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Background: Conventional criteria for tumor progression may not fully reflect the clinical benefit of immunotherapy or
appropriately guide treatment decisions. The phase II IMvigor210 study demonstrated the efficacy and safety of atezolizumab, a
programmed death-ligand 1-directed antibody, in patients with platinum-treated locally advanced or metastatic urothelial
carcinoma. Patients could continue atezolizumab beyond Response Evaluation Criteria In Solid Tumors (RECIST) v1.1 progression
at the investigator’s discretion: this analysis assessed post-progression outcomes in these patients.

Patients and methods: Patients were treated with atezolizumab 1200 mg i.v. every 3 weeks until loss of clinical benefit.
Efficacy and safety outcomes in patients who experienced RECIST v1.1 progression and did, or did not, continue atezolizumab
were analyzed descriptively.

Results: In total, 220 patients who experienced progression from the overall cohort (n¼ 310) were analyzed: 137 continued
atezolizumab for� 1 dose after progression, 19 received other systemic therapy, and 64 received no further systemic therapy.
Compared with those who discontinued, patients continuing atezolizumab beyond progression were more likely to have had a
baseline Eastern Cooperative Oncology Group performance status of 0 (43.1% versus 31.3%), less likely to have had baseline liver
metastases (27.0% versus 41.0%), and more likely to have had an initial response to atezolizumab (responses in 11.7% versus
1.2%). Five patients (3.6%) continuing atezolizumab after progression had subsequent responses compared with baseline
measurements. Median post-progression overall survival was 8.6 months in patients continuing atezolizumab, 6.8 months in
those receiving another treatment, and 1.2 months in those receiving no further treatment. Atezolizumab exposure-adjusted
adverse event frequencies were generally similar before and following progression.

Conclusion: In this single-arm study, patients who continued atezolizumab beyond RECIST v1.1 progression derived prolonged
clinical benefit without additional safety signals. Identification of patients most likely to benefit from atezolizumab beyond
progression remains an important challenge in the management of metastatic urothelial carcinoma.

ClinicalTrials.gov ID: NCT02108652.
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Introduction

More than 165 000 patients are estimated to die annually

from urothelial cancer worldwide [1]. First-line platinum-based

chemotherapy is associated with overall survival (OS) of approxi-

mately 9–15 months [2–4]; however, there is no global standard for

patients who progress after platinum therapy and the median OS is

approximately 7–9 months [5]. However, cancer immunotherapies
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are addressing this high unmet need in locally advanced or meta-

static urothelial cancer (mUC).

Immune checkpoints, including programmed death-ligand 1

(PD-L1) and programmed death-1 (PD-1), can inhibit develop-

ment of active immune responses [6], and PD-L1 or PD-1 inhib-

ition has produced promising results in a variety of solid tumors

[7, 8]. Atezolizumab (anti-PD-L1) selectively targets PD-L1 to

block interactions with receptors PD-1 and B7.1 to reinvigorate

and stimulate anticancer immunity, while leaving the PD-L2/PD-

1 interaction intact [6, 9]. Atezolizumab demonstrated durable

responses and safety across multiple cancers, including mUC [7,

9–12]. In the United States, Europe, and elsewhere, atezolizumab

is approved for previously treated metastatic non-small-cell lung

cancer, untreated cisplatin-ineligible mUC, and mUC that has

progressed after platinum-based chemotherapy. In addition,

other PD-L1- or PD-1-targeting antibodies are approved for

platinum-treated mUC [13], and pembrolizumab is also

approved for cisplatin-ineligible patients.

Commonly used criteria for assessing progression, Response

Evaluation Criteria In Solid Tumors version 1.1 (RECIST v1.1)

[14], were formulated for conventional anticancer agents—

largely based on radiographic criteria—before the advent of im-

mune checkpoint inhibitors. Responses to such agents, including

atezolizumab, can manifest as delayed or nonclassical responses

[15, 16]; for instance, infiltration of the tumor microenviron-

ment can transiently increase tumor size, leading to apparent

progressive disease (PD) per RECIST v1.1. Such criteria may

therefore be inadequate to fully assess clinical benefit or guide

treatment [17, 18]. Patients in the platinum-treated cohort of

IMvigor210 who developed PD per RECIST v1.1 were permitted

to continue atezolizumab until investigator-deemed loss of clin-

ical benefit. Initial results from this study reported on the overall

cohort of patients, which had a median follow-up of 11.7 months

[11]. To better understand the efficacy and safety of atezolizumab

beyond RECIST v1.1 PD, in the current updated analysis, we de-

scriptively evaluated post-progression outcomes in patients from

IMvigor210.

Methods

The design and primary outcomes from the single-arm phase II study of
atezolizumab in mUC (IMvigor210) were reported previously [11]. This
post hoc analysis reports on previously platinum-treated patients (cohort
2) who experienced PD per RECIST v1.1 as determined by a central inde-
pendent review facility (IRF; BioClinica, Princeton, NJ): 220 of 310 pa-
tients from the overall cohort. Further details on eligibility, dosing,
endpoints, assessments, and statistical considerations are provided in the
supplementary material, available at Annals of Oncology online. Patients
could continue treatment with atezolizumab beyond IRF-assessed
RECIST v1.1 PD provided the following conditions were met: evidence
of stabilization or improvement of disease-related symptoms, no un-
equivocal signs of progression (e.g. worsened laboratory parameters), no
decline in Eastern Cooperative Oncology Group performance status
(ECOG PS) attributed to progression, and no signs of progression
unmanageable by protocol-allowed interventions. Tumor assessments
(supplementary material, available at Annals of Oncology online) for pa-
tients treated beyond PD occurred at either the next scheduled assess-
ment or at 6 (62) weeks as an unscheduled assessment if the scan
frequency was every 12 weeks (or earlier if clinically indicated).
Outcomes were evaluated descriptively, both in those who continued ate-
zolizumab (� 1 dose after PD) and those who received any other systemic

treatment or no treatment after progression. Confirmed IRF-assessed ob-
jective response rates (ORRs) per RECIST v1.1 were reported with re-
spect to study baseline, and changes in the sum of target lesion longest
diameters (SLDs) were calculated relative to either study baseline or a re-
set baseline based on measurements at the time of PD. All post-PD scans
were included in the post-PD best overall response evaluations for this
analysis. Details on immune-modified RECIST (imRECIST) assessments,
radiographic criteria designed specifically for responses to cancer immu-
notherapies, are in the supplementary material, available at Annals of
Oncology online. OS was defined as the time from first dose of atezolizu-
mab to death (from any cause), and post-progression OS was defined
from IRF-assessed PD to death. Adverse event (AE) frequencies and
grades were recorded overall and as adjusted incidence rates based on
safety follow-up duration per 100 patient-years.

Results

Patients and treatment

From the overall cohort of 310 patients, 220 experienced IRF-

assessed RECIST v1.1 PD and were included in this analysis, 137

of whom received atezolizumab beyond PD. Of the other 83 pa-

tients, 19 received another systemic treatment after PD (mainly

chemotherapy; n¼ 16; supplementary Table S1, available at

Annals of Oncology online), and 64 had received no other systemic

treatment at the time of analysis (4 July 2016). Baseline patient

and disease characteristics were largely comparable between

groups although several adverse prognostic factors at baseline

(e.g. liver metastases, ECOG PS 1, hemoglobin< 10 g/dl) [19]

were more common in patients who did not continue atezolizu-

mab (Table 1). A numerically lower rate of palliative radiotherapy

use occurred for patients who received no systemic therapy be-

yond progression (supplementary Table S2, available at Annals of

Oncology online). Patients who received atezolizumab beyond

progression were also more likely to have had high baseline PD-

L1 expression on tumor-infiltrating immune cells. At time of PD,

24 patients who continued atezolizumab (17.6%), 12 who

received other therapy (63.2%), and 36 (66.7%) with no subse-

quent systemic therapy experienced worsening of ECOG PS from

baseline; further, 69 (50.4%), 9 (47.4%), and 39 (60.9%) patients,

respectively, experienced new lesions at PD.

Atezolizumab exposure is shown in supplementary Table S3,

available at Annals of Oncology online. Median time from PD to

the first post-PD dose of atezolizumab was 3 days, and the 137 pa-

tients receiving post-PD atezolizumab were treated for a median

of 1.6 months (3 doses); > 80% received� 2 doses. More than

one-third of patients (n¼ 53) were treated for > 3 months be-

yond progression, and 11.7% (n¼ 16) were treated for> 1 year.

Efficacy

Sixteen of the 137 patients treated with atezolizumab beyond PD

(11.7%) had an objective RECIST v1.1 response to atezolizumab

before PD, compared with one patient (1.2%) who did not

continue atezolizumab after PD (supplementary Table S4, avail-

able at Annals of Oncology online). Changes in tumor burden

from baseline in pre-progression responders to atezolizumab are

plotted in Figure 1A. None of these initial responders to atezoli-

zumab subsequently achieved a post-PD response with respect

to study baseline although the magnitude of SLD reduction
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appeared to be maintained on study. Regardless of initial response

status, the time to PD was similar among all subgroups evaluated

(supplementary Table S5, available at Annals of Oncology online).

Post-PD tumor assessments were evaluable for 108 of the 137

patients who continued atezolizumab beyond PD, and best

changes in tumor burden with respect to time of PD are shown in

Figure 1B for these patients. Forty-five patients (32.8% of 137)

experienced a reduction in SLD of any magnitude with respect to

measurements at PD. Five RECIST v1.1 objective responses (3.6%)

were observed with respect to baseline in patients continuing ate-

zolizumab after PD (best post-PD response of partial response in

two patients and complete response in three patients); none of

Table 1. Baseline patient and disease characteristicsa

Characteristic Post-progression
atezolizumab
treatment

No post-progression
atezolizumab
treatment

Post-progression treatment in the 83 patients
not receiving post-progression atezolizumab

Other systemic
treatment

No systemic
treatment

(n 5 137) (n 5 83) (n 5 19) (n 5 64)

Median (range) age, years 66.0 (36–84) 67.0 (32–91) 65.0 (45–91) 67.5 (32–86)
Male sex, n (%) 110 (80.3) 59 (71.1) 12 (63.2) 47 (73.4)
Primary site bladder, n (%) 102 (74.5) 62 (74.7) 15 (78.9) 47 (73.4)
ECOG PS, n (%)

0 59 (43.1) 26 (31.3) 8 (42.1) 18 (28.1)
1 78 (56.9) 57 (68.7) 11 (57.9) 46 (71.9)

Metastatic site, n (%)
Visceralb 112 (81.8) 72 (86.7) 16 (84.2) 56 (87.5)
Liver 37 (27.0) 34 (41.0) 8 (42.1) 26 (40.6)
Bone 20 (14.6) 22 (26.5) 7 (36.8) 15 (23.4)
Lymph node only 18 (13.1) 10 (12.0) 3 (15.8) 7 (10.9)

Hemoglobin < 10 g/dl, n (%) 22 (16.1) 24 (28.9) 3 (15.8) 21 (32.8)
No of Bellmunt risk factors, n (%)c

0 49 (35.8) 11 (13.3) 4 (21.1) 7 (10.9)
1 47 (34.3) 37 (44.6) 8 (42.1) 29 (45.3)
2 33 (24.1) 27 (32.5) 7 (36.8) 20 (31.3)
3 8 (5.8) 8 (9.6) 0 8 (12.5)

Glomerular filtration rate 50 (36.5) 37 (44.6) 7 (36.8) 30 (46.9)
< 60 ml/min, n (%)
Prior systemic regimens in metastatic setting, n (%)

0 29 (21.2) 11 (13.3) 1 (5.3) 10 (15.6)
1 55 (40.1) 34 (41.0) 13 (68.4) 21 (32.8)
2 22 (16.1) 23 (27.7) 2 (10.5) 21 (32.8)
3 16 (11.7) 11 (13.3) 3 (15.8) 8 (12.5)
� 4 15 (10.9) 4 (4.8) 0 4 (6.3)

Prior platinum-based chemotherapy, n (%)
Cisplatin 104 (75.9) 60 (72.3) 11 (57.9) 49 (76.6)
Carboplatin onlyd 33 (24.1) 22 (26.5) 8 (42.1) 14 (21.9)

PD-L1 status, n (%)
IC2/3e 49 (35.8) 15 (18.1) 4 (21.1) 11 (17.2)
IC1f 43 (31.4) 36 (43.4) 9 (47.4) 27 (42.2)
IC0g 45 (32.8) 32 (38.6) 6 (31.6) 26 (40.6)

aRefers to characteristics at study baseline for patients with indicated treatment patterns following first independent review facility–assessed Response
Evaluation Criteria In Solid Tumors version 1.1 progressive disease.
bVisceral metastasis defined as liver, lung, bone, or any nonlymph node or soft tissue metastasis.
cDefined by baseline ECOG PS> 0, hemoglobin level< 10 g/dl, and/or liver metastases.
dRefers to carboplatin with no other prior platinum. One patient in the no post-progression atezolizumab and no systemic treatment categories who
received another platinum agent is not included.
e� 5% PD-L1 expression on IC.
f< 5% and� 1% PD-L1 expression on IC.
g< 1% PD-L1 expression on IC.
ECOG PS, Eastern Cooperative Oncology Group performance status; IC, tumor-infiltrating immune cell; PD-L1, programmed death-ligand 1.
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these patients previously experienced a response (supplementary

Table S4, available at Annals of Oncology online). Similar results

were observed using imRECIST criteria: five patients (5.1%) who

continued atezolizumab following imRECIST PD (n¼ 99)

achieved a post-PD imRECIST objective response (one complete

and four partial responses). Post-progression scans were unavail-

able for 18 of 19 patients who received other systemic therapies

and for 62 of 64 patients who received no subsequent systemic

therapy. No RECIST v1.1 responses were seen in the three patients

who did have scans although one patient (1.6% of 64) who

received no further treatment had a reduction in SLD.

With a median follow-up of 21.2 months from start of treat-

ment (range, 0.6þ to 4.5), median OS was 12.8 months in pa-

tients who continued atezolizumab, 8.8 months in patients who

received only other systemic therapy, and 2.9 months in patients

who received no systemic therapy (supplementary Table S6,

available at Annals of Oncology online). With a median follow-up

of 17.1 months from time of first progression (range, 0–

21.0 months), median post-PD OS was 8.6 months in patients

who continued atezolizumab, 6.8 months in patients who

received other systemic treatment, and 1.2 months in patients

who received no treatment beyond progression (Figure 2). OS at

12 months beyond progression was 37.1%, 10.5%, and 0% in

these subgroups, respectively (Figure 2).

Compared with all patients who received post-PD atezolizumab,

post-PD OS was numerically longer in those with a baseline ECOG

PS 0, no visceral metastases, or only lymph node disease (median

post-PD OS: 14.4, 14.7, and 14.7 months, respectively, for each sub-

group). Median post-PD OS in patients continuing atezolizumab

was 7.3 months in those with a baseline ECOG PS 1 and 8.2 months

in those with visceral metastases. Patients with liver metastases at

baseline who continued atezolizumab had a median post-PD OS of

6.0 months (9.0 months in those without liver metastases). In the

16 patients who had initially responded and continued treatment

beyond progression, median post-PD OS was 10.3 months, whereas

median post-PD OS was 8.4 months in the 121 patients who had

not responded and continued treatment beyond progression. Post-

PD OS by baseline and clinical characteristics for patients who did

or did not continue atezolizumab is shown in supplementary Table

S7, available at Annals of Oncology online.
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Figure 1. Changes in sum of target lesion longest diameters (SLDs) on study. (A) Changes in SLDs from the start of treatment in patients
treated with atezolizumab, after Response Evaluation Criteria In Solid Tumors version 1.1 (RECIST v1.1) progression, who achieved a con-
firmed objective response before RECIST v1.1 progression [per independent review facility assessment (IRF)] (n¼ 16) The first occurrence of
IRF-assessed PD is indicated by red circles. (B) Best post-progressive disease (PD) change in SLDs (from time of PD) for all patients treated
with atezolizumab post-PD and who had a post-PD evaluation (n¼ 108). Response status refers to best overall post-PD response (per IRF)
relative to study baseline. CR, complete response; PR, partial response; SD, stable disease.
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Safety

Safety was evaluated in patients treated with atezolizumab be-

yond progression (Table 2). Treatment-related AEs were re-

ported before PD in 91 patients (66.4%) and following PD in 73

patients (53.3%). The safety profile was similar to that in the

overall study population [11]; fatigue was the most common

treatment-related AE of any grade (in 32.1% before PD and

12.4% post-PD), followed by nausea and pruritus (11.7% each

before PD and 4.4% an 8.0%, respectively, after PD) in this ana-

lysis. Grade 3 treatment-related AEs were reported in 10 patients

(7.3%) before PD and in 12 patients (8.8%) after PD. Grade 4

treatment-related AEs occurred in two patients (1.5%) before PD

and in one patient (0.7%) after PD. No treatment-related deaths

were reported. Pre- and post-PD AE incidence rates adjusted for

safety follow-up duration are shown in Table 2. Treatment-

related AE incidence rates per 100 patient-years appeared similar,

albeit numerically lower in the post-PD setting, regardless of

grade. Three patients (2.2%) had AEs regardless of attribution

that led to atezolizumab withdrawal post-PD.

Discussion

Cancer immunotherapies are shifting the treatment landscape

and outlook for patients with mUC. However, use of these agents
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Figure 2. Overall survival (OS) from time of progression. Kaplan–Meier plot of OS by treatment status beyond progression. Inset displays
median post-progression OS and 12-month OS rates. Median post-progression survival follow-up durations were 17.3 months (range, 0.2þ
to 21.0 months) in patients who received atezolizumab beyond progression 15.0 months (range, 1.0þ to 16.7 months) in patients who
received other systemic therapy, and not estimable (range, 0-11.5þ months) in patients who received no systemic therapy beyond
progression.

Table 2. Adverse event incidence in patients treated with post-progression atezolizumab

Patients treated with post-progression atezolizumab (n 5 137)

Before or at progression After progression

All-grade treatment-related AEs, n (%) 91 (66.4) 73 (53.3)
Total patient-years at risk 17.8 31.2
Exposure-adjusted AE incidence rate per 100 patient-years 512.1 234.3

Grade 3-4 treatment-related AEs, n (%)a 12 (8.8) 13 (9.5)
Total patient-years at risk 42.7 60.0
Exposure-adjusted AE incidence rate per 100 patient-years 28.1 21.7

AEs leading to withdrawal, n (%)b 1 (0.7) 3 (2.2)
Total patient-years at risk 46.3 60.7
Exposure-adjusted AE incidence rate per 100 patient-years 2.2 4.9

aNo treatment-related grade 5 AEs were observed.
bRegardless of attribution, including grade 2 fatigue (before or at progression), grade 3 retroperitoneal infection and acute kidney injury (n¼ 1 each), and
grade 5 cerebral hemorrhage (n¼ 1).
AE, adverse event.
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requires reevaluation of assessments of clinical benefit to appro-

priately guide treatment duration and characterize outcomes [17,

18]. Patients from the platinum-treated cohort of this phase II

study could receive atezolizumab until loss of clinical benefit, and

primary outcomes from the overall cohort reported a tolerable

safety profile coupled with durable objective responses [11].

In this post hoc analysis, we report that many patients who contin-

ued atezolizumab beyond progression derived prolonged clinical

benefit, including new responses with respect to baseline and re-

ductions in SLD. These observations suggest that further to re-

sponse durability and OS seen in the overall cohort [11],

atezolizumab treatment beyond progression may result in non-

classical responses and durable tumor burden reductions, which

may contribute to prolonged OS seen in these patients (post-PD

median 8.6 months).

Prolonged post-PD OS (median> 14 months) was observed in

some patient subgroups with favorable baseline prognostic char-

acteristics, particularly ECOG PS 0, lymph node-only disease, or

no visceral metastases. Furthermore, the median post-PD OS of

8.4 months in patients who continued beyond progression with-

out prior RECIST v1.1 response to atezolizumab (10.3 months

for responders) suggests that achieving an initial response is not

the sole indicator of survival benefit. However, although< 50%

of patients treated beyond PD were known to have received sub-

sequent non-protocol therapy (supplementary Table S1, available

at Annals of Oncology online), potential confounding effects from

such therapies cannot be eliminated. Yet, these OS data—based

on a study with long-term follow-up—generally compare well

with historic observations for platinum-treated mUC [5]. The

safety profile of atezolizumab before and after progression was

generally similar and agrees with that seen in the overall study co-

hort [11]. When adjusted for safety follow-up, treatment-related

AE rates before or after progression were comparable, but numer-

ically lower after progression. These data suggest prolonged toler-

ability in this population that included heavily pre-treated

patients, consistent with observations from the overall phase I

study cohort of previously treated patients with mUC, wherein

most treatment-related AEs occurred earlier on study [20].

Post-PD OS was also assessed during follow-up in patients

who discontinued atezolizumab in this exploratory analysis.

Those treated with another systemic therapy had a median post-

PD OS of 6.8 months, and those who received no further systemic

treatment had a median post-PD OS of 1.2 months. These obser-

vations are in line with the lack of treatments and consensus in

later palliative lines of therapy [5, 21]. However, because subse-

quent therapies (atezolizumab or non-protocol therapies) were

not randomly allocated, subgroups were not controlled for im-

balances, and efficacy was not evaluated by specific chemotherapy

regimens, formal comparisons of outcomes between post-PD

treatment subgroups are precluded. Treatment delays and patient

heterogeneity could also underestimate clinical benefit in patients

who discontinued atezolizumab. Furthermore, decisions regard-

ing continuation of atezolizumab were based on investigator as-

sessments of clinical benefit, and patients continuing

atezolizumab would be expected to have more favorable prognos-

tic factors, creating a protocol-specified selection bias in favor of

atezolizumab. This latter factor might explain the apparent nu-

merically lower rates of treatment-related AEs and longer OS in

this study with respect to the overall cohort [11].

To our knowledge, this study was the first detailed analysis of

post-progression outcomes in patients with mUC treated with a

checkpoint inhibitor. Our data agree with similar reports from

other tumor types [15, 22, 23] and limited data in mUC [24], which

collectively demonstrate post-progression clinical benefit with im-

munotherapy; notably, in this study, patients who received any

dose of atezolizumab were included for analyses (> 80% of patients

received> 1 post-progression treatment dose), whereas other stud-

ies selected those treated> 6 weeks after progression [22, 23]; there-

fore, the scope for comparison is limited. Nevertheless, our study

expands the knowledge on post-progression use of checkpoint in-

hibitors, and provides rationale for ongoing clinical studies employ-

ing pre-treatment with checkpoint inhibitors. A next critical step

will be molecular-level characterization of the underlying biology of

responses to anti-PD-L1 therapy after initial PD. Several molecular

biomarkers of immunotherapy activity have already been reported

from the platinum-treated IMvigor210 patients [11].

Unfortunately, very few patients from the cohort (n¼ 17) had

evaluable biopsies at time of PD, and attempts to associate pre-

treatment molecular data with post-progression outcomes are diffi-

cult. In this respect, our data emphasize the need for comprehen-

sive, sequential collection of on-treatment tumor biopsies and

warrant prospective evaluation in clinical trials.

The results of the current analysis suggest that previously

platinum-treated patients with mUC can obtain prolonged clin-

ical benefit from continuation of atezolizumab beyond RECIST

v1.1 progression, with prolonged OS in some subgroups.

However, further characterization of treatment patterns, post-

progression outcomes, and biomarkers may require randomized

controlled trials. Important future challenges include identifying

patients most likely to derive benefit from atezolizumab, deter-

mining optimal treatment durations and sequencing, and de-

veloping treatment algorithms in mUC across lines of therapy.
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