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Abstract.

BACKGROUND: Atezolizumab is an immune checkpoint inhibitor (ICI) and a frontline treatment of patients with cisplatin-
ineligible advanced urothelial carcinoma (UC). There is limited evidence on the prognostic value of patient reported outcomes
(PROs) in advanced UC treatment, particularly in the context of ICI therapy.

OBJECTIVE: To investigate the prognostic association of PROs with survival in patients with advanced UC treated with
atezolizumab.

METHODS: This study used data from 467 patients with advanced UC initiating atezolizumab in the IMvigor211 trial.
Pre-treatment PROs association with overall survival (OS) and progression free survival (PFS) was assessed using Cox
proportional hazard analysis. PROs were recorded via the European Organisation for Research and Treatment of Cancer
QLQ-C30. Discrimination performance was assessed via the C-statistic (c).

RESULTS: Patient reported physical function, pain, appetite loss, global health, fatigue, role function, constipation, nausea
and vomiting, dyspnoea, and insomnia were significantly associated with OS and PFS on univariable and adjusted analysis
(P <0.05). Physical function (¢=0.63), pain (c=0.63), appetite loss (¢ =0.62), global health status (¢=0.62), and fatigue
(c=0.62), were the most prognostic factors of OS. The OS discrimination performance of physical function (¢ =0.61) was
superior to ECOG PS (¢ =0.58). Of patients assessed by investigators as having no performance restrictions (ECOG PS of
0), 38 (18%) and 91 (42%) self-reported low and intermediate physical function scores, respectively.

CONCLUSION: Pre-treatment PROs were identified as independent prognostic factors of OS and PFS. Patient-reported
physical function was more prognostic of OS than ECOG PS. This highlights a potential for PROs to enable improved patient
stratification in ICI trials.
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INTRODUCTION

Atezolizumab is an immune checkpoint inhibitor
(ICI) and an important emerging treatment option
for advanced urothelial carcinoma (UC), particu-
larly in patients who are ineligible for or resistant to
platinum-containing therapies [1, 2]. To date, there is
no reliable marker to accurately predict patients who
will benefit most from IClIs in advanced UC, and there
is significant variability in response between patients
[3, 4]. This knowledge gap impedes trial design,
shared decision-making, and precision medicine.

Patient-reported outcomes (PROs) are measures of
quality of life, emotional, financial, and functional
status that are assessed by self-reported tools from
a patient’s perspective [5]. With major international
oncology societies highlighting the potential bene-
fits of PROs in facilitating shared decision-making
and patient empowerment [6-8], much research
is aimed towards unlocking their full potential.
Furthermore, recent studies have demonstrated the
prognostic value of PROs in patients with a vari-
ety of advanced cancers [9-12]. Eastern Cooperative
Oncology Group-performance status (ECOG-PS) is
a clinician interpreted measure of physical func-
tion that is routinely used in oncology trial design,
and several studies have demonstrated that patient-
reported physical function potentially has greater
prognostic value [12-17]. However, there is lim-
ited evidence on the value of PROs in advanced
UC treatment, particularly in the context of ICI
therapy. We hypothesize that PROs are prognos-
tic of survival outcomes in patients with advanced
UC initiating immunotherapy. This study aims to
investigate the association of PROs with survival out-
comes in patients with advanced UC treated with
atezolizumab. Exploratory analysis will also be con-
ducted to establish if pre-treatment physical function
is more prognostic of survival than ECOG-PS.

MATERIALS AND METHODS

Patient population

This study was a secondary analysis of individ-
ual participant data (IPD) from phase 3 randomized
controlled trial (RCT) IMvigor211 (NCT02302807)
[1]. Briefly, IMvigor211 randomized participants
1:1 to 3 weekly doses of either atezolizumab
(1,200mg) or chemotherapy (investigator’s choice
of vinflunine (320 mg/mz), paclitaxel (175 mg/mz)
or docetaxel (75 mg/mz)) [1, 3]. Key inclusion

criteria for IMvigor211 included age > 18, evaluable
UC disease, ECOG-PS < 1, availability of a sam-
ple for PD-L1 evaluation, have received < 2 lines of
prior therapy, experienced disease progression with
platinum-containing therapy, and no prior ICI ther-
apy [1].

Data was accessed according to Hoffmann-La
Roche policy and has been made available through
Vivli, Inc (www.vivli.org). Secondary analysis of
de-identified IPD was classified as minimal risk
research and was confirmed exempt from review by
the Southern Adelaide Local Health Network, Office
for Research and Ethics.

Predictors and outcomes

The primary evaluated outcome was overall sur-
vival (OS). Progression-free survival (PFS), objective
response and treatment-related any adverse events
(AEs) of grade >3 were assessed as exploratory
outcomes. OS was defined as the time from random-
ization to death due to any cause [1, 18]. PFS was
defined as the time from randomization to either the
first event of disease progression or death from any
cause. Progression and objective response were deter-
mined by the investigator per RECIST v1.1 [1, 18].
AEs were graded per the National Cancer Institute’s
Common Terminology Criteria for Adverse Events,
version 4.0 (NCI CTCAE v4.0).

PROs were recorded at baseline, on day one of each
treatment cycle, and at 30 days after the last treatment
dose (up to approximately 25 months) via the Euro-
pean Organisation and Treatment of Cancer Quality
of Life Questionnaire Core 30 (EORTC QLQ-C30)
version 3.0. [19]. The questionnaire enables the
calculation of functional scale (cognitive, role, phys-
ical, emotional, and social), symptom-related scale
(fatigue, pain, nausea, and vomiting), and global
health status scores [19]. For functional scales, a
higher score indicates the patient’s perception of
“better” functioning. Whilst for symptom-related
scales and measures, a higher score indicates the
patient’s perception of “worse” symptoms [20]. The
primary evaluated predictors in this study were pre-
treatment PRO measures of function, symptoms, and
global health status.

Statistical analysis

Cox proportional hazard analysis was used to
assess the association between each pre-treatment
PRO with OS, PFS, and AEs. Results are reported
as hazard ratios (HR) with 95% confidence intervals
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Table 1
Univariable and adjusted association between PROs and overall survival for patients treated with atezolizumab
Univariable Adjusted**
n HR* 95% CI P-value c n HR* 95% CI P-value
Physical function 441 0.84 0.80 to 0.88 <0.001 0.63 345 0.87 0.81t00.93 <0.001
Pain 441 1.15 1.11to 1.19 <0.001 0.63 345 1.09 1.04 to 1.15 <0.001
Appetite loss 440 1.15 1.11to 1.19 <0.001 0.62 345 1.13 1.08 to 1.19 <0.001
Global health 439 0.84 0.80 to 0.88 <0.001 0.62 344 0.87 0.81t00.93 <0.001
Fatigue 441 1.15 1.10 to 1.20 <0.001 0.61 345 1.11 1.05t0 1.18 <0.001
Role function 441 0.90 0.87 to 0.94 <0.001 0.6 345 0.95 0.90 to 1.00 0.040
Social function 441 0.90 0.86 to 0.94 <0.001 0.58 345 0.96 0.91 to 1.02 0.172
Emotional function 441 0.90 0.85 t0 0.95 <0.001 0.58 345 0.95 0.89 to 1.02 0.130
Constipation 439 1.08 1.04to 1.11 <0.001 0.58 343 1.05 1.00 to 1.09 0.029
Nausea and vomiting 441 1.23 1.15to0 1.31 <0.001 0.57 345 1.23 1.14 to 1.33 <0.001
Dyspnoea 440 1.08 1.04to 1.13 <0.001 0.56 344 1.10 1.04to 1.16 <0.001
Cognitive function 441 0.90 0.85 t0 0.95 <0.001 0.56 345 0.94 0.88 to 1.01 0.084
Insomnia 440 1.08 1.04to 1.12 <0.001 0.56 344 1.08 1.03to 1.14 <0.001
Financial difficulties 440 1.04 1.00 to 1.08 0.066 0.53 344 1.00 0.95 to 1.05 0.859
Diarrhoea 440 1.06 1.00to 1.12 0.041 0.52 345 0.98 0.91 to 1.06 0.660

CI=confidence interval, HR =hazard ratio, n=number of patients. “HR based on 10-unit increase. **Adjusted for haemoglobin, sex,
age, race, smoking history, ECOG performance status, disease status, PD-L1 tumor-infiltrating immune cell expression level, time since
diagnosis, number of prior systemic therapies in advanced setting, liver metastasis, bone metastasis, lung metastasis, lactate dehydrogenase

and neutrophil to lymphocyte ratio. A total of 120 patients had missing data in the adjustment variables.

(95% CI). A threshold of p <0.05 was used to deter-
mine statistical significance. Complete case analyses
were conducted. Discrimination performance was
assessed using the concordance statistic (C-statistic).
Continuous variables were explored for potential
non-linear associations. The best model fit was deter-
mined using the Akaike information criterion (AIC)
and visual checks. Analyses were adjusted for race,
sex, age, smoking status, ECOG PS, stage, pres-
ence of liver metastasis, haemoglobin concentration,
PD-L1 expression, time since diagnosis, number of
prior treatments, neutrophil to lymphocyte ratio and
lactate dehydrogenase concentration. The discrimi-
nation performance of PROs with ECOG PS were
evaluated. Exploratory analyses of the association of
PROs with survival within the chemotherapy cohorts
were conducted. Associations between pre-treatment
PROs and objective response were assessed via logis-
tic regression.

Kaplan-Meier analysis was used to visually repre-
sent the associations between significant PROs with
OS and PFS. For these plots, PROs were classified
as “low”, “intermediate” and “high” based on the
interquartile range (IQR) presented in the EORTC
QLQ-C30 reference value manual for the “All can-
cer patients: recurrent/metastatic” population. Low,
intermediate, and high groups were respectively
defined by the lower 25th, the 25th to 75th, and
the upper 25th percentiles according to the EORTC
QLQ-C30reference IQR [19]. All analyses were per-
formed using R version 3.6.2.

RESULTS
Patient population

Data were available from 931 participants within
the IMvigor211 of which 467 patients were ran-
domized to atezolizumab treatment. Of the 467
patients in the randomised atezolizumab arm, 459
received actual atezolizumab treatment (Supplemen-
tary Table 1 and Supplementary Table 2). Depending
on the evaluated PRO outcome, 18 to 20 of the
459 patients had missing PRO data (Supplementary
Table 2). Median follow-up was 17 [17-19] months in
the atezolizumab cohort. There were 318 and 401 OS
and PFS events in the atezolizumab cohort, respec-
tively.

Prognostic associations of PROs with overall
survival

Based upon the AIC and visual inspections, lin-
ear transformations best described the associations
between pre-treatment PROs and OS. Univariable
and adjusted analyses identified significant associa-
tions for physical function, pain, appetite loss, global
health, fatigue, role function, constipation, nausea
and vomiting, dyspnoea, and insomnia with OS out-
comes (P<0.05, Table 1). Of the assessed PROs,
physical function (¢ =0.63), pain (¢ =0.63), appetite
loss (c=0.62), global-health (¢=0.62), and fatigue
(c=0.62), were the most prognostic for OS (Table 1).
Figure 1 presents Kaplan-Meier estimates of OS
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Fig. 1. Kaplan-Meier estimates of overall survival (OS) by patient-reported physical function, fatigue, appetite, global health, and pain

symptoms for patients treated with atezolizumab.

according to pre-treatment physical function, pain,
appetite loss, global-health status, and fatigue within
the atezolizumab treated cohort.

Physical function, pain, appetite loss, global
health, and fatigue were significantly associated with
PFS on univariable and adjusted analysis (P <0.05,
Supplementary Table 3 and Supplementary Figure 1).
Similar associations were identified between objec-
tive response and PROs on univariable analysis

(Supplementary Table 4). Physical function, pain,
appetite loss, and fatigue were also significantly asso-
ciated with grade > 3 adverse effects on univariable
analysis (Supplementary Table 5).

Supplementary Table 6 demonstrates that physi-
cal function, pain, appetite loss, global health, and
fatigue were significantly associated with OS on uni-
variable and adjusted analysis within the control arm
(i.e., these PROs were also prognostic in the patient
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Univariable and multivariable association between patient-reported physical function and ECOG-PS with overall survival for atezolizumab
patient cohort within IMvigor211

Univariable Multivariable model**
n HR* 95% CI P-value c n HR* 95% CI P-value

Physical function status <0.001 0.61 <0.001

High 119 1.00 119 1.00

Intermediate 170 1.56 1.16 to 2.10 170 1.50 1.11 to 2.02

Low 152 2.40 1.79 t0 3.23 152 2.12 1.56 to 2.89
ECOG PS Score <0.001 0.58 0.003

0 216 1.00 207 1.00

1 243 1.65 1.32t0 2.07 234 1.43 1.13 to 1.81

CI =confidence interval, HR = hazard ratio. *HR based on 10-unit increase. **Multivariable model testing if there is independent information

from both patient reported physical function and ECOG PS.

cohort treated with chemotherapy). Similar associa-
tions were identified for PFS, other than for physical
function where the association did not reach statisti-
cal significance on adjusted analysis (Supplementary
Table 7)

Comparison of patient-reported physical
function with ECOG PS

As patient-reported physical function was the best
performing PRO for predicting OS prognosis, and
ECOG PS is a commonly used physician-assessment
of physical function, this study compared the dis-
criminative performance of patient-reported physical
function and ECOG PS (analysis are based upon prior
studies [12, 13]).

In the cohort of 441 participants treated with
atezolizumab, 152 (34%), 170 (39%), 119 (27%)
respectively reported physical function in the low,
intermediate, and high EORTC QLQ-C30 refer-
ence quartiles (Supplementary Table 8). Clinicians
defined 216 participants as having an ECOG PS of
0, and 243 as an ECOG PS of 1. Notably, of the
216 participants assessed by the investigator have
an ECOG PS of 0 (fully active; no performance
restrictions), 60% of participants self-reported phys-
ical function limitations — 38 (18%) reported low
physical function and 91 (42%) reported intermedi-
ate physical function. Univariable analysis identified
a significant relationship between patient-reported
physical function groups and OS (P <0.001), with
a prognostic performance (c) of 0.61 (Supplemen-
tary Table 7). Univariable analysis also identified a
significant relationship between ECOG PS and OS
(P<0.001), with a prognostic performance (c) of
0.58 — slightly less prognostic than patient-reported
physical function (Table 2). Upon multivariable anal-
ysis, patient-reported physical function (P <0.001)
and ECOG PS (P <0.003) were significantly asso-

ciated with OS indicating that each is providing an
independent prognostic information (Table 2). Sim-
ilar findings were observed in the chemotherapy
cohort (Supplementary Table 9).

DISCUSSION

This is the first study to demonstrate that pre-
treatment PROs are significantly associated with
OS and PFS in patients with platinum-refractory
advanced UC who initiate treatment with the ICI
atezolizumab. Exploratory analysis suggests that
patient-reported physical function may be more prog-
nostic than ECOG-PS. This was driven by 60% of
the cohort self-reporting low to intermediate physical
function, despite clinicians categorising their condi-
tion as an ECOG PS of 0.

Recent research highlights the prognostic potential
of PROs in several advanced cancer types [9-12],
although studies have been limited by small sam-
ple sizes and few have investigated the potential
significance in patients with advanced cancer who
are initiating ICI therapies. This study demonstrated
that patient-reported physical function, pain, appetite
loss, global health, and fatigue were the most prog-
nostic PROs for OS and PFS within patients with
metastatic UC initiating atezolizumab. Confirming
whether these results are generalizable to other ICIs,
first-line ICT use, or ICI combination therapy is an
important future direction of research.

ECOG PS is a well-established clinician-assessed
measure of patient function and is widely used to
stratify clinical trial cohorts and aid treatment-related
decisions in the clinic [21]. However, there are other
patient-related factors such as socioeconomic and
psychological status may not be accounted for by
the ECOG PS [22]. Previous studies have shown
discordances between patient and clinician reported
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adverse effects in cancer clinical trials [23—25]. Inter-
estingly, in the present analysis, patient-reported
physical function was identified to be more prognos-
tic of OS than ECOG PS, and 18 and 42% of patients
classified as ECOG PS 0 reported low and interme-
diate physical function, respectively. This indicates
that 60% of the patients who were clinician defined
as ‘fully active, and able to carry on all pre-disease
performance without restrictions’ had self-reported
limitations in physical functioning. This finding sug-
gests that use of structured questions/questionnaires
may improve clinician assessment of a patients’
performance status. This study goes on to demon-
strate that patient-reported physical function and
ECOG PS were independent prognostic factors for
OS. This finding supports prior studies that demon-
strated significant and independent prognostic value
of patient-reported physician function for patients
with lung [13] and breast cancers [12]. This highlights
a potential for patient-reported physician function to
be used as a stratification factor in ICI clinical tri-
als. Minimally, reporting of baseline patient-reported
physician function scores would provide impor-
tant patient context to clinical trial reports and
publications.

Limitations of this study include the post-hoc,
exploratory nature which introduces implications on
statistical powers and type I errors; while the ret-
rospective design introduces an inability to adjust
for unmeasured confounders or to evaluate alter-
nate prognostic parameters (e.g. data from wearable
devices or alternate PRO tools). Another poten-
tial limitation of this study is that the identified
associations were restricted to patients treated with
atezolizumab monotherapy within a clinical trial.
Stringent inclusion criteria of clinical trials can limit
findings generalizability to real-world populations.
For example, none of the patients included in the trial
had an ECOG PS of greater than 1. Future research
should therefore be directed towards evaluating PROs
in real-world populations with a broader ECOG PS
distribution. Future research should also consider
investigating the associations between comorbid-
ity measures (e.g., Charlson, Exhauster), wearable
devices data, and PROs and evaluate their potential
to be combined to predict likely treatment out-
comes. Further, as both patient-reported physical
function and ECOG PS contain independent prog-
nostic information, building multivariable prognostic
tools with the range of PRO domains in conjunction
with ECOG PS is an interesting future direction of
research.

In conclusion, pre-treatment PROs were identi-
fied as independent prognostic factors of OS and
PFS in patients with advanced UC initiated on ate-
zolizumab. Patient-reported physical function, pain,
appetite loss, global health, and fatigue were most
prognostic for OS and PFS. Patient-reported physi-
cal function was more prognostic for OS than ECOG
PS. This study highlights the potential for PROs to
be used as a stratification factor for ICI clinical trials
and to inform disease prognosis.
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