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Abstract
Enfortumab vedotin is an antibody–drug conjugate comprised of a human monoclonal antibody directed to Nectin-4 and 
monomethyl auristatin E (MMAE), a microtubule-disrupting agent. The objectives of this review are to summarize the clinical 
pharmacology of enfortumab vedotin monotherapy and demonstrate that the appropriate dose has been selected for clinical 
use. Pharmacokinetics (PK) of enfortumab vedotin (antibody–drug conjugate and total antibody) and free MMAE were 
evaluated in five clinical trials of patients with locally advanced or metastatic urothelial carcinoma (n = 748). Intravenous 
enfortumab vedotin 0.5–1.25 mg/kg on days 1, 8, and 15 of a 28-day cycle showed linear, dose-proportional PK. No signifi-
cant differences in exposure or safety of enfortumab vedotin and free MMAE were observed in mild, moderate, or severe renal 
impairment versus normal renal function. Patients with mildly impaired versus normal hepatic function had a 37% increase 
in area under the concentration-time curve (0–28 days), a 31% increase in maximum concentration of free MMAE, and a 
similar adverse event profile. No clinically significant PK differences were observed based on race/ethnicity with weight-
based dosing, and no clinically meaningful QT prolongation was observed. Concomitant use with dual P-glycoprotein and 
strong cytochrome P450 3A4 inhibitors may increase MMAE exposure and the risk of adverse events. Approximately 3% 
of patients developed antitherapeutic antibodies against enfortumab vedotin 1.25 mg/kg. These findings support enfortumab 
vedotin 1.25 mg/kg monotherapy on days 1, 8, and 15 of a 28-day cycle. No dose adjustments are required for patients with 
renal impairment or mild hepatic impairment, or by race/ethnicity.

1  Introduction

Enfortumab vedotin, an antibody–drug conjugate (ADC) 
directed to Nectin-4, is composed of a fully human 
anti–Nectin-4 immunoglobulin G1 kappa monoclonal 
antibody conjugated to the small molecule microtubule-
disrupting agent monomethyl auristatin E (MMAE) via 
a protease-cleavable maleimidocaproyl valine–citrulline 
linker [1]. Approximately four molecules of MMAE are 
attached to each antibody molecule [2]. Nonclinical data 

suggest that anticancer activity of enfortumab vedotin is 
due to binding of the ADC to Nectin-4–expressing cells, 
followed by internalization of the ADC–Nectin-4 com-
plex and the intracellular release of MMAE via proteo-
lytic cleavage. Release of MMAE disrupts the microtubule 
network within the cell, subsequently inducing cell-cycle 
arrest and apoptotic cell death [2, 3]. Preclinical data also 
suggest that diffusion of MMAE to nearby cells in the 
tumor microenvironment may lead to tumor cell killing via 
a bystander effect, providing support for clinical studies in 
patients with heterogeneous Nectin-4–expressing tumors 
[4]. In addition, preclinical models show that enfortumab 
vedotin induces hallmarks of immunogenic cell death, 
and when combined with programmed cell death protein 
1 (PD-1) inhibitors demonstrates enhanced immune activa-
tion and improved antitumor responses [5].
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Key Points 

Pharmacokinetics (PK) of enfortumab vedotin (anti-
body–drug conjugate [ADC] and total antibody) and 
free monomethyl auristatin E (MMAE) was evaluated in 
five monotherapy clinical trials of patients with locally 
advanced or metastatic urothelial carcinoma and other 
malignant solid tumors that express Nectin-4; PK were 
linear and dose proportional at doses ranging from 0.5 to 
1.25 mg/kg.

No clinically meaningful differences in enfortumab 
vedotin and MMAE PK were observed with any degree 
of renal impairment versus normal renal function, or 
based on race/ethnicity; higher MMAE exposure with 
mild hepatic impairment compared with normal hepatic 
function was not considered clinically meaningful.

Exposure–response efficacy analysis suggested that 
median overall survival benefits with enfortumab vedotin 
(11.0–15.2 months) versus chemotherapy (9.0 months) 
were not significantly impacted by average ADC concen-
trations. Exposure–response safety analysis found that 
average ADC concentration was a significant positive 
predictor for the probability of some safety outcomes, 
including grade 3 or higher treatment-related adverse 
events; however, enfortumab vedotin 1.25 mg/kg mono-
therapy was generally well tolerated with a manageable 
safety profile in clinical studies.

Enfortumab vedotin was first approved in the United 
States (US) in 2019 and is now approved in more than 40 
countries worldwide [2] based on the positive overall sur-
vival (OS) benefit observed in the randomized controlled 
phase III EV-301 study [6]. The EV-301 study demon-
strated superior OS of enfortumab vedotin as monotherapy 
compared with standard-of-care chemotherapy in patients 
with advanced urothelial carcinoma (UC) [6]. Enfortumab 
vedotin is approved in the US for the treatment of adults 
with locally advanced or metastatic UC (mUC) who have 
either previously received a PD-1/programmed death 
ligand 1 (PD-1/L1) inhibitor and platinum-containing 
chemotherapy or who are ineligible for cisplatin-contain-
ing chemotherapy and have previously received one or 
more prior lines of therapy [2]. The recommended dose 
as monotherapy is 1.25 mg/kg (up to a maximum dose 
of 125 mg) administered on days 1, 8, and 15 of a 28-day 
cycle [7]. In addition, enfortumab vedotin received accel-
erated approval in the US in combination with pembroli-
zumab for the treatment of adults with locally advanced 
UC or mUC who are ineligible for cisplatin-containing 

chemotherapy at a dose of 1.25 mg/kg (up to a maximum 
of 125 mg) administered on days 1 and 8 of a 21-day cycle 
[2].

Bladder cancer is the tenth most common cancer world-
wide; in 2020, bladder cancer was associated with approxi-
mately 213,000 related deaths [8]. UC, the most common 
histologic subtype of bladder cancer, accounts for 90% of 
bladder cancers [9]. Metastatic bladder cancer is an aggres-
sive and devastating disease, with an estimated 5-year OS 
rate of 8.3% in the US [10]. Therefore, enfortumab vedotin, 
alone or in combination with pembrolizumab, is an impor-
tant treatment option for this population.

The objectives of this review are to provide a compre-
hensive summary of the clinical pharmacology of enfor-
tumab vedotin monotherapy; discuss the impact of special 
populations and extrinsic and intrinsic factors on the phar-
macokinetics (PK) of the ADC, total antibody (TAb), and 
free MMAE; and demonstrate that the appropriate dose of 
enfortumab vedotin has been selected for use in patients. The 
reported findings are largely based on data from five clinical 
studies of enfortumab vedotin monotherapy: three phase I 
studies (AGS-22M6E-11-1; EV-101, including patients with 
renal insufficiency [3]; and EV-102 [11]), one phase II study 
(EV-201 [12, 13]), and the pivotal phase III study (EV-301 
[6]) [Table 1].

2 � Clinical Pharmacokinetics

Three different analytes (ADC, measured as antibody with 
any amount of MMAE still conjugated; TAb, defined as fully 
conjugated, partially conjugated, and unconjugated anti-
body; and free MMAE) were measured after enfortumab 
vedotin administration to characterize the PK properties of 
enfortumab vedotin. Following intravenous administration 
of enfortumab vedotin at 1.25 mg/kg, ADC, TAb, and free 
MMAE exposures in cycle 1 day 1 and cycle 1 day 15 were 
generally similar in the EV-101, EV-102, and EV-201 stud-
ies; data from EV-201 are shown in Fig. 1. The PK of ADC, 
TAb, and free MMAE were characterized by multi-expo-
nential profiles, with peak ADC and MMAE concentrations 
attained at the end of infusion and time to peak concentration 
of free MMAE reached approximately 2–3 days after dosing. 
Upon repeat enfortumab vedotin dosing, circulating ADC 
and MMAE levels were similar to exposures after the first 
dose, indicating minimal accumulation of ADC and MMAE. 
Minimal TAb accumulation was observed after repeat enfor-
tumab vedotin dosing, as suggested by the geometric mean 
ratio (GMR) of accumulation of 1.1. The PK parameters 
of ADC, TAb, and free MMAE from the EV-201 study are 
summarized in Table 2. Although maximum concentration 
(Cmax) exposures of TAb were slightly higher than corre-
sponding ADC exposures, trough concentration (Ctrough) 
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was several-fold higher for TAb than for ADC, leading to 
larger estimates of TAb area under the concentration-time 
curve (AUC) relative to the corresponding ADC parameter 
estimate. For example, cycle 1 day 15 geometric mean esti-
mates of AUC day 14 post-infusion (AUC​d0–14) were 98.1 
days·μg/mL for TAb and 34.7 days·μg/mL for ADC, with 
corresponding geometric mean estimates of Cmax of 30.9 μg/
mL for TAb and 26.0 μg/mL for ADC. The large difference 
in AUC​d0–14 estimates resulted from an approximately 5.5-
fold higher average Ctrough for TAb than for ADC at the end 
of cycle 1. After a single dose of enfortumab vedotin 1.25 
mg/kg, plasma concentrations of free MMAE, compared 
with ADC and TAb concentrations, were low. Mean Cmax of 
free MMAE was 2.4–3.9 ng/mL across cycles 1 and 2 and 
was more than 1000-fold lower than that of ADC (data on 
file, Astellas Pharma). 

In the EV-101 study (in part A, involving patients with 
malignant, Nectin-4-expressing, treatment-resistant/refrac-
tory solid tumors to establish the recommended phase II 
dose), all three analytes exhibited approximately linear, 
dose-proportional PK at enfortumab vedotin doses ranging 
from 0.5 to 1.25 mg/kg administered as an intravenous infu-
sion over approximately 30 min on days 1, 8, and 15 of a 
28-day cycle (Table 3) [data on file, Astellas Pharma].

3 � Distribution, Metabolism, and Elimination

At the time of publication, no distribution studies of enfor-
tumab vedotin had been conducted. Studies of MMAE pro-
tein binding in human plasma and partitioning in red blood 
cells showed that 67.9–82.2% of 3H-MMAE was bound to 
plasma proteins [14], suggesting that MMAE is not likely 
to displace or to be displaced by highly protein-bound drugs 
[15]. In vitro studies indicated that MMAE is a substrate, not 
an inhibitor, of the efflux transporter P-glycoprotein (P-gp). 
In vitro studies also indicated that MMAE is not a substrate 
of BCRP, MRP2, OATP1B1, OATP1B3, OCT2, OAT1, or 
OAT3, and not an inhibitor of BSEP, P-gp, MRP2, OCT1, 
OCT2, OAT1, OAT3, OATP1B1, or OATP1B3 at clinically 
relevant concentrations [15].

Enfortumab vedotin is expected to undergo catabo-
lism to small peptides, amino acids, free MMAE, and free 
MMAE-related catabolites (studies in humans have not 
been conducted). Enfortumab vedotin releases MMAE via 
proteolytic cleavage, and MMAE is primarily metabolized 
by cytochrome P450 (CYP) 3A4. In a clinical study with 
another MMAE-containing ADC, brentuximab vedotin, the 
primary excretion route of MMAE was via feces (approxi-
mately 24% of total MMAE administered was excreted in 
feces and urine, of which approximately 72% was excreted 
in feces) [16].

Population PK analysis based on ADC and free MMAE 
concentration-time data from five clinical studies of enfor-
tumab vedotin 0.5–1.25 mg/kg (n = 748) showed that the 
mean clearance of ADC (CLA) and free MMAE (CLM) 
was 0.11 and 2.11 L/h, respectively. ADC elimination 
displayed a multi-exponential decline and a half-life (t½) 
of approximately 3.6 days (87.2 h) following an intrave-
nous dose of enfortumab vedotin 1.25 mg/kg (manuscript 
under submission). The ADC median t½ was 1.65 days 
following a 0.6-mg/kg dose and 2.39 days following an 
intravenous dose of enfortumab vedotin 1.2 mg/kg based 
on the observed concentrations in the AGS-22M6E-11-1 
study (data on file, Astellas Pharma). Based on popula-
tion PK analysis, elimination of MMAE appeared to be 
limited by its rate of release from enfortumab vedotin; 
MMAE elimination multi-exponentially declined and had 
a t½ of approximately 2.6 days (61.2 h) [manuscript under 
submission].

4 � Renal Impairment

Effects of renal impairment on enfortumab vedotin PK 
were evaluated in the EV-101 trial and using population 
PK analysis. Part B of the EV-101 study included patients 
with mUC and various degrees of renal insufficiency 
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(renal insufficiency cohort), and the PK of ADC, MMAE, 
and TAb, as well as safety findings, in the renal insuf-
ficiency cohort were similar to those of other patients in 
the EV-101 study without renal insufficiency. Creatinine 
clearance was not identified to be a significant covariate 
for either ADC or MMAE, and mild (n = 129), moder-
ate (n = 315), or severe (n = 25) renal insufficiency had 
no effect on exposures of the two analytes (Fig. 2) ver-
sus in patients with normal renal function in population 
PK analysis. Statistical analyses for the effects of renal 
impairment on exposures of ADC and MMAE are shown 
in Table 4. No definitive conclusions can be drawn for end-
stage renal disease due to the small sample size (n = 1). 
Mild to severe renal impairment had no statistically sig-
nificant effect on the PK of ADC and MMAE (data on file, 
Astellas Pharma).

Across all studies in the enfortumab vedotin clinical 
development program, a total of 680 patients received 
enfortumab vedotin monotherapy at a dose of 1.25 mg/kg. 
Of these, 112 (17%) had normal renal function, 245 (36%) 
had mild renal impairment, 295 (44%) had moderate renal 
impairment, and 21 (3%) had severe renal impairment. In the 
integrated safety summary of the pooled dataset (N = 680) as 
well as the phase III EV-301 study population (N = 296), the 
incidence of the most common treatment-emergent adverse 
events (TEAEs) occurring in 10% or more of patients, as 
well as treatment-related AEs (TRAEs), serious TEAEs 
(Online Resource 1), treatment discontinuation, and dose 
reductions, was similar regardless of baseline renal function 
(data on file, Astellas Pharma).

Table 2   Summary of PK 
parameters of ADC, TAb, 
and free MMAE after 
administration of enfortumab 
vedotin 1.25 mg/kg in patients 
with locally advanced or 
metastatic urothelial carcinoma 
previously treated with platinum 
chemotherapy and a PD-1/L1 
inhibitor in the EV-201 study

Time of Cmax corresponds to the day 2 postdose sample time
ADC antibody–drug conjugate, AUC​d0–7 area under the concentration-time curve (day 7 post-infusion), 
AUC​d0–14 area under the concentration-time curve (day 14 post-infusion), Cmax maximum concentration, 
Ctrough trough concentration, MMAE monomethyl auristatin E, PD-1/L1 programmed cell death protein  
1/ligand 1, PK pharmacokinetic, TAb total antibody, Tmax time to peak concentration
a Maximum number of participants for whom data are available
b Tmax shown as median (minimum–maximum)

Parameter Geometric mean (%CV)

ADC [n = 125] TAb [n = 125] Free MMAE [n = 125]

Cycle 1, dose 1, day 1
 na 120 120 117
 Cmax 26.6 (28.5) µg/mL 26.6 (30.4) µg/mL 3.1 (67.0) ng/mL
 AUC​d0–7 34.6 (34.0) d·μg/mL 63.4 (33.6) d·μg/mL 14.1 (81.7) d·ng/mL
 Tmax, db 0.0278 (0.010–0.052) 0.0278 (0.010–0.052) 1.9 (1–5)

Cycle 1, dose 3, day 15
 na 93 93 93
 Cmax 26.0 (28.3) µg/mL 30.9 (22.9) µg/mL 3.9 (64.8) ng/mL
 AUC​d0–7 31.3 (43.8) d·μg/mL 77.6 (35.2) d·μg/mL 19.1 (79.1) d·ng/mL
 AUC​d0–14 34.7 (44.7) d·μg/mL 98.1 (38.8) d·μg/mL 25.9 (74.7) d·ng/mL
 Tmax, db 0.0285 (0.014–0.054) 0.0285 (0.014–0.054) 2.0 (1–11)

Cycle 2, predose 1, day 1
 n 94 106 102
 Ctrough (86.2) µg/mL 1.1 (71.8) µg/mL 0.3 (90.0) ng/mL

Cycle 2, dose 1, day 1
 na 105 105 106
 Cmax 24.5 (31.4) µg/mL 26.2 (30.5) µg/mL 2.4 (57.4) ng/mL
 AUC​d0–7 36.4 (36.7) d·μg/mL 73.2 (33.5) d·μg/mL 11.3 (58.0) d·ng/mL
 Tmax, db 0.0264 (0.011–0.042) 0.0264 (0.011–0.042) 2.0 (1–5)

Cycle 2, dose 3, day 15
 na 95 95 90
 Cmax 26.3 (25.2) µg/mL 30.2 (22.7) µg/mL 3.0 (64.8) ng/mL

AUC​d0–7 35.9 (41.2) d·μg/mL 87.9 (30.6) d·μg/mL 14.9 (64.7) d·ng/mL
 Tmax, db 0.0285 (0.020–0.115) 0.0285 (0.020–0.115) 1.9 (1–9)
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Table 3   Statistical assessment 
of dose proportionality for 
ADC, TAb, and free MMAE 
(power model) in Part Aa, Cycle 
1 of the EV-101 studya

ADC antibody–drug conjugate, AUC​d0–7 area under the concentration-time curve at day 7 post-infusion, CI 
confidence interval, Cmax maximum concentration, MMAE monomethyl auristatin E, PK pharmacokinetics, 
SE standard error, TAb total antibody
a Involving patients with malignant, Nectin-4-expressing, treatment-resistant/refractory solid tumors to 
establish the recommended phase II dose
b Patient numbers analyzed by dose group: 0.5 mg/kg (n = 2); 0.75 mg/kg (n = 19); 1.0 mg/kg (n = 30); 
1.25 mg/kg (n = 150). Not all patients had PK data for each analyte at each timepoint

Analyte Dose range, mg/kg Dose number Parameter Slope

Estimate (SE) 90% CI

ADC 0.5–1.25 First AUC​d0–7, d·µg/mL 0.891 (0.139) 0.660–1.12
Cmax, µg/mL 0.637 (0.152) 0.384–0.890

Third AUC​d0–7, d·µg/mL 1.01 (0.158) 0.740–1.27
Cmax, µg/mL 0.529 (0.169) 0.246–0.812

TAb 0.5–1.25 First AUC​d0–7, d·µg/mL 1.23 (0.160) 0.966–1.50
Cmax, µg/mL 1.05 (0.165) 0.772–1.32

Third AUC​d0–7, d·µg/mL 1.39 (0.149) 1.14–1.64
Cmax, µg/mL 1.23 (0.175) 0.938–1.52

Free MMAE 0.5–1.25 First AUC​d0–7, d·ng/mL 1.74 (0.459) 0.964–2.51
Cmax, ng/mL 0.996 (0.283) 0.525–1.47

Third AUC​d0–7, d·ng/mL 0.946 (0.313) 0.422–1.47
Cmax, ng/mL 0.952 (0.295) 0.458–1.45
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Fig. 2   Effect of renal functiona on pharmacokinetic parameters 
for cycle 1. Cycle 2 day 1 predose concentration was used as cycle 
1 Ctrough. Orange and blue circles were individual model-predicted 
cycle 1 exposures of enfortumab vedotin and free MMAE, respec-
tively, after enfortumab vedotin 1.25 mg/kg. Six patients with missing 
or unknown renal impairment category were excluded from the plots. 

aCreatinine clearance: normal, ≥ 90 mL/min; mild, ≥ 60 to < 90 mL/
min; moderate, ≥ 30 to < 60 mL/min; severe, ≥15 to < 30 mL/min. 
AUC​0–28d area under the concentration-time curve from time 0 to 28 
days post-infusion, Cmax maximum concentration, Ctrough trough con-
centration, MMAE monomethyl auristatin E
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5 � Hepatic Impairment

No formal clinical study has been conducted to assess the 
effect of hepatic function on enfortumab vedotin PK. However, 
data on hepatic impairment were obtained from clinical studies 
and were evaluated with population PK analysis. A total of 669 
patients who received enfortumab vedotin in the five clini-
cal studies had normal hepatic function and 65 patients had 
mild hepatic impairment. For hepatic impairment, bilirubin 
was identified as a significant covariate for free MMAE alone. 
Simulations indicated comparable exposures between those 
with mild hepatic impairment and normal hepatic function for 
ADC (Fig. 3). Statistical analyses for the effects of hepatic 
impairment on exposures of ADC and MMAE are shown in 
Table 5. A 37% increase in the AUC from time 0 to 28 days 
(AUC​0–28d) and a 31% increase in Cmax of free MMAE were 
observed in patients with mild hepatic impairment compared 
with normal hepatic function. For three patients with moderate 
hepatic impairment, exposures were within the range of expo-
sures seen in patients with normal hepatic function; however, 
the small sample size precludes drawing any definitive conclu-
sions (data on file, Astellas Pharma).

The TEAEs observed in patients with mild hepatic 
impairment were consistent with those observed in patients 
with normal hepatic function (Online Resource 2). In the 
EV-301 study, 86.5% of patients receiving enfortumab vedo-
tin had normal hepatic function and 9.5% of patients had 
mild hepatic impairment. Overall, no differences between 
these two subgroups were observed for overall TEAEs, 
grade 3 or higher AEs, withdrawals, dose reductions or inter-
ruptions, serious AEs, or treatment-related serious AEs (data 
on file, Astellas Pharma).

6 � Drug–Drug Interactions

No clinically meaningful drug–drug interactions (DDIs) 
were expected for the conjugated monoclonal antibody 
enfortumab vedotin based on physiologically based PK mod-
eling as well as historical data on other MMAE-containing 
ADCs. Information regarding DDIs was obtained from phys-
iologically based PK modeling (to predict DDI potential as 
formal DDI studies with enfortumab vedotin have not been 
conducted) and from the EV-301 study. Results of the physi-
ologically based PK modeling study indicated that MMAE 
exposure may increase, decrease, or have no change when 
enfortumab vedotin is combined with P-gp and a strong 
CYP3A4 inhibitor, inducer, or substrate, respectively [17]. 
The simulation predicted an MMAE Cmax GMR of 1.15 and 
AUC from 0 to the last measured point (AUC​last) GMR of 
1.38 when enfortumab vedotin 1.25 mg/kg was administered 
with ketoconazole; when it was administered with rifampin, 
MMAE Cmax GMR was 0.72 and AUC​last GMR was 0.47.

Comparisons of individual, model-predicted cycle 1 
exposures of ADC (enfortumab vedotin) and free MMAE 
by P-gp inhibitor use (e.g., erythromycin, azithromycin, 
quinidine, and atorvastatin) showed substantial overlap 
(Fig. 4). In the phase III EV-301 study (N = 296) and in 
the pooled safety dataset (patients treated with 1.25 mg/kg) 
from the enfortumab vedotin clinical development program 
(N = 680), no differences in overall TEAEs and TRAEs were 
observed between patients receiving a P-gp inhibitor (62.1% 
and 66.0% of patients in EV-301 and in the enfortumab 
vedotin 1.25 mg/kg safety analysis group, respectively) 
compared with those not receiving a P-gp inhibitor (Online 
Resource 3). Proportions of patients receiving enfortumab 

Table 4   Effects of mild to severe renal impairment based on model-predicted exposures of enfortumab vedotin and free MMAE

AUC​0–28d area under the concentration-time curve from time 0 to 28 d post-infusion, CI confidence interval, Cmax maximum concentration, LS 
least square, MMAE monomethyl auristatin E

Analyte Comparison (test/ref) Exposure metric Ref Test Test/Ref

N Geometric 
LS mean

N Geometric 
LS mean

Geometric LS 
mean ratio, %

90% CI

Enfortumab vedotin Mild/normal renal function AUC​0–28d 129 105 272 109 104 99.5–108.0
Cmax 129 27.6 272 27.6 99.8 96.1–104.0

Moderate/normal renal function AUC​0–28d 129 105 315 110 104 100.0–109.0
Cmax 129 27.6 315 26.8 97.0 93.5–101.0

Severe/normal renal function AUC​0–28d 129 105 25 112 106 97.7–115.0
Cmax 129 27.6 25 28.7 104 96.0–113.0

Free MMAE Mild/normal renal function AUC​0–28d 129 69.8 272 72.0 103 94.1–113.0
Cmax 129 4.66 272 4.76 102 93.6–111.0

Moderate/normal renal function AUC​0–28d 129 69.8 315 77.6 111 102.0–122.0
Cmax 129 4.66 315 5.00 107 98.7–117.0

Severe/normal renal function AUC​0–28d 129 69.8 25 82.7 119 96.4–146.0
Cmax 129 4.66 25 5.47 117 96.8–142.0
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vedotin 1.25 mg/kg with serious TRAEs or grade 3 or higher 
TRAEs were numerically higher among those receiving P-gp 
inhibitors (serious TRAE, 24.3%; TRAE grade 3 or higher, 
56.8%) compared with those not receiving P-gp inhibitors 
(serious TRAE, 10.0%; TRAE grade 3 or higher, 33.3%); 
however, the presence of other intrinsic (e.g., comorbidi-
ties, organ impairment) or extrinsic factors (e.g., concomi-
tant medications) may have confounded the findings (data 
on file, Astellas Pharma).

A similar assessment was performed with regard to 
concomitant use of CYP3A inhibitors and enfortumab 
vedotin. Of 296 patients treated with enfortumab vedotin 
in the EV-301 study, 1 (0.3%) was concomitantly treated 
with a strong CYP3A inhibitor, 55 (18.6%) with a moder-
ate CYP3A inhibitor, and 67 (22.6%) with a mild CYP3A 
inhibitor. In patients with moderate or mild CYP3A inhibi-
tor use, little difference was observed in overall TEAEs 
or TRAEs versus patients who did not have concomitant 
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Fig. 3   Effect of hepatic functiona on pharmacokinetic parameters 
for cycle 1. Cycle 2 day 1 predose concentration was used as cycle 1 
Ctrough. Orange and blue circles are individual model-predicted cycle 
1 exposures of enfortumab vedotin and free MMAE, respectively, 
after enfortumab vedotin 1.25 mg/kg. Eleven patients with missing or 
unknown hepatic impairment category were excluded from the plots. 
a  Normal, total bilirubin and AST ≤ULN; mild impairment (total 

bilirubin >  1 to ≤  1.5  ×  ULN) or (AST >ULN and total bilirubin 
≤1 × ULN); moderate impairment, total bilirubin >1.5 to 3 × ULN 
(any AST). AST aspartate aminotransferase, AUC​0–28d area under the 
concentration-time curve from time 0 to 28 days post-infusion, Cmax 
maximum concentration, Ctrough trough concentration, MMAE mono-
methyl auristatin E, ULN upper limit of normal

Table 5   Effects of mild hepatic impairment based on model-predicted exposures of enfortumab vedotin and free MMAE

AUC​0–28d area under the concentration-time curve from time 0 to 28 d post-infusion, CI confidence interval, Cmax maximum concentration, LS 
least square, MMAE monomethyl auristatin E

Analyte Comparison (test/ref) Exposure metric Reference Test Test/Ref

N Geometric 
LS mean

N Geometric 
LS mean

Geometric LS 
mean ratio, %

90% CI

Enfortumab vedotin Mild/normal hepatic function AUC​0–28d 669 110 65 103 94.4 89.9–99.1
Cmax 669 27.3 65 27.2 99.8 95.4–104.0

Free MMAE Mild/normal hepatic function AUC​0–28d 669 71.8 65 98.4 137 123.0–153.0
Cmax 669 4.73 65 6.18 131 118.0–145.0
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CYP3A inhibitor use (Online Resource 4). Serious TRAEs 
were reported in a numerically higher percentage of patients 
receiving enfortumab vedotin 1.25 mg/kg in the safety analy-
sis group using moderate (28.7%) or mild (20.7%) CYP3A 
inhibitors versus those not receiving CYP3A inhibitors 
(14.4%); similarly, in those subgroups, grade 3 or higher 
TRAEs were reported in 61.8%, 51.1%, and 41.5% of 
patients, respectively. Interpretation of these data may be 
confounded by the presence of other intrinsic or extrinsic 
factors and further limited due to a relatively small sample 
size (data on file, Astellas Pharma).

7 � Impact of Demographic Factors

Comparisons of PK parameters were performed between 
Asian (i.e., those from Asian regions) and non-Asian 
patients, as well as for Asian subgroups of Japanese versus 
non-Japanese patients. ADC and free MMAE exposures 
in Asian patients (n = 158) were comparable with those 
seen in non-Asian patients (n = 537) (Fig. 5). The dif-
ference in exposure was estimated to be < 11% lower in 
Asian patients for cycle 1 AUC​0–28d and Cmax and negligi-
ble for Ctrough; the degree of difference was not considered 
clinically significant (Online Resource 5) [data on file, 
Astellas Pharma]. Based on a noncompartmental analy-
sis of comparative PK profiles for enfortumab vedotin 
between Japanese (n = 17) and non-Japanese (n = 143) 
patients [18], no clinically relevant differences were 
observed between Japanese and non-Japanese patients 
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Fig. 4   Comparison of model-predicted cycle 1 exposures of ADC 
(enfortumab vedotin) and free MMAE by P-gp inhibitor use. Cycle 
2 day 1 predose concentration was used as cycle 1 Ctrough. Red and 
blue circles are individual model-predicted cycle 1 exposures of 
enfortumab vedotin and free MMAE, respectively, after enfortumab 

vedotin 1.25 mg/kg (capped at 125 mg for body weights ≥ 100 kg). 
ADC antibody–drug conjugate, AUC​0–28 area under the time concen-
tration-curve from time 0 to 28 days, Cmax maximum concentration, 
Ctrough trough concentration, MMAE monomethyl auristatin E, P-gp 
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for concentration-time profiles of enfortumab vedotin and 
MMAE (Online Resource 6) or mean exposures for enfor-
tumab vedotin (Online Resource 7) and MMAE (Online 
Resource 8). Exposures of ADC and MMAE appeared 
slightly lower in Japanese versus non-Japanese patients; 
the difference was considered minimal and not clinically 
relevant (Online Resource 9). Population PK model-sim-
ulated ADC and MMAE concentration-time profiles and 
their estimated PK parameters indicated that geometric 
least square mean ratios of Cmax, AUC​0–28d, and Ctrough in 
Japanese patients were slightly lower than non-Japanese 
patients by 2.7–11.6%. Race/ethnicity had no clinically 
meaningful effect on exposures of ADC and MMAE in the 
covariate assessment. There were too few patients (<2%) 
of non-White or non-Asian ethnicities to perform PK com-
parisons among other race categories.

Age, sex, and body weight were statistically significant in 
the population PK model; however, none of the differences 

in exposure were considered to be clinically meaningful 
(data not shown; data on file, Astellas Pharma) [7].

8 � Effect of Antitherapeutic Antibodies

The incidence of antitherapeutic antibodies was low (<3%) 
in clinical studies. Although no formal analysis was com-
pleted, visual inspection identified no apparent effect on 
ADC PK. Data on immunogenicity were obtained from an 
integrated summary of the safety (i.e., pooled analysis) of 
patients from the EV-101, EV-102, EV-201, and EV-301 
studies who received enfortumab vedotin 1.25 mg/kg. A 
total of 590 patients were tested for immunogenicity to 
enfortumab vedotin; 16 (2.8%) tested positive for antith-
erapeutic antibodies against enfortumab vedotin at one or 
more postbaseline time points [2]. Observed enfortumab 
vedotin concentrations in treatment-induced antitherapeu-
tic antibody-positive patients (n = 16) were within the range 
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of concentrations observed for other patients who received 
an enfortumab vedotin dose of 1.25 mg/kg (Fig. 6) [data on 
file, Astellas Pharma]. Due to the low incidence of antithera-
peutic antibodies, the potential impact on safety or efficacy 
could not be evaluated.

9 � Dosing Rationale and Exposure–Response

Selection of the recommended phase II dose of enfortumab 
vedotin was based on results from the phase I dose-escala-
tion studies. In the AGS-22M6E-11-1 study, the safety and 
tolerability of enfortumab vedotin were confirmed at 0.6 mg/
kg and 1.2 mg/kg administered every 3 weeks, but clinical 
response was not observed (data on file, Astellas Pharma). 
Consequently, in a subsequent study (EV-101), the dose 
regimen was changed from every 3 weeks to weekly dosing 
on days 1, 8, and 15 of each 28-day cycle. In EV-101, enfor-
tumab vedotin was tolerated with a manageable safety profile 
and exhibited linear PK over a dose range of 0.5–1.25 mg/
kg. Data from this study showed higher efficacy (confirmed 
objective response rate [ORR] 42.9%) at the 1.25-mg/kg 
dose level compared with lower doses. Although a maximum 
tolerated dose for enfortumab vedotin was not identified, a 
trend between dose level and requirement for dose reduc-
tions was observed. Therefore, no further dose escalations 
were performed beyond 1.25 mg/kg. These data support that 
enfortumab vedotin dosing at 1.25 mg/kg was appropriate.

9.1 � Exposure–Response for Efficacy

Exposure–response analysis for efficacy was conducted 
for the EV-301 study using OS as the efficacy endpoint 
and average concentrations (Cavg) of ADC and unconju-
gated MMAE during treatment (up to time of event) as 
the exposure metric; a Cox proportional hazard model and 
Kaplan–Meier curves were generated. Given the known 
correlation with ADC, TAb exposures were not utilized in 
the exposure–response analyses [19]. Results of the expo-
sure–OS analysis suggested that ADC Cavg was not a statisti-
cally significant predictor of OS. When enfortumab vedotin 
was compared with chemotherapy (using Kaplan–Meier sur-
vival analysis), Cavg of ADC in all quartiles was associated 
with longer median OS rates versus chemotherapy (median 
OS: enfortumab vedotin, 11.0–15.2 months; chemotherapy, 
9.0 months) [manuscript under submission].

In addition, exposure–response analysis for efficacy was 
conducted using logistic regression for the EV-201 study (in 
patients who were platinum-naïve and cisplatin-ineligible) 
where best overall response was used as an efficacy endpoint 
and Cavg was used as the exposure metric. Based on these 
data, ADC Cavg was not a statistically significant predic-
tor of best overall response. However, an upward trend was 
observed in ORR (complete and partial responses) versus 
Cavg, with an ORR of 32% in the lowest exposure quartile 
and ORRs of 55–64% in the upper three exposure quartiles 
(data on file, Astellas Pharma). Overlapping responses 
among patients of the upper-exposure quartiles of ADC sug-
gest that increasing the enfortumab vedotin dose to higher 
than 1.25 mg/kg is unlikely to provide additional benefit to 
most patients.
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Fig. 6   Concentrations of enfortumab vedotin in ATA-positive 
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In contrast to ADC, unconjugated MMAE Cavg was iden-
tified as a statistically significant negative predictor for both 
OS in the EV-301 enfortumab vedotin arm and best overall 
response in EV-201. The reason for the apparent decrease in 
efficacy with increasing unconjugated MMAE exposure is 
not fully understood but could be due to potential effects of 
baseline covariates and baseline patient risk factors for poor 
survival, as reported for other biologics [20–23]. Addition-
ally, given the indirect relationship between free MMAE in 
the circulation and at the tumor site, free MMAE may not 
serve as an informative drug exposure surrogate for enfor-
tumab vedotin for efficacy endpoints based on the mecha-
nism of action [24].

Taken together, the results of these analyses suggest an 
apparent plateauing of efficacy at enfortumab vedotin doses 
of 1.25 mg/kg, and that further increase in exposure may not 
improve clinical efficacy.

9.2 � Exposure–Response for Safety

The exposure–response safety dataset included patients from 
the five clinical trials of enfortumab vedotin 0.5–1.25 mg/
kg (N = 748). The exposure–response analyses for safety 
showed that enfortumab vedotin ADC Cavg is a statistically 
significant positive predictor for the probability of grade 
3 or higher TRAEs, TEAEs leading to dose adjustment, 
grade 3 or higher skin reactions (rash or severe cutaneous 
AEs), grade 2 or higher peripheral neuropathy, and grade 
3 or higher hyperglycemia (all p < 0.0001). An increase in 
ADC Cavg was associated with an increase in the probabil-
ity of these AEs. Free MMAE exposure was also identified 
as a statistically significant predictor for grade 3 or higher 
TRAEs (p < 0.0001), TEAEs leading to dose adjustment 
(p < 0.005), grade 3 or higher skin reactions (rash or severe 
cutaneous AEs; p = 0.029), and grade 2 or higher periph-
eral neuropathy (p = 0.03); MMAE exposure was not asso-
ciated with an increased risk for grade 3 or higher hyper-
glycemia (p = 0.30). All dose levels were included in the 
exposure–response analyses for safety; thus, a relationship 
between exposure and safety endpoints was not unexpected 
(manuscript under submission). Estimated relative dose 
intensity among patients treated with enfortumab vedotin 
1.25 mg/kg was 79% in the EV-201 study (in the group of 
patients who were platinum-naïve and cisplatin-ineligible) 
and 81% in the EV-301 study, indicating that patients gen-
erally received study treatment as planned (data on file, 
Astellas Pharma). Although these analyses suggest associa-
tions between ADC exposure and reported safety outcomes, 
clinical study results showed that treatment with enfortumab 
vedotin 1.25 mg/kg was generally well tolerated, with a man-
ageable safety profile in patients with locally advanced UC 
or mUC [6, 12].

9.3 � Weight‑Based Dosing

Administration of enfortumab vedotin at a fixed dose was 
predicted to result in higher exposures in patients with lower 
body weight and lower exposures in patients with higher 
body weight. Model simulations for enfortumab vedotin 
and free MMAE exposures across different weight quartiles 
based on weight-based dosing, and also with a hypothetical 
fixed dose of 95 mg, suggested that body weight-based dos-
ing (with a dose cap of 125 mg) had the advantage of achiev-
ing similar and consistent exposures with less variability for 
enfortumab vedotin and MMAE across the various weight 
quartiles (manuscript under submission).

10 � Concentration–QTc Analysis

Data for concentration–QTc analysis were derived from 
the phase I EV-102 study of patients in Japan with locally 
advanced UC or mUC who were randomized to receive 
intravenous enfortumab vedotin 1.0 or 1.25 mg/kg on days 
1, 8, and 15 of a 28-day cycle [25]. Relationships between 
time-matched concentrations and QTcF interval change 
from baseline (dQTcF) were analyzed with linear mixed-
effects models. No clinically meaningful QT prolongation 
was observed. Data on time-matched concentration and 
electrocardiographic results were obtained from the phase 
I EV-102 study [25]. The concentration–QTcF modeling 
study was based on 157 observations from 17 patients 
(men, n = 15; women, n = 2) who received at least one 
enfortumab vedotin dose; 9 patients received 1.0 mg/kg, 
and 8 patients received 1.25 mg/kg. No patient had a QTcF 
interval higher than 450 ms or change from baseline larger 
than 60 ms. Concentration-QTc interval analysis of dQTcF 
intervals using a linear mixed-effects model provided a posi-
tive slope of ADC and a negative slope of MMAE when 
separately modeled. Slope estimates were 0.539 ms/(μg/mL) 
[90% confidence interval [CI] − 0.04 to 1.12; p = 0.125] 
for ADC (Fig. 7) and − 2.40 ms/(ng/mL) [90% CI − 6.28 
to 1.48; p = 0.295] for MMAE (Fig. 8). However, 90% CI 
of slope estimates included 0; therefore, the effect of ADC 
and MMAE exposure on the QTc interval was not statisti-
cally significant and not likely to be clinically meaningful. 
Based on concentration-QTcF modeling, a population mean 
change in the QTcF interval of 6.17 ms (1-sided upper 90% 
CI, 10.5) was estimated to occur at a geometric mean Cmax 
of 20.1 µg/mL for ADC. For MMAE, a population mean 
change in the QTcF interval of −3.14 ms (1-sided upper 
90% CI 9.52) was estimated to occur at a geometric mean 
Cmax of 3.94 ng/mL. At the recommended dose of 1.25 mg/
kg, upper 1-sided 90% CIs for the model-predicted mean 
dQTcF values were < 20 ms (Online Resource 10). In addi-
tion, considering the results of in vitro studies, MMAE 
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seems to be unlikely to interfere with the human ether-a-go-
go–related (hERG) channel at clinically relevant concentra-
tions. The inhibitory effect of MMAE to the hERG channel 
was investigated in vitro at concentrations of up to 100 μM 
using a conventional whole-cell voltage clamp method, and 
its half maximal inhibitory concentration was determined 
to be > 100 μM. A half maximal inhibitory concentration 
estimate of 100 μM is approximately 50,000-fold greater 

than the mean estimate of maximum unbound MMAE con-
centration (0.002 μM, 1.26 ng/mL; unbound fraction: 0.32) 
in patients following a third dose of enfortumab vedotin 1.25 
mg/kg (data on file, Astellas Pharma). 
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11 � Discussion

In the first-in-human study, patients received enfor-
tumab vedotin every 3 weeks. PK results from the AGS-
22M6E-11-1 study indicated a relatively short t½ of ADC 
that supported weekly dosing. Subsequent evaluation of 
enfortumab vedotin monotherapy administered on days 1, 8 
and 15 of a 28-day cycle was conducted in the clinical stud-
ies. Results of a population PK analysis confirmed that the 
t½ of ADC is 3.6 days. The phase I EV-101 study evaluated 
weekly doses of enfortumab vedotin ranging from 0.5 to 
1.25 mg/kg [3]. Although a maximum tolerated dose was not 
reached during the study, higher doses were not evaluated 
because of dose reductions and treatment-related rash and 
diarrhea, both of which occurred at the higher dose levels. 
Furthermore, model simulations based on a hypothetical 
fixed dose of 95 mg suggested that ADC and MMAE expo-
sure would decrease with increasing body weight, indicating 
that weight-based dosing (1.25 mg/kg) is the most appropri-
ate approach (manuscript under submission).

Enfortumab vedotin 1.25 mg/kg monotherapy admin-
istered by intravenous infusion on days 1, 8, and 15 of 
each 28-day cycle was evaluated in two phase I stud-
ies, one pivotal phase II study, and one pivotal phase III 
study, and it demonstrated a manageable safety profile 
with clinical benefit to patients with locally advanced 
UC or mUC. ADC and free MMAE exposure–response 
relationships were characterized for key efficacy and 
safety endpoints. Relationships between ADC exposure 
and efficacy endpoints suggested that treatment with 
enfortumab vedotin at the recommended dose was associ-
ated with clinically meaningful efficacy over the range of 
exposures in patients with locally advanced UC or mUC 
previously treated with platinum-based chemotherapy 
and a PD-1/L1 inhibitor. The recommended intravenous 
dose of enfortumab vedotin monotherapy, supported by 
these data, is 1.25 mg/kg (≤125 mg for patients who 
weigh ≥100 kg) on days 1, 8, and 15 of 28-day cycles 
until disease progression or unacceptable toxicity [2]. 
Reductions from the recommended starting dose should 
follow the recommended schedule (Online Resource 11). 
Race/ethnicity and region were not found to have any 
meaningful impact on the PK of enfortumab vedotin and 
free MMAE.

Overall, despite a positive correlation between ADC 
exposure and safety endpoints, the 1.25-mg/kg dose was 
tolerable with a manageable safety profile when evalu-
ated across the dose range of 0.5–1.25 mg/kg in clini-
cal trials. Patients generally received study treatment as 
planned with relative dose intensities of approximately 

80%. The recommended dose of enfortumab vedotin 
(1.25 mg/kg [≤125 mg for patients weighing ≥100 kg] 
administered as an intravenous infusion over 30 min on 
days 1, 8, and 15 of a 28-day cycle until disease progres-
sion or unacceptable toxicity) reflects the planned dos-
ing and the recommended dose modification guidance 
(Online Resource 11) [2]. Taken together, these results 
suggest enfortumab vedotin monotherapy at the recom-
mended dosing demonstrates a favorable benefit–risk 
profile for patients with locally advanced UC or mUC.

Since the conjugated antibody (ADC) does not take 
into account the time-dependent changes in drug-to-
antibody ratio (DAR) [24], there are limitations in using 
ADC exposures as a predictor for efficacy and safety as 
compared with conjugated payload (antibody-conjugated 
MMAE [acMMAE]). However, both ADC and acMMAE 
are surrogates of MMAE in the tissues (tumor for effi-
cacy and off-target for safety), which is likely the main 
driver for efficacy and safety [26, 27]. Considering all 
other variability (e.g., internalization rates, target expres-
sion, and DAR declining over time), the clinically rel-
evant impact of the difference between acMMAE and 
ADC is likely small, as ADC still shows good correla-
tions with efficacy and safety endpoints [28–30].

Following weight-based dosing of enfortumab vedo-
tin, PK parameters of ADC and MMAE were similar 
between Japanese and non-Japanese patients with locally 
advanced UC or mUC. Minimal differences in exposure 
were likely to be of no clinical relevance.

The QTcF interval changes were independent of ADC 
or MMAE concentrations in Japanese patients receiv-
ing enfortumab vedotin. No statistically significant or 
clinically meaningful effect was observed on duration of 
cardiac ventricular repolarization after receiving enfor-
tumab vedotin 1.0 and 1.25 mg/kg.

Enfortumab vedotin is an antibody-containing thera-
peutic, and DDIs with ADCs are generally limited [31]. 
Although the MMAE portion of the ADC is a substrate of 
CYP3A and P-gp, a prior study found that it is neither an 
inhibitor nor an inducer of CYP3A when administered as 
part of an ADC [16]. Regarding DDIs of P-gp inhibitors 
and enfortumab vedotin, comparison of safety data by 
concomitant use of P-gp inhibitors suggests that the pos-
sibility of clinically relevant DDIs involving P-gp inhibi-
tors is likely low. Use of enfortumab vedotin appeared 
safe and well tolerated in patients with locally advanced 
UC or mUC and moderate or weak CYP3A inhibitor use. 
Caution is warranted and monitoring for AEs is needed 
with concomitant enfortumab vedotin and dual P-gp 
inhibitor and strong CYP3A4 inhibitor administration.
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12 � Conclusions

The recommended dose of enfortumab vedotin is 1.25 mg/
kg (up to a maximum dose of 125 mg) administered as an 
intravenous infusion over 30 min on days 1, 8, and 15 of a 
28-day cycle until disease progression or unacceptable toxic-
ity [7]. The collective body of pharmacologic data supports 
the appropriateness of this dose and regimen irrespective of 
age, sex, ethnicity, or renal/hepatic function status. Enfortumab 
vedotin provides an effective and generally well tolerated treat-
ment option for patients with locally advanced UC or mUC.
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