versus those with NHL, indicating similar phar-
macokinetics in both populations.27,30 Likewise, among 
CLL patients, there were no differences in venetoclax 
pharmacokinetics between patients with the 17p deletion 
compared with the overall CLL population.42 Thus, the 
same venetoclax doses can be used among these patient 
populations.

Evaluation of venetoclax pharmacokinetics in patients 
with MM and AML following multiple-dose administrations 
at 1200 mg (mean Cmax [%CV] 3.74 μg/mL43 and AUC0–24 
59 μg*h/mL44) and 800 mg (mean Cmax 3.74 μg/mL23 and 
AUC0–24 61.6 μg*h/mL45), respectively, were consistent with 
those observed in patients with CLL or NHL.28,29

Influence of food on venetoclax 
bioavailability

The effect of food on venetoclax pharmacokinetics was 
evaluated in two separate studies, one in healthy partic-
ipants and one in patients with NHL,19,25 and in popPK 
analyses conducted across studies in healthy participants 
and patients.30,31

In the study in healthy participants, the median Tmax 
of venetoclax was delayed by approximately 2 h when 
administered with food (Tmax of 4 h without food and 6 h 
with food), and the Cmax and AUC increased by approxi-
mately 3.4-fold when venetoclax was administered after a 
low-fat breakfast versus an overnight fast. A high-fat meal 
increased venetoclax Cmax and AUC by approximately 50% 
relative to a low-fat meal.

Similar results were observed in the study in patients 
with NHL: Cmax and AUC∞ values increased by 3.68-fold 
(90% CI = 3.01–4.50) and 4.42-fold (90% CI = 3.37–5.79), re-
spectively, after a high-fat meal relative to fasting conditions 
and the AUC0–24 value increased by 4.27-fold (90% CI = 2.98–
6.12) after a low-fat meal relative to fasting conditions.19

In the popPK analysis of pooled data from these two 
studies plus six additional studies in which the effect of 
food was assessed (7483 venetoclax plasma concentrations 
from a total of 505 patients and participants), the bioavail-
ability of venetoclax was predicted to increase by 2.99-fold 
(95% CI = 2.94–3.05) after a low-fat meal, 3.71-fold (95% 
CI = 3.39–4.03) after any meal, without regard to fat con-
tent, 3.77-fold (95% CI = 3.15–4.39) after a moderate-fat 
meal, and 4.25-fold (95% CI = 4.15–4.36) after a high-fat 
meal when compared with the fasting state.30 A lower 
food effect was observed with a venetoclax prodrug.46

Given the increase in bioavailability with food, vene-
toclax is recommended to be taken with food but without 
specific recommendations for fat content, to ensure ade-
quate and consistent bioavailability.10
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      |  9 of 16CLINICAL PHARMACOLOGY OF VENETOCLAX

DRUG–DRUG INTERACTIONS

Venetoclax and its major metabolite in plasma, M27, are pre-
dominantly metabolized by CYP3A4 in vitro. In addition, 
both venetoclax and M27 are substrates for P-glycoprotein 
(P-gp) and breast cancer resistance protein (BCRP). Active 
uptake of venetoclax or M27 was not observed in cells over-
expressing OATP1B1, OATP1B3, or OCT1.10

In vitro studies indicated that venetoclax is not an in-
hibitor or inducer for CYP enzymes (1A2, 2B6, 2C8, 2C9, 
2C19, 2D6, or 3A4) at clinically relevant concentrations. 
Additionally, venetoclax is not an inhibitor of most UGT 
(1A4, 1A6, 1A9, and 2B7) enzymes. Venetoclax is a weak 
inhibitor of UGT1A1 in vitro, but it is not predicted to cause 
clinically relevant inhibition of UGT1A1. Venetoclax is a 
P-gp and BCRP inhibitor and a weak OATP1B1 inhibitor 
in vitro. Based on in vitro data, venetoclax is not expected 
to inhibit OATP1B3, OCT1, OCT2, OAT1, OAT3, MATE1, 
or MATE2K at clinically relevant concentrations.10

Based on the in vitro data, dedicated clinical DDI studies 
were conducted to determine the effect of strong CYP3A, 
P-gp inhibitors and CYP3A inducers on venetoclax. The 
potential of venetoclax to impact CYP2C9 and P-gp sub-
strates was also evaluated. In addition, the effect of various 
co-medications on venetoclax was evaluated using popPK.

Effect of CYP3A inhibitors on venetoclax

The potential for DDIs between venetoclax and CYP3A 
inhibitors was investigated in dedicated DDI studies with 
ketoconazole and posaconazole in patients with NHL or 
AML, respectively,20,21 and ritonavir in healthy partici-
pants,47 several analyses of patients who received CYP3A 
inhibitors during the course of venetoclax treatment,19,30,31 
as well as by physiologically-based pharmacokinetic 
(PBPK).48  Coadministration of ketoconazole with vene-
toclax in a study in 11 patients resulted in a 2.3-fold in-
crease in venetoclax Cmax and a 6.4-fold increase in AUC∞ 
and a corresponding decrease in metabolite M27 Cmax 
and AUCt, consistent with inhibition of CYP3A-mediated 
metabolism of venetoclax.20 Inhibition of P-gp and BCRP 
may have also contributed to the increase in venetoclax 
exposure, as ketoconazole has inhibitory effects on P-gp 
and BCRP and venetoclax is a P-gp and BCRP substrate.

Similarly, coadministration of posaconazole, a strong 
CYP3A inhibitor and commonly used antifungal agent, 
with venetoclax in a study in 12 patients resulted in a 53% 
increase in venetoclax Cmax and a 76% increase in veneto-
clax AUC24 for a 50 mg dose of venetoclax and a 93% in-
crease in Cmax and 155% increase in AUC for a 100 mg dose 
of venetoclax, both of which were evaluated to determine 
the magnitude of dose reduction that would be needed in 

patients who require antifungal prophylaxis with posacon-
azole.21 The effect of higher doses of posaconazole on 
venetoclax was assessed using a PBPK model and showed 
similar effects similar to the 300 mg once daily dose with 
delayed release tablets that were assessed in the clinic.49

In healthy participants, single doses of ritonavir 50 or 
100 mg increased venetoclax Cmax 2.3–2.4-fold and AUC 
6.1- and 8.1-fold, respectively. Once daily doses of ritona-
vir 50 mg increased venetoclax Cmax and AUC 2.4- and 7.9-
fold, respectively, and completely inhibited the formation 
of the major venetoclax metabolite M27.47

In the popPK analysis, moderate and strong CYP3A 
inhibitors were estimated to decrease venetoclax CL/F 
by 19% (95% CI = 13–26) and 84% (95% CI = 82–86), re-
spectively.30 In addition, in an analysis of 31 patients who 
received moderate CYP3A inhibitors during venetoclax 
treatment in the first-in human study, venetoclax Cmax and 
AUC0–24 values were 40%–60% higher in the presence of 
moderate CYP3A inhibitors but similar in the presence of 
weak CYP3A inhibitors.19

In a PBPK model, estimates of venetoclax exposures 
(AUC∞) were 100%–385% higher in the presence of mod-
erate CYP3A inhibitors and 480%–680% higher in the 
presence of strong CYP3A inhibitors.48 In this model, 
the label recommended venetoclax dose reductions of at 
least 50% and 75% when coadministered with moderate 
and strong CYP3A inhibitors, respectively,10 maintained 
venetoclax exposures between therapeutic and maximally 
achieved safe doses, similar to the result observed in a 
semi-mechanistic model.43

A common issue with patients with hematological ma-
lignancies is the need for multiple therapies to address 
comorbidities or side effects from cancer treatments. 
Using PBPK and popPK to investigate whether additional 
dose adjustments were needed in patients taking multi-
ple strong CYP3A inhibitors concomitantly, it was found 
that venetoclax exposures were similar to that of just tak-
ing one strong CYP3A inhibitor.31,50 This supports that 
the recommended dose adjustment of venetoclax when 
administered in combination with more than one strong 
CYP3A inhibitor should be identical to that prescribed for 
a single strong CYP3A inhibitor.50

Effect of CYP3A inducers on venetoclax

The effects of single and multiple doses of the strong 
CYP3A inducer, rifampin, on venetoclax pharmacokinet-
ics were evaluated in a study in 10 healthy female partici-
pants of nonchildbearing potential.22 Coadministration of 
multiple doses of rifampin to maximally induce CYP3A 
caused a 42% (90% CI = 31–52) decrease in venetoclax Cmax 
and a 71% (90% CI = 66–76) decrease in venetoclax AUC∞ 
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compared with the Cmax and AUC observed with vene-
toclax alone. A comparison of the single- and multiple-
dose effects of rifampin to isolate the net effect of chronic 
CYP3A induction showed that CYP3A induction de-
creased venetoclax Cmax by 72% and AUC by 84%. This 
result is consistent with CYP3A-mediated metabolism 
of venetoclax. During the studies included in the popPK 
analysis,30 no patients or participants received moderate 
CYP3A inducers and only 1 participant received a strong 
CYP3A inducer during administration of venetoclax; 
therefore, CYP3A inducers were not able to be evaluated 
as covariates in the model. However, weak CYP3A induc-
ers did not have a statistically significant effect on veneto-
clax CL/F in the model.30 Results from simulations based 
on the PBPK model of CYP3A modulators demonstrated 
that both moderate and strong CYP3A inducers are esti-
mated to decrease venetoclax exposures.48 Collectively, 
the results support the recommendation that moderate 
and strong CYP3A inducers should be avoided during 
treatment with venetoclax.10

Effect of P-gp inhibitors on venetoclax

Venetoclax is also a substrate of P-gp, and the effect of 
azithromycin, a commonly used antibiotic in cancer pa-
tients, and an inhibitor of P-gp on the pharmacokinetics 
of venetoclax was evaluated in 12 healthy participants. 
Multiple doses of azithromycin reduced venetoclax Cmax 
and AUC by 25% and 35% (Figure 3), but had no effect on 
venetoclax half-life or Tmax.23 The reason for the decrease 
is not clear as an increase in exposures would have been 
expected. These modest changes, however, suggest that 

venetoclax can be coadministered with drugs that inhibit 
P-gp, and that azithromycin can be used as an alternative 
to other antimicrobial agents in patients being treated 
with venetoclax. In contrast to the study with azithromy-
cin, in a study evaluating the effects of coadministration 
of a single dose of rifampin, which has acute inhibitory 
effects on drug transporters, such as P-gp, venetoclax Cmax 
was increased by 106% (90% CI = 73–145) and AUC∞ by 
78% (90% CI = 50–111).22 The increase in venetoclax expo-
sures after a single dose of rifampin suggest that veneto-
clax is a P-gp substrate and coadministration with a P-gp 
inhibitor could increase venetoclax-associated toxicities.10

Gastric acid-reducing agents

Venetoclax has low solubility in aqueous solutions across 
a pH range of 1–12.9; thus, gastric acid-reducing agents 
(e.g., proton pump inhibitors, H2-receptor antagonists, 
antacids, etc.) were not expected to affect its bioavail-
ability or rate of absorption. To confirm the lack of ef-
fect, use of gastric acid-reducing agents was evaluated in 
a popPK analysis of venetoclax pharmacokinetics in pa-
tients across 8 studies.30 A total of 241 patients, or 47.7% 
of the analysis population, received acid-reducing agents 
at some point during a study. Coadministration of a gas-
tric acid-reducing agent was tested as a covariate on the 
rate (Ka) and extent (F1) of venetoclax absorption in the 
stepwise model building procedure, but it did not reach 
statistical significance during the forward inclusion pro-
cess. Therefore, coadministration of gastric acid-reducing 
agents does not appear to affect the rate or extent of vene-
toclax absorption.30

Venetoclax effect on other drugs

Warfarin

In vitro data suggested that venetoclax is a weak inhibi-
tor of CYP2C9,10 making it a potential perpetrator of drug 
interactions in patients taking concomitant medications 
during treatment with venetoclax. This is particularly true 
for cancer patients who develop coagulation disorders 
due to cancer, in whom treatment with CYP2C9 substrate 
warfarin is common. However, in a drug interaction study 
in healthy participants,24 the Cmax and AUC∞ values for 
R- and S-warfarin increased by only 18%–28% in the pres-
ence of venetoclax and the half-lives (80–88 h) remained 
unchanged. Given that similar increases in exposure 
were observed for both the R- and S- enantiomers, even 
though CYP2C9 is involved in the metabolism of only 
the S-enantiomer, and the half-life of both enantiomers 

F I G U R E  3   Forest plots of drugs that affect venetoclax Cmax and 
AUC. Abbreviations: AUC, area under the plasma-concentration 
time curve; CI, confidence interval; Cmax, maximum plasma 
concentration; MD, multiple dose; SD, single dose.
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      |  11 of 16CLINICAL PHARMACOLOGY OF VENETOCLAX

remained the same, the interaction does not appear to be 
mediated via CYP2C9. These results together with the fact 
that venetoclax is highly protein bound suggest that vene-
toclax is unlikely to cause clinically significant drug inter-
actions with CYP2C9 substrates in cancer patients.

Digoxin

Venetoclax is an inhibitor of P-gp with an in  vitro half-
maximal inhibitory concentration (IC50) of 0.67 mM.44 The 
effect of a single dose of venetoclax on the pharmacokinet-
ics of a single dose of digoxin, a P-gp probe substrate, was 
evaluated in 10 healthy participants.51 Coadministration 
of digoxin and venetoclax increased digoxin Cmax by 35% 
and AUC by 9%, with little effect on digoxin half-life, renal 
clearance, or the fraction of drug excreted unchanged in 
urine. Based on a semi-mechanistic model, administra-
tion of digoxin at least 2 h before administration of vene-
toclax will minimize drug interactions for this narrow 
therapeutic index P-gp substrate.43

Coadministration with anticancer agents

A number of studies have evaluated the potential for two-
way drug interactions between venetoclax and other anti-
cancer agents, including bendamustine,26 bortezomib and 
dexamethasone,52 rituximab,53 azacitidine,54 decitabine,54 
obinutuzumab,55 cytarabine,56 ibrutinib,57 and navito-
clax.34 The pharmacokinetic parameters for venetoclax 
when administered with these anticancer agents are de-
scribed in Table 3. With the exception of ibrutinib, neither 
venetoclax nor concomitant anticancer agents pharma-
cokinetics was affected upon coadministration.

Upon coadministration, venetoclax did not affect ibru-
tinib pharmacokinetics.57 Venetoclax plasma levels, on 
the other hand, were higher when coadministered with 
ibrutinib than those reported for venetoclax monother-
apy at 400 mg dose.57 However, those levels were within 
the exposure range observed at other venetoclax doses. In 
addition, exposure-safety analyses showed no association 
between exposure and safety events.57

Potential two-way drug interactions between vene-
toclax and rituximab were evaluated in a phase Ib 
open-label study in 49 patients with relapsed CLL/SLL 
(NCT01682616).53 Coadministration of venetoclax with 
rituximab had no statistically significant effect on veneto-
clax single-dose Cmax or AUC0–24. In a popPK analysis of 
the patients from this study plus four additional patients, 
rituximab was estimated to increase venetoclax CL/F by 
21% (545 vs. 447 L/day) and decrease venetoclax dose-
normalized mean AUC0–24 by 14%.30 These differences are 

not expected to be clinically meaningful. Likewise, differ-
ent doses of venetoclax did not have any statistically sig-
nificant effect on rituximab mean concentrations prior to 
and immediately after infusion at each combination ther-
apy visit. Thus, no dose adjustment is needed for veneto-
clax when coadministered with rituximab.10

VENETOCLAX FORMULATIONS 
AND BIOPHARMACEUTICS

The effect of venetoclax tablet formulation (film-coated 
vs. uncoated) on venetoclax bioavailability was evaluated 
in 15 healthy participants in a single dose, crossover study, 
where in Period 1, the participants received venetoclax 
50 mg uncoated tablet and in Period 2, the participants re-
ceived venetoclax 50 mg film-coated tablet under nonfast-
ing conditions.25 The plasma concentrations of venetoclax 
were similar between the two formulations, and the Tmax 
was 4 h for both formulations. The venetoclax film-coated 
tablet was found to be bioequivalent to the venetoclax un-
coated tablet as the 90% CIs of the geometric mean ratios 
for Cmax and AUC∞ were contained within the 0.80–1.25 
range.

Three different strengths of venetoclax were used in 
clinical studies and have been commercialized – 10, 50 
and 100 mg. The 10 and 50 mg are predominantly used 
during ramp-up. The three strengths were evaluated in a 
phase I bioavailability study and were bioequivalent at the 
100 mg dose.14

The impact of crushing or grinding venetoclax tablets 
on its bioavailability was recently evaluated in a three-way, 
crossover study in 15 healthy adult females.58 Crushed and 
finely ground venetoclax tablets had similar bioavailabil-
ity to the intact venetoclax tablets as the venetoclax AUC 
for both regimens met the bioequivalence criteria. The 
slightly lower Cmax observed with the altered regimens are 
not considered clinically significant. Therefore, crushing 
or grinding venetoclax tablets as alternative methods of 
administration is a viable option for patients who have dif-
ficulty swallowing whole venetoclax tablets.

A venetoclax powder formulation is under develop-
ment for oral administration in pediatric patients at two 
different strengths. The two oral powder formulations 
(7.2% and 0.72% strengths) were bioequivalent to the cur-
rently marketed tablet with respect to AUC, but the lower 
bound of the 90% CI of Cmax extended slightly below 0.80. 
The lower Cmax is not expected to affect venetoclax effi-
cacy and exposure–response analyses demonstrated the 
lack of significant relationships between venetoclax Cmax 
and clinical efficacy in AML and CLL. Clinical responses 
to venetoclax have been shown to correlate with AUCss 
or Cavg, for which the oral powder formulation meets the 
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T A B L E  3   Venetoclax pharmacokinetic parameters after multiple doses in combination with other cancer drugs in patients (Mean [%CV]).

Venetoclax dose (mg) n Tmax
a (h) Cmax (μg/mL) AUC0–24 (μg*h/mL)

Non-Hodgkin lymphoma (NHL) patients: venetoclax with bendamustine26

50b 4 6 (6–6) 0.29 (5) 3. 49 (3)

100b 4 6 (6–8) 0.66 (12) 7.70 (23)

100c 4 8 (6–8) 0.31 (41) 4.02 (43)

200c 4 8 (4–8) 0.52 (83) 7.50 (74)

400c 5 8 (4–8) 1.10 (44) 15.6 (42)d

Multiple Myeloma (MM) patients: venetoclax with bortezomib and dexamethasone52

50 3 6.0 (4–6) 0.194 (53) 2.90 (60)

100 4e 6.0 (4–8) 0.508 (65) 6.1 (64)

200 5 8.0 (6–24) 0.733 (42) 12.9 (49)

300 7 6.0 (4–24) 1.07 (39) 14.3 (32)

400 5 6.0 (4–7) 2.04 (40) 31.6 (53)

500 7 6.0 (4–7.2) 1.29 (29) 19.7 (32)

600 5 6.0 (4–8) 1.11 (50) 15.6 (41)

800 3 7.1 (4–26.9) 2.85 (45) 45.0 (60)

1000 3 6.0 (6–8) 3.29 (54) 45.4 (52)

1200 9 6 (1.7–24) 4.40 (59) 68.6 (71)

Acute myeloid leukemia (AML) patients: venetoclax with azacitidine54

400 3 6.6 (4.0–8.0) 1.77 (39) 25.7 (43)

800 11 6.6 (0–8.0) 2.77 (52) 44.2 (52)f

1200 3 6.8 (6.0–8.0) 2.79 (73) 58.6 (22.2, 95.1)g

AML patients: venetoclax with decitabine

400 3 4 (3.3–8.0) 3.36 (73) 57.1 (70)

800 12 6 (4.0–8.0) 3.13 (56) 41.2 (58)h

1200 4 7.0 (4.0–8.0) 5.66 (48) 99.7 (73)i

AML patients: venetoclax with low-dose cytarabine56

600 7 7.0 (3.5–8.0) 2.92 (73) 51.8 (71)j

800 10 6.6 (4.0–8.0) 2.36 (51) 35.4 (56)k

Chronic lymphocytic leukemia (CLL) patients: venetoclax with rituximab in relapsed CLL53

20053 5 6.0 (6.0–8.0) 1.35 (66) 19.9 (62.3)l

300 8 7.5 (4.0–8.0) 1.60 (36.9) 24.1 (39.1)

400 5 6.0 (4.0–8.0) 1.93 (35.8) 32.7 (37.6)l

500 7 6.0 (6.0–8.0) 3.74 (45.7) 56.9 (65.7)m

600 7 4.0 (0.0–8.0) 3.16 (72.8) 55.1 (74.4)

CLL patients: venetoclax with obinutuzumab in relapsed CLL

100 3 6.0 (4–8) 0.701 (64.8) 8.01 (60.5)n

200 7 6.0 (4–10) 0.841 (53.3) 8.42 (62.6)n

400 4 7.0 (4–8) 2.12 (32.1) 20.9 (31.8)n

CLL patients: venetoclax with bendamustine/rituximab in relapsed CLL

100 2 7.0 (6–8) 0.492 (55) 3.95 (56.2)

200 2 5.0 (4–6) 0.858 (31.7) 7.21 (35.1)

400 5 6.0 (4–10) 1.09 (42.7) 12.2 (54.1)

aTmax presented as median (range).
bArm A: venetoclax daily × 3 days per a 28-day cycle (3/28-day dosing).
cArm B: venetoclax daily × 7 days per a 28-day cycle (7/28-day dosing).
dn = 4.
eOne subject excluded due to at least two consecutive samples not reported.
fn = 9.
gn= 2; reported as mean (individual values).
hn = 8.
in = 3.
jn = 6.
kn = 9.
ln = 4.
mn = 6.
nAUC0–24 was determined using the 0-h as the 24-h concentration value in Cycle 1 Day 3.
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bioequivalence criteria.14 The effect of different dosing ve-
hicles (water, apple juice, apple sauce, and yogurt) on the 
bioavailability of the oral powder formulations at a dosage 
of 100 mg once daily was also evaluated in a phase I bio-
availability study. Pharmacokinetic analysis showed that 
compared with the oral powder formulation in water, the 
Cmax, AUCt, and AUC∞ of both oral powder formulations 
in apple juice, apple sauce, and yogurt met the bioequiva-
lence criteria.14

PHARMACODYNAMICS AND 
EXPOSURE–RESPONSE ANALYSES

Several pharmacodynamic biomarkers, such as lympho-
cytes count, tumor size, M-protein, undetectable minimal 
residual disease (uMRD) rates and QT prolongation have 
been linked to venetoclax concentrations.59–63 An aver-
age steady-state venetoclax concentration of 0.00863 μg/
mL would decrease lymphocyte counts in patients with 
R/R CLL and NHL by 50%. The average steady-state vene-
toclax concentration that would decrease lymph nodes 
tumor size by 50% is 0.146 μg/mL; approximately 17-fold 
higher than that for circulating lymphocyte counts.

The relationship between venetoclax exposure and ef-
ficacy/safety outcomes have been extensively investigated 
in patients with CLL,59,64,65 AML,39,66 NHL,67 DLBCL45 
and MM.68–71 The relationship, and hence selected dose, 
can vary among the different malignancies and with dif-
ferent combinations. In general, the probability of achiev-
ing partial responses or better was close to maximum at 
the 400 mg dose. However, the probability of achieving 
“higher bar” responses such as complete response/remis-
sion can increase at doses higher than the 400 mg dose.

With regards to safety, the relationship between vene-
toclax exposures and adverse events rates are generally 
flat for venetoclax monotherapy.65,72 On the other hand, 
when venetoclax is combined with other agents that can 
cause bone marrow suppression, venetoclax can potenti-
ate this effect and a positive association is observed be-
tween venetoclax exposures and rates of adverse events 
such as neutropenia and infections (e.g., AML with HMA 
agents).39,66,68 Venetoclax exposure–response relation-
ships were not found to vary by age, sex, ethnicity, and 
liver or kidney function.

For R/R CLL patients, the relationship between vene-
toclax monotherapy dose and the probability of achiev-
ing partial response (PR) or complete remission (CR) is 
shown in Figure 4. This relationship reflects a significant 
association of venetoclax exposure and the probability of 
achieving PR or CR. On the other hand, there was a non-
significant association between venetoclax exposure and 

the rates of serious treatment emergent adverse events 
(Figure  4). This analysis excludes the initial treatment 
period to account for the confounding effect of the lower 
venetoclax concentrations during the venetoclax dose 
ramp-up.72

CONCLUSIONS

Venetoclax pharmacokinetics has been extensively char-
acterized across multiple populations and with various 
concomitant medications required by patients with hema-
tological malignancies after single- and multiple-dose ad-
ministrations. The pharmacokinetic results support once 
daily dosing with food. Two factors have been found to 
require venetoclax dosing modifications, strong CYP3A 
inhibitors and severe hepatic impairment, thus prescrib-
ers should reference the prescribing information for ap-
propriate modifications.

FUNDING INFORMATION
Medical writing support was provided by Mia DeFino, 
MS, ELS, CMPP, a freelance medical writer under con-
tract with AbbVie. AbbVie provided financial support 
for the studies and participated in the study design, study 
conduct, and analysis and interpretation of data and the 
writing, review, and approval of the manuscript.

F I G U R E  4   Probability of OR, CR or serious TEAEs versus 
venetoclax monotherapy dose in R/R CLL patients. Shaded regions 
indicate the predicted 95% CI, and points with vertical bars indicate 
the observed proportions with 95% binomial CI at the observed 
concentration quintiles for the indicated doses. CI, confidence 
interval; CR, complete remission; OR, objective response; TEAE, 
treatment emergent adverse events.
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ing the clinical trials we sponsor. This includes access 
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Europe and after acceptance of this manuscript for pub-
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the process or to submit a request, visit the following link: 
https://​vivli.​org/​ourme​mber/​abbvie/​ then select “Home.”

ORCID
Ahmed Hamed Salem   https://orcid.
org/0000-0002-9261-1583 
Rajeev M. Menon   https://orcid.org/0000-0002-2945-0449 

REFERENCES
	 1.	 Adams JM, Cory S. The Bcl-2 apoptotic switch in cancer de-

velopment and therapy. Oncogene. 2007;26(9):1324-1337. 
doi:10.1038/sj.onc.1210220

	 2.	 Roberts AW, Seymour JF, Brown JR, et al. Substantial suscep-
tibility of chronic lymphocytic leukemia to BCL2 inhibition: 
results of a phase I study of navitoclax in patients with re-
lapsed or refractory disease. J Clin Oncol. 2012;30(5):488-496. 
doi:10.1200/JCO.2011.34.7898

	 3.	 Wilson WH, O'Connor OA, Czuczman MS, et al. Navitoclax, a 
targeted high-affinity inhibitor of BCL-2, in lymphoid malignan-
cies: a phase 1 dose-escalation study of safety, pharmacokinet-
ics, pharmacodynamics, and antitumour activity. Lancet Oncol. 
2010;11(12):1149-1159. doi:10.1016/S1470-2045(10)70261-8

	 4.	 Park CM, Bruncko M, Adickes J, et al. Discovery of an orally bio-
available small molecule inhibitor of prosurvival B-cell lymphoma 
2 proteins. J Med Chem. 2008;51(21):6902-6915. doi:10.1021/
jm800669s

	 5.	 Tse C, Shoemaker AR, Adickes J, et  al. ABT-263: a potent 
and orally bioavailable Bcl-2 family inhibitor. Cancer Res. 
2008;68(9):3421-3428. doi:10.1158/0008-5472.CAN-07-5836

	 6.	 Kline MP, Rajkumar SV, Timm MM, et al. ABT-737, an inhib-
itor of Bcl-2 family proteins, is a potent inducer of apoptosis 
in multiple myeloma cells. Leukemia. 2007;21(7):1549-1560. 
doi:10.1038/sj.leu.2404719

	 7.	 Merino D, Khaw SL, Glaser SP, et al. Bcl-2, Bcl-x(L), and Bcl-w 
are not equivalent targets of ABT-737 and navitoclax (ABT-263) 
in lymphoid and leukemic cells. Blood. 2012;119(24):5807-5816. 
doi:10.1182/blood-2011-12-400929

	 8.	 Mason KD, Carpinelli MR, Fletcher JI, et al. Programmed anu-
clear cell death delimits platelet life span. Cell. 2007;128(6):1173-
1186. doi:10.1016/j.cell.2007.01.037

	 9.	 Souers AJ, Leverson JD, Boghaert ER, et al. ABT-199, a potent and 
selective BCL-2 inhibitor, achieves antitumor activity while spar-
ing platelets. Nat Med. 2013;19(2):202-208. doi:10.1038/nm.3048

	10.	 Venclexta (venetoclax) [US prescribing information]. 2023. 
AbbVie Inc.

	11.	 Seymour JF, Kipps TJ, Eichhorst B, et al. Venetoclax-rituximab 
in relapsed or refractory chronic lymphocytic leukemia. N Engl 
J Med. 2018;378(12):1107-1120. doi:10.1056/NEJMoa1713976

	12.	 AbbVie. Press release: AbbVie Receives European Commission 
Approval of VENCLYXTO® Combination Regimen for Patients 
with Previously-Untreated Chronic Lymphocytic Leukemia. 
https://​news.​abbvie.​com/​news/​press​-​relea​ses/​abbvi​e-​recei​ves-​
europ​ean-​commi​ssion​-​appro​val-​vencl​yxto-​combi​natio​n-​regim​
en-​for-​patie​nts-​with-​previ​ously​-​untre​ated-​chron​ic-​lymph​ocyti​
c-​leuke​mia.​htm. Accessed March 12, 2020.

	13.	 Choo EF, Boggs J, Zhu C, et al. The role of lymphatic transport 
on the systemic bioavailability of the Bcl-2 protein family in-
hibitors navitoclax (ABT-263) and ABT-199. Drug Metab Dispos. 
2014;42(2):207-212. doi:10.1124/dmd.113.055053

	14.	 Badawi M, Chen X, Marroum P, et al. Bioavailability evaluation of 
venetoclax lower-strength tablets and oral powder formulations 
to establish interchangeability with the 100 mg tablet. Clin Drug 
Investig. 2022;42(8):657-668. doi:10.1007/s40261-022-01172-4

	15.	 Liu H, Michmerhuizen MJ, Lao Y, et al. Metabolism and dis-
position of a novel B-cell lymphoma-2 inhibitor venetoclax in 
humans and characterization of its unusual metabolites. Drug 
Metab Dispos. 2017;45(3):294-305. doi:10.1124/dmd.116.071613

	16.	 Alaarg A, Menon R, Rizzo D, et al. A microdosing framework 
for absolute bioavailability assessment of poorly soluble drugs: 
a case study on cold-labeled venetoclax, from chemistry to the 
clinic. Clin Transl Sci. 2022;15(1):244-254. doi:10.1111/cts.13144

	17.	 Badawi M, Menon R, Place AE, et al. Venetoclax penetrates the 
blood brain barrier: a pharmacokinetic analysis in pediatric 
leukemia patients. J Cancer. 2023;14(7):1151-1156. doi:10.7150/
jca.81795

	18.	 Roberts AW, Davids MS, Pagel JM, et al. Targeting BCL2 with 
venetoclax in relapsed chronic lymphocytic leukemia. N Engl J 
Med. 2016;374(4):311-322. doi:10.1056/NEJMoa1513257

	19.	 Salem AH, Agarwal SK, Dunbar M, Enschede SL, 
Humerickhouse RA, Wong SL. Pharmacokinetics of venetoclax, 
a novel BCL-2 inhibitor, in patients with relapsed or refractory 
chronic lymphocytic leukemia or non-Hodgkin lymphoma. J 
Clin Pharmacol. 2017;57(4):484-492. doi:10.1002/jcph.821

	20.	 Agarwal SK, Salem AH, Danilov AV, et al. Effect of ketoconazole, 
a strong CYP3A inhibitor, on the pharmacokinetics of venetoclax, 
a BCL-2 inhibitor, in patients with non-Hodgkin lymphoma. Br J 
Clin Pharmacol. 2017;83(4):846-854. doi:10.1111/bcp.13175

	21.	 Agarwal SK, DiNardo CD, Potluri J, et  al. Management of 
venetoclax-posaconazole interaction in acute myeloid leu-
kemia patients: evaluation of dose adjustments. Clin Ther. 
2017;39(2):359-367. doi:10.1016/j.clinthera.2017.01.003

	22.	 Agarwal SK, Hu B, Chien D, Wong SL, Salem AH. Evaluation of 
Rifampin's transporter inhibitory and CYP3A inductive effects 

 17528062, 2024, 5, D
ow

nloaded from
 https://ascpt.onlinelibrary.w

iley.com
/doi/10.1111/cts.13807 by C

ochrane G
reece, W

iley O
nline L

ibrary on [08/11/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://vivli.org/ourmember/abbvie/
https://orcid.org/0000-0002-9261-1583
https://orcid.org/0000-0002-9261-1583
https://orcid.org/0000-0002-9261-1583
https://orcid.org/0000-0002-2945-0449
https://orcid.org/0000-0002-2945-0449
https://doi.org//10.1038/sj.onc.1210220
https://doi.org//10.1200/JCO.2011.34.7898
https://doi.org//10.1016/S1470-2045(10)70261-8
https://doi.org//10.1021/jm800669s
https://doi.org//10.1021/jm800669s
https://doi.org//10.1158/0008-5472.CAN-07-5836
https://doi.org//10.1038/sj.leu.2404719
https://doi.org//10.1182/blood-2011-12-400929
https://doi.org//10.1016/j.cell.2007.01.037
https://doi.org//10.1038/nm.3048
https://doi.org//10.1056/NEJMoa1713976
https://news.abbvie.com/news/press-releases/abbvie-receives-european-commission-approval-venclyxto-combination-regimen-for-patients-with-previously-untreated-chronic-lymphocytic-leukemia.htm
https://news.abbvie.com/news/press-releases/abbvie-receives-european-commission-approval-venclyxto-combination-regimen-for-patients-with-previously-untreated-chronic-lymphocytic-leukemia.htm
https://news.abbvie.com/news/press-releases/abbvie-receives-european-commission-approval-venclyxto-combination-regimen-for-patients-with-previously-untreated-chronic-lymphocytic-leukemia.htm
https://news.abbvie.com/news/press-releases/abbvie-receives-european-commission-approval-venclyxto-combination-regimen-for-patients-with-previously-untreated-chronic-lymphocytic-leukemia.htm
https://doi.org//10.1124/dmd.113.055053
https://doi.org//10.1007/s40261-022-01172-4
https://doi.org//10.1124/dmd.116.071613
https://doi.org//10.1111/cts.13144
https://doi.org//10.7150/jca.81795
https://doi.org//10.7150/jca.81795
https://doi.org//10.1056/NEJMoa1513257
https://doi.org//10.1002/jcph.821
https://doi.org//10.1111/bcp.13175
https://doi.org//10.1016/j.clinthera.2017.01.003


      |  15 of 16CLINICAL PHARMACOLOGY OF VENETOCLAX

on the pharmacokinetics of venetoclax, a BCL-2 inhibitor: re-
sults of a single- and multiple-dose study. J Clin Pharmacol. 
2016;56(11):1335-1343. doi:10.1002/jcph.730

	23.	 Agarwal SK, Tong B, Bueno OF, Menon RM, Salem AH. Effect of 
azithromycin on venetoclax pharmacokinetics in healthy volun-
teers: implications for dosing venetoclax with P-gp inhibitors. Adv 
Ther. 2018;35(11):2015-2023. doi:10.1007/s12325-018-0793-y

	24.	 Salem AH, Hu B, Freise KJ, Agarwal SK, Sidhu DS, Wong SL. 
Evaluation of the pharmacokinetic interaction between vene-
toclax, a selective BCL-2 inhibitor, and warfarin in healthy 
volunteers. Clin Drug Investig. 2017;37(3):303-309. doi:10.1007/
s40261-016-0485-9

	25.	 Salem AH, Agarwal SK, Dunbar M, et  al. Effect of low- and 
high-fat meals on the pharmacokinetics of venetoclax, a 
selective first-in-class BCL-2 inhibitor. J Clin Pharmacol. 
2016;56(11):1355-1361. doi:10.1002/jcph.741

	26.	 de Vos S, Swinnen LJ, Wang D, et al. Venetoclax, bendamustine, 
and rituximab in patients with relapsed or refractory NHL: a 
phase Ib dose-finding study. Ann Oncol. 2018;29(9):1932-1938. 
doi:10.1093/annonc/mdy256

	27.	 Davids MS, Roberts AW, Seymour JF, et  al. Phase I first-in-
human study of venetoclax in patients with relapsed or refrac-
tory non-Hodgkin lymphoma. J Clin Oncol. 2017;35(8):826-833. 
doi:10.1200/JCO.2016.70.4320

	28.	 Konopleva M, Pollyea DA, Potluri J, et al. Efficacy and biolog-
ical correlates of response in a phase II study of venetoclax 
monotherapy in patients with acute myelogenous leukemia. 
Cancer Discov. 2016;6(10):1106-1117. doi:10.1158/2159-8290.
CD-16-0313

	29.	 Kumar S, Kaufman JL, Gasparetto C, et  al. Efficacy of vene-
toclax as targeted therapy for relapsed/refractory t(11;14) mul-
tiple myeloma. Blood. 2017;130(22):2401-2409. doi:10.1182/
blood-2017-06-788786

	30.	 Jones AK, Freise KJ, Agarwal SK, Humerickhouse RA, Wong 
SL, Salem AH. Clinical predictors of venetoclax pharmacokinet-
ics in chronic lymphocytic leukemia and non-Hodgkin's lym-
phoma patients: a pooled population pharmacokinetic analysis. 
AAPS J. 2016;18(5):1192-1202. doi:10.1208/s12248-016-9927-9

	31.	 Gong JQX, Suleiman AA, Menon R, Deng R, Mensing S, Salem 
AH. Pooled population pharmacokinetic analyses of Venetoclax 
in patients across indications and healthy subjects from phase 
1, 2, and 3 clinical trials. J Clin Pharmacol. 2023;63(8):950-960. 
doi:10.1002/jcph.2248

	32.	 Hunt CM, Westerkam WR, Stave GM. Effect of age and gender 
on the activity of human hepatic CYP3A. Biochem Pharmacol. 
1992;44(2):275-283.

	33.	 Gorski JC, Vannaprasaht S, Hamman MA, et  al. The effect 
of age, sex, and rifampin administration on intestinal and 
hepatic cytochrome P450 3A activity. Clin Pharmacol Ther. 
2003;74(3):275-287. doi:10.1016/s0009-9236(03)00187-5

	34.	 Pullarkat VA, Lacayo NJ, Jabbour E, et al. Venetoclax and nav-
itoclax in combination with chemotherapy in patients with 
relapsed or refractory acute lymphoblastic leukemia and lym-
phoblastic lymphoma. Cancer Discov. 2021;11(6):1440-1453. 
doi:10.1158/2159-8290.CD-20-1465

	35.	 Karol SE, Alexander TB, Budhraja A, et al. Venetoclax in com-
bination with cytarabine with or without idarubicin in children 
with relapsed or refractory acute myeloid leukaemia: a phase 
1, dose-escalation study. Lancet Oncol. 2020;21(4):551-560. 
doi:10.1016/S1470-2045(20)30060-7

	36.	 Badawi M, Gopalakrishnan S, Engelhardt B, et  al. Proposed 
scheme for dosing venetoclax in pediatric patients with re-
lapsed/refractory acute myeloid leukemia: analysis of develop-
mental pharmacokinetics and exposure-response relationships. 
American Society of Hematology Annual Meeting (ASH). San 
Diego, California. 2020.

	37.	 Cheung TT, Salem AH, Menon RM, Munasinghe WP, Bueno 
OF, Agarwal SK. Pharmacokinetics of the BCL-2 inhibitor 
venetoclax in healthy Chinese subjects. Clin. Pharmacol. Drug. 
Dev. 2018;7(4):435-440. doi:10.1002/cpdd.395

	38.	 Izutsu K, Yamamoto K, Kato K, et al. Phase 1/2 study of veneto-
clax, a BCL-2 inhibitor, in Japanese patients with relapsed or re-
fractory chronic lymphocytic leukemia and small lymphocytic 
lymphoma. Int J Hematol. 2021;113(3):370-380. doi:10.1007/
s12185-020-03024-3

	39.	 Brackman D, Eckert D, Menon R, et al. Venetoclax exposure-
efficacy and exposure-safety relationships in patients with 
treatment-naive acute myeloid leukemia who are ineligible for 
intensive chemotherapy. Hematol Oncol. 2022;40(2):269-279. 
doi:10.1002/hon.2964

	40.	 Salem AH, Dave N, Marbury T, et al. Pharmacokinetics of the 
BCL-2 inhibitor venetoclax in subjects with hepatic impair-
ment. Clin Pharmacokinet. 2019;58(8):1091-1100. doi:10.1007/
s40262-019-00746-4

	41.	 Noorani B, Menon RM, Chen X, et al. Venetoclax pharmaco-
kinetics in participants with end-stage renal disease under-
going hemodialysis. Br J Clin Pharmacol. 2023;90:748-758. 
doi:10.1111/bcp.15935

	42.	 Salem AH, Dunbar M, Agarwal SK. Pharmacokinetics of 
venetoclax in patients with 17p deletion chronic lymphocytic 
leukemia. Anticancer Drugs. 2017;28(8):911-914. doi:10.1097/
CAD.0000000000000522

	43.	 Alhadab AA, Salem AH, Freise KJ. Semimechanistic modeling 
to guide venetoclax coadministration with ritonavir and digoxin. 
Clin Transl Sci. 2020;13(3):555-562. doi:10.1111/cts.12739

	44.	 Kikuchi R, Shebley M, Bow DAJ, Carr R, Nijsen MJMA, 
Morais SMF. In vitro characterization of drug metabolizing 
enzymes and transporters to enable a mechanistic drug-drug 
interaction assessment for venetoclax. Drug Metab Pharmacok. 
2017;32:S51. doi:10.1016/j.dmpk.2016.10.212

	45.	 Samineni D, Huang W, Gibiansky L, et al. Population pharma-
cokinetics and exposure-response analyses for venetoclax in 
combination with R-CHOP in relapsed/refractory and previ-
ously untreated patients with diffuse large B cell lymphoma. 
Adv Ther. 2022;39(1):598-618. doi:10.1007/s12325-021-01919-z

	46.	 Salem AH, Tao ZF, Bueno OF, et al. Expanding the repertoire for 
"large small molecules": prodrug ABBV-167 efficiently converts to 
venetoclax with reduced food effect in healthy volunteers. Mol Cancer 
Ther. 2021;20(6):999-1008. doi:10.1158/1535-7163.MCT-21-0077

	47.	 Freise KJ, Hu B, Salem AH. Impact of ritonavir dose and sched-
ule on CYP3A inhibition and venetoclax clinical pharmacoki-
netics. Eur J Clin Pharmacol. 2018;74(4):413-421. doi:10.1007/
s00228-017-2403-3

	48.	 Freise KJ, Shebley M, Salem AH. Quantitative prediction of the 
effect of CYP3A inhibitors and inducers on venetoclax pharma-
cokinetics using a physiologically based pharmacokinetic model. 
J Clin Pharmacol. 2017;57(6):796-804. doi:10.1002/jcph.858

	49.	 Bhatnagar S, Mukherjee D, Salem AH, Miles D, Menon RM, 
Gibbs JP. Dose adjustment of venetoclax when co-administered 
with posaconazole: clinical drug-drug interaction predictions 

 17528062, 2024, 5, D
ow

nloaded from
 https://ascpt.onlinelibrary.w

iley.com
/doi/10.1111/cts.13807 by C

ochrane G
reece, W

iley O
nline L

ibrary on [08/11/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org//10.1002/jcph.730
https://doi.org//10.1007/s12325-018-0793-y
https://doi.org//10.1007/s40261-016-0485-9
https://doi.org//10.1007/s40261-016-0485-9
https://doi.org//10.1002/jcph.741
https://doi.org//10.1093/annonc/mdy256
https://doi.org//10.1200/JCO.2016.70.4320
https://doi.org//10.1158/2159-8290.CD-16-0313
https://doi.org//10.1158/2159-8290.CD-16-0313
https://doi.org//10.1182/blood-2017-06-788786
https://doi.org//10.1182/blood-2017-06-788786
https://doi.org//10.1208/s12248-016-9927-9
https://doi.org//10.1002/jcph.2248
https://doi.org//10.1016/s0009-9236(03)00187-5
https://doi.org//10.1158/2159-8290.CD-20-1465
https://doi.org//10.1016/S1470-2045(20)30060-7
https://doi.org//10.1002/cpdd.395
https://doi.org//10.1007/s12185-020-03024-3
https://doi.org//10.1007/s12185-020-03024-3
https://doi.org//10.1002/hon.2964
https://doi.org//10.1007/s40262-019-00746-4
https://doi.org//10.1007/s40262-019-00746-4
https://doi.org//10.1111/bcp.15935
https://doi.org//10.1097/CAD.0000000000000522
https://doi.org//10.1097/CAD.0000000000000522
https://doi.org//10.1111/cts.12739
https://doi.org//10.1016/j.dmpk.2016.10.212
https://doi.org//10.1007/s12325-021-01919-z
https://doi.org//10.1158/1535-7163.MCT-21-0077
https://doi.org//10.1007/s00228-017-2403-3
https://doi.org//10.1007/s00228-017-2403-3
https://doi.org//10.1002/jcph.858


16 of 16  |      SALEM and MENON

using a PBPK approach. Cancer Chemother Pharmacol. 
2021;87(4):465-474. doi:10.1007/s00280-020-04179-w

	50.	 Mukherjee D, Brackman DJ, Suleiman AA, Zha J, Menon RM, 
Salem AH. Impact of multiple concomitant CYP3A inhibi-
tors on Venetoclax pharmacokinetics: a PBPK and population 
PK-informed analysis. J Clin Pharmacol. 2023;63(1):119-125. 
doi:10.1002/jcph.2140

	51.	 Chiney MS, Menon RM, Bueno OF, Tong B, Salem AH. Clinical 
evaluation of P-glycoprotein inhibition by venetoclax: a drug 
interaction study with digoxin. Xenobiotica. 2018;48(9):904-910. 
doi:10.1080/00498254.2017.1381779

	52.	 Moreau P, Chanan-Khan A, Roberts AW, et  al. Promising 
efficacy and acceptable safety of venetoclax plus bortezo-
mib and dexamethasone in relapsed/refractory MM. Blood. 
2017;130(22):2392-2400. doi:10.1182/blood-2017-06-788323

	53.	 Seymour JF, Ma S, Brander DM, et  al. Venetoclax plus ritux-
imab in relapsed or refractory chronic lymphocytic leukaemia: 
a phase 1b study. Lancet Oncol. 2017;18(2):230-240. doi:10.1016/
s1470-2045(17)30012-8

	54.	 DiNardo CD, Pratz KW, Letai A, et al. Safety and preliminary 
efficacy of venetoclax with decitabine or azacitidine in elderly 
patients with previously untreated acute myeloid leukaemia: 
a non-randomised, open-label, phase 1b study. Lancet Oncol. 
2018;19(2):216-228. doi:10.1016/S1470-2045(18)30010-X

	55.	 Fischer K, Al-Sawaf O, Bahlo J, et al. Venetoclax and obinutu-
zumab in patients with CLL and coexisting conditions. N Engl J 
Med. 2019;380(23):2225-2236. doi:10.1056/NEJMoa1815281

	56.	 Wei AH, Strickland SA Jr, Hou JZ, et al. Venetoclax combined 
with low-dose cytarabine for previously untreated patients with 
acute myeloid leukemia: results from a phase Ib/II study. J Clin 
Oncol. 2019;37(15):1277-1284. doi:10.1200/JCO.18.01600

	57.	 Wierda WG, Allan JN, Siddiqi T, et al. Ibrutinib plus Venetoclax 
for first-line treatment of chronic lymphocytic leukemia: pri-
mary analysis results from the minimal residual disease cohort 
of the randomized phase II CAPTIVATE study. J Clin Oncol. 
2021;39(34):3853-3865. doi:10.1200/JCO.21.00807

	58.	 Alaei S, Wang Y, Liu Y, Schiele J, Deng R, Shiller D, Marroum 
P, Menon R, Salem AH. Venetoclax clinical pharmacokinetics 
after administration of crushed, ground or whole tablets. Clin 
Ther. 2024. doi:10.1016/clinthera.2024.03.012

	59.	 Freise KJ, Jones AK, Menon RM, et  al. Relationship be-
tween venetoclax exposure, rituximab coadministration, and 
progression-free survival in patients with relapsed or refrac-
tory chronic lymphocytic leukemia: demonstration of synergy. 
Hematol Oncol. 2017;35(4):679-684. doi:10.1002/hon.2373

	60.	 Gopalakrishnan S, Wierda W, Chyla B, et al. Integrated mecha-
nistic model of minimal residual disease kinetics with veneto-
clax therapy in chronic lymphocytic leukemia. Clin Pharmacol 
Ther. 2021;109(2):424-432. doi:10.1002/cpt.2005

	61.	 Freise KJ, Dunbar M, Jones AK, et  al. Venetoclax does not 
prolong the QT interval in patients with hematological ma-
lignancies: an exposure-response analysis. Cancer Chemother 
Pharmacol. 2016;78(4):847-853. doi:10.1007/s00280-016-3144-1

	62.	 Dave N, Gopalakrishnan S, Mensing S, Salem AH. Model-
informed dosing of venetoclax in healthy subjects: an exposure-
response analysis. Clin Transl Sci. 2019;12(6):625-632. doi:10.1111/
cts.12665

	63.	 Liu S, Salem AH, Ross J, Bueno O, Badawi M. Modeling M-
protein dynamics in subjects with relapsed/refractory multiple 

myeloma receiving venetoclax: utility of early M-protein moni-
toring to predict progression free survival. Clin Pharmacol Ther. 
2024;115(S1):S67.

	64.	 Deng R, Gibiansky L, Lu T, et al. Exposure-response analysis 
of venetoclax in combination with rituximab in patients with 
relapsed or refractory chronic lymphocytic leukemia: pooled 
results from a phase 1b study and the phase 3 MURANO study. 
Leuk Lymphoma. 2020;61(1):56-65. doi:10.1080/10428194.2019.
1657575

	65.	 Samineni D, Gibiansky L, Wang B, et al. Pharmacokinetics and 
exposure-response analysis of venetoclax + obinutuzumab 
in chronic lymphocytic leukemia: phase 1b study and phase 
3 CLL14 trial. Adv Ther. 2022;39(8):3635-3653. doi:10.1007/
s12325-022-02170-w

	66.	 Agarwal S, Gopalakrishnan S, Mensing S, et  al. Optimizing 
venetoclax dose in combination with low intensive therapies in 
elderly patients with newly diagnosed acute myeloid leukemia: 
an exposure-response analysis. Hematol Oncol. 2019;37(4):464-
473. doi:10.1002/hon.2646

	67.	 Parikh A, Gopalakrishnan S, Freise KJ, et al. Exposure-response 
evaluations of venetoclax efficacy and safety in patients with 
non-Hodgkin lymphoma. Leuk Lymphoma. 2018;59(4):871-879. 
doi:10.1080/10428194.2017.1361024

	68.	 Freise KJ, Jones AK, Verdugo ME, Menon RM, Maciag PC, 
Salem AH. Moving beyond maximum tolerated dose for tar-
geted oncology drugs: use of clinical utility index to opti-
mize venetoclax dosage in multiple myeloma patients. Clin 
Pharmacol Ther. 2017;102(6):970-976. doi:10.1002/cpt.712

	69.	 Badawi M, Coppola S, Eckert D, et al. Venetoclax in biomarker-
selected multiple myeloma patients: impact of exposure on 
clinical efficacy and safety. Hematol Oncol. 2024;42(1):e3222. 
doi:10.1002/hon.3222

	70.	 Badawi M, Engelhardt B, Dobkowska E, et  al. Exposure-
response analysis of venetoclax in combination with car-
filzomib and dexamethason in t(11;14)-positive relapsed/
refractory multiple myeloma patients. Athens, Greece: The 
20th International Myeloma Society Annual Meeting. 2023.

	71.	 Badawi M, Engelhardt B, Badillo J, et  al. Exposure-response 
analysis supports a lower dose of venetoclax in t(11;14)-positive 
relapsed/refractory multiple myeloma patients when com-
bined with daratumumab and dexamethasone. New Orleans, 
Louisiana: American Society of Hematology Annual Meeting 
(ASH). 2022.

	72.	 Freise KJ, Jones AK, Eckert D, et al. Impact of venetoclax expo-
sure on clinical efficacy and safety in patients with relapsed or 
refractory chronic lymphocytic leukemia. Clin Pharmacokinet. 
2017;56(5):515-523. doi:10.1007/s40262-016-0453-9

How to cite this article: Salem AH, Menon RM. 
Clinical pharmacokinetics and pharmacodynamics 
of venetoclax, a selective B-cell lymphoma-2 
inhibitor. Clin Transl Sci. 2024;17:e13807. 
doi:10.1111/cts.13807

 17528062, 2024, 5, D
ow

nloaded from
 https://ascpt.onlinelibrary.w

iley.com
/doi/10.1111/cts.13807 by C

ochrane G
reece, W

iley O
nline L

ibrary on [08/11/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org//10.1007/s00280-020-04179-w
https://doi.org//10.1002/jcph.2140
https://doi.org//10.1080/00498254.2017.1381779
https://doi.org//10.1182/blood-2017-06-788323
https://doi.org//10.1016/s1470-2045(17)30012-8
https://doi.org//10.1016/s1470-2045(17)30012-8
https://doi.org//10.1016/S1470-2045(18)30010-X
https://doi.org//10.1056/NEJMoa1815281
https://doi.org//10.1200/JCO.18.01600
https://doi.org//10.1200/JCO.21.00807
https://doi.org//10.1002/hon.2373
https://doi.org//10.1002/cpt.2005
https://doi.org//10.1007/s00280-016-3144-1
https://doi.org//10.1111/cts.12665
https://doi.org//10.1111/cts.12665
https://doi.org//10.1080/10428194.2019.1657575
https://doi.org//10.1080/10428194.2019.1657575
https://doi.org//10.1007/s12325-022-02170-w
https://doi.org//10.1007/s12325-022-02170-w
https://doi.org//10.1002/hon.2646
https://doi.org//10.1080/10428194.2017.1361024
https://doi.org//10.1002/cpt.712
https://doi.org//10.1002/hon.3222
https://doi.org//10.1007/s40262-016-0453-9
https://doi.org/10.1111/cts.13807

	Clinical pharmacokinetics and pharmacodynamics of venetoclax, a selective B-­cell lymphoma-­2 inhibitor
	Abstract
	BACKGROUND AND MECHANISM OF ACTION
	PHYSICOCHEMICAL PROPERTIES AND ADME
	Central nervous system penetration

	SINGLE-­ AND MULTIPLE-­DOSE PHARMACOKINETICS
	Single-­dose pharmacokinetics
	Multiple-­dose pharmacokinetics

	INFLUENCE OF INTRINSIC FACTORS ON VENETOCLAX PHARMACOKINETICS
	Age, body weight, and sex
	Pediatrics

	Race and ethnicity
	Hepatic or renal impairment
	Venetoclax PK across patient populations
	Influence of food on venetoclax bioavailability

	DRUG–DRUG INTERACTIONS
	Effect of CYP3A inhibitors on venetoclax
	Effect of CYP3A inducers on venetoclax
	Effect of P-­gp inhibitors on venetoclax
	Gastric acid-­reducing agents
	Venetoclax effect on other drugs
	Warfarin
	Digoxin

	Coadministration with anticancer agents

	VENETOCLAX FORMULATIONS AND BIOPHARMACEUTICS
	PHARMACODYNAMICS AND EXPOSURE–RESPONSE ANALYSES
	CONCLUSIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


