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Abstract 

Background and Objective: To determine the safety of atezolizumab in unselected 

patients (including understudied populations typically excluded from clinical trials) with 

pretreated urinary tract carcinoma (UTC). The prespecified final analysis updates previously 

reported safety and efficacy data. 

Methods: The single-arm prospective SAUL study (NCT02928406) enrolled 1004 patients 

with locally advanced/metastatic urothelial/non-urothelial UTC that had progressed 

during/after 1–3 prior treatment lines for advanced UTC (or <12 months after [neo]adjuvant 

therapy). Broad eligibility criteria allowed patients with complex comorbidities approximating 

the real-world setting. Patients received atezolizumab 1200 mg every 3 weeks until disease 

progression/unacceptable toxicity. The primary endpoint was safety. Secondary endpoints 

included duration of response and overall survival (OS).  

Key Findings and Limitations: Treated patients included 10% with poor performance 

status, 5% with creatinine clearance <30 mL/min, and 4% with autoimmune disease. At 55 

months’ median follow-up, median atezolizumab duration was 2.8 (range 0–62) months; 68 

patients (7%) continued atezolizumab for >4 years. Treatment-related grade ≥3 adverse 

events occurred in 16% of patients (deaths in 1%); 8% discontinued atezolizumab for 

adverse events. Median OS was 8.6 (95% CI, 7.8, 9.7) months. OS was >4 years in 136 

patients (14%). Limitations include the small sample sizes of some subgroups of special 

interest.  

Conclusions and clinical implications: Long-term safety and efficacy data continue to 

show benefit of atezolizumab in unselected patients with UTC. Remarkably, 14% of patients 

lived for >4 years after starting atezolizumab. These results can inform multidisciplinary team 

discussions and treatment decision-making for patients with UTC with complex 

comorbidities. 
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Plain English summary: The SAUL study looked at how well tolerated a drug called 

‘atezolizumab’ was in a group of people with urinary tract carcinoma who had already 

received up to three previous treatments for their cancer, including in people who are usually 

not included in clinical trials because of other medical conditions. The study also looked at 

how long people lived after starting treatment. Overall, this study showed that atezolizumab 

was well tolerated including in people with other medical conditions. People  who had failed 

other therapies, lived for about 8.6 months on average after starting treatment; 14% of 

people were still alive after 4 years. 
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1. Introduction 

The anti-PD-L1 agent atezolizumab is an established therapy in patients with locally 

advanced/metastatic urothelial carcinoma who have previously received platinum-containing 

therapy or are considered cisplatin-ineligible with tumors expressing PD-L1 on ≥5% of 

immune cells (IC2/3).[1-5] The pivotal phase 3 IMvigor211 trial [3] excluded certain patient 

populations, including those with previous autoimmune disease, ongoing systemic 

corticosteroid treatment, symptomatic brain metastases, Eastern Cooperative Oncology 

Group performance status (ECOG PS) 2, inadequate renal or liver function, or HIV. 

However, these populations frequently present in routine oncology practice: for example, 

25% of >1200 patients in a Spanish real-world dataset had ECOG PS 2 and 32% had 

creatinine clearance (CrCl) <60 mL/min.[6] Combination chemotherapy is not recommended 

in these patients and some receive no treatment.[7, 8] There are limited data on outcomes 

with cancer immunotherapy in these clinically challenging patient populations.  

The multinational single-arm SAUL study provides first and critical insight into the 

tolerability and effectiveness of atezolizumab in a broad population of patients with 

pretreated urinary tract carcinoma (UTC), including understudied populations that are 

typically excluded from randomized clinical trials.[9-11] For example, patients with previous 

autoimmune disease were excluded from the IMvigor211 trial, as were those with 

inadequate renal function (creatinine clearance <30 mL/min) or positive HIV status,[3] but 

these patients were eligible for the SAUL study. Clinical outcomes at the primary analysis 

were similar to phase 3 results for anti-PD-(L)1 therapies in highly selected patients.[3, 12] 

We report the prespecified final analysis 4 years after completing enrollment, focusing on 

patients with particularly favorable long-term outcomes.  
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2. Patients and Methods 

The design of the SAUL study (NCT02928406), including details of eligibility criteria, has 

been published previously.[9] In brief, eligible patients had locally advanced/metastatic 

urothelial or non-urothelial UTC that had progressed during/after one to three prior treatment 

lines for advanced UTC (or within 12 months of [neo]adjuvant therapy). Patients with 

autoimmune disease, ECOG PS 2, CrCl ≥15–30 mL/min, and/or stable central nervous 

system (CNS) metastases were eligible. Atezolizumab 1200 mg was given once every 3 

weeks until disease progression, unacceptable toxicity, loss of clinical benefit, or 

patient/physician decision.  

The primary endpoint was safety. Adverse events of special interest (AESIs) for 

atezolizumab were defined based on the company-defined categories current at the time of 

the analysis. These included additional adverse events (AEs) since the primary analysis, 

reflecting increased experience with immunotherapy and surveillance over time. Post hoc 

analyses explored the time to onset and resolution of AESIs using summary statistics within 

the subset of patients experiencing each AESI. 

Secondary efficacy endpoints included progression-free survival (reported 

previously[9]), overall response rate (ORR; assessed by Response Evaluation Criteria in 

Solid Tumors [RECIST], version 1.1), disease control rate (DCR; complete or partial 

response [CR/PR], or stable disease for ≥4 weeks), overall survival (OS), duration of 

response (DoR), and patient-reported outcomes, assessed using the European Organisation 

for the Research and Treatment of Cancer (EORTC) Quality-of-Life Questionnaire Core 30 

(QLQ-C30) on day 1 of the first three cycles, then at tumor assessment visits every three 

cycles. Changes from baseline of ≥10 points were considered to be clinically meaningful.[13] 

Compliance with questionnaire completion at each timepoint was calculated as a percentage 

of all patients remaining on treatment at that timepoint.  
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Subgroup analyses of key safety and/or efficacy parameters according to PD-L1 

status, ECOG PS (0/1 vs 2), CNS metastases, renal impairment at study entry, history of 

autoimmune disease, and concomitant steroids were prespecified.[9] In further post hoc 

analyses according to baseline CrCl, patients were classified as chemotherapy ineligible 

(CrCl 15–<30 mL/min), cisplatin ineligible and carboplatin eligible (CrCl 30–<60 mL/min), or 

cisplatin eligible (CrCl ≥60 mL/min).  

Additional post hoc exploratory analyses characterized patients with exceptional 

outcomes, defined (in non-mutually exclusive subgroups) as: CR/PR with OS >2 years; OS 

>4 years; or atezolizumab treatment for >4 years. 

Baseline characteristics, treatment exposure, and safety were analyzed in all patients 

who received at least one atezolizumab dose. Efficacy was analyzed in the intention-to-treat 

(ITT) population (all enrolled patients). In each subgroup analysis, any patients with missing 

data for the parameter defining the specific subgroup were excluded.  

The protocol and study-related materials were approved by each site’s institutional 

review board or ethics committee before study initiation. All patients provided written 

informed consent before any study-specific procedures. 

3. Results 

3.1. Patient population  

SAUL enrolled 1004 patients from 172 sites in 32 countries across Europe, Asia, South 

America, Australia, and Canada between November 30, 2016, and March 16, 2018. Among 

997 treated patients, 10% had ECOG PS 2, 5% had CrCl <30 mL/min, 4% had a history of 

autoimmune disease, and 7% had received two to three prior treatment lines. Approximately 

two-thirds of patients (64%) had received ≥1 prior treatment for metastatic disease 

(Supplementary Table 1).  
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3.2 Treatment exposure 

At the database lock (December 20, 2022; median follow-up 55 months) all patients had 

discontinued treatment in the study or transferred to a rollover study or commercial supply. 

The most common reason for discontinuing atezolizumab was disease progression (75% of 

patients). Median treatment duration was 2.8 months (Table 1). Atezolizumab was continued 

for >3 years in 96 patients (10%) and for >4 years in 68 patients (7%), including three 

patients receiving concomitant steroids, two with CrCl <30 mL/min, and two with ongoing 

autoimmune disease. 

3.3 Safety 

Grade ≥3 AEs occurred in 51% of patients and were considered treatment related in 16% 

(Table 1). The most common were urinary tract infection (6%), anemia (5%), fatigue (3%), 

hyponatremia (2%), and asthenia (2%). Atezolizumab was discontinued for AEs in 8% of 

patients, most frequently pneumonitis (0.5%), nephritis (0.4%), and acute kidney injury 

(0.3%; one patient also had nephritis and CrCl 30–<60 mL/min; the other two had CrCl ≥60 

mL/min). Eight deaths were considered by the investigator to be treatment related (two from 

dyspnea, one each from respiratory failure, intestinal perforation, drug-induced liver injury, 

colitis, chronic kidney disease, and pericardial hemorrhage; Supplementary Table 2).  

The most common AESIs typically occurred in early cycles, except for pneumonitis, 

cerebrovascular conditions, nephritis, pancreatitis, and diabetes mellitus (Table 2). The 

median duration of key AESIs was <2 months except for low-grade acute kidney injury, low-

grade hyperthyroidism, and low-grade nephritis.  

Generally, incidences of AEs in subgroups of special interest were consistent with 

the overall treated population. However, in patients with ECOG PS 2 (median treatment 

duration 0.7 months), treatment-related AEs and AESIs were less common than in the 

overall population (Table 1). Conversely, in patients with autoimmune disease (median 

treatment duration 5.7 months), treatment-related AEs (all grades and grade ≥3) were more 
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common than in the overall treated population (Table 1), although there was no increase in 

AEs leading to atezolizumab discontinuation.  

Baseline CrCl was available for 995 patients, of whom 46 (5%) were classified as 

chemotherapy ineligible. Among chemotherapy-eligible patients, 529 (53%) were cisplatin 

eligible and 420 (42%) were cisplatin ineligible and carboplatin eligible. Subgroups with 

lower CrCl tended to be older, female, have never smoked, have worse ECOG PS, and 

have previously received treatment for metastatic disease (Supplementary Table 3). 

However, the median duration of atezolizumab was similar in chemotherapy-ineligible 

patients (3.0 months), the other two subgroups (2.8 months) and the overall population. 

There was no excess of AEs in the chemotherapy-ineligible or cisplatin-ineligible subgroups 

(Supplementary Table 4). Treatment-related AEs appeared to be slightly less common in 

patients with CrCl <30 mL/min. Compared with the other subgroups, chemotherapy-ineligible 

patients had a numerically higher incidence of grade 1/2 decreased appetite and lower 

incidence of grade 1/2 pyrexia (Supplementary Fig. 1). The only AESI categories in >10% of 

chemotherapy-ineligible patients were acute kidney injury and immune-mediated colitis/non-

infectious diarrhea.  

3.4 Efficacy 

In the ITT population, 78% of patients had died and median OS was 8.6 months (95% 

confidence interval [CI] 7.8, 9.7 months) (Fig. 1A and Table 3). OS was >4 years in 136 

patients (14%). Median DoR in 158 responding patients was 27.8 (95% CI,18.9, 43.3) 

months (Fig. 1B).  

3.5 Long-term responders 

Among 158 responding patients, 132 (84%) lived for >2 years (median atezolizumab 

treatment duration: 38.7 months), 113 (72%) for >3 years (median atezolizumab duration: 

45.3 months), and 90 (57%) for >4 years (median atezolizumab duration: 49.1 months). Of 
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234 patients alive 2 years after starting treatment in SAUL, 136 (58%; 14% of the ITT 

population) were still alive 2 years later (median treatment duration: 47.8 months). 

Compared with the overall population, patients with exceptional long-term outcomes 

had less visceral disease, better ECOG PS, and higher PD-L1 expression score 

(Supplementary Table 1). Among 68 patients treated with atezolizumab for >4 years, 13 had 

stable disease and five had disease progression as best response; two patients had 

autoimmune disease (one with psoriasis, one with Hashimoto’s disease). Patients treated for 

>4 years had higher incidences of all-grade treatment-related AEs (85% vs 54% in those 

treated for ≤4 years), grade ≥3 treatment-related AEs (22% vs 15%, respectively), all-grade 

AESIs (91% vs 50%), and grade ≥3 AESIs (26% vs 15%), but fewer discontinued treatment 

for AEs (4% vs 8%). 

3.6 Efficacy in subgroups of special interest 

Table 3 and Fig. 1C summarize efficacy in clinically relevant patient populations. In 268 

patients (27%) with PD-L1 IC2/3 expression, median OS was 11.2 months, the 3-year OS 

rate was 30%, ORR was 24%, and median DoR was 35.2 months. In patients with no prior 

treatment for metastatic disease (36%), ORR was 16% and median DoR was 35.4 months. 

In patients with autoimmune disease, median OS and ORR were similar to the overall 

population but median DoR was shorter. Among patients with CrCl <30 mL/min 

(chemotherapy ineligible), median OS and OS rates were slightly lower than in the overall 

population (Supplementary Fig. 2), but ORR was similar and median DoR was 20.7 months. 

Outcomes were particularly poor in patients with ECOG PS 2 or CNS metastases, consistent 

with the primary analysis.[9, 10] In post hoc analyses, ORR and DCR were similar across 

subgroups defined by CrCl (Supplementary Table 5).  

3.7 Subsequent therapy 

Relatively few patients (23%) received further anticancer therapy, comprising chemotherapy 

in 18% and immunotherapy in 2% (Table 4). Paclitaxel (8%), vinflunine (6%), gemcitabine 
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(4%), and carboplatin (3%) were the most frequent. Among 90 patients with CR/PR and OS 

>4 years (9% of the overall population), only 14% received subsequent anticancer therapy. 

3.8 Patient-reported outcomes 

At baseline, 96% of patients answered ≥1 question of EORTC QLQ-C30. Mean baseline 

global health status/quality of life (GHS/QoL) was 59.0 (standard deviation 22.8). 

Questionnaire completion rates remained >80% (of those still on treatment) up to and 

including cycle 16. However, consistent with the short treatment duration in many patients, 

fewer than 340 patients (34% of the ITT population) completed questionnaires beyond cycle 

4.  

During the first 4 cycles, there was no clinically meaningful change from baseline in 

QLQ-C30 GHS/QoL (Supplementary Fig. 3). Similarly, there was no meaningful change from 

baseline in physical, role, emotional, cognitive, or social functioning scales, fatigue, 

nausea/vomiting, pain symptom scales, nor dyspnea, insomnia, appetite loss, constipation, 

diarrhea, or financial difficulty items (data not shown).  

4. Discussion 

The population enrolled in SAUL approximated routine oncology practice across a broad 

international spectrum of healthcare systems, including important understudied subgroups: 

patients with autoimmune disease, CrCl <30 mL/min, CNS metastases, ECOG PS 2, or 

taking concomitant steroids. Two-thirds of patients were previously treated for metastatic 

disease. A detailed analysis of outcomes in patients with autoimmune disease has been 

published previously.[11] Long-term safety data provide further support for the tolerability of 

atezolizumab in patients with complex comorbidities. AESIs were generally not increased in 

patients potentially at higher risk of immune-related AEs. Among 136 patients with OS >4 

years (14%), median atezolizumab treatment duration was 47.8 months. Most AESIs 

occurred in early cycles. 
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After 55 months’ median follow-up, median OS of 8.6 months in the ITT population 

and 11.2 months in the PD-L1 IC2/3 subgroup is remarkably similar to trials enrolling highly 

selected populations (8.6 months in IMvigor211 [4] and CHECKMATE-275,[14] 10.1 months 

in KEYNOTE-045 [15] regardless of PD-L1 status; 11.1 months in the IMvigor211 PD-L1 

IC2/3 population [4]), although cross-trial comparison is complicated by differing trial 

designs, patient populations, and follow-up.  

Although ORRs with immune checkpoint inhibitors tend to be modest, responding 

patients often have sustained and durable responses. Of note, the median DoR in SAUL 

was 27.8 months. Furthermore, 132 responding patients had exceptional long-term 

outcomes, with OS >2 years. In exploratory analyses, the only notable characteristics over-

represented in patients with exceptional outcomes were non-visceral disease, good 

performance status, and PD-L1 IC2/3. Among 90 responders with OS >4 years, only 14% 

received subsequent therapy, suggesting that multiple further treatment lines were unlikely 

to be the explanation for the favorable long-term outcome.  

The subgroup of 68 patients (7%) treated for >4 years included five patients whose 

best RECIST assessment was disease progression. In routine clinical practice or a 

registrational trial these patients would discontinue immunotherapy, but they appeared to 

derive long-term benefit from continued atezolizumab in SAUL. Isolated cases showing 

similar benefit from atezolizumab after pseudoprogression have been reported in other 

tumor types.[16-19] The 68 patients treated for >4 years also included patients with ongoing 

autoimmune conditions, ongoing concomitant steroids, and renal impairment, populations 

typically denied atezolizumab because of perceived tolerability concerns. Adverse reactions 

to atezolizumab include renal effects, but relatively little was known about the impact of 

severe pre-existing renal impairment on the efficacy and safety of atezolizumab, as these 

patients were excluded from IMvigor211.[3] The SAUL dataset provides important new 

information on the feasibility of long-term atezolizumab treatment in patients who ordinarily 

are refused treatment, suggesting that, with guidance, patients with multiple conditions 
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previously excluded from immunotherapy trials can indeed receive treatment with immune 

checkpoint inhibitors. Implementing this new knowledge in clinical practice often requires a 

multidisciplinary approach. Physicians should consult with specialists in immunotherapy and 

the specific conditions of the patient to determine the potential risks and benefits of immune 

checkpoint inhibitor treatment. Individualized treatment plans for each patient should be 

developed, taking into account their unique conditions, disease severity, and other relevant 

factors. Regular monitoring protocols to closely follow patients for any adverse reactions or 

changes in their condition during treatment with immune checkpoint inhibitors should be 

implemented. Patients should be educated about the potential risks and benefits of immune 

checkpoint inhibitor therapy, as well as alternative treatment options, to allow them to make 

informed decisions about their care. Shared decision-making with patients and their families 

is essential, weighing the potential benefits of immune checkpoint inhibitors against the risks 

based on the available evidence and individual patient factors. Healthcare providers must 

use their clinical judgement and available evidence to make informed decisions about the 

use of immune checkpoint inhibitors in patients with multiple conditions. The SAUL study 

has shown that atezolizumab, with proper multidisciplinary monitoring, can be both tolerable 

and effective in populations that were not eligible for treatment during registration clinical 

trials.  

SAUL sheds particular light on the potential role of atezolizumab in patients unable to 

receive cisplatin (or carboplatin). Although patients with lower CrCl were more likely to be 

older, female, with a worse performance status, and have received prior therapy for 

metastatic disease, there was no signal of increased AEs or AESIs in patients with CrCl <30 

mL/min. This small subgroup had shorter median OS and lower OS rates than in patients 

with CrCl ≥30 mL/min, but ORR was similar and median DoR was 20.7 months. Considering 

the differences in baseline characteristics between the populations and the small sample 

size it is not possible to draw any conclusions about potential differences in OS. Of note, a 

retrospective study of 79 patients treated with PD-(L)1 inhibitors, including a population with 
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CrCl <30 mL/min, suggested similar efficacy to unselected populations with cisplatin-

ineligible advanced urothelial carcinoma, although grade ≥3 toxicities were increased.[20] In 

a recent Japanese retrospective study of real-world data, the incidence of grade ≥2 

treatment-related AEs with pembrolizumab was similar in patients with CrCl <30 versus ≥30 

mL/min; ORR and OS were also similar.[21]  

A real-world evidence analysis from the US healthcare system suggested median OS 

of 7.7 months with PD-(L)1 inhibitor monotherapy.[22] In the prospective STRONG phase 3b 

study of fixed-dose durvalumab in 867 patients with previously treated UTC, including 

patients with ECOG PS 2, median OS was 7.0 months (95% CI, 6.4, 8.2 months).[23] 

Patients with CrCl ≤40 mL/min were excluded, and median follow-up was only 13.8 (range 

0–29) months.[23]  

Although this is a large trial, the main limitations of this study are the single-arm 

design and the small numbers of patients with some of the clinically challenging conditions 

(eg, HIV positive, renal dialysis), despite being eligible. This may reflect investigator 

hesitancy to treat patients with certain comorbidities, perhaps because of a less favorable 

anticipated balance of benefit versus risk. Although the trial population was more 

representative of real-world practice than most trials of immunotherapy in this setting, there 

were nevertheless some exclusion criteria and possibly selection bias inherent in this type of 

trial design. An additional weakness is the lack of information on genomic or molecular 

markers, preventing exploration of multifaceted prognostic indices. A clinico-genomic 

analysis of real-world data showed that in patients treated with immunotherapy, high tumor 

mutational burden was associated with improved OS.[24] Prognostic indices potentially offer 

the opportunity to identify a priori those patients who may have exceptional long-term 

outcomes on atezolizumab therapy.  
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5. Conclusion 

To our best knowledge, SAUL is the largest prospective international dataset of patients 

approximating routine practice, with remarkable long-term follow-up. It provides unique 

insight into outcomes in treatment scenarios frequently encountered in clinical practice but 

rarely studied in clinical trials, including patients ineligible for chemotherapy or with complex 

comorbidities. Safety and efficacy data build on reports from the primary analysis focusing 

on subgroups of special interest [10, 11] and provide reassurance that atezolizumab therapy 

is well tolerated, even in patients with comorbidities for whom chemotherapy may not be an 

option. A notable subset of patients had exceptional long-term outcomes, including OS >4 

years. Compared with the overall population, these patients were characterized by less 

visceral disease, better ECOG PS, and higher PD-L1 expression score. These findings 

potentially go beyond urothelial carcinoma and could be extrapolated to immunotherapy in 

other populations with severe comorbidities. 

 

Patient summary:  The SAUL study was to see how well tolerated an immunotherapy 

drug called ‘atezolizumab’ was in a group of people with urothelial cancer who had already 

received up to three previous treatments for their cancer, including people who are usually 

not included in clinical trials because of other medical conditions. The study also looked at 

how long people lived after starting treatment. Overall, this study showed that atezolizumab 

was well tolerated including in people with medical conditions that may have prevented them 

from receiving immunotherapy. People who had failed prior therapy, lived for about 8.6 

months on average after starting treatment; 14% of people were still alive after 4 years. 
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Take home message 

SAUL assessed atezolizumab in a broad population of 1004 patients with pretreated urinary 

tract carcinoma, including understudied populations of patients with complex comorbidities. 

Long-term safety and efficacy results (55 months’ median follow-up) support the use of 

atezolizumab in pretreated UTC.  
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Figure Legend 

Fig. 1 – Long-term efficacy. (A) OS in the ITT population, (B) DoR and (C) OS in 

subgroups of special interest. 

CNS = central nervous system; CrCl = creatinine clearance; DoR = duration of response; 

ECOG PS = Eastern Cooperative Oncology Group performance status; IC2/3 = PD-L1 

expression on ≥5% of tumor-infiltrating immune cells; ITT = intention-to-treat; OS = overall 

survival; PD-L1 = programmed death-ligand 1. 
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Table 1 – Overview of safety overall and in subgroups of special interest (safety population, N = 997)  

Parameter All treated 

patients 

(N = 997) 

Auto-

immune 

disease (N 

= 36) 

Concomitant 

steroids (N 

= 55) 

CrCl <30 

mL/min 

(N = 46) 

ECOG 

PS 2 (N 

= 100) 

CNS 

metastases 

(N = 14) 

PD-L1 

IC2/3 (N 

= 264) 

0 prior 

treatme

nt lines 

(N = 

360) 

Median atezolizumab 

duration, months (range) 

2.8  

(0–62.1) 

5.7  

(0–55.2) 

1.4  

(0–62.1) 

3.0  

(0–57.3) 

0.7  

(0–42.5) 

1.4  

(0–18.6) 

3.7  

(0–58.5) 

2.3  

(0–59.7) 

Any grade AE, N (%) 900 (90) 33 (92) 50 (91) 40 (87) 77 (77) 11 (79) 243 (92) 328 (91) 

  Grade ≥3 507 (51) 21 (58) 33 (60) 23 (50) 55 (55) 6 (43) 143 (54) 190 (53) 

     Grade 5  50 (5) 4 (11) 4 (7) 5 (11) 7 (7) 0 13 (5) 11 (3) 

Treatment-related AE, N (%) 562 (56) 26 (72) 33 (60) 21 (46) 36 (36) 6 (43) 168 (64) 203 (56) 

  Grade ≥3 155 (16) 11 (31) 8 (15) 4 (9) 14 (14) 2 (14) 52 (20) 56 (16) 

     Grade 5 8 (1) 0 0 0 3 (3) 0 2 (1) 2 (1) 
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AE of special interest, N (%) 525 (53) 21 (58) 27 (49) 23 (50) 40 (40) 6 (43) 168 (64) 198 (55) 

  Grade ≥3 156 (16) 7 (19) 9 (16) 7 (15) 11 (11) 0 56 (21) 57 (16) 

AE leading to treatment 

discontinuation, N (%) 
76 (8) 3 (8)a 3 (5)b 5 (11)c 3 (3)d 0 24 (9) 31 (9) 

AE = adverse event; CrCl = creatinine clearance; CNS = central nervous system; ECOG PS = Eastern Cooperative Oncology Group 

performance status; IC2/3 = PD-L1 expression on ≥5% of tumor-infiltrating immune cells; PD-L1 = programmed death-ligand 1. 

AEs were graded according to National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0. PD-L1 status was 

assessed on immune cells using the VENTANA SP142 assay, Ventana Medical Systems, Oro Valley, AZ, USA. 

a One case each of grade 4 sarcoidosis (considered related to atezolizumab and concurrent illness; recovered/resolved), grade 2 alkaline 

phosphatase increased (considered related to atezolizumab; not recovered/resolved) with grade 1 alanine aminotransferase increased 

(considered related to atezolizumab; recovered/resolved), and grade 2 psoriasis (considered related to atezolizumab; not recovered/resolved). 

b One case each of grade 4 worsening to grade 5 septic shock (considered unrelated to atezolizumab, related to other cause), grade 3 

pneumonitis (considered related to treatment; recovered/resolved), and grade 2 arthralgia (considered related to atezolizumab; 

recovered/resolved). 

c One case each of grade 2 hepatic enzyme increased (considered related to atezolizumab; recovered/resolved), grade 3 cerebral atrophy 

(considered unrelated to atezolizumab, related to disease; not recovered/resolved), grade 1 pruritus (considered related to atezolizumab; not 

recovered/resolved), grade 3 worsening to grade 5 urosepsis (considered unrelated to atezolizumab; related to concurrent illness), and grade 3 
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blood creatinine increased (considered unrelated to atezolizumab, related to disease; not recovered/resolved) with grade 3 anemia (considered 

unrelated to atezolizumab, related to disease; recovered/resolved). 

d One case each of grade 3 pneumonitis (considered related to atezolizumab; recovered/resolved), grade 3 worsening to grade 5 dyspnea 

(considered related to atezolizumab, disease, and other cause), grade 3 worsening to grade 5 drug-induced liver injury (considered related to 

atezolizumab and disease). 

Data in bold highlight durations >2 months longer or <2 months shorter than in the overall population, and AE incidences >10 percentage points 

higher or lower than in the overall population. 
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Table 2 – Frequency, time to onset, and duration of selected adverse events of special interest (N = 997) 

Adverse event of special interesta  Frequency, N (%) Median (range) time to 

first onset, months 

Median (95% CI) duration, 

months 

All grades Grade ≥3 All grades Grade ≥3 All grades Grade ≥3 

Immune-mediated colitis and non-infectious 

diarrhea 

175 (18) 22 (2) 2.2 (0–57) 3.0 (0–47) 0.3 (0.3, 0.6) 0.6 (0.4, 1.1) 

  Immune-mediated colitis  17 (2) 10 (1) 2.9 (0–12) 3.0 (1–12) 0.8 (0.4, 1.2) 0.6 (0.3, 1.5) 

  Non-infectious diarrhea 165 (17) 12 (1) 2.1 (0–57) 3.1 (0–47) 0.3 (0.2, 0.6) 0.6 (0.4, 1.7) 

Acute kidney injury 148 (15) 41 (4) 2.5 (0–49) 1.8 (0–44) 10.6 (2.2, NE) 1.4 (0.8, NE) 

Immune-mediated hepatitis (diagnosis and 

laboratory abnormalities) 

105 (11) 36 (4) 2.1 (0–57) 1.8 (0–37) 1.8 (1.1, 6.7) 1.6 (1.1, 4.9) 

  Immune-mediated hepatitis (diagnosis) 25 (3) 13 (1) 3.5 (0–35) 2.8 (0–35) 1.8 (1.1, 7.9) 1.6 (0.5, 4.7) 

  Immune-mediated hepatitis (laboratory 

abnormality) 

89 (9) 28 (3) 1.4 (0–57) 1.3 (0–37) 1.6 (1.0, 7.2) 1.6 (1.0, NE) 

Immune-mediated pneumonitis 37 (4) 10 (1) 8.2 (0–45) 7.1 (0–27) 1.7 (1.1, 2.7) 1.4 (0.4, 3.1) 

Immune-mediated rash 135 (14) 16 (2) 3.5 (0–57) 7.0 (0–46) 1.6 (1.1, 2.2) 2.4 (1.1, 7.8) 

Immune-mediated hypothyroidism 91 (9) 1 (<1) 3.4 (0–56) 4.2 (4–4) NE (NE, NE) NE (NE, NE) 
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Immune-mediated hyperthyroidism 47 (5) 0 1.4 (0–20) – 2.1 (1.5, 3.7) – 

Infusion-related reactions 19 (2) 2 (<1) 0.7 (0–13) 8.1 (2–14) 0.0 0.0 

Ischemic cerebrovascular conditions 11 (1) 3 (<1) 12.0 (0–43) 12.4 (2–21) 1.9 (0.2, NE) 0.2 (0.1, 2.0) 

Immune-mediated nephritis 11 (1) 3 (<1) 20.3 (1–39) 0.7 (1–13) 3.5 (0.5, NE) 0.5 (0.3, NE) 

Immune-mediated thyroiditis 11 (1) 0 1.4 (1–48) – NE (NE, NE) – 

Immune-mediated pancreatitis 9 (1) 5 (1) 11.8 (1–43) 10.5 (1–24) 1.4 (0.2, 2.1) 1.5 (0.2, NE) 

Immune-mediated diabetes mellitus 7 (1) 3 (<1) 10.4 (2–26) 10.4 (4–20) NE (NE, NE) NE (NE, NE) 

Immune-mediated hypophysitis 7 (1) 1 (<1) 2.5 (0–4) 2.7 (3–3) 1.1 (0.1, 2.7) 2.7 

Immune-mediated pericardial disorders 7 (1) 3 (<1) 2.1 (0–18) 1.3 (0–2) 1.1 (0.5, NE) 0.5 (0.1, 0.5) 

NE = not estimable. 

a Adverse events of special interest for atezolizumab were defined based on the company-defined categories current at the time of the analysis, 

which included additional adverse events since the primary analysis reflecting increased experience and surveillance over time. 
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Table 3 – Efficacy overall and in subgroups of special interest (ITT population, N = 1004)  

Endpoint All 

patients (N 

= 1004) 

Auto-

immune 

disease (N 

= 36) 

Concomit

ant 

steroids 

(N = 55) 

CrCl <30 

mL/min (N 

= 46) 

ECOG PS 

2 (N = 100) 

CNS 

metastases 

(N = 14) 

PD-L1 

IC2/3 (N = 

268) 

0 prior Tx 

lines (N = 

362) 

Median OS, 

months (95% CI) 

8.6  

(7.8, 9.7) 

8.5  

(7.3, 11.7) 

6.1  

(3.1, 10.1) 

5.7  

(3.4, 11.0) 

2.1  

(1.5, 2.4) 

3.7  

(1.5, 7.0) 

11.2  

(8.8, 16.1) 

8.6  

(7.3, 10.4) 

OS rate, % 

(95% CI) 

 
       

  1-year  41 

(37, 44) 

33  

(18, 49) 

33  

(21, 45) 

25  

(14, 39) 

11  

(6, 19) 

19  

(4, 44) 

48  

(42, 54) 

41  

(35, 46) 

  2-year  27  

(24, 30) 

21  

(9, 36) 

25  

(14, 37) 

23  

(12, 36) 

8  

(3, 14) 

0  

(NE, NE) 

34  

(28, 40) 

27  

(22, 32) 

  3-year  21  

(19, 24) 

18  

(7, 32) 

19  

(10, 31) 

13  

(5, 25) 

6  

(2, 13) 

0  

(NE, NE) 

30  

(24, 36) 

21  

(17, 26) 
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ORR, % (95% CI) 16  

(14, 18) 

19  

(8, 36) 

18  

(9, 31) 

17  

(8, 31) 

5  

(2, 11) 

0  

(0, 23) 

24  

(19, 29) 

16  

(12, 20) 

Median DoR, 

months (95% CI) 

27.8  

(18.9, 43.3) 

11.1  

(4.4, 45.5) 

10.7  

(4.2, 42.0) 

20.7  

(4.2, NE) 

6.4  

(4.1, 41.2) 

– 35.2  

(15.2, NE) 

35.4  

(13.9, NE) 

CrCl = creatinine clearance; CNS = central nervous system; DCR = disease control rate (complete or partial response, or stable disease for ≥4 

weeks); DoR = duration of response; ECOG PS = Eastern Cooperative Oncology Group performance status; IC2/3 = PD-L1 expression on ≥5% 

of tumor-infiltrating immune cells; ITT = intention-to-treat; NE = not estimable; ORR = overall response rate; OS = overall survival; PD-L1 

programmed death-ligand 1; Tx = treatment. 

Data in bold highlight durations >2 months longer or <2 months shorter than in the overall population, and OS rates and ORRs >5 percentage 

points higher or lower than in the overall population. 
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Table 4 – Subsequent therapy 

Treatment, N (%) All treated patients 

(N = 997) 

Patients with CR/PR and OS 

>4 years (N = 90) 

Patients with OS >4 years 

(N = 136) 

Any subsequent anticancer therapya 224 (23) 13 (14) 30 (22) 

Chemotherapy  181 (18)  7 (8) 20 (15)  

Immunotherapy  23 (2) 4 (4) 9 (7)  

 Atezolizumab 6 (1)  3 (3) 4 (3) 

CR/PR = complete or partial response; OS = overall survival. 

a Including radiotherapy. 
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Figure 1.  
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Supplementary Table 1 – Baseline characteristics overall and in patients with exceptional long-term outcomes 

Characteristic All treated patients 

(N = 997) 

Patients with CR/PR 

and OS >2 years (N = 

132) 

Patients with OS >4 

years (N = 136) 

Patients treated with 

atezolizumab for >4 

years (N = 68) 

Median age, years (range) 68 (34–93) 68 (44–85) 67 (44–83) 67 (45–83) 

Age ≥80 

years, N (%) 

 78 (8) 6 (5) 7 (5) 1 (1) 

Male, N (%)  772 (77) 106 (80) 109 (80) 57 (84) 

Race, N (%) White 920 (92) 125 (95) 128 (94) 64 (94) 

 Asian 30 (3) 5 (4) 4 (3) 2 (3) 

 Other 15 (2)a 0 0 0 

 Unknown 32 (3) 2 (2) 4 (3) 2 (3) 

0 426 (43) 74 (56) 75 (55) 39 (57) 

1 471 (47) 54 (41) 60 (44) 29 (43) 
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Characteristic All treated patients 

(N = 997) 

Patients with CR/PR 

and OS >2 years (N = 

132) 

Patients with OS >4 

years (N = 136) 

Patients treated with 

atezolizumab for >4 

years (N = 68) 

ECOG PS at 

screening, N 

(%) 

2 100 (10) 4 (3) 1 (1) 0 

Smoking 

history, N (%) 

Current 

smoker 

167 (17) 20 (15) 19 (14) 7 (10) 

Former 

smoker 

503 (50) 70 (53) 73 (54) 35 (51) 

Never 

smoked 

327 (33) 42 (32) 44 (32) 26 (38) 

No. of prior 

treatment 

lines for 

0 360 (36) 47 (36) 46 (34) 24 (35) 

1 562 (56) 75 (57) 80 (59) 38 (56) 

2 54 (5) 6 (5) 7 (5) 4 (6) 
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Characteristic All treated patients 

(N = 997) 

Patients with CR/PR 

and OS >2 years (N = 

132) 

Patients with OS >4 

years (N = 136) 

Patients treated with 

atezolizumab for >4 

years (N = 68) 

metastatic 

disease, N 

(%) 

3 20 (2) 3 (2) 2 (1) 1 (1) 

Missing 1 (<1) 1 (1) 1 (1) 1 (1) 

Prior 

platinum, N 

(%) 

 972 (97) 127 (96) 132 (97) 65 (96) 

PD-L1 

expression 

score, N (%) 

IC0/1 664 (67) 68 (52) 73 (54) 35 (51) 

IC2/3 264 (26) 54 (41) 52 (38) 26 (38) 

Missing 69 (7) 10 (8) 11 (8) 7 (10) 

Urothelial 

histology, N 

(%) 

 950 (95) 129 (98) 134 (99) 66 (97) 
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Characteristic All treated patients 

(N = 997) 

Patients with CR/PR 

and OS >2 years (N = 

132) 

Patients with OS >4 

years (N = 136) 

Patients treated with 

atezolizumab for >4 

years (N = 68) 

Tumor 

location, N 

(%) 

Bladder 743 (75) 105 (80) 96 (71) 47 (69) 

Renal pelvis 123 (12) 13 (10) 18 (13) 8 (12) 

Ureter 96 (10) 12 (9) 19 (14) 11 (16) 

Urethra 11 (1) 1 (1) 2 (1) 1 (1) 

Other 24 (2) 1 (1) 1 (1) 1 (1) 

Visceral metastases, N (%) 374 (38) 29 (22) 26 (19) 12 (18) 

CR/PR = complete or partial response; ECOG PS = Eastern Cooperative Oncology Group performance status; IC 0/1 = PD-L1 expression on 

<5% of tumor-infiltrating immune cells; IC2/3 = PD-L1 expression on ≥5% of tumor-infiltrating immune cells; OS = overall survival; PD-L1 = 

programmed death-ligand 1. 

a American Indian/Alaska Native (N = 11), Black or African American (N = 4).  
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Supplementary Table 2 – Details of treatment-related fatal adverse events (N = 8)  

 

Preferred 

term 

Age, 

years 

Sex ECOG 

PS 

Prior chemotherapy Pre-existing 

conditions 

Smoking 

history 

Onset 

day 

Initial 

grade 

Other 

suspecte

d 

causes 

Action 

taken with 

study drug 

Study 

day 

of 

death 

Dyspnea 77 Male 1 Carboplatin + gemcitabine 

(3 cycles) completed 27 

days before first study 

dose 

 None 2 1 Other Drug 

interrupted 

24 

Intestinal 

perforation 

63 Femal

e 

1 Cisplatin + etoposide (4 

cycles) with radiotherapy 

completed 176 days 

before first study dose 

Hypertension, 

atrial fibrillation, 

increased liver 

enzymes 

Past  5 4 
 

Drug 

withdrawn 

6 

Respiratory 

failure 

69 Male 2 Neoadjuvant gemcitabine 

+ cisplatin (4 cycles) 

Hypertension, 

dyspnea 

secondary to 

Past  7 5 Disease 

under 

study 

N/A 7 
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Preferred 

term 

Age, 

years 

Sex ECOG 

PS 

Prior chemotherapy Pre-existing 

conditions 

Smoking 

history 

Onset 

day 

Initial 

grade 

Other 

suspecte

d 

causes 

Action 

taken with 

study drug 

Study 

day 

of 

death 

completed 238 days 

before first study dose 

lung 

metastases, 

asthenia 

Drug-

induced 

liver injury 

64 Male 2 Cisplatin + gemcitabine (6 

cycles) completed 422 

days before first study 

dose 

 None 16 3 Disease 

under 

study 

Drug 

withdrawn 

30 

Dyspnea 77 Male 2 Carboplatin + gemcitabine 

(4 cycles) completed 112 

days before first study 

dose 

Hypertension, 

dyslipidemia, 

diabetes 

mellitus, 

myocardial 

Past 32 3 Disease 

under 

study, 

other 

Drug 

withdrawn 

34 
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Preferred 

term 

Age, 

years 

Sex ECOG 

PS 

Prior chemotherapy Pre-existing 

conditions 

Smoking 

history 

Onset 

day 

Initial 

grade 

Other 

suspecte

d 

causes 

Action 

taken with 

study drug 

Study 

day 

of 

death 

ischemia, aortic 

stenosis 

Chronic 

kidney 

disease 

74 Male 1 Carboplatin + gemcitabine 

(5 cycles) completed 423 

days before first study 

dose 

Chronic kidney 

disease, type 2 

diabetes 

mellitus, 

anemia, 

hypertension  

Past 40 

(first 

episod

es) 

and 75 

3 Concurre

nt illness 

Drug 

withdrawn 

106 

Colitis 63 Male 0 Adjuvant gemcitabine + 

cisplatin (3 cycles) 

completed 57 days before 

first study dose (after 

Dyslipidemia, 

thromboangiitis 

obliterans, 

hyperuricemia, 

emphysema 

Past 141 3 None N/A 159 
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Preferred 

term 

Age, 

years 

Sex ECOG 

PS 

Prior chemotherapy Pre-existing 

conditions 

Smoking 

history 

Onset 

day 

Initial 

grade 

Other 

suspecte

d 

causes 

Action 

taken with 

study drug 

Study 

day 

of 

death 

curative radical 

cystectomy) 

Pericardial 

hemorrhage 

67 Male 0 Gemcitabine + cisplatin (6 

cycles) completed 197 

days before first study 

dose 

 Current 244 3 None N/A 247 

AESI = adverse event of special interest; ECOG PS = Eastern Cooperative Oncology Group performance status; N/A = not applicable. 
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Supplementary Table 3 – Baseline characteristics according to creatinine clearance 

Characteristic  

Creatinine clearance, mL/min 

15–<30 (N = 46) 30–<60 (N = 420) ≥60 (N = 529) 

Median age, years (range) 75 (48–92) 72 (40–93) 63 (34–86) 

Sex, N (%) Male 

Female 

31 (67) 

15 (33) 

308 (73) 

112 (27) 

432 (82) 

97 (18) 

Visceral metastases, N (%) 18 (39) 161 (38) 194 (37) 

ECOG PS, N (%) 0 

1 

2 

9 (20) 

35 (76) 

2 (4) 

167 (40) 

204 (49) 

49 (12) 

249 (47) 

232 (44) 

48 (9) 

Prior lines for metastatic 

urinary tract carcinoma, N 

(%) 

0 

1 

2 

3 

Missing 

12 (26) 

28 (61) 

4 (9) 

2 (4) 

0 

137 (33) 

250 (60) 

25 (6) 

8 (2) 

0 

210 (40) 

283 (54) 

25 (5) 

10 (2) 

1 (<1) 
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Characteristic  

Creatinine clearance, mL/min 

15–<30 (N = 46) 30–<60 (N = 420) ≥60 (N = 529) 

Prior platinum, N (%)  43 (93) 410 (98) 517 (98) 

 Gemcitabine + carboplatin  

Gemcitabine + cisplatin 

MVAC  

MVEC 

MVC 

26 (57) 

14 (30) 

0 

0 

0 

216 (51) 

187 (45) 

6 (1) 

1 (<1) 

2 (<1) 

173 (33) 

328 (62) 

29 (5) 

0 

0 

Smoking history, N (%) Current 

Former 

Never 

5 (11) 

19 (41) 

22 (48) 

73 (17) 

217 (52) 

130 (31) 

89 (17) 

266 (50) 

174 (33) 

PD-L1 status, N (%) IC0 

IC1 

IC2/3 

Missing 

9 (20) 

22 (48) 

10 (22) 

5 (11) 

103 (25) 

173 (41) 

115 (27) 

29 (7) 

130 (25) 

226 (43) 

138 (26) 

35 (7) 
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ECOG PS = Eastern Cooperative Oncology Group performance status; IC0 = PD-L1 expression on <1% of tumor-infiltrating immune cells; IC1 

= PD-L1 expression on ≥1% but <5% of tumor-infiltrating immune cells; IC2/3 = PD-L1 expression on ≥5% of tumor-infiltrating immune cells; 

MVAC = methotrexate + vinblastine + cisplatin + doxorubicin; MVEC = methotrexate + vinblastine + cisplatin + epirubicin; MVC, methotrexate + 

vinblastine + cisplatin; PD-L1 = programmed death-ligand 1. 
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Supplementary Table 4 – Overview of safety according to creatinine clearance 

 

Parameter 

Creatinine clearance, mL/min 

15–<30 (N = 46) 30–<60 (N = 420) ≥60 (N = 529) 

Median atezolizumab treatment duration, 

months (range) 

3.0  

(0.0–57.3) 

2.8  

(0.0–62.1) 

2.8  

(0.0–60.8) 

Any grade AE, N (%) 40 (87) 373 (89) 485 (92) 

    Grade 3/4 22 (48) 209 (50) 255 (48) 

    Grade 5  5 (11) 23 (5) 22 (4) 

Treatment-related AEs, N (%) 21 (46) 235 (56) 305 (58) 

  Grade ≥3 4 (9)a 68 (16) 83 (16) 

    Grade 5  0 4 (1) 4 (1) 

AE of special interest, N (%) 23 (50) 221 (53) 279 (53) 

  Grade ≥3 7 (15) 69 (16) 79 (15) 
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AE leading to treatment discontinuation, N 

(%) 

5 (11)b 29 (7) 42 (8) 

AE = adverse event. 

a One case each of pruritus, musculoskeletal pain, and hypertension, and one patient with drug-induced liver injury, pruritus, and hypertension 

(all grade 3). 

b One case each of hepatic enzyme increased (two episodes), cerebral atrophy, pruritus, urosepsis, and blood creatinine increased with 

anemia.  
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Supplementary Table 5 – Response rate according to creatinine clearance 

 

Response, N (%) [95% CI] 

Creatinine clearance, mL/min 

15–<30 (N = 46) 30–<60 (N = 420) ≥60 (N = 529) 

Overall response rate 8 (17) [8, 31%] 74 (18) [14, 22%] 76 (14) [12, 18%] 

Complete response 0 24 (6) 26 (5) 

Partial response 8 (17) 50 (12) 50 (9) 

Stable disease 13 (28) 107 (25) 122 (23) 

Disease control rate 21 (46) [31, 61%] 181 (43) [38, 48%] 198 (37) [33, 42%] 

Disease progression 11 (24) 153 (36) 232 (44) 

Missing 14 (30) 86 (20) 99 (19) 
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Supplementary Figure 1 – Safety according to creatinine clearance at baseline. 

ALT = alanine aminotransferase; AST = aspartate aminotransferase; CrCl = creatinine clearance; GGT = gammaglutamyl transferase. 

(A) Most common adverse events (occurring in >10% of patients overall or with >5% absolute difference between subgroups) 
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(B) Most common adverse events of special interest (occurring in >5 patients overall) 
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Supplementary Figure 2. OS according to creatinine clearance at baseline. 

CrCl = creatinine clearance; OS = overall survival. 
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Supplementary Figure 3 – EORTC QLQ-C30 GHS/QoL change from baseline (95% CI) (ITT population). 

Timepoints where <10 patients filled questionnaires are not shown.  

C = cycle; D = day; EORTC QLQ-C30 = European Organisation for Research and Treatment of Cancer Quality-of-Life Questionnaire Core 30; 

GHS/QoL = global health status/quality of life; ITT = intention-to-treat. 
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