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Abstract

Background: First-line treatments for cisplatin-ineligible patients with metastatic urothelial
carcinoma (mUC) include carboplatin-based chemotherapy and checkpoint inhibitors such as
atezolizumab (anti–PD-L1).
Objective: To compare overall survival (OS) among patients with mUC treated in the first-line
setting with atezolizumab versus carboplatin-based chemotherapies (any carboplatin-based
regimens or carboplatin-gemcitabine).
Design, setting, and participants: Cisplatin-ineligible patients with mUC from the phase 2 trial
IMvigor210 (ClinicalTrials.gov NCT02951767) treated with atezolizumab and patients from the
Veterans Health Administration (VHA) health care system (2006–2017, with IMvigor210 eligibility
criteria applied using proxy measurements) treated according to normal clinical practice.
Interventions: IMvigor210 cohort 1 patients were treatedwith atezolizumab, and real-world VHA
cohorts were treated with carboplatin-based regimens.
Outcome measurements and statistical analysis: Entropy-balance weighting was applied to
balance prespecified baseline patient characteristics. OS was analyzed using weighted Kaplan-
Meier and Cox methods.
Results and limitations: Themedian OSwas 15.0mowith atezolizumab (n = 110),12.1mowith any
carboplatin-based chemotherapy (n = 282), and 8.7 mowith carboplatin-gemcitabine (n = 120). An
OS benefit occurred with atezolizumab versus carboplatin-based regimens after 9 mo (hazard ratio
[HR] 0.43; p = 0.004) andwith atezolizumab versus carboplatin-gemcitabine after 5 mo (HR 0.52; p
= 0.005). Study limitations include a predominantly male VHA cohort and �24-mo follow-up.
Adjustment for confounding, a potential limitation of nonrandomized studies, was limited by the
availability of clinical measurements in the VHA data, which allowed for replication of IMvigor210
exclusions in the VHA cohorts.
Conclusions: First-line atezolizumab for cisplatin-ineligible mUC may provide an OS benefit over
carboplatin-based treatments after 5–9 mo, depending on the regimen.
Patient summary: Many patients withmetastatic urothelial carcinoma are ineligible for cisplatin-
based chemotherapy. This study compared patients from a clinical trial receiving the immuno-
therapeutic agent atezolizumab with those in Veterans Health Administration clinical practice
receiving carboplatin-based chemotherapy. Atezolizumab provided a survival benefit over che-
motherapy after 5–9 mo.
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1. Introduction

Cisplatin-based combination chemotherapy is the first-line
(1L) standard of care for patients with metastatic urothelial
carcinoma (mUC) and can confer a median overall survival
(OS) in excess of 15 mo [1]. However, approximately half of
patients are cisplatin-ineligible owing to comorbidities or
impaired functional status [2]. Treatment alternatives for
cisplatin-ineligible patients include carboplatin-based,
non–platinum-based, and single-agent chemotherapy regi-
mens, with carboplatin-gemcitabine being the most com-
mon regimen [3,4]. However, these therapies can result in
poorer outcomes over cisplatin, although randomized phase
3 data are unavailable and real-world data are limited [5].

Recent immunotherapy advances, including immune
checkpoint inhibitors, appear promising for cisplatin-
ineligible mUC patients [6]. Atezolizumab is an engineered
humanized monoclonal antibody that binds to PD-L1 to
prevent interactions with its receptors PD-1 and B7.1,
thereby restoring and enhancing anticancer immunity [7]
without affecting the PD-L2/PD-1 interaction. Efficacy and
safety results from the phase 2 IMvigor210 trial [8] led to US
and European approvals of atezolizumab for 1L treatment of
cisplatin-ineligible patients with advanced UC. Atezolizu-
mab is also approved for previously treated mUC and non–
small-cell lung cancer [9,10]. The anti–PD-1 agent pem-
brolizumab is approved in the USA and Europe in the 1L
cisplatin-ineligible setting [6,11], and other anti–PD-L1/PD-
1 inhibitors are in development.

No randomized comparisons of checkpoint inhibitor
therapy and chemotherapy for mUC in the 1L setting are
available, so alternative approaches are required to
estimate the comparative effectiveness of these agents.
The objective of this study was to compare OS between
mUC patients from IMvigor210 treated with 1L atezolizu-
mab and those treated in clinical practice at the Veterans
Health Administration (VHA) with 1L carboplatin-based
chemotherapy.

2. Patients and methods

2.1. Data sources

IMvigor210 was a single-arm phase 2 clinical trial conducted in North
America and Europe (ClinicalTrials.gov NCT02108652 and
NCT02951767); cohort 1 comprised cisplatin-ineligible patients with
locally advanced UC (n = 9) or mUC (n = 110) [8]. Population-based
cohorts included patients treated according to routine clinical practice in
the US VHA from January 1, 2006 to May 31, 2017. The largest national
integrated US health care system, the VHA, has more than 1500 sites
serving approximately 8.76 million veterans annually. Its Corporate Data
Warehouse (CDW) includes all medical encounter information in the
VHA system. UC is the sixth most common cancer diagnosis in the VHA
[12]. Deidentified patient-level data from these sources was used in the
analyses summarized here.

2.2. Study design and objectives

This study, which uses a retrospective cohort design, was designed
to compare OS between VHA cohorts that received non-cisplatin
carboplatin-based agents for mUC and IMvigor210 patients treated with
atezolizumab. Here, carboplatin-based chemotherapy included carbo-
platin as a single agent or combined with other agents listed (even if the
combination itself was not listed) in the 2015 National Comprehensive
Care Network (NCCN) guidelines for mUC, except cisplatin.

2.3. Cohort identification and patient characteristics

VHA patients with de novo or recurrent mUC were identified using
International Classification of Diseases, Ninth Revision and Tenth
Revision (ICD-9/10) diagnosis codes (mUC diagnosis between January
1, 2006 and August 30, 2017). Cohort attrition is presented in
Figure 1. Drug prescription and administration information was used
to identify 1L regimens as antineoplastic agents administered or
dispensed within 28 d of the index date, defined as the date of initiation
of 1L therapy for mUC (for atezolizumab and VHA cohorts). Eligible VHA
patients included in this analysis were those treatedwith 1L carboplatin-
based regimens, which defined the preferred treatment approaches for
patients ineligible for cisplatin-based chemotherapy. Two cohorts were
further evaluated: patients treated with any carboplatin-based regimen
and the subgroup treated with carboplatin-gemcitabine (the most
common regimen, further described in the Results section).

IMvigor210 eligibility and patient characteristics were previously
described [8]. Because locally advanced UC cannot be identified using
CDW data, only IMvigor210 patients with mUC were included. To ensure
comparability between the atezolizumab and VHA cohorts, the
IMvigor210 exclusion criteria were replicated and applied to the VHA
cohort of eligible patients (Fig. 1). Further details are provided in the
Supplementary material. Confounding control methods were used to
account for remaining differences in patient characteristics between the
atezolizumab and VHA cohorts [13]. We prespecificed patient char-
acteristics to control for in the analysis on the basis of literature reports
(liver metastases, hemoglobin <10 g/dl, Eastern Cooperative Oncology
Group performance status [14], and additional clinical characteristics
including the Quan-Charlson comorbidity index (QCCI) [15]. All char-
acteristics controlled for are indicated in Table 1. Sex and C-reactive
protein were not controlled for owing to a male predominance in the
VHA cohorts and nonroutine testing in clinical practice. Entropy-balance
weighting (EBW) was used to balance the distribution of patient
characteristics between cohorts [13], with VHA patients reweighted to
have the same distribution of covariates (mean and variance) as
IMvigor210 patients. Standardized differences were used to assess the
balancing of patient characteristics (atezolizumab vs VHA cohorts)
before and after weighting [16]. A standardized difference >ø0.2ø,
indicating a <15% overlap in covariate distribution in the two cohorts,
was the cutoff used to indicate covariate balance. Sensitivity analyses
including statistical confounder adjustment, inverse probability weight-
ing (IPW), and analyses restricted to males are described in the
Supplementary material.

2.4. Outcomes and statistical analyses

For the atezolizumab and VHA cohorts, OS was defined from the
index date to death from any cause during the study, up to 24 mo of
postindex follow-up (truncated for VHA cohorts to align with
IMvigor210 follow-up). OS was compared between cohorts using
weighted Kaplan-Meier analyses and weighted Cox proportional
hazards models. Patient-level weights were derived using EBW
methods described above and subsequently normalized to preserve
the unweighted size of the atezolizumab and VHA cohorts. To mitigate
violation of proportional hazards assumptions, Cox analyses were
stratified according to the study periods before (early effect) and after
(latent effect) crossing of Kaplan-Meier curves (further described in the
Supplementary material).
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Fig. 1 – Veterans Health Administration (VHA) cohort attrition. Selection of patients with metastatic urothelial carcinoma (mUC) treated with non-
cisplatin first line (1L) regimens according to National Comprehensive Cancer Network (NCCN) guidelines. Carbo = carboplatin; CarboGem = Carbo-
gemcitabine; CDW = Corporate Data Warehouse; CNS = central nervous system; EMR = electronic medical records; ICD-9/10 = International
Classification of Diseases, ninth and tenth revisions; RCC = renal cell carcinoma.
a ICD9: 188.xx, 189.1x, 189.2x, 189.3x; ICD-10: C67.xx, C65.xx, C66.xx, C68.0.
b ICD-9: 196.xx–199.xx; ICD-10: C7B, C77–C79.
c ICD-9: 189.0; ICD-10: C64.
d Treatment for mUC that was consistent with the NCCN guidelines V2.2015 for 1L treatment in a metastatic setting and that did not include cisplatin.
Regimens that included any combination of agents recommended for mUC treatment without any agent not recommended in mUC were considered to
be in accordance with the guidelines, while regimens that included at least one agent not recommended in mUC were not considered in accordance
with the guidelines. 1L regimens were identified on the basis of the antineoplastic agents used in the 28 d following the index date.
e As a proxy for Eastern Cooperative Oncology Group performance status of �2, four indicators of poor performance status were identified on the basis
of procedure codes in the CDW data: oxygen and related respiratory therapy supplies; wheelchair and supplies; home health agency services; and
skilled nursing facility services [31].
f Other treatment regimens included: Carbo monotherapy (n = 17), Carbo + pemetrexed (n = 11), Carbo + cytarabine + gemcitabine (n = 1), CarboGem +
doxorubicin (n = 1), Carbo + fluorouracil (n = 1), Carbo + fluorouracil + paclitaxel + pemetrexed (n = 1), Carbo + docetaxel + paclitaxel (n = 2), Carbo +
docetaxel (n = 9), CarboGem + etoposide (n = 1), CarboGem + fluorouracil (n = 1), CarboGem + paclitaxel (n = 5), Carbo + irinotecan (n = 1), and Carbo +
paclitaxel + pemetrexed (n = 1).
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Table 1 – Distribution of baseline characteristics in atezolizumab and VHA cohorts

Characteristic Atezolizumab cohort VHA cohorts before e-balance weighting VHA cohorts after e-balance weighting a,b

Carbo-based CarboGem Carbo-based CarboGem

Patients (n) 110 282 120 282 120
Age at index date (yr)
Mean � SD [Diff c] 71.4 � 8.9 71.6 � 8.2 [�0.02] 71.3 � 8.1 [+0.01] 71.4 � 8.8 [0.00] 71.4 � 8.8 [0.00]
Median (interquartile range) 72 (66–79) 71 (65–78) 71 (65–78) 71 (65–78) 69 (66–79)

Males, n (%) [Diff c] 90 (81.8) 281 (99.6) [�0.65] 120 (100.0) [�0.67] 281 (99.6) [�0.64] 120 (100.0) [�0.67]
Race, n (%) [Diff c]
White 99 (90.0) 247 (87.6) [+0.08] 106 (88.3) [+0.05] 254 (90.0) [0.00] 108 (90.0) [0.00]
Non-white 11 (10.0) 35 (12.4) [�0.08] 14 (11.7) [�0.05] 28 (10.0) [0.00] 12 (10.0) [0.00]
Black 3 (2.7) 20 (7.1) 9 (7.5) – –

Asian 2 (1.8) 0 (0.0) 0 (0.0) – –

Other 5 (4.5) 7 (2.5) 2 (1.7) – –

Unknown 1 (0.9) 8 (2.8) 3 (2.5) – –

Metastasis site, n (%) [Diff c]
Visceral d 78 (70.9) 157 (55.7) [+0.32] 61 (50.8) [+0.42] 200 (70.9) [0.00] 85 (70.9) [0.00]
Other 32 (29.1) 125 (44.3) [�0.32] 59 (49.2) [�0.42] 82 (29.1) [0.00] 35 (29.1) [0.00]
Lymph node only 32 (29.1) 89 (31.6) 45 (37.5) – –

Site not known e – 36 (12.8) 14 (11.7) – –

Previous CTx use, n (%) f [Diff c] 25 (22.7) 56 (19.9) [+0.07] 23 (19.2) [+0.09] 64 (22.7) [0.00] 27 (22.7) [0.00]
Body mass index (kg/m2)
Mean � SD [Diff c] 27.1 � 5.3 26.8 � 5.2 [+0.05] 26.8 � 5.4 [+0.05] 27.1 � 5.2 [0.00] 27.1 � 5.2 [0.00]
Median (interquartile range) 27 (23–30.0) 26 (23–30) 26 (23–29) 27 (23–31) 26 (24–30)

Quan-Charlson comorbidity index
Mean � SD [Diff c] 7.1 � 1.1 6.7 � 0.9 [+0.36] 6.6 � 0.8 [+0.46] 7.1 � 1.1 [0.00] 7.1 � 1.1 [0.00]
Median (interquartile range) 7 (6–7) 7 (6–7) 6 (6–7) 7 (6–7) 7 (6–8)

Anemia, n (%) [Diff c] 20 (18.2) 93 (33.0) [�0.34] 51 (42.5) [�0.55] 51 (18.2) [0.00] 22 (18.2) [0.00]
Hemoglobin, n (%) [Diff c]
<10 g/dl 16 (14.5) 57 (20.2) [�0.15] 32 (26.7) [�0.30] 41 (14.5) [0.00] 17 (14.5) [0.00]
Other 94 (85.5) 225 (79.8) [+0.15] 88 (73.3) [+0.30] 241 (85.5) [0.00] 103 (85.5) [0.00]
�10 g/dl 94 (85.5) 198 (70.2) 75 (62.5) – –

Test not performed – 27 (9.6) 13 (10.8) – –

Serum albumin, n (%) [Diff c]
Abnormal values 21 (19.1) 116 (41.1) [�0.49] 55 (45.8) [�0.60] 54 (19.1) [0.00] 23 (19.1) [0.00]
Other 89 (80.9) 166 (58.9) [+0.49] 65 (54.2) [+0.60] 228 (80.9) [0.00] 97 (80.9) [0.00]
Normal values – 152 (53.9) 57 (47.5) – –

Test not performed – 14 (5.0) 8 (6.7) – –

Carbo = carboplatin; CarboGem = Carbo-gemcitabine; CTx = chemotherapy; e-balance = entropy balance; SD = standard deviation; VHA = Veterans Health
Administration.
a To improve the efficiency of the model for e-balance weighting, some categories were collapsed. Only the entries shown were included in e-balance models.
b The e-balance weights were not normalized for this analysis, so the sum of weights in the VHA cohorts adds up to the size of the unweighted VHA cohorts.
Weighted n values reported in this column were obtained by multiplying the original value by the patient weight; as nonintegers, values were rounded.
c Standardized difference between VHA (unweighted or weighted) and atezolizumab cohort. A cutoff of >ø0.2ø was used to indicate covariate balance.
d At least one metastatic site other than lymph node.
e International Classification of Diseases, Ninth Revision and Tenth Revision codes were not specific enough to infer the metastatic site.
f According to the exclusion criteria, no patients received chemotherapy in the year before the index date.
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3. Results

3.1. Patient characteristics

Overall, 110 patients were included in the IMvigor210
atezolizumab cohort, 282 patients in the VHA cohort that
received any carboplatin-based treatment, and 120 patients
in the VHA cohort that received carboplatin-gemcitabine
(Table 1 and Fig. 1). Overall median follow-up in the
atezolizumab, carboplatin-based, and carboplatin-gemcita-
bine cohorts was 13.0, 10.3, and 9.4 mo (mean duration 11.0,
12.2, and 11.6 mo), respectively. For patients not known to
have died, the median follow-up was 17.0 mo for the
atezolizumab cohort and 24.4 mo for both VHA cohorts.
Sixteen distinct 1L carboplatin-based regimens were ob-
served in the VHA cohort, and the top three regimens
(carboplatin-gemcitabine, carboplatin-paclitaxel, and car-
boplatin-etoposide) collectively accounted for 81% of all 1L
regimens (Fig. 1). Before weighting, the cohorts were
generally similar (standardized differences <ø0.2ø between
cohorts) with respect to mean age, body mass index,
proportion of white patients, and previous chemotherapy
use (Table 1). However, relative to the VHA cohorts, more
patients in the atezolizumab cohort had visceral metastases,
patients had a slightly higher comorbidity burden (according
to QCCI), and fewer patients had anemia, hemoglobin<10 g/
dl, or abnormal serum albumin values at baseline (Table 1).
After applying EBW, all the observed differences in patient
characteristics between the atezolizumab and VHA cohorts
were effectively eliminated (Table 1).
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Fig. 2 – Overall survival (OS) for atezolizumab versus all carboplatin (Carbo)-based regimens. (A) Kaplan-Meier curves, with median OS indicated by
dashed lines and 95% confidence interval (CI) in parentheses. (B) Number of death events and milestone OS rates. 1L = first line; mUC = metastatic
urothelial cancer; VHA = Veterans Health Administration.
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3.2. Overall survival comparative effectiveness

Weighted Kaplan-Meier analyses (Figs. 2 and 3) revealed
median OS of 15.0 mo for the IMvigor210 atezolizumab
cohort, compared with 12.1 mo for the carboplatin-based
cohort and 8.7 mo for the carboplatin-gemcitabine cohort.
OS rates at 12 mo were 56% for atezolizumab-treated
patients, 50% for patients treated with any carboplatin-
based chemotherapy, and 39% for patients treated with
carboplatin-gemcitabine. Additional milestone OS rates are
included in Figures 2B and 3B. An OS benefit was observed
with atezolizumab treatment over chemotherapy after 9mo
for carboplatin-based chemotherapy and after 5 mo for
carboplatin-gemcitabine (Figs. 2 and 3). Weighted Cox
regression analyses showed a latent OS benefit in favor of
atezolizumab versus carboplatin-based therapy that be-
came significant after 9 mo of treatment (overall hazard
ratio [HR] 0.83, 95% confidence interval [CI] 0.62–1.12; p =
0.2; latent HR 0.43, 95% CI 0.24–0.76; p = 0.004; Table 2). OS
HRs also favored atezolizumab over carboplatin-gemcita-
bine, both overall (HR 0.67, 95% CI 0.48–0.94; p = 0.02) and
after 5 mo of treatment (latent effect HR 0.52, 95% CI 0.33–
0.82; p = 0.005; Table 2). Differences between the
atezolizumab and VHA cohorts in the first months of
treatment were not statistically significant (Table 2).

Sensitivity analyses using alternative confounding con-
trol methods were consistent with OS HR results with EBW
(Supplementary Table 1). Specifically, with statistical
confounder adjustment and IPW methods, latent-effect
(after crossing of the Kaplan-Meier curves) OS HRs were
0.41 (p = 0.003) and 0.39 (p = 0.002) for atezolizumab versus
carboplatin-based regimens, and 0.44 (p = 0.002) and 0.38
(p < 0.001) for atezolizumab versus carboplatin-gemcita-
bine, respectively. Sensitivity analyses conducted using
EBW Cox models in which study cohorts were restricted to
male patients also yielded similar results. For example, EBW
Cox regression models after crossing of Kaplan-Meier
curves gave HRs of 0.42 (p = 0.009) for atezolizumab versus
any carboplatin-based chemotherapy and 0.56 (p = 0.019)
for atezolizumab versus carboplatin-gemcitabine.

4. Discussion

Many patients with mUC receive no 1L cisplatin-based
chemotherapy because of comorbidities or impaired
functional status [5]. Until recently, carboplatin-gemcita-
bine chemotherapy was a preferred treatment alternative
for cisplatin-ineligible patients. As part of the phase
2 IMvigor210 study, atezolizumab monotherapy, investi-
gated in cisplatin-ineligible patients with mUC, was well
tolerated and resulted in durable responses and favorable
OS [8]. Here, we performed a comparative effectiveness
analysis to determine the relative OS benefit for IMvigor210
patients with mUC treated with atezolizumab versus real-
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Fig. 3 – Overall survival (OS) for atezolizumab versus carboplatin-gemcitabine regimens (CarboGem). (A) Kaplan-Meier curves, with median OS
indicated by dashed lines and 95% confidence interval (CI) in parentheses. (B) Number of death events and milestone OS rates. 1L = first line; mUC =
metastatic urothelial cancer; VHA = Veterans Health Administration.
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world patients from the VHA health care system treated
with carboplatin-based regimens. We found an OS benefit
with atezolizumab over carboplatin-based regimens after
9 mo of treatment and over carboplatin-gemcitabine after
5 mo of treatment. These results were robust in sensitivity
analyses that used alternative confounding controlmethods
or restricted the analysis to male patients.

Results from IMvigor210 and from trials investigating
other checkpoint inhibitors are changing the treatment
landscape for both previously treated and treatment-naive
mUC. Notably, given the inherent toxicities associated with
chemotherapy and the prevalence of mUC patients with
renal insufficiency, these well-tolerated agents have the
potential to treat a wider patient population. Large
randomized studies in the 1L setting—comparing single-
agent or combination immunotherapies versus historic
standards (eg, IMvigor130, NCT02807636; KEYNOTE-361,
NCT02853305)—will provide data to validate these results.
Currently, randomized data are limited to the postplatinum
setting [17,18], so comparisons between real-world data and
single-arm clinical trial data represent a valuable approach
that has attracted greater interest in recent years [19]. How-
ever, this approach requires careful patient selection and
statistical reweighting for comparison to patients treated in
a clinical trial [20]. In this study, to appropriately compare
OS outcomes between atezolizumab and carboplatin-based
regimens, we first controlled for inherent population
differences by restricting the VHA cohorts to patients
who met the IMvigor210 inclusion and exclusion criteria
(with several measurements for IMvigor210 proxied from
VHA electronic medical record [EMR] data), and then
balanced residual differences in patient characteristics
using EBW, an approach applied in other observational
studies [21,22]. OS outcomes in the VHA carboplatin-based
cohort compared well with previous clinical trials in this
setting; the OS observed with carboplatin-based regimens
(weighted median OS 12.1 mo, unweighted median OS
11.6 mo; data not shown) is consistent with the range
previously reported in patients treated with 1L non-
cisplatin carboplatin-based regimens (median OS 7–15
mo, depending on the regimen) [2,23]. Likewise, themedian
OS for carboplatin-gemcitabine in the present study
(weighted median OS 8.7 mo, unweighted median OS
9.6 mo; data not shown) is also consistent with that in
previous clinical trials, ranging from 7 to 10 mo, depending
on the population [24–26]. It should be noted, however, that
direct OS comparisons between the two VHA cohorts in our
study is not advisable because one of the two confounding
control methods used (mimicking the IMvigor210 exclu-
sions in the VHA cohorts) was specifically designed to
address a comparison between a clinical trial–based cohort
and a real-world cohort. Given that the treatment selection



Table 2 – Cox proportional hazards regression for overall survival: comparison of the atezolizumab and VHA cohorts

Comparison HR (95% CI) p value

Atezolizumab vs Carbo-based cohort
Unweighted (no control of confounders)
Overall effect a 0.79 (0.59–1.07) 0.12
First 9 mo following 1L initiation a 1.06 (0.74–1.51) 0.70
After 9 mo of 1L treatment a 0.44 (0.25–0.78) 0.005 d

After weighting c

Overall effect a 0.83 (0.62–1.12) 0.2
First 9 mo following 1L initiation a 1.20 (0.84–1.72) 0.30
After 9 mo of 1L treatment a,b 0.43 (0.24–0.76) 0.004 d

Atezolizumab vs CarboGem cohort
Unweighted (no control of confounders)
Overall effect a 0.72 (0.52–1.02) 0.06
First 5 mo following 1L initiation a 1.30 (0.76–2.21) 0.30
After 5 mo of 1L treatment a 0.49 (0.31–0.77) 0.002 d

After weighting c

Overall effect a 0.67 (0.48–0.94) 0.02 d

First 5 mo following 1L initiation a 1.60 (0.91–2.79) 0.10
After 5 mo of 1L treatment a,b 0.52 (0.33–0.82) 0.005 d

1L = first line; Carbo = carboplatin; CarboGem = Carbo-gemcitabine; HR = hazard ratio; CI = confidence interval.
a Overall effect refers to the complete 24-mo follow-up period. Owing to violation of the proportionality of hazards assumption, stratified analyses evaluated
overall survival before or after a follow-up duration of 9 mo for the Carbo-based cohort and 5 mo for the CarboGem cohort, corresponding to crossing of Kaplan-
Meier curves.
b Weights were derived from patients in the study cohorts who were still alive and followed as of the 5- or 9-mo periods corresponding to crossing of Kaplan-
Meier curves.
c The entropy-balance weighting (control of confounders) was applied for age (continuous), race (white vs other), visceral metastases (vs other), previous use of
chemotherapy (yes vs no), body mass index (continuous), Quan-Charlson comorbidity index (continuous), anemia at baseline (yes vs no), hemoglobin <10 g/dl
(yes vs no), and abnormal serum albumin levels.
d p < 0.05.
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mechanisms in IMvigor210 were prespecified and well
documented, it was appropriate to mimic these exclusions
in the VHA cohorts and apply weighting using a short list of
OS predictors selected a priori to control for residual
confounding. This confounding control approach may not
be sufficient for a comparison of two real-world cohorts, in
which treatment decisions are more complex and multi-
factorial.

Responses to immunotherapies can manifest as delayed
or nonclassical responses [27], and different mechanisms of
action and pharmacokinetics between immune checkpoint
inhibitors and chemotherapy can also result in nonpropor-
tional hazards in OS analyses [17,18]. An important future
challenge will be to evaluate the drivers (eg, clinical
biomarkers) underlying this phenomenon. When consider-
ing the 24-mo follow-up period, weighted Cox regression
demonstrated a significant overall OS benefit with atezo-
lizumab compared to carboplatin-gemcitabine, the regimen
most commonly used in this setting; a similar but
nonsignificant trend was observed versus all carboplatin-
based regimens. In both comparisons, a significant latent OS
benefit was observed. However, the OS benefit with
atezolizumab versus carboplatin-gemcitabine manifested
earlier and was more pronounced compared with the effect
of atezolizumab versus carboplatin-based regimens. In-
deed, VHA patients in the carboplatin-based cohort
received a variety of different combinations of agents
(according to the NCCN guidelines v2.2015), reflecting the
spectrum of clinical practice treatment decisions and
potentially introducing heterogeneity into the models.
This study had several strengths and limitations. In
particular, VHA data are well suited for external compar-
isons, as they represent the largest integratedUS health care
system and provide a broad spectrum of care settings
(>1400 outpatient clinics, veteran centers, and domicili-
aries as of 2011) and rich EMR data. However, while the VHA
CDW provides detailed information on cancer diagnoses
and treatment, these datamay be subject to possible coding
errors ormisclassification in clinical practice. Although VHA
patients may have differences in physical andmental health
compared with the general population (eg, lower perfor-
mance status, higher rates of severe comorbidity) [28,29],
after adjusting for these factors, VHA patients do not have
inferior cancer-specific survival relative to those treated in
the Medicare system [30]. Likewise, the median time from
mUC diagnosis (using ICD9/10 diagnosis codes) to 1L
treatment for the carboplatin- and CarboGem-treated
VHA cohorts was only 28 and 27 d, respectively, with
patients who had delayed treatment (>6 mo) excluded. The
median time frommUC diagnosis to first dose administered
for the atezolizumab cohort was 2.6 mo (data not shown).
Owing to the predominantly male VHA population, sex
could not be controlled for in the main analyses; however,
sensitivity results restricted to males confirmed our
primary findings. Characteristics measured in a clinical
trial setting cannot be exactly replicated in real-world
populations, and a few IMvigor210 eligibility criteria could
not be replicated from the VHA data (Supplementary
material); however, most patients with unmeasured
exclusion factors were probably already excluded because
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of other criteria. Likewise, performance status, which was
measured for IMvigor210 patients, was retrospectively
proxied from evaluable procedure codes for the VHA
patients [31]. QCCI (a measure of the overall disease burden
and a strong predictor of the risk of death) [15] was also
included in the model to mitigate these limitations.
Restriction (to patients who satisfied the IMvigor210
eligibility criteria) and the EBW method were used to
control for observed confounders, but residual confounding
related to unmeasured characteristics (eg, C-reactive
protein, biomarkers) is not accounted for. Moreover, the
maximum follow-up duration was truncated at 24 mo to
align the VHA and IMvigor210 data, precluding analyses for
longer-term trends. Furthermore, OS was evaluated as the
primary clinical endpoint owing to its high validity, while
disease progression and safety outcomes were not reported
here. Lastly, patient exclusions based on IMvigor210
eligibility criteria may limit the generalizability of our
findings to broader populations; however, these exclusions
were needed to increase the validity of comparisons
between atezolizumab and carboplatin-based regimens.
Nevertheless, since many patients with mUC are ineligible
for chemotherapy, these results have OS implications.

5. Conclusions

We performed the first comparative analysis of non-
cisplatin 1L treatments for mUC. We compared outcomes
in patients treated with atezolizumab (in IMvigor210) and
patients receiving carboplatin-based regimens (in VHA
clinical practice). Our results show that atezolizumab
conferred an OS benefit in cisplatin-ineligible patients
compared with carboplatin-based chemotherapies at 5–9
mo after treatment initiation, depending on the regimen.
Future randomized studies in the 1L setting are needed to
validate these results and further delineate appropriate 1L
treatment regimens and sequencing in mUC.
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