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Aim: To assess rates of no systemic treatment (NST), attrition across lines of therapy, and factors influencing
treatment selection in patients with locally advanced or metastatic urothelial cancer (la/mUC). Methods:
Systematic literature review to identify real-world studies reporting NST or attrition rates in la/mUC from
2017-2022 (including data reported since 2015). Results: Of 2439 publications screened, 29 reported NST
rates, ranging from 40-74% in eight European-based studies, 14-60% in 12 US-based studies, and 9-
63% in nine studies in other locations (meta-analysis estimate, 39%). Factors associated with NST or no
second-line therapy included older age, female sex, poor performance status, poor renal function and
distant metastases. Conclusion: A substantial proportion of patients with la/mUC do not receive guideline-
recommended treatment.

Plain language summary — A review of how patients with bladder cancer are treated or not treated
with anti-cancer drugs: People with advanced bladder cancer have a short survival. Bladder cancer is
called advanced when it has spread outside of the urinary tract. Several drug treatments are available for
people with advanced bladder cancer. However, sometimes people do not receive any drug treatment.
We looked at published studies to see how many people with advanced bladder cancer did not receive
any drug treatment and the reasons why. We also looked at how long people lived with or without drug
treatment. We found that many people with advanced bladder cancer did not receive drug treatment.
The number of people who received no drug treatment varied in studies from different countries. People
who were older, were female, had poor health or kidney problems, or had cancer that had spread to other
parts of the body were less likely to receive drug treatment. People who did not receive drug treatment
lived for an average of 2 to 7 months, compared with 9 to 35 months for people who received drug
treatment. More studies are needed to investigate the reasons why drug treatment is sometimes not used
in people with advanced bladder cancer who could receive treatment, so that more people can benefit
from available treatments.
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Bladder cancer is the tenth most common cancer in the world, with both incidence and mortality rising over the past
2 decades [1-3]. In 2020, 573,278 new cases and 212,536 deaths worldwide were attributed to bladder cancer 13,41.
Urothelial cancer (UC) accounts for 90% of the histological forms of bladder cancer (5] and is characterized by the
progressive accumulation of transitional cells of the mucosal epithelium lining the bladder, or the ureter or kidney
(in the case of upper tract UC [UTUC]) [¢6-8. Among all UC cases, 25% are estimated to be muscle-invasive and
11% to be locally advanced or metastatic (la/mUC) at diagnosis [5,9]. The incidence of la/mUC varies by sex,

ethnicity, geography and age; it commonly affects elderly populations (>70 years) and males (>65%) more than
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females [10-13]. Regardless of patient characteristics, the prognosis for patients with la/mUC is poor, with a 5-year
survival rate of <15%; metastatic UC specifically is considered incurable, with a 5-year survival rate of 4.6% in the
USA 15,91.

The goal of treatment in la/mUC is to prevent disease progression, maintain health-related quality of life,
help relieve cancer symptoms and extend life [10,14]. Treatment guidelines (European Society for Medical Oncol-
ogy [ESMO], European Association of Urology [EAU] and National Comprehensive Cancer Network [NCCN])
recommend platinum-based chemotherapy for all platinum-eligible patients as first-line (1L) treatment [15-17].
Cisplatin-based chemotherapy is the recommended 1L standard of care, with carboplatin-based chemotherapy rec-
ommended for patients who are not eligible for cisplatin [15,18,19]. Roughly half of patients with mUC are ineligible
for cisplatin; however, many are still eligible to receive carboplatin [20). In some countries, patients who are cisplatin
ineligible and whose tumors express PD-L1, or who are platinum-ineligible, may receive 1L immunotherapy (10).
Avelumab is recommended as 1L maintenance for all patients with la/mUC that has not progressed with 1L
platinum-containing chemotherapy [21]. Available second-line (2L) treatments include IOs, antibody-drug conju-
gates, FGFR inhibitors and chemotherapies [18]. For those in the end stages of the disease, palliative/supportive
care is recommended (e.g., analgesia, antibiotics), and potentially palliative surgery or radiotherapy. Despite these
guidelines, studies suggest that some patients with la/mUC receive no systemic treatment (NST) [22].

While median survival with treatment is approximately 9 to 24 months, prognosis without treatment is poor
and overall survival (OS) is extremely short [12,23-26]. While recent studies suggest that rates of NST and rates of not
receiving a subsequent line of therapy (LOT) (i.e., attrition) are high [12,22,26], underutilization of systemic therapy
(S8T) has not been comprehensively investigated and attrition rates are not well characterized. Questions remain
regarding the drivers behind treatment decisions and why mortality rates remain high despite available treatments.
The objectives of this study were to systematically characterize treatment patterns in la/mUC, focusing on rates of
NST and subsequent LOT, in addition to associated clinical and sociodemographic factors and real-world OS.

Methods

We conducted a systematic literature review (SLR) of real-world evidence studies reporting NST and/or attrition
rates in la/mUC. The review, which was unregistered, was conducted in accordance with the methodological and
reporting requirements of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
using Population, Intervention, Comparator, Outcomes and Study Design (PICOS) criteria (Supplementary Ta-
ble 1). The Cochrane Library, EconLit, Embase, MEDLINE and MEDLINE in-process databases were searched on
25 February 2022 (Supplementary Table 2). Conferences indexed in Embase were identified viz electronic database
search, and the following conferences were hand-searched for results from 2017 and later: American Society of Clin-
ical Oncology (ASCO), ASCO Genitourinary (ASCO GU), ESMO, International Society for Pharmacoeconomics
and Outcomes Research (ISPOR) and EAU. The screening was conducted in two phases: title/abstract screening
and full-text screening. All records were screened by two independent reviewers, with conflicts resolved by a third
independent reviewer. Included studies were limited to those published in English, German, French, or Spanish,
and studies published from 2017 to the search date (provided they included data from 2015 or later). A total
of 306 records were selected for data extraction based on PICOS criteria. Records were not extracted unless they
fulfilled the additional criteria of reported NST rates, attrition rates, reasons for NST (defined as the proportion of
patients who received NST in a total study population, regardless of eligibility for ST) or reasons for non-receipt
of subsequent therapy, and specification of a period when data were acquired. This resulted in the data extraction
of 66 records (Figure 1).

NST was described differently in the identified publications. Based on these descriptions, studies were categorized
into three groups: group A did not specify whether patients received palliative surgery, palliative radiotherapy, or
best supportive care (BSC); group B specified palliative/supportive care (including surgery, radiotherapy, or BSC)
being used instead of 1L ST; and group C specified not receiving surgery, radiotherapy, or systemic therapy
(Supplementary Table 3). Some records reported multiple categories of NST or attrition rates among different
subgroups of patients based on the previous LOT received; therefore, they were separately reported as ‘subgroups’;
33 subgroups were included within the 29 studies reporting NST, and 63 subgroups were included within the 47
studies reporting attrition rates.

Risk of bias was assessed for the 29 studies reporting NST viz a modified Newcastle-Ottawa Scale. The number
of stars (1-9, 1 = biased, 9 = unbiased) was counted for each study. Our study showed a risk bias median of 7
stars and mean (standard deviation [SD]) of 6.7 (1.4) (Supplementary Table 4). For analysis of NST rates, two
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methods were used. The first was a traditional pooling method in which all patients with NST were pooled before
dividing by the total population. Because the pooling approach does not account for the variance of the different
estimates, we also employed classic meta-analysis estimates. By weighting the different proportions according to
their precision (inverse of the variance), this approach gives a higher weight to proportions with a low uncertainty
compared with proportions with high uncertainty or low sample size. A measure of the variance of the statistics was
given by the inverse of the sum of the precisions of all studies. The analysis was performed using RStudio Version
2022.07.1., Meta package. Proportions are presented with 95% CI.

In the absence of statistics describing associations of patient characteristics with NST within records of interests,
we performed Fisher’s exact tests using MedCalc software. Temporal scores were calculated to reflect the recency
of studies for the records reporting NST rates, as follows: a raw relevance score was derived for each study by
dividing the number of study years after 2015 (i.e., relevant total span) by the total year span used in the study and
re-ordering based on the higher raw relevance score, longer relevant total span, newer last year and newer start year.
Finally, a temporal score was given to each study, with higher temporal scores reflecting more recent data collection.

Results

Evidence acquisition

A total of 29 studies reported NST rates (median 39%; range 7—74%; pooled estimate 42%; meta-analysis estimate
39%; Figure 2), 47 studies reported the rate of subsequent treatment after 1L ST, and six studies reported treatment
rates after the approval of IOs. In total, 66 unique studies reported either NST rates or attrition rates (Supplementary
Table 4). In these heterogeneous studies, several regions were represented, including the USA, the European Union,
Asia, the Middle East, the UK and Russia. Most studies identified were either retrospective observational studies
(N = 32 studies) or analyses of large databases or registries (N = 30). Four studies were cross-sectional surveys or
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Short reference NST (%) 95% CI

Fisher et al., 2018 [27] 30.0 26.1-34.3 n

Doshi et al., 2018 [28] 14.3 11.4-17.7 =

Russo et al., 2018 [29] 39.1 35.7-42.6 ]

Parikh et al., 2019 [30] 59.8 57.4-62.2 ]

Flannery et al., 2019 [31] 39.7 37.5-41.9 ]

Pollock et al., 2021 [32] 50.5 48.9-52.1 ]

Morgans et al., 2021 [13] 23.2 21.9-24.5 "

Geynisman et al., 2022 [12] 28.4 27.4-29.4 n

Mao et al., 2019 [33] 47.2 46.3-48.1 »

Bilen et al., 2021 [11] 54.3 53.6-55.0 =

Vafaei-Nodeh et al., 2020 [23] 60.1 54.0-65.9 m

Davies et al., 2020 [34] 74.0 72.2-75.7 ]

Kearney et al., 2020 [10] 69.6 68.7-70.5 =

Sevillano et al., 2020 [35] 40.0 32.2-48.4 =

Richters et al., 2021 [36] 48.0 44.9-51.1 =

Jensen et al., 2021 [37] 64.4 62.7-66.1 =

Petkau et al., 2021 [26] 62.6 56.2-68.6 m

Fukushima et al., 2017 [38] 26.2 19.0-34.9 -

Miyake et al., 2021 [39] 9.3 6.9-12.4 =

Diamantopoulos et al., 2020 [40]  25.0 9.6-49.4 =

Davies et al., 2020 [34] 115 10.3-12.8 =

Reesink et al., 2020 [25] 53.3 41.5-64.8 -

Richters et al., 2020 [24] 8.3 6.3-10.8 -

Abu-Hijlih et al., 2021 [41] 71 0.4-35.8 =

Park et al., 2021 [42] 16.7 5.5-38.2 =

Park et al., 2021 [42] 36.0 26.3-46.9 =

Kohei et al., 2018 [43] 57.4 43.4-70.5 =

lkeda et al., 2020 [44] 49.7 41.4-58.0 =

Mao et al., 2019 [33] 23.4 22.6-24.2 =

Grass et al., 2021 [45] 33.6 32.8-34.5 =

Richters et al., 2020 [24] 56.9 52.9-60.8 =

Sorup et al., 2021 [46] 21.6 18.5-25.1 =

Okuyama et al., 2018 [47] 125 11.6-13.5 =

Classic pooling 42.0 41.7-42.3 L]

Meta-analysis 38.5 38.5-38.5 : : : u : : : : : : :
0 10 20 30 40 50 60 70 80 90 100

Lower probability, % Higher probability, %

Figure 2. Pooling and meta-analysis of no systemic treatment rates.
NST: No systemic treatment.

prospective (Table 1 & Supplementary Table 3). Overall, the SLR represented 112,687 patients with a range for
individual study population size of 13 to 18,888.

Rates of NST

Among 29 studies (33 subgroups in total because records reported multiple categories of NST or attrition rates
among different subgroups of patients based on the previous LOT) reporting NST rates (Figure 2), 19 subgroups
were in Group A (no specification of whether patients received palliative surgery, palliative radiotherapy, or BSC)
(median 47%; range 9-74%; pooled estimate 50%; meta-analysis estimate 49%), nine subgroups were in Group B
(specified receipt of palliative/supportive care, including surgery, radiotherapy, or BSC, instead of 1L ST; median
25%; range 7-57%; pooled estimate 15%; meta-analysis estimate 12%), and five subgroups were in Group C
(specified not receiving surgery, radiotherapy, or systemic therapy; median 23%; range 13-57%; pooled estimate
27%; meta-analysis estimate 24%; Table 1 & Supplementary Figure 1 & Supplementary Table 3). A total of 13
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Table 1. No systemic treatment summaries by individual study.

Undertreatment
categorization
A/B/C

A

A

Short reference

Fisher et al., 2018
Doshi et al., 2018
Russo et al., 2018
Parikh et al., 2019
Flannery et al., 2019
Pollock et al., 2021
Morgans et al., 2021
Geynisman et al.,
2022

Mao et al., 2019
Bilen et al., 2021

Vafaei-Nodeh et al.,
2020

Davies et al., 2020

Kearney et al., 2020

Sevillano et al., 2020

Richters et al., 2021
Jensen et al., 2021
Petkau et al., 2021
Fukushima et al.,
2017

Miyake et al., 2021

Diamantopoulos

et al., 2020

Davies et al., 2020

Reesink et al., 2020

Richters et al., 2020

Abu-Hijlih et al., 2021

Study period

2008-2015

2015-2017

2010-2016

2015-2017

2010-2016

2004-2016

2016-2020

2011-2020

2004-2015

2015-2019

2014-2016

2016-2017

2013-2018

2011-2019

2016-2019

2010-2017

2017-2018
2004-2016

2008-2020

2006-2018

2016-2017

2008-2016

2016-2017

2006-2019

Location

USA

USA

USA

USA

USA

USA

USA

USA

USA

USA

Canada

UK

UK

Spain

The
Netherlands
Denmark
Russia
Japan

Japan

USA

UK

The
Netherlands

The
Netherlands

Middle East

Data source

Vector Oncology
Data Warehouse

iKnowMed
database

US states cancer
registries

US Flatiron Health
database

iKnowMed
database

National Cancer
Database

US Flatiron Health
database

US Flatiron Health
database

SEER database

Medicare
Fee-for-Service
claims database

Retrospective
observational study

National Cancer
Registration and
Analysis Service

National Cancer
Registration and
Analysis Service

Retrospective
observational study,
single center

Netherlands Cancer
Registry

Danish national
health registries

Russian register

Retrospective
observational study,
single-center

17 hospitals
database

Seattle Cancer Care
Alliance and Fred
Hutchinson Cancer
Research Center

National Cancer
Registration and
Analysis Service

St. Antonius
Hospital or
affiliated hospitals

Netherlands Cancer
Registry

Retrospective
observational study

Population

mBC

la/mucC

muC

stage IV/recurrent
mUC in end of life
mBC

mUTUC

auC (stage IV/N+)
auC (stage IV/N+)
mBC

muUC

mBC

mUC

la/mUC (stage
1/1v)

auC tested for FGFR
status

muUC

la/mUC (stage
llb/1V)

mBC

la/mUC (inoperable
and/or N+ or M+)

muUcC

muUC that involved
CNS

mucC

mBC or inoperable
disease

mBC

mUC younger than
45 years old

Population N

501

502

791

1637

1916

3805

4063

8183

11,824

18,888

273

2543

9464

149

1041

3206

246
126

454

20

2543

75

636

14

NST

30%

14.3%

39.1%

59.8%

39.7%

50.5%

23.2%

28.4%

47.2%

54.3%

60.1%

74.0%

69.6%

40%*

48.0%

64.4%

62.6%
26.2%"

9.3%

25.0%

11.5%7

53.3%

8.3%

7.1%

Ref.

[27]

[28]

[29]

[30]

[31]

[32]

[13]

[12]

[33]

[11]

[23]

[34]

[10]

[35]

[36]

[37]

[26]
[38]

[39]

[40]

[34]

[25]

[24]

[41]

TNST was not directly reported in these studies; authors calculated NST rates from the number of patients who received ST, based on the assumption that no patient had received ST as

part of a clinical trial.

aUC: Advanced urothelial cancer; BC: Bladder cancer; CNS: Central nervous system; la/mUC: Locally advanced or metastatic urothelial cancer; M+: Metastatic; mBC: Metastatic bladder
cancer; mUC: Metastatic urothelial cancer; mUTUC: Metastatic upper tract urothelial cancer; N+: Node positive; NST: No systemic treatment; SEER: Surveillance Epidemiology and End
Results Program; ST: Systemic treatment.
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Table 1. No systemic treatment summaries by individual study (cont.).

Undertreatment
categorization
A/B/C

B

Short reference Study period Location Data source Population Population N NST Ref.

Park et al., 2021 2013-2018 Korea Pusan National N + BC 24 16.7% [42]
University Yangsan
Hospital

Park et al., 2021 2013-2018 Korea Pusan National mucC 89 36.0% [42]
University Yangsan
Hospital

Kohei et al., 2018 2009-2015 Japan Shizuoka General Unresectable mUC 54 57.4% [43]
Hospital

lkeda et al., 2020 1990-2015 Japan Retrospective Recurrent/mUTUC 147 49.7% [44]
observational study,
multicenter

Mao et al., 2019 2004-2015 USA SEER database mBC 11,824 23.4% [33]

Grass et al., 2021 2004-2016 USA National Cancer muUC 11,998 33.6% [45]
Database

Richters et al., 2020 2016-2017 The Netherlands Cancer mBC 636 56.9% [24]

Netherlands  Registry

Sorup et al., 2021 2013-2017 Denmark Danish muUC 620 21.6% [46]
population-based
and medical
registries

Okuyama et al.,, 2018 2012-2015 Japan Cancer Care mBC 4495 12.5% [47]

registries

TNST was not directly reported in these studies; authors calculated NST rates from the number of patients who received ST, based on the assumption that no patient had received ST as

part of a clinical trial.

aUC: Advanced urothelial cancer; BC: Bladder cancer; CNS: Central nervous system; la/mUC: Locally advanced or metastatic urothelial cancer; M+: Metastatic; mBC: Metastatic bladder
cancer; mUC: Metastatic urothelial cancer; mUTUC: Metastatic upper tract urothelial cancer; N+: Node positive; NST: No systemic treatment; SEER: Surveillance Epidemiology and End
Results Program; ST: Systemic treatment.

studies (14 subgroups) from North America reported NST rates of 14 to 60%; eight studies (ten subgroups) from
European countries reported NST rates of 8 to 74% (UK, Spain, the Netherlands, Denmark); and eight studies
(nine subgroups) from the rest of the world reported NST rates ranging from 7 to 63% (Japan, Korea, Russia
and Middle Eastern countries). Nine studies were retrospective analyses, whereas the rest were analyzed registries
or large databases, such as the National Cancer Database, National Cancer Registration and Analysis Service,
Netherlands Cancer Registry, Surveillance Epidemiology and End Results Program database, Danish national
health registries, or hospital registries (Table 1).

Rates stratified by region & year of observation

North American studies mostly reported patients from NST Group A (no specification of whether patients received
palliative surgery, palliative radiotherapy, or BSC), while studies from Europe and the rest of the world were
split between NST groups (Figure 3A). Patient characteristics differed slightly between studies to include special
populations of mUC, mUTUC, or node-positive bladder cancer. The highest rates of NST (60-74%) were seen
in Canada, Europe and Russia. NST rates between 14 and 59% were reported in US studies. Studies from other
regions (Japan, Korea, Middle East) reported generally lower NST rates (7.1-36%), with only two studies reporting
NST rates >40%.

Among identified studies, we observed no clear changes in rates of NST over time (Figure 3B). Of the recent
Group A studies (Figure 3B, right), two UK studies, one Danish study, one Canadian study, one Dutch study and
one Russian study consistently showed NST rates of approximately 50-70%. The US study by Bilen ez 4/. offered
insights into yearly NST rates; reported rates were generally consistent from 2015 to 2019 and ranged from 48 to
58% (Supplementary Table 1 & Figure 3B) [11]. This was largely consistent with another, newer US study that
reported an NST rate of 60% (30]. Outliers of the recent Group A studies were two US studies with NST rates of
23% [13] and 14% (28], and one Japanese study reporting an NST rate of 9.3% (Figure 3B [39]).
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NST categories O Group A: no specification of receipt of surgery, radiotherapy, or BSC . 2015-2019 yearly data for Bilen et al. (poster)

125%

®

Non-systemic treatment rate in la/mUC across the continents

® USA
® Canada

UK

® Spain
. ' © Netherlands
Denmark
. © Russia

@ Middle East

© Japan

° . @ South Korea
o) . ® USA
(2015-2019
yearly data
| Oldest Newest from [11])

Patients without 1L systemic therapy (%)

Temporal score

Group A: no specification of receipt of surgery, radiotherapy, or BSC Bubble size for overall population N
Black thick outline | Group B: BSC used instead of 1L systematic therapy

Dashed outline E Group C: NST patients who did not receive surgery or radiotherapy ‘
10,000

Figure 3. Rates of NST by geography and time. (A) NST rates by geography. Circle size is relative to reported NST
rate. (B) NST rates by relative temporal score. Circle size reflects the population size. Circles with a red outline come
from the same study [12].

1L: First line; BSC: Best supportive care; la/mUC: Metastatic urothelial cancer; NST: No systemic treatment.
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os NR Months since NR Months since Months since Months since NR
measurement aUC diagnosis treatment start mBC diagnosis diagnosis of
recurrent or mUTUC
Location USA USA Canada The Netherlands The Netherlands Japan Russia
Data period 2004-2015 2011-2020 2014-2016 2008-2016 2016-2017 1990-2015 2017-2018
Data source SEER database US Flatiron Health NR St. Antonius Hospital Netherlands Cancer Registry (NCR) NR URRU register
database and affiliated hospitals
Geyni t al. i 3
Reference Mao et al. [33] ey"'S[T;]" etal Vafaei-Nodeh et al. [23] Rees[";g]s' al Richters et al. [24] Ikeda et al. [44] Petkau et al. [26]

Figure 4. Overall survival with no systemic treatment or systemic treatment.

1L: First line; aUC: Advanced urothelial cancer; BSC: Best supportive care; 10: Immunotherapy; mBC: Metastatic bladder cancer; mUTUC:
Metastatic upper urinary tract urothelial cancer; NE: Not evaluable; NR: Not reported; NST: No systemic treatment; OS: Overall survival;
SEER: Surveillance Epidemiology and End Results Program; ST: Systemic treatment; w/: With; w/o: Without.

Survival outcomes among patients with NST compared with those who received ST
Among the 29 studies reporting NST, eight studies reported survival/mortality for both treated and undertreated
patients [12,23-27,33,44]. Median OS for patients with NST ranged from 2.0 to 6.9 months, compared with 9.2 to
34.5 months for patients who received ST. Results were statistically significant across all studies except one (Fig-
ure 4) [44].

The OS of IO-treated patients was reported in three studies. Two studies found little difference in OS between
patients treated with IO versus chemotherapy in 1L (23,24]. The third study reported longer OS for patients receiving
10 compared with those receiving chemotherapy (LOT not reported; Figure 4) [26].

Patient characteristics associated with NST

Reporting of patient characteristics varied across studies; only two of the six studies that recorded patient char-
acteristics of undertreated patients also performed statistical analyses comparing with patients who received ST.
A post hoc Fisher’s exact test was performed to analyze the association of patient characteristics with NST for the
remaining four studies. Age was the most commonly reported patient characteristic, and in five of five studies, it
was significantly associated with NST (Table 2). Other factors associated with NST included known prognostic
variables such as poor Eastern Cooperative Oncology Group performance status (ECOG PS), poor renal function,
metastases outside the lymph nodes and comorbidities. Other patient characteristics that were associated with NST
included non-White race or ethnicity, Medicaid dual eligibility and the primary tumor site in the bladder. One
study reported a significant association between female sex and NST.

NST in subsequent LOT
Of 2439 records screened, 47 studies reported the rate of subsequent treatment (Supplementary Table 5; excluded
studies and reasons are provided in Supplementary Table 6). Across the 47 included studies, patient subgroups were
categorized based on reported type of 1L treatment or cisplatin eligibility at 1L; 2L treatment rates were reported
for 63 subgroups who received 1L (median 43%; range 8-87%), third-line (3L) treatment rates were reported
for 45 patient subgroups who received 2L treatment (30%; 8—77%), and treatment rates regardless of LOT were
reported for 19 patient subgroups who received ST after IO (38%; 8-62%; Supplementary Table 7).

The median rate of 2L treatment among patients who received 1L chemotherapy was 47% (range 23-87%, as
reported by 31 subgroups). Rates of 2L treatment were lower among patients who received 1L IO-based treatment
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Short reference Parikh et al. [30] lkeda et al. [44] Geynisman Bilen et al. [11] Reesink et al. [25] Richters et al. [24]
etal. [12]
Geographic USA Japan USA USA The Netherlands The Netherlands
location
Study period 2015-2017 1990-2015 2011-2020 2015-2019 2008-2016 2016-2017
Statistics Reported Reported Post hoc Post hoc Post hoc Post hoc
Older age <65vs >65years <or>medianage <65vs>65years — <70vs >70years <60vs>60years
p <0.005 p <0.05 p <0.05 p < 0.001 p < 0.001
Poor ECOG PS 0-1vs>2 — 0-1vs>2 — - 0-Tvs>2
p <0.05 NS p < 0.001
Race White vs — White vs White vs — —
non-White non-White non-White
NS p <0.05 p < 0.001
Female sex Male vs female Male vs female Male vs female Male vs female Male vs female Male vs female
NS NS NS p < 0.001 NS NS
Poor renal — eGFR change rate: — — eGFR < 30vs eGFR <30 vs
function normal vs >30 mL/min; <60 > 30 mL/min; <60
moderate vs severe vs > 60 mL/min vs > 60 mL/min
NS p <0.05 p < 0.001
Primary organ — — Bladder vs — — —
being bladder nonbladder
p <0.001
Comorbidities — — — Yes vs no — 0-1vs >2
p < 0.001 p <0.05
Metastatic disease ~ — — — — MO vs M1 Lymph nodes only
p <0.05 vs spread outside
lymph nodes
p < 0.001
Higher stage at — T stage < pT3vs — — — —
initial diagnosis > pT3
NS

eGFR: Estimated glomerular filtration rate; ECOG PS: Eastern Cooperative Oncology Group performance status; MO: Cancer has not spread to other parts of the
body; M1: Cancer has spread to other parts of the body; NS: Not significant; NST: No systemic treatment; T stage: Size and extent of the main tumor.

(median 31% [range 8-57%], as reported by 8 subgroups; Supplementary Table 6). Additionally, in a study
comparing treatment rates in patients who received IO-based versus non-IO-based 1L treatment, receipt of 1L IO
was associated with non-receipt of 2L treatment (p < 0.001, post hoc Fisher’s exact test) [48].

The 2L treatment rates among patients who received cisplatin-based 1L treatment (n = 5 subgroups; me-
dian 45%; range 30—-67%) were slightly higher than 2L rates among patients who received carboplatin-based 1L
treatment (n = 4; 40%; 23—47%). In three studies comparing treatment rates in patients who received cisplatin-based
versus carboplatin-based 1L therapy, receipt of a 1L carboplatin-based regimen was associated with non-receipt of
2L therapy in one study (p < 0.05, post hoc Fisher’s exact test). In general, 2L treatment rates among 1L-cisplatin-
eligible patients (n = 4; 49%; 46-50%) were slightly higher than 2L treatment rates among 1L-cisplatin ineligible
patients (n = 3; 37%; 34-45%; Table 3). In three studies comparing treatment rates in cisplatin-eligible versus
-ineligible patients, cisplatin ineligibility was associated with non-receipt of 2L therapy in 2 studies (p < 0.001, post
hoc Fisher’s exact test) [12,13,49]. Additionally, in a study comparing patients who received platinum-based therapy
as 1L treatment in the USA versus Canada, the 2L treatment rate was higher in the USA than in Canada [50).

Factors associated with not receiving subsequent therapy
Three subgroups within two studies analyzed characteristics associated with non-receipt of subsequent therapy.
Significant associations (p < 0.05) for older age (1/2), female sex (1/2), poor ECOG PS (1/1), poor renal function
(1/1), and stage IV at initial diagnosis (1/2) were associated with 1L to 2L attrition. From 2L to 3L, not receiving
subsequent therapy was attributed to disease spreading outside the lymph nodes and more metastatic sites at the
start of IO (1 subgroup from 1 study, all 1/1; Table 3).

Opverall, the reasons for non-receipt of 1L and subsequent treatment options as reported in six studies were: poor
ECOG PS (2), unfit/frail (2), having died after 1L (2), having reached stable disease and did not require subsequent
LOT (1), old age (1), progressive disease and refusal of further treatment (1) (Table 3).

Taylor & Francis
Taylor & Francis Group www.futuremedicine.com 1131




Meta-Analysis

Kearney, Zhang, Hubscher, Musat, Harricharan & Wilke

Table 3. Factors associated with attrition.

Short reference Flannery et al. [31] Gomez de Liano Lista Gomez de Liano Lista
et al. [51] etal. [51]
Attrition type 1L chemo — 2L 1L10 - 2L 2L10 - 3L
Geographic location USA European countries European countries
Study period 2010-2016 2013-2017 2013-2017
Older age v v v
p <0.005 NS NS
Poor ECOG PS v — —
p < 0.005
Non-White race v — —
NS
Female sex v v v
p < 0.005 NS NS
Poor renal function v — —
p < 0.005
Primary organ being bladder — v v
NS NS

Comorbidities — — —

Metastatic disease — — v
p <0.05

Number of metastatic sites v v v
NS NS p <0.05

Higher stage at initial diagnosis v v v

NS p <0.05 NS

1L: First line; 2L: Second line; 3L: Third line; ECOG PS: Eastern Cooperative Oncology Group performance status; 10: Immunotherapy; NS: Not significant.

Discussion
There is high variability in data on treatment patterns for patients with la/mUC, but it is clear that many patients
are not receiving, or not continuing to receive, life-extending treatment.

In our review, rates of NST ranged from 7 to 74%, with a pooled estimate of 42.0% (95% CI 41.7-42.3%) and
meta-analysis estimate of 38.5% (95% CI 38.5-38.5%; Figure 2). The range of NST rates differed among regions
(Figure 3A) and NST categories (Table 1 & Supplementary Figure 1 & Supplementary Table 3). While there was
high heterogeneity in NST rates between studies, bias was low and many of the studies had very low variance in
data and large sample sizes, which account for the narrow 95% CI. There was also clear heterogeneity among the
identified studies in terms of sample size, study design, and years of data (Figure 3B); however, no clear pattern was
discernable with respect to patient population or study design and high or low rates of NST. Additionally, prior
to the approval of 1L maintenance therapy, fewer than half of the patients who received 1L treatment received
2L treatment, and the numbers declined further for subsequent therapies. Ultimately, despite recommendations
of clinical guidelines (NCCN, ESMO and EAU) [15-17], the proportion of patients in the USA and the European
Union who receive ST has remained largely unchanged since the 2000s, with the exception of 2 recent publications
using Flatiron Health data [12,13], which may demonstrate a more pronounced impact of the regulatory approval
of 1Os starting in 2016 and other new novel agents, considering that the source data are exclusively from oncology
centers, which may have different patterns of care [52).

Treatment decisions are complex and may be informed by commonly reported concerns, including access to
care, a patient’s fitness/ability to withstand treatment, comorbidities and other contraindications to therapy, as well
as patient preference [53]. The findings of this SLR align with those of previous reports [22,54]; factors related to
lack of fitness/ineligibility for ST were clear drivers in receiving NST and/or attrition. Likewise, age seems to be a
common factor among the patients with NST; however, age alone should not preclude patients from receiving 1L
treatment [55-57].

Recent studies have identified non-disease-related factors that were associated with NST or non-receipt
of subsequent therapy, including communication barriers, socioeconomic factors, marital status, sex and
race/ethnicity [22,58]. In this review, NST or additional LOT from 1L or 2L treatment were associated with
female sex, non-White race or ethnicity and Medicaid dual eligibility (in the USA). Of note, all identified studies

reporting on factors associated with non-receipt of ST included female sex, although a significant association was
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noted in only one study. In a recent analysis of factors associated with receipt of ST in mUC in England, which
was published after the date of this review, female sex was associated with a lower likelihood of receiving ST (odds
ratio 0.72; 0.66-0.88) [54]. A US study of ST and oncology referral data before 2014 reported that among patients
with stage IV UC referred to a medical oncologist, older age, Hispanic or non-Hispanic Black race and unmarried
status were negatively associated with subsequent chemotherapy receipt [8].

While non-clinical factors were associated with rates of NST or receiving additional LOTs, there remains a lack
of understanding of what role sociodemographic characteristics play in treatment decisions, so further exploration
will be required. It is possible that physician referral patterns, preferences and potentially implicit biases influence
treatment patterns and subsequent outcomes, highlighting the need to raise physician awareness. Interestingly,
physicians who participated in two cross-sectional surveys believed that NST and subsequent treatment rates were
lower than actual rates observed in the real-world studies that we identified (53,59]. Additionally, some patients may
not be referred to a medical oncologist and, therefore, are not included in the data from studies of this nature
(e.g., US Flatiron Health database), especially those patients with older age, more comorbidities and non-metastatic
disease stage at diagnosis [s8].

The availability of new therapies and an evolving treatment paradigm means more treatment options are
available for patients with la/mUGC; thus, receipt of ST and optimal treatment selection in 1L is critical. Our
findings suggest that initial treatment selection can influence OS; patients who receive cisplatin in 1L have improved
survival and higher rates of subsequent treatment. Choosing the optimal 1L therapy includes objective evaluation of
platinum eligibility using established guidelines, followed by a decision to choose between cisplatin and carboplatin
for eligible patients. Ineligibility for cisplatin-based treatments is most commonly based on a glomerular filtration
rate <60 ml/min and poor performance status (ECOG PS >2), although additional considerations may include
neuropathy, hearing loss, advanced age and cardiovascular dysfunction [12,13,60). Because carboplatin treatment
results in less toxicity, many patients who are ineligible for cisplatin may receive carboplatin [15]. For those who
are not eligible, consideration of available alternative treatments, as well as selecting the therapy that provides the
highest potential for patients to move on to a subsequent LOT, is critical.

This SLR also analyzed the change in treatment patterns for la/mUC and found that the use of 1O as 2L
treatment among patients who received 1L platinum-based chemotherapy increased between 2017 (30%) and
2018 (71%) (61]. IO use in 1L treatment also increased from 2017 (2%) to 2019 (19%) in Europe [61], and from
2016 (15.2%) to 2020 (43.6%) in the USA [12]. The proportion of patients who initiated any ST at the end of life
doubled from 2015 (17.4%) to 2017 (34.8%), largely explained by the increased IO use, reflecting physicians’ and
patients’” perceptions of IO’s favorable risk-benefit profile (30]. In patients with PD-1/PD-L1-negative la/mUC,
the use of 10 increased between 2017 (1%) to 2018 (10%), then decreased in 2019 (4%) [61]. This could have
been due to the European Medicines Agency restricting the 1L use of IOs to patients with tumors expressing
high levels of PD-1/PD-L1 in 2018 following data demonstrating that patients with low expression of PD-L1 on
tumors who were treated with 1L pembrolizumab or atezolizumab monotherapy had shorter survival [621. Future
work is needed to further explore the clinical benefits of 1L IOs versus platinum-based chemotherapy following the
failure of several phase 3 studies [63-65]. For patients who are ineligible for platinum-based therapy, 1L IO remains a
viable treatment option, and additional research will be needed based on the evolution of the treatment landscape.
Nevertheless, a substantial group of patients do not receive ST. This is likely multifactorial rather than due to the
available treatments; however, it underscores the need for optimization of treatment choices/sequences to allow
patients to benefit from all of the available novel/innovative regimens.

Although this study was a systematic review, it was limited by the availability of published data. Given the
heterogeneity of reporting and defining types of treatment/undertreatment, it is also possible that some studies
may not have been captured because of a defined search terminology. Other inherent limitations of the reported
studies included that some were only published as conference abstracts, most were not designed to capture the
reasons for NST, and the data on attrition also incorporated other reasons such as death or no progression. It was
not possible to determine whether patients with NST had worse outcomes because of lack of treatment or because
they had a poorer prognosis (i.e., more comorbidities, poor performance/frailty). There also were insufficient studies
reporting mUTUC subgroups to analyze this patient population, which may differ from patients with la/mUC
arising from the bladder. Additionally, because the majority of these studies were retrospective, poor outcomes with
NST could also be due to immortal time bias because patients who received 1L treatment survived long enough
to receive treatment. Finally, the study was limited by patient characteristics that were reported or were captured
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in the databases/original studies (e.g., US Flatiron Health database characteristics are based on data from oncology
centers only). There may have been additional factors contributing to NST or attrition that were not reported.

Conclusion

The findings of this SLR suggest that a substantial proportion of patients with la/mUC do not receive ST and that
therapeutic decisions in la/mUC may be influenced by patient age, performance status and other clinical and non-
clinical factors. Systematic evaluation of the evidence on la/mUC with NST shows that mortality is extremely high.
The results of this study suggest that there may be patients who are eligible for ST but do not receive it; therefore,
they are not provided the opportunity for potential survival benefits. Additionally, among patients who receive 1L
treatment, many do not receive subsequent ST despite available options. The choice of further ST is influenced by
several factors, including the type of initial treatment received. There is a need for patient-focused, evidenced-based
1L treatment selection to optimize sequencing over multiple LOTs given the availability of promising treatments
that offer improved survival and tolerable side effect profiles (10,11].

Summary points

e This systematic literature review assessed real-world evidence for undertreatment rates, attrition rates and factors
influencing treatment selection in patients with locally advanced or metastatic urothelial carcinoma (la/mUcC).

e Of 2439 studies reporting real-world evidence in la/mUC or bladder cancer that were screened, 29 reported the
proportion of patients receiving no systemic treatment (NST), 47 reported the proportion of patients receiving no
subsequent treatment after first-line (1L) treatment (ie, attrition rate) and six reported treatment rates after the
approval of immunotherapy; in total, 66 studies reported either NST rates or attrition rates.

e Several regions and countries were represented, including the USA, the European Union, Asia, the Middle
East, the UK and Russia.

e NST rates ranges from 40-74% in eight European-based studies, 14-60% in 12 US-based studies, and 9-63% in
nine studies from other locations.

e Rates of receipt of second-line treatment were lower in cisplatin-ineligible versus -eligible patients, and in those

who received 1L immunotherapy versus chemotherapy.

Factors associated with NST or no subsequent treatment after 1L treatment included older age, female sex, poor

performance status, poor renal function and distant metastases.

e Median overall survival for patients with NST ranged from 2.0 to 6.9 months, compared with 9.2 to 34.5 months
for patients who received systemic treatment.

e Overall, our findings indicate that a substantial proportion of patients with la/mUC do not receive treatment

according to guidelines, or at all.

Additional studies are needed to explore the factors influencing treatment selection to support optimal

treatment sequencing in the era of 1L maintenance and targeted therapies in later lines, and allow most patients

to benefit from available treatments.
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