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BACKGROUND
Patients with advanced urothelial carcinoma have poor overall survival after 
platinum-containing chemotherapy and programmed cell death protein 1 (PD-1) 
or programmed death ligand 1 (PD-L1) inhibitor treatment.

METHODS
We conducted a global, open-label, phase 3 trial of enfortumab vedotin for the 
treatment of patients with locally advanced or metastatic urothelial carcinoma 
who had previously received platinum-containing chemotherapy and had had 
disease progression during or after treatment with a PD-1 or PD-L1 inhibitor. 
Patients were randomly assigned in a 1:1 ratio to receive enfortumab vedotin (at 
a dose of 1.25 mg per kilogram of body weight on days 1, 8, and 15 of a 28-day 
cycle) or investigator-chosen chemotherapy (standard docetaxel, paclitaxel, or 
vinflunine), administered on day 1 of a 21-day cycle. The primary end point was 
overall survival.

RESULTS
A total of 608 patients underwent randomization; 301 were assigned to receive 
enfortumab vedotin and 307 to receive chemotherapy. As of July 15, 2020, a total 
of 301 deaths had occurred (134 in the enfortumab vedotin group and 167 in the 
chemotherapy group). At the prespecified interim analysis, the median follow-up 
was 11.1 months. Overall survival was longer in the enfortumab vedotin group 
than in the chemotherapy group (median overall survival, 12.88 vs. 8.97 months; 
hazard ratio for death, 0.70; 95% confidence interval [CI], 0.56 to 0.89; P = 0.001). 
Progression-free survival was also longer in the enfortumab vedotin group than in 
the chemotherapy group (median progression-free survival, 5.55 vs. 3.71 months; 
hazard ratio for progression or death, 0.62; 95% CI, 0.51 to 0.75; P<0.001). The 
incidence of treatment-related adverse events was similar in the two groups (93.9% 
in the enfortumab vedotin group and 91.8% in the chemotherapy group); the in-
cidence of events of grade 3 or higher was also similar in the two groups (51.4% 
and 49.8%, respectively).

CONCLUSIONS
Enfortumab vedotin significantly prolonged survival as compared with standard 
chemotherapy in patients with locally advanced or metastatic urothelial carcinoma 
who had previously received platinum-based treatment and a PD-1 or PD-L1 in-
hibitor. (Funded by Astellas Pharma US and Seagen; EV-301 ClinicalTrials.gov 
number, NCT03474107.)
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The standard of care for advanced 
urothelial carcinoma includes platinum-
based chemotherapy and programmed cell 

death protein 1 (PD-1) or programmed death 
ligand 1 (PD-L1) inhibitors, administered as 
frontline, second-line, or maintenance therapy.1-4 
Despite advances in treatment, this disease re-
mains aggressive and generally incurable.5-7 Un-
fortunately, urothelial cancers are associated with 
intrinsic and acquired resistance to chemother-
apy.8,9 Although immunotherapy has a more 
acceptable side-effect profile and is associated 
with a longer duration of response than chemo-
therapy, a minority of patients have a durable 
response.5,6,8,10-12 The median overall survival with 
these therapies is only 10 to 14 months.5,6,13,14

Nectin-4 is a cell-adhesion molecule that is 
highly expressed in urothelial carcinoma and 
may contribute to tumor-cell growth and prolif-
eration.15-19 Enfortumab vedotin, an antibody–
drug conjugate directed against nectin-4, is com-
posed of a fully human monoclonal antibody 
specific for nectin-4 and monomethyl auristatin 
E (an agent that disrupts microtubule formation).16 
Targeted delivery of monomethyl auristatin E 
results in cell-cycle arrest and apoptosis.16,17

EV-301 was a global, open-label, phase 3 trial 
that evaluated enfortumab vedotin as compared 
with chemotherapy in patients with locally ad-
vanced or metastatic urothelial carcinoma who 
had previously received treatment with a platinum 
agent and a PD-1 or PD-L1 inhibitor. Single-
group clinical studies have shown that enfor-
tumab vedotin resulted in an objective response 
in more than 40% of patients with advanced 
urothelial carcinoma who had progression after 
previous treatment.16,17 This trial was designed 
to confirm the clinical benefit of enfortumab 
vedotin as compared with standard chemother-
apy by assessing overall survival in patients with 
advanced urothelial carcinoma who had previ-
ously received treatment.

Me thods

Trial Participants

Eligible patients were 18 years of age or older, 
had histologically or cytologically confirmed 
urothelial carcinoma (including differentiation 
in squamous cells or in multiple cell types), radio-
logically documented metastatic or unresectable 
locally advanced disease at baseline, and an 

Eastern Cooperative Oncology Group (ECOG) 
performance-status score of 0 or 1 (scores range 
from 0 to 4, with higher scores indicating 
greater disability). Patients must have had radio-
graphic progression or relapse during or after 
PD-1 or PD-L1 inhibitor treatment. In addition, 
patients must have previously received a plati-
num-containing regimen. For patients who had 
received platinum chemotherapy as neoadjuvant 
or adjuvant therapy, progression must have oc-
curred within 12 months after completion of 
treatment.

Patients were excluded from the trial if they 
had preexisting grade 2 or higher sensory or 
motor neuropathy or ongoing clinically signifi-
cant toxic effects associated with previous treat-
ment, active central nervous system metastases, 
uncontrolled diabetes, or active keratitis or cor-
neal ulcerations or if they had received more 
than one previous chemotherapy regimen for 
locally advanced or metastatic urothelial carci-
noma, including neoadjuvant or adjuvant treat-
ment. Full eligibility criteria are provided in the 
trial protocol, available with the full text of this 
article at NEJM.org.

Randomization and Treatments

Enrolled patients were randomly assigned in a 
1:1 ratio to receive enfortumab vedotin or chemo-
therapy. Randomization was stratified according 
to ECOG performance-status score (0 or 1), geo-
graphic region (Western Europe, United States, 
or rest of the world), and the presence or ab-
sence of liver metastasis at baseline. Enfortumab 
vedotin was administered at a dose of 1.25 mg 
per kilogram of body weight by means of intra-
venous infusion over 30 minutes on days 1, 8, 
and 15 of a 28-day cycle. Chemotherapy was se-
lected by the investigator before randomization 
and was one of the following: docetaxel at a 
dose of 75 mg per square meter of body-surface 
area, administered intravenously over 60 min-
utes; paclitaxel at a dose of 175 mg per square 
meter, administered intravenously over 3 hours; 
or vinflunine (in regions where it is approved for 
treatment of urothelial carcinoma) at a dose of 
320 mg per square meter, administered intrave-
nously over 20 minutes. The use of vinflunine 
was capped at 35% of the patients in this trial. 
The chemotherapy treatments were adminis-
tered on day 1 of a 21-day cycle. Patients who 
received enfortumab vedotin or vinflunine re-
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quired no premedication, whereas all patients 
who received paclitaxel or docetaxel received pre-
medication to prevent hypersensitivity reactions 
or fluid retention. Dose modifications and inter-
ruptions were permitted for management of ad-
verse events on the basis of prespecified criteria 
(Table S1 in the Supplementary Appendix, avail-
able at NEJM.org).

Trial Oversight

The trial was designed by the sponsors in col-
laboration with an advisory committee. Data 
were collected by the trial investigators, ana-
lyzed by statisticians employed by Astellas Phar-
ma US, and interpreted by all authors. The trial 
received approval from independent institutional 
review boards and independent ethics commit-
tees and was conducted in accordance with the 
International Council for Harmonisation guide-
lines for Good Clinical Practice and the Declara-
tion of Helsinki. Written informed consent was 
obtained from each patient before trial entry.

The authors vouch for the accuracy and com-
pleteness of the data and for the fidelity of the 
trial to the protocol. All authors had access to 
the data used in the preparation of the manu-
script. The authors, with writing and editorial 
support funded by the trial sponsors, developed 
and approved the manuscript.

End Points and Assessments

The primary end point was overall survival. Key 
secondary efficacy end points, evaluated on the 
basis of the Response Evaluation Criteria in 
Solid Tumors (RECIST), version 1.1, included 
investigator-assessed progression-free survival 
and clinical response. The safety profile was also 
a secondary end point. Investigator-assessed ad-
verse events were graded according to the Na-
tional Cancer Institute Common Terminology 
Criteria for Adverse Events, version 4.03.

Radiographic imaging was performed at base-
line and every 8 weeks. Bone scintigraphy was 
performed in all patients at screening; repeat 
scanning was performed at least every 8 weeks 
in patients with a positive scan. Imaging of the 
brain was performed, if clinically indicated, at 
baseline and throughout the trial. Patients were 
followed until radiographic disease progression, 
until discontinuation criteria were met (see the 
protocol), or until trial completion. Patients who 
discontinued treatment before disease progres-

sion underwent imaging assessments every 
8 weeks until documented disease progression 
or initiation of a different anticancer treatment, 
whichever occurred earlier. After radiographic 
disease progression had occurred, patients en-
tered the long-term follow-up phase and were 
followed at least every 3 months from the date 
of the follow-up visit for vital status until death, 
loss to follow-up, withdrawal of consent, or ter-
mination of the trial. Quality of life, patient-
reported outcomes, and additional exploratory 
efficacy end points were assessed but are not 
reported here.

Statistical Analysis

Overall and progression-free survival were esti-
mated for each treatment group with the use of 
the Kaplan–Meier method, and comparisons be-
tween groups were conducted with the use of 
the stratified log-rank test. Sensitivity analyses 
were also planned. Stratified Cox proportional-
hazards models were used to estimate hazard 
ratios and corresponding 95% confidence inter-
vals. Analyses of overall survival and progression-
free survival included all patients who under-
went randomization. The percentage of patients 
with an overall response (a best overall response 
of confirmed complete or partial response ac-
cording to RECIST, version 1.1) and disease 
control (a best overall response of confirmed 
complete response, confirmed partial response, 
or stable disease according to RECIST, version 
1.1) were compared with the use of a stratified 
Cochran–Mantel–Haenszel test to estimate dif-
ferences between groups. The duration of re-
sponse was analyzed with the use of the Kaplan–
Meier method. Overall response and disease 
control were assessed in all patients who under-
went randomization and had measurable disease 
at baseline. The randomization stratification fac-
tors were used in all stratified efficacy analyses.

Safety analyses, which were performed with 
the use of descriptive statistics, included patients 
who received any amount of trial drug. Pre-
specified subgroup analyses were conducted, 
with subgroups defined according to demo-
graphic and baseline disease characteristics. All 
analyses were performed with the use of SAS 
software, version 9.2 or higher (SAS Institute).

The trial used a group-sequential design with 
two planned analyses (an interim and a final 
analysis). The primary end point and selected 
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key secondary end points (progression-free sur-
vival, overall response, and disease control) were 
tested with the hierarchical gatekeeping pro-
cedure (Supplementary Appendix). Prespecified 
multiplicity-adjustment methods were used to 
control the overall one-sided type I error rate at 
0.025. Efficacy boundaries were calculated on 
the basis of the information fraction at the time 
of analysis. The reported 95% confidence inter-
vals describe the precision of the point estimates 
and may not correspond to the significance of 
the test. We calculated that a sample size of ap-
proximately 600 patients would give the trial 
85% power to detect a significant difference in 
the primary outcome between treatment groups 
at an overall one-sided type I error rate of 0.025, 
assuming a hazard ratio for death of 0.75, a 

median overall survival of 8 months with che-
motherapy, and 10% of the patients leaving the 
trial prematurely. A final analysis was planned 
for when 439 deaths had occurred, and one in-
terim analysis would be conducted when 65% of 
patients had died. The interim analysis was per-
formed by the independent data analysis center 
and was reviewed by an independent data and 
safety monitoring committee. If the interim 
analysis showed that the efficacy of enfortumab 
vedotin was significantly better than that of 
chemotherapy, the trial would be stopped and 
concluded.

At the interim analysis, overall survival was 
tested at a one-sided significance level of 0.00541 
for efficacy (adjusted to 0.00679 on the basis of 
301 observed deaths) according to the O’Brien–
Fleming stopping boundary with the use of the 
Lan–DeMets alpha-spending function. On the 
basis of the results of the interim analysis, our 
trial met the superiority threshold, and the re-
sults are reported here. Because outcomes were 
determined with the use of tests associated with 
stopping rules, data are reported with one-sided 
P values. Full statistical methods are provided in 
the statistical analysis plan, which is available 
with the protocol.

R esult s

Randomization and Baseline Characteristics

A total of 608 patients at 191 centers in 19 coun-
tries were randomly assigned to receive enfor-
tumab vedotin (301 patients) or chemotherapy 
preselected by the investigator (307 patients) 
(Fig. 1). Of the patients assigned to receive che-
motherapy, 117 received docetaxel, 112 received 
paclitaxel, and 78 received vinflunine. A total of 
296 patients in the enfortumab vedotin group 
and 291 patients in the chemotherapy group re-
ceived any amount of study drug.

Baseline characteristics were generally bal-
anced between the two groups (Table 1). The 
median age was 68 years (range, 30 to 88), and 
77.3% of patients were men. Visceral disease was 
present in 77.7% of patients in the enfortumab 
vedotin group and in 81.7% in the chemotherapy 
group. The number of patients who had liver 
metastasis was similar in the two groups. At the 
date of data cutoff (July 15, 2020), the median 
duration of treatment was 5.0 months (range, 
0.5 to 19.4) in the enfortumab vedotin group and 

Figure 1. Screening, Randomization, and Treatment.

608 Underwent randomization

745 Participants were screened

137 Were excluded
117 Did not meet inclusion

criteria or met exclusion
criteria

16 Withdrew
4 Had other reason

301 Were assigned to receive
enfortumab vedotin

296 Received treatment
5 Did not receive treatment

2 Had adverse event
2 Were withdrawn by

physician
1 Had disease progression

307 Were assigned to receive
chemotherapy

291 Received treatment
16 Did not receive treatment

10 Withdrew
1 Had adverse event
1 Did not adhere to the

protocol
1 Was lost to follow-up
1 Had disease progression
2 Had other reason

245 Discontinued treatment
177 Had disease progression
42 Had adverse event
15 Withdrew
7 Were withdrawn by physician
2 Died
1 Did not adhere to the protocol
1 Had other reason

285 Discontinued treatment
180 Had disease progression
46 Had adverse event
27 Withdrew
22 Were withdrawn by physician
2 Died
1 Did not adhere to the protocol
1 Was lost to follow-up
6 Had other reason
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Table 1. Characteristics of the Patients at Baseline (Intention-to-Treat Population).*

Characteristic
Enfortumab Vedotin  

(N = 301)
Chemotherapy  

(N = 307)

Median age (range) — yr 68.0 (34.0–85.0) 68.0 (30.0–88.0)

Age ≥75 yr — no. (%) 52 (17.3) 68 (22.1)

Sex — no. (%)

Male 238 (79.1) 232 (75.6)

Female 63 (20.9) 75 (24.4)

Geographic region — no. (%)

Western Europe 126 (41.9) 129 (42.0)

United States 43 (14.3) 44 (14.3)

Rest of the world 132 (43.9) 134 (43.6)

Tobacco use — no. (%)

Former user 167 (55.5) 164 (53.4)

Current user 29 (9.6) 31 (10.1)

Never used 91 (30.2) 102 (33.2)

Not reported or unknown 14 (4.7) 10 (3.3)

History of diabetes or hyperglycemia — no. (%) 56 (18.6) 58 (18.9)

ECOG performance-status score — no. (%)†

0 120 (39.9) 124 (40.4)

1 181 (60.1) 183 (59.6)

Bellmunt risk score — no. (%)‡

0–1 201 (66.8) 208 (67.8)

≥2 90 (29.9) 96 (31.3)

Not reported 10 (3.3) 3 (1.0)

Origin site of primary disease — no. (%)

Upper urinary tract 98 (32.6) 107 (34.9)

Bladder or other site 203 (67.4) 200 (65.1)

Histologic type at initial diagnosis — no./total no. (%)

Urothelial or transitional-cell carcinoma 229/301 (76.1) 230/305 (75.4)

Urothelial carcinoma, mixed types 45/301 (15.0) 42/305 (13.8)

Other§ 27/301 (9.0) 33/305 (10.8)

Sites of metastasis — no./total no. (%)

Lymph node only 34/301 (11.3) 28/306 (9.2)

Visceral site 234/301 (77.7) 250/306 (81.7)

Liver 93/301 (30.9) 95/307 (30.9)

Previous systemic therapies — no. (%)

1–2 262 (87.0) 270 (87.9)

≥3 39 (13.0) 37 (12.1)

Best response among patients who previously received  
checkpoint inhibitor treatment — no. (%)¶

Response 61 (20.3) 50 (16.3)

No response 207 (68.8) 215 (70.0)

Median time since diagnosis of metastatic or  
locally advanced disease (range) — mo

14.8 (0.2–114.1) 13.2 (0.3–118.4)

*  Percentages may not total 100 because of rounding.
†  Eastern Cooperative Oncology Group (ECOG) performance-status scores range from 0 to 4, with higher scores indicat-

ing greater disability.
‡  Bellmunt risk scores range from 0 to 3 according to the presence of the following risk factors: a hemoglobin level of 

less than 10 g per deciliter, an ECOG performance-status score of greater than 0, and liver metastasis.
§  Other histologic types include adenocarcinoma, squamous-cell carcinoma, and pseudosarcomatic differentiation.
¶  The best response among patients who had a response was defined as a confirmed complete or partial response; 

among patients who did not have a response, the best response was defined as stable disease or progressive disease.

The New England Journal of Medicine 
Downloaded from nejm.org at ASTELLAS PHARMA INC. on February 12, 2021. For personal use only. No other uses without permission. 

 Copyright © 2021 Massachusetts Medical Society. All rights reserved. 



n engl j med   nejm.org6

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Pe
rc

en
ta

ge
 o

f P
at

ie
nt

s 
A

liv
e

100

80

90

70

60

40

30

10

50

20

0
0 2 4 6 8 10

Months

B Deaths According to Subgroup

A Overall Survival According to Treatment Group

Enfortumab
vedotin

Chemotherapy

301

307

286

288

272

274

257

250

246

238

234

219

222

198

190

163

158

131

130

101

105

84

85

66

63

51

52

44

42

32

33

29

15

11

23

16

7

6

4

4

12 14 16 18 20 221 3 5 7 9 11 13 15 17 19 21 23 24

0

0

1

0

1

1

2

2

3

2

Enfortumab vedotin

No. at Risk

Hazard ratio for death, 0.70 (95% CI,
 0.56–0.89)

P=0.001

12.88 (10.58–15.21)

8.97 (8.05–10.74)

134/301

167/307

Enfortumab
Vedotin

Chemotherapy

Median Overall
Survival (95% CI) 

No. of
Deaths/
No. of

Patients
mo

Chemotherapy

1.00 2.00

Chemotherapy Better

All patients

Age group

<65 yr

≥65 yr

<75 yr

≥75 yr

Sex

Male

Female

Geographic region

Western Europe

United States

Rest of the world

ECOG performance-status score

0

1

Liver metastasis

Yes

No

Preselected chemotherapy

Paclitaxel

Docetaxel

Vinflunine

Primary site of tumor

Upper urinary tract

Bladder or other site

Previous systemic therapies

1–2

≥3

Best response among patients who
previously received CPI treatment

Response

No response

Enfortumab Vedotin Hazard Ratio (95% CI)ChemotherapySubgroup

Enfortumab Vedotin Better

0.70 (0.56–0.89)

0.68 (0.47–0.99)

0.75 (0.56–1.00)

0.69 (0.53–0.89)

0.91 (0.55–1.51)

0.61 (0.47–0.79)

1.17 (0.72–1.89)

0.76 (0.53–1.07)

0.88 (0.51–1.54)

0.64 (0.45–0.92)

0.81 (0.53–1.24)

0.67 (0.51–0.87)

0.66 (0.46–0.96)

0.73 (0.55–0.98)

0.71 (0.49–1.01)

0.71 (0.48–1.04)

0.77 (0.48–1.24) 

0.85 (0.57–1.27)

 0.67 (0.51–0.88)

0.69 (0.54–0.88)

0.88 (0.47–1.64)

0.63 (0.34–1.17)

0.76 (0.58–0.99)

0.25

134/301

  49/108

  85/193

109/249

25/52

101/238

33/63

  57/126

25/43

  52/132

  40/120

  94/181

53/93

  81/208

  63/141

41/87

30/73

44/98

  90/203

115/262

19/39

18/61

100/207

167/307

  66/111

101/196

128/239

39/68

132/232

35/75

  72/129

25/44

  70/134

  46/124

121/183

63/95

104/212

  59/112

  67/117

41/78

  52/107

115/200

147/270

20/37

23/50

120/215

no. of deaths/no. of patients

The New England Journal of Medicine 
Downloaded from nejm.org at ASTELLAS PHARMA INC. on February 12, 2021. For personal use only. No other uses without permission. 

 Copyright © 2021 Massachusetts Medical Society. All rights reserved. 



n engl j med   nejm.org 7

Enfortumab Vedotin in Advanced Urothelial Carcinoma

3.5 months (range, 0.2 to 15.0) in the chemo-
therapy group.

Overall Survival

At the time of data cutoff, a total of 301 deaths 
had occurred (134 in the enfortumab vedotin 
group and 167 in the chemotherapy group). 
After a median follow-up of 11.1 months, the 
risk of death was 30% lower with enfortumab 
vedotin than with chemotherapy (hazard ratio, 
0.70; 95% confidence interval [CI], 0.56 to 
0.89; P = 0.001), indicating significantly longer 
overall survival with enfortumab vedotin. Re-
sults of sensitivity analyses were consistent 
with those of the primary analysis (Table S2). 
The median overall survival was 12.88 months 
(95% CI, 10.58 to 15.21) in the enfortumab 
vedotin group and 8.97 months (95% CI, 8.05 
to 10.74) in the chemotherapy group (Fig. 2A). 
The estimated percentage of patients alive at 12 
months was 51.5% (95% CI, 44.6 to 58.0) in the 
enfortumab vedotin group and 39.2% (95% CI, 
32.6 to 45.6) in the chemotherapy group. An 
overall survival benefit of enfortumab vedotin 
was also observed in most subgroup analyses 
(Fig. 2B).

Progression-free Survival

Treatment with enfortumab vedotin resulted in 
significantly longer progression-free survival 
than chemotherapy and a 38% lower risk of pro-
gression or death (hazard ratio, 0.62; 95% CI, 
0.51 to 0.75; P<0.001). The median progression-
free survival was 5.55 months (95% CI, 5.32 to 
5.82) in the enfortumab vedotin group and 3.71 
months (95% CI, 3.52 to 3.94) in the chemo-
therapy group (Fig. 3). The results of subgroup 
analyses show that a progression-free survival 
benefit with enfortumab vedotin was present 
across multiple subgroups (Fig. S1).

Clinical Response

The confirmed overall response was higher in 
the enfortumab vedotin group than in the chemo-
therapy group (40.6% [95% CI, 34.9 to 46.5] vs. 
17.9% [95% CI, 13.7 to 22.8]; P<0.001) (Table 
S3). The results of subgroup analyses were con-
sistent with those of the primary analysis (Fig. 
S2). A complete response was observed in 4.9% 
of the patients (14 of 288) in the enfortumab 
vedotin group and in 2.7% of the patients (8 of 
296) in the chemotherapy group. Disease control 
was observed in 71.9% (95% CI, 66.3 to 77.0) 
and 53.4% (95% CI, 47.5 to 59.2), respectively 
(P<0.001). In patients who had a complete or 
partial response, the median duration of re-
sponse was 7.39 months in the enfortumab 
vedotin group and 8.11 months in the chemo-
therapy group (Fig. S3).

Safety Profile

The incidence of treatment-related adverse events 
was high overall but was similar in the two 
groups (93.9% in the enfortumab vedotin group 
and 91.8% in the chemotherapy group) (Table 2). 
Treatment-related adverse events of grade 3 or 
higher occurred in 51.4% of patients in the en-
fortumab vedotin group and in 49.8% in the 
chemotherapy group. After adjustment for treat-
ment exposure, the rate was 2.4 and 4.3 events 
per patient-year in the enfortumab vedotin group 
and the chemotherapy group, respectively (Table 
S4). Grade 3 or higher treatment-related adverse 
events that occurred in at least 5% of patients 
included maculopapular rash (7.4%), fatigue 
(6.4%), and decreased neutrophil count (6.1%) in 
the enfortumab vedotin group and decreased 
neutrophil count (13.4%), anemia (7.6%), de-
creased white-cell count (6.9%), neutropenia 

Figure 2 (facing page). Overall Survival in the Intention-
to-Treat Population and Analyses in Key Subgroups.

The primary end point of overall survival was defined 
as the time from randomization to the date of death, as-
sessed in the intention-to-treat population, which includ-
ed all patients who underwent randomization. Panel A 
shows the Kaplan–Meier estimates of overall survival 
according to treatment group. Tick marks indicate cen-
sored data. Panel B shows a forest plot of the analyses 
in prespecified key subgroups in the intention-to-treat 
population. The dashed line indicates a hazard ratio of 
1.00. The hazard ratio for death in all patients was cal-
culated on the basis of an analysis stratified according 
to the following factors: geographic region (Western 
Europe, United States, or rest of the world), Eastern 
Cooperative Oncology Group (ECOG) performance- 
status score (0 or 1), and the presence or absence of 
liver metastasis recorded at randomization. The best 
response among patients who had a response was de-
fined as a confirmed complete or partial response; among 
patients who did not have a response, the best response 
was defined as stable disease or progressive disease. In 
each subgroup, the hazard ratio for death was estimated 
with the use of unstratified Cox proportional-hazards 
models. Under an assumption of proportional hazards, 
a hazard ratio of less than 1.00 favors enfortumab vedo-
tin treatment. CPI denotes checkpoint inhibitor.
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(6.2%), and febrile neutropenia (5.5%) in the 
chemotherapy group. Treatment-related adverse 
events resulting in dose reduction, interruption 
of treatment, or withdrawal of treatment oc-
curred in 32.4%, 51.0%, and 13.5% of patients 
in the enfortumab vedotin group, respectively, 
and in 27.5%, 18.9%, and 11.3% in the chemo-
therapy group, respectively (Table S5). Exposure-
adjusted values are provided in the Supplemen-
tary Appendix. All adverse events that occurred 
during the treatment period are listed in Table S6.

Skin reactions and peripheral neuropathy were 
the most frequent treatment-related adverse 
events of special interest with enfortumab vedo-
tin (Table S7). Treatment-related rash occurred 
in 43.9% of patients who received enfortumab 
vedotin (grade 1, 13.9%; grade 2, 15.5%; grade 
3, 14.2%; grade 4, 0.3%) and in 9.6% of patients 
who received chemotherapy (grade 1, 7.2%; 
grade 2, 2.1%; grade 3, 0.3%). Treatment-related 
peripheral neuropathy, manifesting predomi-
nantly as sensory events, occurred in 46.3% of 
patients in the enfortumab vedotin group and in 

30.6% in the chemotherapy group. Grade 1, 2, 
and 3 peripheral sensory neuropathy occurred in 
14.5%, 25.7%, and 3.7% of patients in the enfor-
tumab vedotin group, respectively, and in 15.1%, 
12.0%, and 2.4% in the chemotherapy group, re-
spectively. Peripheral sensory neuropathy was the 
most common treatment-related adverse event 
that resulted in dose reduction (7.1%), interrup-
tion of treatment (15.5%), or withdrawal of treat-
ment (2.4%) in the enfortumab vedotin group.

Treatment-related hyperglycemia occurred in 
6.4% (19 patients) in the enfortumab vedotin 
group and in 0.3% (1 patient) in the chemo-
therapy group. In the enfortumab vedotin group, 
7 patients had grade 1 or 2 hyperglycemia, 11 
had grade 3 hyperglycemia, and 1 died. Hyper-
glycemia occurred more frequently in patients 
with hyperglycemia at baseline or with a body-
mass index (the weight in kilograms divided by 
the square of the height in meters) of 30 or 
higher. The time to the onset of adverse events, 
the incidence of peripheral neuropathy and hyper-
glycemia according to baseline status, and the 

Figure 3. Progression-free Survival in the Intention-to-Treat Population.

Shown are the Kaplan–Meier estimates of progression-free survival according to treatment group. The secondary end point of investi-
gator-assessed progression-free survival was defined as the time from randomization to the date of radiologically confirmed disease 
progression (according to Response Evaluation Criteria in Solid Tumors, version 1.1) or death from any cause, assessed in the intention-
to-treat population, which included all patients who underwent randomization. If the patient did not have disease progression and did 
not die, data for the patient were censored at the date of the last radiologic assessment. Data for patients who received any further anti-
cancer therapy for urothelial carcinoma before radiologic disease progression were censored at the date of the last radiologic assessment 
before the new anticancer therapy was initiated. Tick marks indicate censored data.
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management of selected adverse events are re-
ported in Tables S7 through S9.

Adverse events, regardless of relationship to 
treatment, that resulted in death (excluding dis-
ease progression) during the treatment period 
occurred in 11 patients in each group; the inci-
dence remained the same after adjustment for 
treatment exposure. Investigator-assessed treat-
ment-related adverse events that resulted in 
death occurred in 7 patients (2.4%) in the enfor-
tumab vedotin group (multiorgan dysfunction 
syndrome [in 2 patients] and abnormal hepatic 
function, hyperglycemia, pelvic abscess, pneu-
monia, and septic shock [each in 1 patient]) and 
in 3 patients (1.0%) in the chemotherapy group 
(neutropenic sepsis, sepsis, and pancytopenia 
[each in 1 patient]). The demographic character-
istics of the patients in the enfortumab vedotin 
group who died are provided in Table S10.

Discussion

Enfortumab vedotin showed superior efficacy 
over chemotherapy in patients with advanced 
urothelial carcinoma who had previously re-
ceived treatment with platinum-based chemo-
therapy and PD-1 or PD-L1 inhibitors. There are 
limited and largely ineffective treatment options 
for patients who have disease progression after 
treatment with platinum chemotherapy and PD-1 
or PD-L1 inhibitors. Single-agent chemotherapy 
is the currently accepted practice, despite limited 
prospective data and modest outcomes with re-
spect to response and duration of survival.7,20-24

Enfortumab vedotin treatment resulted in a 
30% lower risk of death than chemotherapy, in-
dicating significantly longer overall survival. 
The benefit of enfortumab vedotin was observed 
in most subgroups, including patients with liver 

Table 2. Treatment-Related Adverse Events (Safety Population).*

Adverse Event
Enfortumab Vedotin Group 

(N = 296)
Chemotherapy Group 

(N = 291)

Any Grade Grade ≥3 Any Grade Grade ≥3

number of patients (percent)

Any adverse event 278 (93.9) 152 (51.4) 267 (91.8) 145 (49.8)

Alopecia 134 (45.3) 0 106 (36.4) 0

Peripheral sensory neuropathy† 100 (33.8) 9 (3.0) 62 (21.3) 6 (2.1)

Pruritus 95 (32.1) 4 (1.4) 13 (4.5) 0

Fatigue 92 (31.1) 19 (6.4) 66 (22.7) 13 (4.5)

Decreased appetite 91 (30.7) 9 (3.0) 68 (23.4) 5 (1.7)

Diarrhea 72 (24.3) 10 (3.4) 48 (16.5) 5 (1.7)

Dysgeusia 72 (24.3) 0 21 (7.2) 0

Nausea 67 (22.6) 3 (1.0) 63 (21.6) 4 (1.4)

Maculopapular rash 48 (16.2) 22 (7.4) 5 (1.7) 0

Anemia 34 (11.5) 8 (2.7) 59 (20.3) 22 (7.6)

Decreased neutrophil count 30 (10.1) 18 (6.1) 49 (16.8) 39 (13.4)

Neutropenia 20 (6.8) 14 (4.7) 24 (8.2) 18 (6.2)

Decreased white-cell count 16 (5.4) 4 (1.4) 31 (10.7) 20 (6.9)

Febrile neutropenia 2 (0.7) 2 (0.7) 16 (5.5) 16 (5.5)

*  The safety population included all patients who received any amount of trial drug. Included are treatment-related ad-
verse events that occurred in at least 20% of patients in either treatment group or treatment-related adverse events of 
grade 3 or higher that occurred in at least 5% of patients in either treatment group. Treatment-related adverse events 
are those for which there is a reasonable possibility that they were caused by the trial treatment, as assessed by the in-
vestigator. If data regarding the relationship to treatment were missing, the event was considered to be related to treat-
ment.

†  A total of 113 patients (55 in the enfortumab vedotin group and 58 in the chemotherapy group) had preexisting periph-
eral neuropathy.
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metastasis. Although subgroup analyses did not 
show an advantage with enfortumab vedotin in 
female patients, only 22.7% of the patients in the 
trial were women, which reflects the demo-
graphic profile of this disease. Future work 
would be needed to further explore enfortumab 
vedotin treatment in specific subgroups.

Progression-free survival, overall response, 
and disease control with enfortumab vedotin 
were also superior to those of chemotherapy. 
Outcomes in the chemotherapy group were as 
expected in patients with refractory disease after 
treatment with a platinum-containing agent,5-7,24 
and outcomes in the enfortumab vedotin group 
were consistent with overall survival and re-
sponse rates in phase 1 and 2 studies.16,17 Al-
though tissue samples were obtained for use in 
exploratory outcomes, nectin-4 expression was 
not required for entry into the EV-301 trial, since 
high expression has been observed in the vast 
majority of patients with advanced urothelial 
carcinoma in previous studies.16,17

The overall incidence of treatment-related 
adverse events was similar in the two groups. 
The incidence of treatment-related adverse events 
was also similar in the two groups after adjust-
ment for exposure and in a comparison of events 
of grade 3 severity or higher. Skin reactions, 
frequently manifesting as maculopapular rash, 
are likely related to nectin-4 expression in the 
skin.15,16 The incidence of peripheral neuropathy 
was higher in the enfortumab vedotin group 
than in the chemotherapy group. In phase 1 and 
2 studies,16,17 peripheral neuropathy occurred in 
49 to 50% of patients; of the 50% of patients 
who received enfortumab vedotin and had treat-
ment-related peripheral neuropathy in the phase 
2 study, 76% had resolution of symptoms or 
grade 1 symptoms at the last follow-up.17 Hyper-
glycemia, an adverse event observed in previous 
studies,16,17 occurred in a higher percentage of 
patients in the enfortumab vedotin group than 
in the chemotherapy group, although the precise 
mechanism remains unidentified. Although most 
adverse events were mild to moderate in severity 
in this trial, some patients who receive treat-
ment with enfortumab vedotin may have serious 
adverse events and should be monitored for 
rash, peripheral neuropathy, and hyperglycemia. 
The incidence of treatment-related deaths in the 

enfortumab vedotin group was similar to that 
observed in previous trials involving patients 
with advanced, platinum-refractory urothelial 
carcinoma.6,25,26 Disease characteristics, preexist-
ing conditions, coexisting conditions, and poor 
prognostic factors were potential confounders 
among patients who died in the two groups. 
Because of the superior overall survival benefit 
observed at the planned interim analysis, the 
EV-301 trial was stopped early. Future analyses 
of quality-of-life data from this trial will further 
contextualize the efficacy and safety results.

The efficacy data from this trial suggest that 
enfortumab vedotin may play a role in the treat-
ment of advanced urothelial carcinoma. In light 
of recent data that support maintenance treat-
ment with the PD-L1 inhibitor avelumab after 
platinum-containing chemotherapy for advanced 
urothelial carcinoma, enfortumab vedotin may 
be considered at the time of the first relapse 
after maintenance immunotherapy.27 Phase 2 
data for enfortumab vedotin in combination 
with pembrolizumab as first-line treatment for 
metastatic disease have resulted in a Break-
through Therapy designation from the Food and 
Drug Administration28 on the basis of high re-
sponse rates and duration of response.29 Addi-
tional evaluations of regimens containing enfor-
tumab vedotin in the first-line (ClinicalTrials 
.gov numbers, NCT04223856 and NCT03288545) 
and perioperative (NCT03924895) contexts are 
ongoing.

Although skin reactions, peripheral neuropa-
thy, and hyperglycemia were common with en-
fortumab vedotin, these events were commonly 
mild to moderate in severity. In patients with 
advanced urothelial carcinoma who had relapse 
of disease after platinum-containing chemo-
therapy and a PD-1 or PD-L1 inhibitor, enfor-
tumab vedotin resulted in significantly longer 
overall survival and progression-free survival 
and a higher overall response than chemotherapy.
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