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BACKGROUND
Neoadjuvant chemotherapy followed by radical cystectomy is the standard treatment 
for cisplatin-eligible patients with muscle-invasive bladder cancer. Adding periopera-
tive immunotherapy may improve outcomes.

METHODS
In this phase 3, open-label, randomized trial, we assigned, in a 1:1 ratio, cisplatin-
eligible patients with muscle-invasive bladder cancer to receive neoadjuvant dur-
valumab plus gemcitabine–cisplatin every 3 weeks for four cycles, followed by radical 
cystectomy and adjuvant durvalumab every 4 weeks for eight cycles (durvalumab 
group), or to receive neoadjuvant gemcitabine–cisplatin followed by radical cystec-
tomy alone (comparison group). Event-free survival was one of two primary end 
points. Overall survival was the key secondary end point.

RESULTS
In total, 533 patients were assigned to the durvalumab group and 530 to the com-
parison group. The estimated event-free survival at 24 months was 67.8% (95% confi-
dence interval [CI], 63.6 to 71.7) in the durvalumab group and 59.8% (95% CI, 55.4 to 
64.0) in the comparison group (hazard ratio for progression, recurrence, not un-
dergoing radical cystectomy, or death from any cause, 0.68; 95% CI, 0.56 to 0.82; 
P<0.001 by stratified log-rank test). The estimated overall survival at 24 months 
was 82.2% (95% CI, 78.7 to 85.2) in the durvalumab group and 75.2% (95% CI, 
71.3 to 78.8) in the comparison group (hazard ratio for death, 0.75; 95% CI, 0.59 
to 0.93; P = 0.01 by stratified log-rank test). Treatment-related adverse events of 
grade 3 or 4 in severity occurred in 40.6% of the patients in the durvalumab group 
and in 40.9% of those in the comparison group; treatment-related adverse events 
leading to death occurred in 0.6% in each group. Radical cystectomy was performed 
in 88.0% of the patients in the durvalumab group and in 83.2% of those in the 
comparison group.

CONCLUSIONS
Perioperative durvalumab plus neoadjuvant chemotherapy led to significant im-
provements in event-free survival and overall survival as compared with neoadju-
vant chemotherapy alone. (Funded by AstraZeneca; NIAGARA ClinicalTrials.gov 
number, NCT03732677; EudraCT number, 2018 - 001811 - 59.)
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Standard treatment for cisplatin-
eligible patients with muscle-invasive blad-
der cancer involves neoadjuvant cisplatin-

based chemotherapy followed by radical cystectomy 
with pelvic-lymph-node dissection.1-3 Approximately 
50% of patients with muscle-invasive bladder can-
cer have recurrence within 3 years.4,5

Several phase 1–2 studies and phase 2 studies 
have assessed the safety and feasibility of com-
bining immunotherapy with platinum-based che-
motherapy as neoadjuvant treatment for muscle-
invasive bladder cancer,6-11 and a systematic review 
showed that the percentage of patients with a 
response was higher with neoadjuvant immuno-
chemotherapy than with neoadjuvant chemother-
apy alone.12 In the adjuvant setting, two phase 3 
trials showed the benefit of immune-checkpoint 
inhibitors as monotherapy in muscle-invasive blad-
der cancer: disease-free survival after surgery for 
high-risk disease was significantly improved with 
adjuvant nivolumab as compared with placebo 
and with adjuvant pembrolizumab as compared 
with observation.13,14 Perioperative immunothera-
py regimens may improve patient outcomes but 
need to be safe and feasible to deliver.

Durvalumab is a selective, high-affinity, human 
IgG1 kappa monoclonal antibody that binds to 
programmed death ligand 1 (PD-L1) and blocks 
the interaction of PD-L1 with programmed death 
1 and CD80. In a single-group, phase 2 trial 
involving cisplatin-eligible patients with opera-
ble muscle-invasive bladder cancer, perioperative 
durvalumab in combination with neoadjuvant 
gemcitabine–cisplatin followed by radical sur-
gery appeared to be safe and efficacious.15 Here, 
we report the results of the phase 3 NIAGARA 
trial, which was conducted to evaluate the ef-
ficacy and safety of perioperative durvalumab 
in combination with neoadjuvant gemcitabine–
cisplatin followed by radical cystectomy, as com-
pared with neoadjuvant gemcitabine–cisplatin 
followed by radical cystectomy alone, in cisplatin-
eligible patients with muscle-invasive bladder 
cancer.

Me thods

Trial Oversight

The trial was designed by the steering committee 
in conjunction with the sponsor (AstraZeneca). 

The protocol (available with the full text of this 
article at NEJM.org) and all amendments were 
approved by the institutional review boards at 
the trial sites. The trial was conducted in accor-
dance with the International Council for Har-
monisation Good Clinical Practice guidelines 
and the principles of the Declaration of Helsinki. 
Before enrollment, patients provided written in-
formed consent to participate in the trial. All the 
investigators were responsible for data collection 
and providing the data to the sponsor; data 
analyses were performed by employees of the 
sponsor. The authors, along with clinical trial 
personnel and statisticians employed by the 
sponsor, interpreted the data. An independent 
data monitoring committee provided oversight 
of the trial and performed interim assessments 
of the data. The sponsor was unaware of the 
trial-group assignments and patient-level efficacy 
data before unblinding.

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 full access 
to the data in the trial. The first draft of the 
manuscript was written by the first author. The 
authors reviewed and edited the first draft, con-
tributed to all subsequent drafts, and provided 
final approval to submit the manuscript for pub-
lication.

No previous agreements concerning the con-
fidentiality of the data were made between the 
sponsor and the authors or the authors’ institu-
tions. Medical writing assistance, including de-
velopment of the initial draft of the manuscript, 
was funded by the sponsor.

Patients

Eligible patients were 18 years of age or older 
who had histologically or cytologically docu-
mented muscle-invasive bladder cancer; had a 
clinical tumor stage of T2, T3, or T4a, N0 or N1, 
and M0 (according to the eighth edition of the 
American Joint Committee on Cancer AJCC Cancer 
Staging Manual16); were eligible for cisplatin-based 
chemotherapy; had a creatinine clearance of at 
least 40 ml per minute per 1.73 m2 of body-
surface area; and were medically fit to undergo 
radical cystectomy. Patients who had previously 
received systemic chemotherapy or immunother-
apy for muscle-invasive bladder cancer and those 
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with pure nonurothelial carcinoma or any small-
cell histologic features were excluded. Patients 
with conventional urothelial carcinoma and those 
with urothelial carcinoma with divergent differ-
entiation (squamous or glandular) or other histo-
logic subtypes were eligible. A tumor-biopsy speci-
men obtained at screening was needed for the 
assessment of tumor PD-L1 expression. The com-
plete eligibility criteria are listed in the protocol.

Trial Design and Treatments

In this phase 3, global, open-label, randomized 
trial, we used an interactive voice-response sys-
tem to assign patients, in a 1:1 ratio, to the 
durvalumab or comparison group. Randomiza-
tion was stratified on the basis of clinical tumor 
stage (T2N0 or higher than T2N0), renal func-
tion (creatinine clearance of 40 to <60 ml per 
minute per 1.73 m2 or ≥60 ml per minute per 
1.73 m2), and tumor PD-L1 expression level 
(high expression or low or no expression). Pa-
tients with T2N0 disease were limited to ap-
proximately 40% of the total enrollment, and 
patients with a creatinine clearance of at least 40 
but less than 60 ml per minute per 1.73 m2 were 
limited to up to 20% of the total enrollment.

In the durvalumab group, patients received 
four cycles of neoadjuvant durvalumab (at a dose 
of 1500 mg) with gemcitabine–cisplatin (gem-
citabine at a dose of 1000 mg per square meter 
of body-surface area and cisplatin at a dose of 
70 mg per square meter were given on day 1, and 
gemcitabine at a dose of 1000 mg per square 
meter was given on day 8) administered intrave-
nously every 3 weeks, followed by radical cystec-
tomy and then up to eight cycles of adjuvant 
durvalumab (at a dose of 1500 mg) administered 
intravenously every 4 weeks. In the comparison 
group, patients received the same neoadjuvant 
regimen of gemcitabine–cisplatin followed by 
radical cystectomy alone.

Patients with a creatinine clearance of at least 
40 but less than 60 ml per minute per 1.73 m2 
received a split dose of cisplatin, in which a dose 
of 35 mg per square meter was administered 
intravenously on day 1 and day 8 every 3 weeks.17 
Radical cystectomy had to be performed within 
2 to 8 weeks after the last dose of neoadjuvant 
chemotherapy. Adjuvant therapy had to start be-
tween 42 and 120 days after radical cystectomy.

End Points and Assessments

The dual primary end points were pathological 
complete response (as assessed by blinded cen-
tral pathology review) and event-free survival (as 
assessed by blinded independent central review 
or by central pathology review if a biopsy was 
needed for analysis of a suspected new lesion). 
The key secondary end point was overall survival 
as assessed with an alpha-allocation approach. 
Other secondary end points included event-free 
survival at 24 months and safety. The full list of 
end points is provided in the protocol.

Central pathology review of specimens ob-
tained during radical cystectomy was performed 
according to the eighth edition of the AJCC Cancer 
Staging Manual16 to assess the pathological stage. 
Pathological complete response was defined as a 
pathological stage of T0N0M0.

Event-free survival was defined as the time 
from randomization to progressive disease that 
precluded radical cystectomy, the first recurrence 
of disease after radical cystectomy, the expected 
date of surgery (in patients who did not undergo 
radical cystectomy), or death from any cause. Ra-
diologic tumor assessments were completed ac-
cording to the Response Evaluation Criteria in 
Solid Tumors, version 1.1. Additional informa-
tion about tumor assessments is provided in the 
Supplementary Appendix, available at NEJM.org. 
Overall survival was defined as the time from the 
date of randomization until death from any cause 
regardless of whether the patient had been with-
drawn from the trial therapy or had received sub-
sequent anticancer therapy.

Adverse events were monitored and graded 
throughout the trial according to the National 
Cancer Institute Common Terminology Criteria 
for Adverse Events, version 5.0. Treatment-related 
adverse events were assessed by the investigator 
and defined as adverse events related to durvalu-
mab or gemcitabine–cisplatin and did not include 
adverse events related to surgery. Immune-mediated 
adverse events were defined as adverse events 
of special interest that were consistent with an 
immune-mediated mechanism of action with no 
clear alternative cause and resulted in the use of 
systemic glucocorticoids, other immunosuppres-
sants, or endocrine therapy.

Patients were stratified according to the PD-L1 
expression level in baseline tumor samples on 
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic
Durvalumab 

(N = 533)
Comparison 

(N = 530)

Age — yr

Median (range) 65 (34–84) 66 (32–83)

≥75 — no. % 58 (10.9) 63 (11.9)

Sex — no. (%)

Male 437 (82.0) 433 (81.7)

Female 96 (18.0) 97 (18.3)

Race — no. (%)†

White 354 (66.4) 358 (67.5)

Asian 152 (28.5) 145 (27.4)

Black 6 (1.1) 4 (0.8)

Other 7 (1.3) 1 (0.2)

Missing data 14 (2.6) 22 (4.2)

Region — no. (%)

Europe 265 (49.7) 287 (54.2)

Asia 151 (28.3) 143 (27.0)

North America and Australia 66 (12.4) 62 (11.7)

South America 51 (9.6) 38 (7.2)

ECOG performance‑status score — no. (%)‡

0 418 (78.4) 415 (78.3)

1 115 (21.6) 115 (21.7)

Smoking status — no. (%)

Current 122 (22.9) 130 (24.5)

Former 255 (47.8) 269 (50.8)

Never 144 (27.0) 120 (22.6)

Missing data 12 (2.3) 11 (2.1)

Histologic type — no. (%)§

Invasive urothelial carcinoma, not otherwise specified 457 (85.7) 441 (83.2)

Urothelial carcinoma with squamous differentiation 38 (7.1) 49 (9.2)

Urothelial carcinoma with glandular differentiation 10 (1.9) 15 (2.8)

Urothelial carcinoma with other histologic subtype 28 (5.3) 25 (4.7)

Tumor stage — no. (%)§¶

T2N0 215 (40.3) 213 (40.2)

Higher than T2N0 318 (59.7) 317 (59.8)

Regional lymph‑node stage — no. (%)§

N0 505 (94.7) 500 (94.3)

N1 28 (5.3) 30 (5.7)

Creatinine clearance — no. (%)

≥60 ml/min/1.73 m2 432 (81.1) 430 (81.1)

40 to <60 ml/min/1.73 m2 101 (18.9) 100 (18.9)

Tumor PD‑L1 expression level — no. (%)‖

High 389 (73.0) 388 (73.2)
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immunohistochemical staining (Ventana PD-L1 
[SP263] assay; Ventana Medical Systems) with 
the use of a TC/IC25% algorithm. According to the 
algorithm, a high expression level was defined as 
PD-L1 expression on at least 25% of tumor cells, 
at least 25% of immune cells if immune cells were 
present in more than 1% of the tumor area, or 
100% of immune cells if immune cells were pres-
ent in 1% of the tumor area (see the Supplemen-
tary Appendix). Examination of the tumor cell 
and immune cell components of the TC/IC25% 
algorithm showed that the reported prevalence 
of PD-L1 expression on tumor cells was consis-
tent among the central laboratories but that the 
reported prevalence of PD-L1 expression on im-
mune cells varied by more than 25%. To assess 
the effect of the variation in the reported preva-
lence of immune cells on the estimate of the 
treatment effect in the primary analysis of event-
free survival, additional subgroup analyses of 
event-free survival were prespecified and con-
ducted with the use of algorithms for PD-L1 
expression that included tumor cells only (see 
the Supplementary Appendix).

Statistical Analysis

We calculated that the enrollment of 525 pa-
tients in each group would provide the trial with 
at least 95% power, at a two-sided alpha level of 
0.001, to detect a significant between-group dif-
ference in the percentage of patients with a patho-

logical complete response, under the assump-
tion that the underlying percentage of patients 
with such a response would be 50% in the dur-
valumab group and 35% in the comparison group. 
We estimated that 451 events of progression, 
recurrence, not undergoing radical cystectomy, or 
death from any cause would provide the trial 
with 90% power to detect a significant between-
group difference in event-free survival, with an 
underlying hazard ratio of 0.73 and a two-sided 
alpha level of 0.049. A multiple testing procedure 
with a gatekeeping strategy was used for the 
analysis of the dual primary end points and the 
secondary end points of overall survival and over-
all survival at 5 years, with an alpha-exhaustive 
recycling strategy.18 Alpha allocation was con-
trolled with the use of the Lan–DeMets O’Brien–
Fleming spending function.

To comply with Journal guidelines, pathologi-
cal complete response in the two trial groups 
was compared with the use of log-binomial re-
gression (adjusted for the stratification factors), 
and the result of the analysis is reported as a risk 
ratio with a corresponding 95% confidence inter-
val and P value. Patients with a missing assess-
ment of pathological complete response were 
considered to have had no response.

For the comparison of event-free survival and 
overall survival in the trial groups, a stratified 
log-rank test was used to generate P values, and a 
stratified Cox proportional-hazards model with 

Characteristic
Durvalumab 

(N = 533)
Comparison 

(N = 530)

Low or none 144 (27.0) 142 (26.8)

*  Shown are data for the intention‑to‑treat population, which included all the patients who were randomly assigned to 
receive neoadjuvant chemotherapy plus durvalumab, followed by adjuvant durvalumab after cystectomy (durvalumab 
group), or neoadjuvant chemotherapy followed by cystectomy alone (comparison group). Percentages may not sum 
to 100 because of rounding.

†  Race was reported by the patient.
‡  Eastern Cooperative Oncology Group (ECOG) performance‑status scores range from 0 to 5, with higher scores indicat‑

ing greater disability.
§  Histologic type, tumor stage, and regional lymph‑node stage were assessed by the investigator on the basis of a patho‑

logical tumor assessment of a sample obtained during transurethral resection of the bladder tumor, an examination of 
the patient under anesthesia after the transurethral resection of the bladder tumor, and findings on computed tomog‑
raphy or magnetic resonance imaging.

¶  Tumor staging was performed according to the eighth edition of the American Joint Committee on Cancer AJCC Cancer 
Staging Manual.16

‖  Baseline samples were assessed with the Ventana PD‑L1 (SP263) assay (Ventana Medical Systems) according to the 
TC/IC25% algorithm, in which a high expression level was defined as PD‑L1 expression on at least 25% of tumor cells, 
at least 25% of immune cells if immune cells were present in more than 1% of the tumor area, or 100% of immune 
cells if immune cells were present in 1% of the tumor area.

Table 1. (Continued.)
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Efron’s method for handling ties was used to es-
timate hazard ratios and associated 95% confi-
dence intervals. Event-free survival and overall 

survival at prespecified time points were esti-
mated with the Kaplan–Meier method. Additional 
details about these end points are provided in 
the Supplementary Appendix.

Data reported for pathological complete re-
sponse are from the primary (formal) analysis, 
which was conducted approximately 6 months 
after the last patient underwent randomization 
(data cutoff, January 14, 2022), and an unplanned, 
descriptive reanalysis that was performed at the 
time of the analysis of event-free survival (data 
cutoff, April 29, 2024) and included the results 
for 59 samples that were mistakenly omitted 
from the primary analysis. The reasons for this 
repeat analysis are provided in the Supplementary 
Appendix.

Data reported for event-free survival are from 
the second planned interim superiority analysis, 
which was to be performed when approximately 
410 events of progression, recurrence, not under-
going radical cystectomy, or death from any cause 
had occurred (resulting in a critical value of ap-
proximately 0.81 for statistical significance with 
respect to event-free survival) in the trial groups or 
in April 2024, whichever occurred first. The pre-
specified data-maturity target was reached on April 
29, 2024 (data-cutoff date). The first interim analy-
sis of overall survival was prespecified to occur at 
the time of the second interim analysis of event-
free survival and was to be formally tested only 
if there was a significant difference in event-free 
survival between the trial groups. The full statisti-
cal analysis plan is available with the trial protocol.

R esult s

Patients

From November 2018 through July 2021, a total 
of 1063 patients from 22 countries underwent 
randomization, of whom 533 were assigned to 
the durvalumab group and 530 to the comparison 
group (Fig. S1 in the Supplementary Appendix). 
Baseline characteristics were generally balanced 
between the trial groups (Table 1). The trial popu-
lation was representative of the overall population 
of patients with muscle-invasive bladder cancer 
in Europe, Asia, North America, Australia, and 
South America; however, Black patients were un-
derrepresented (Table S1).

A total of 417 of 530 patients (78.7%) in the 
durvalumab group and 389 of 526 patients (74.0%) 
in the comparison group completed neoadjuvant 

Figure 1. Pathological Complete Response in the Inten-
tion-to-Treat Population.

Shown in Panel A are the results of the primary analy‑
sis of pathological complete response (as assessed by 
blinded central pathology review) as of the data‑cutoff 
date (January 14, 2022) in patients who were assigned 
to receive neoadjuvant chemotherapy plus durvalu‑
mab, followed by adjuvant durvalumab after cystecto‑
my (durvalumab group), or neoadjuvant chemothera‑
py, followed by cystectomy alone (comparison group). 
The risk ratio for pathological complete response did 
not reach significance (P = 0.004), which was defined 
as a two‑sided P value of 0.001. Shown in Panel B are 
the results of a descriptive reanalysis of pathological 
complete response that included the results of 59 eval‑
uable samples that were omitted from the primary 
analysis because the date of central assessment (which 
occurred after January 14, 2022), rather than the date 
of surgery (which occurred before January 14, 2022), 
was used as the data‑cutoff date. The intention‑to‑treat 
population included all the patients who underwent 
randomization. A risk ratio of greater than 1 favors 
durvalumab.
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treatment; adverse events were the primary reason 
for not completing neoadjuvant treatment (in 
15.5% and 15.2% of the patients, respectively). 
Two patients (0.4%) in the durvalumab group and 
4 patients (0.8%) in the comparison group discon-
tinued neoadjuvant treatment because of disease 
progression.

Of the patients who underwent randomiza-
tion (intention-to-treat population), 469 (88.0%) 
in the durvalumab group and 441 (83.2%) in the 
comparison group underwent radical cystectomy. 
Patient decision was the most common reason for 
not undergoing radical cystectomy in each group 
(6.0% of the patients in the durvalumab group 
and 6.8% of those in the comparison group). Of 
the patients who underwent radical or partial 
cystectomy, 424 of 470 (90.2%) in the durvalumab 
group and 399 of 446 (89.5%) in the comparison 
group underwent cystectomy within 56 days after 
the last dose of neoadjuvant therapy. The median 
time from the last dose of neoadjuvant therapy to 
cystectomy was 39.0 days (range, 8 to 118) in the 
durvalumab group and 38.0 days (range, 12 to 
333) in the comparison group.

Of the 469 patients in the durvalumab group 
who underwent radical cystectomy, 383 (81.7%; 
72.3% of the patients who received at least one 
dose of neoadjuvant treatment [as-treated popu-
lation]) started adjuvant treatment. Of these 383 
patients, 288 (75.2%; 54.3% of the patients in the 
as-treated population) completed adjuvant treat-
ment. Adverse events and disease relapse were the 
primary reasons for not completing adjuvant treat-
ment. The median number of cycles of adjuvant 
durvalumab was 8 (range, 1 to 8).

At the time of this analysis, 53 patients in the 
durvalumab group and 93 patients in the com-
parison group had received at least one subsequent 
anticancer therapy after treatment discontinuation. 
The current trial had largely been conducted before 
nivolumab was approved as adjuvant treatment for 
high-risk muscle-invasive bladder cancer, and only 
4 patients in the trial received adjuvant nivolumab.

Efficacy

According to the primary analysis, a pathologi-
cal complete response (as assessed by central 
pathology review) occurred in 33.8% (95% con-
fidence interval [CI], 29.8 to 38.0) of the patients 
in the durvalumab group and in 25.8% (95% CI, 
22.2 to 29.8) of those in the comparison group 
(risk ratio, 1.30; 95% CI, 1.09 to 1.56; P = 0.004); 

the difference between the trial groups was not 
significant according to the type 1 error of 0.1% 
allocated to the comparison (Fig. 1). In the re-
analysis including the results for the 59 samples 
omitted from the primary analysis, a pathological 
complete response (as assessed by central pathol-
ogy review) occurred in 37.3% (95% CI, 33.2 to 
41.6) of the patients in the durvalumab group and 
in 27.5% (95% CI, 23.8 to 31.6) of those in the 
comparison group (risk ratio, 1.34; 95% CI, 1.13 
to 1.60) (Fig. 1). The results of both primary 
analysis and reanalysis of pathological complete 
response according to subgroup were consistent 
with the results in the overall population (Figs. S3 
and S4). Among all the patients who underwent 
randomization, 265 (49.7%) in the durvalumab 
group and 215 (40.6%) in the comparison group 
had a pathological tumor stage of less than T2 
as assessed by the investigator.

The median duration of follow-up for event-
free survival in patients with censored data was 
42.3 months (range, 0.03 to 61.3). An event oc-
curred in 187 patients (35.1%) in the durvalumab 
group and in 246 patients (46.4%) in the com-
parison group (Table S3). The estimated event-
free survival at 24 months was 67.8% (95% CI, 
63.6 to 71.7) in the durvalumab group and 59.8% 
(95% CI, 55.4 to 64.0) in the comparison group 
(hazard ratio for progression, recurrence, not un-
dergoing radical cystectomy, or death from any 
cause, 0.68; 95% CI, 0.56 to 0.82; P<0.001 by 
stratified log-rank test) (Fig. 2A).

The results of a subgroup analysis of event-
free survival in the intention-to-treat population 
are shown in Figure 2B. The results of sensitiv-
ity analyses of event-free survival that accounted 
for attrition, evaluation-time bias, and not un-
dergoing radical cystectomy were consistent with 
the results in the intention-to-treat population 
(Table S2 and Fig. S2). Because assessment of 
the TC/IC25% algorithm showed inconsistencies 
among the central laboratories in the reported 
prevalence of PD-L1 expression on immune cells, 
we analyzed event-free survival according to PD-L1 
expression levels of 1% and 25% of tumor cells, 
and the results were consistent with those in the 
intention-to-treat population (see the Supplemen-
tary Appendix).

In the intention-to-treat population, death oc-
curred in 136 patients (25.5%) in the durvalu-
mab group and 169 patients (31.9%) in the com-
parison group (Table S4). The estimated overall 
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survival at 24 months was 82.2% (95% CI, 78.7 
to 85.2) in the durvalumab group and 75.2% 
(95% CI, 71.3 to 78.8) in the comparison group 
(hazard ratio for death, 0.75; 95% CI, 0.59 to 
0.93; P = 0.01 by stratified log-rank test) (Fig. 3A). 
Overall survival according to subgroup is shown 
in Figure 3B.

Safety

Of the patients who received at least one dose of 
neoadjuvant treatment, adverse events of any 
cause occurred in 99.4% of those in the dur-
valumab group and in 99.8% of those in the 
comparison group, with adverse events of grade 
3 or 4 occurring in 69.4% and 67.5% of the pa-
tients, respectively (Table 2). In both trial groups, 
the most common adverse events of any cause 
were nausea, anemia, and constipation (Table S5). 
Treatment-related adverse events of any grade 

occurred in 94.7% of the patients in the durvalu-
mab group and in 92.6% of those in the compari-
son group, with treatment-related adverse events of 
grade 3 or 4 occurring in 40.6% and 40.9% of the 
patients, respectively (Table 2).

Treatment-related adverse events leading to 
death occurred in 3 patients (0.6%) in each group. 
All three deaths in the durvalumab group occurred 
during neoadjuvant therapy (one death was due 
to cardiorespiratory arrest related to durvalumab 
and chemotherapy, and one death each was due 
to pulmonary embolism and myocardial infarc-
tion related to chemotherapy only). In the com-
parison group, two deaths occurred during neo-
adjuvant treatment, and one death occurred after 
surgery. Surgery-related adverse events leading 
to death within the first 90 days after radical 
cystectomy occurred in 10 patients (2.1%) in the 
durvalumab group and in 8 patients (1.8%) in 
the comparison group.

Adverse events leading to the discontinuation 
of neoadjuvant treatment occurred in 14.9% of the 
patients in the durvalumab group and in 15.2% 
of those in the comparison group (Table S6). The 
percentage of patients with adverse events pre-
cluding or delaying surgery was similar in the 
trial groups (Table 2). Of the 383 patients who 
started adjuvant durvalumab therapy, adverse 
events led to treatment discontinuation in 30 
(7.8%) (Table S7).

Overall, immune-mediated adverse events oc-
curred in 111 patients (20.9%) in the durvalu-
mab group and in 16 patients (3.0%) in the com-
parison group. Immune-mediated adverse events 
that occurred in at least 1% of the patients in the 
durvalumab group included hypothyroid events 
(in 10.4% of the patients), hyperthyroid events 
(in 2.5%), dermatitis or rash (in 2.3%), renal 
events (in 1.7%), diarrhea or colitis (in 1.5%), 
and pneumonitis (in 1.3%). No immune-mediated 
adverse events led to death in the durvalumab 
group; immune-mediated pneumonitis led to 
death in 1 patient in the comparison group.

Discussion

In cisplatin-eligible patients with muscle-invasive 
bladder cancer, perioperative durvalumab plus 
neoadjuvant chemotherapy with radical cystec-
tomy significantly improved event-free survival 
and overall survival as compared with neoadju-
vant chemotherapy with radical cystectomy alone. 

Figure 2 (facing page). Event-free Survival in the Inten-
tion-to-Treat Population.

Shown in Panel A are Kaplan–Meier estimates of 
event‑free survival (as assessed by blinded indepen‑
dent central review) as of the data‑cutoff date (April 
29, 2024). Tick marks indicate patients with censored 
data. Dashed lines indicate event‑free survival at 12 
months and 24 months. Panel B shows a forest plot of 
event‑free survival in prespecified baseline subgroups. 
The gray shading indicates the 95% confidence inter‑
val for the hazard ratio for an event in the intention‑to‑
treat population. Prespecified subgroup analyses were 
performed with the use of an unstratified Cox propor‑
tional‑hazards model with treatment as the only co‑
variate and the use of Efron’s approach for handling 
ties. Race was reported by the patients. Disease stage 
was defined according to the eighth edition of the 
American Joint Committee on Cancer AJCC Cancer 
Staging Manual.16 Histologic type, tumor stage, and re‑
gional lymph‑node stage were assessed by the investi‑
gator on the basis of a pathological tumor assessment 
of a sample obtained during transurethral resection of 
the bladder tumor, an examination of the patient un‑
der anesthesia after the transurethral resection of the 
bladder tumor, and findings on computed tomography 
or magnetic resonance imaging. The baseline pro‑
grammed death ligand 1 (PD‑L1) expression level was 
assessed with the use of immunohistochemical stain‑
ing (Ventana PD‑L1 [SP263] assay; Ventana Medical 
Systems), in which a high expression level was defined 
as PD‑L1 expression on at least 25% of tumor cells, at 
least 25% of immune cells if immune cells were pres‑
ent in more than 1% of the tumor area, or 100% of im‑
mune cells if immune cells were present in 1% of the 
tumor area. BCG denotes bacille Calmette–Guérin, 
and NR not reached.
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The event-free survival benefit was broadly con-
sistent across prespecified subgroups. Further-
more, the percentage of patients who underwent 
surgery was similar in the two trial groups, 
which means that the addition of neoadjuvant 
durvalumab to chemotherapy did not lead to a 
reduction in the percentage of patients who un-
derwent radical cystectomy.

In patients with muscle-invasive bladder 
cancer, pathological complete response has not 
yet been established as a surrogate for survival 
end points in clinical trials.19,20 In the current 
trial, although the percentage of patients with a 
pathological complete response was not signifi-
cantly different in the trial groups, the numeri-
cal between-group difference in this percentage 
and the early separation of the Kaplan–Meier 
curves for event-free survival suggest that the 
addition of durvalumab to chemotherapy im-
proves efficacy in the neoadjuvant treatment 
phase. Recent clinical and preclinical research in 
metastatic urothelial carcinoma supports the 
benefit of combining cisplatin-based chemo-
therapy with immune-checkpoint inhibitors.21,22 
Our trial was designed to assess the periopera-
tive treatment in its totality in a population of 
patients with muscle-invasive bladder cancer, but 
it was not designed to assess the treatment ef-
fect of durvalumab in the neoadjuvant phase as 
compared with the adjuvant phase in either the 
intention-to-treat population or in patients with 
a pathological complete response. Exploratory 
work from this and other ongoing trials23-27 may 
include such assessments.

Biomarkers other than tumor PD-L1 expres-
sion, such as circulating tumor DNA (ctDNA), 
may play a role in assisting treatment decisions 
in the future. Negative ctDNA status after neo-
adjuvant atezolizumab treatment appears to be 
associated with a reduced risk of relapse in 
patients with muscle-invasive bladder cancer.28 
Also, ctDNA positivity after cystectomy may be 
correlated with a response to adjuvant immune-
checkpoint inhibitor monotherapy.29 Exploratory 
analyses of ctDNA in trials such as ours may also 
provide further insight.

The safety profile of perioperative durvalu-
mab with neoadjuvant chemotherapy was consis-
tent with individual safety profiles for durvalu- 
mab and gemcitabine–cisplatin. The percentage 
of patients with adverse events leading to treat-
ment discontinuation during the neoadjuvant 
period was approximately the same in both 
treatment groups, and adverse events leading to 
the discontinuation of adjuvant durvalumab ther-
apy were infrequent. Preliminary results pre-
sented here suggest that the safety of surgery 
was similar in the treatment groups. Assess-
ments of health-related quality of life and other 
secondary end points are ongoing.

The trial was limited by the open-label design, 
which was somewhat mitigated by the blinded 
independent central review of tumor assess-
ments and the blinding of the sponsor to the 
trial-group assignments and patient-level effica-
cy data. Our trial was performed before the wide-
spread availability of adjuvant nivolumab13 for 
high-risk muscle-invasive bladder cancer or en-
fortumab vedotin with pembrolizumab30 for ad-
vanced disease, and the potential effect of these 
treatment options on the observed survival ben-
efit is unclear. Blinding of the sponsor during 
the trial limited the analysis of subsequent 
therapies in this interim analysis; unblinding 
and additional follow-up will allow greater un-
derstanding of subsequent therapies received by 
the patients in both groups. Finally, the trial 
was not designed to isolate the relative contri-
butions of each treatment phase to the efficacy 
outcomes.

Perioperative durvalumab with neoadjuvant 
cisplatin-based chemotherapy followed by radi-
cal cystectomy provided a significant event-free 
survival benefit and overall survival benefit to 

Figure 3 (facing page). Overall Survival in the Intention-
to-Treat Population.

Panel A shows Kaplan–Meier estimates of overall sur‑
vival (as assessed by blinded independent central re‑
view) as of the data‑cutoff date (April 29, 2024). Tick 
marks indicate patients with censored data. Dashed 
lines indicate survival at 12 months and 24 months. 
Panel B shows a forest plot of overall survival in pre‑
specified baseline subgroups. The gray shading indi‑
cates the 95% confidence interval for the hazard ratio 
for death in the intention‑to‑treat population. Prespec‑
ified subgroup analyses were performed with the use 
of an unstratified Cox proportional‑hazards model 
with treatment as the only covariate and the use of 
Efron’s approach for handling ties. NC denotes not 
calculated.
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patients with muscle-invasive bladder cancer. 
The results of this trial support the use of peri-
operative durvalumab with neoadjuvant chemo-
therapy as a potential new treatment option for 
cisplatin-eligible patients with muscle-invasive 
bladder cancer.
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Table 2. Adverse Events in the As-Treated Population.*

Adverse Event
Durvalumab 

(N = 530)
Comparison 

(N = 526)

number of patients (percent)

Adverse events of any cause

Event of any grade 527 (99.4) 525 (99.8)

Event of grade 3 or 4† 368 (69.4) 355 (67.5)

Serious adverse event 326 (61.5) 287 (54.6)

Event leading to death 27 (5.1) 29 (5.5)

Event leading to discontinuation of trial treatment‡ 112 (21.1) 80 (15.2)

Event leading to discontinuation of durvalumab 86 (16.2) —

Event leading to discontinuation of chemotherapy 72 (13.6) 80 (15.2)

Event leading to cancellation of surgery 6 (1.1) 7 (1.3)

Event leading to a delay in surgery§ 9 (1.7) 6 (1.1)

Treatment-related adverse events¶

Event of any grade 502 (94.7) 487 (92.6)

Event of grade 3 or 4† 215 (40.6) 215 (40.9)

Serious adverse event 86 (16.2) 63 (12.0)

Event leading to death‖ 3 (0.6) 3 (0.6)

Durvalumab‑related event leading to discontinuation 42 (7.9) —

Chemotherapy‑related event leading to discontinuation 55 (10.4) 64 (12.2)

*  The as‑treated population included patients who received at least one dose of neoadjuvant treatment. Safety data are 
shown for the overall trial period, which included the time from the first dose of trial treatment and the earliest of 90 
days after the last dose of trial treatment or surgery (in the durvalumab group); 90 days after the last neoadjuvant treat‑
ment, surgery, or last visit during the adjuvant phase (in the comparison group); the date of the first dose of subse‑
quent anticancer therapy (in both groups); or the date of data cutoff (in both groups). Patients with multiple events in 
the same category are counted only once in that category.

†  The severity of adverse events was graded according to the Common Terminology Criteria for Adverse Events, version 
5.0. For patients with multiple episodes of the same adverse event, only the episode with the highest grade is included.

‡  Trial treatment is defined as durvalumab and gemcitabine–cisplatin and does not include surgery.
§  Delayed surgery was defined as surgery that occurred more than 56 days after the last dose of trial treatment during the 

neoadjuvant period.
¶  Data are for adverse events considered by the investigator to be related to the trial treatment. Adverse events with 

missing data were considered to be related to the trial treatment.
‖  Treatment‑related adverse events leading to death were cardiorespiratory arrest, myocardial infarction, and pulmonary 

embolism in one patient each in the durvalumab group and cardiorespiratory arrest and pneumonitis in one patient 
each in the comparison group. The cause of death was unknown in one patient in the comparison group.
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