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Abstract.
BACKGROUND: Survival with locally advanced bladder cancer (LABC) following radical cystectomy (RC) remains poor.
Although adjuvant chemotherapy (AC) is standard of care, one small, randomized trial has suggested a potential survival
benefit when combined with post-operative radiotherapy (PORT).
OBJECTIVE: We examined the association of AC + PORT with overall survival (OS) in patients with LABC after RC.
METHODS: Using a prior phase 2 trial to inform design, we conducted observational analyses to emulate a hypothetical
target trial of patients aged 18–79 years with pT3-4 Nany M0 or pTany N1-3 M0 urothelial bladder carcinoma following
RC who were treated with AC (multiagent chemotherapy within 3 months of RC) with or without PORT (≥45 Gy to the
pelvis) from 2006–2015 in the NCDB. Patients who received preoperative chemotherapy or radiotherapy were excluded. The
associations of treatment with OS were evaluated using multivariable Cox regression.
RESULTS: 1,684 patients were included, with 66 receiving AC + PORT and 1,618 AC alone. Compared to patients treated
with AC alone, those treated with AC + PORT were more likely to have pT4 disease (52% vs 26%; p < 0.01), positive surgical
margins (44% vs 17%; p < 0.01), and be treated at a non-academic facility (75% vs 53%; p < 0.01). Crude 5-year OS was
19% for AC + PORT versus 36% for AC alone (p = 0.01). Adjusted 5-year OS was 33% for AC + PORT versus 36% for AC
alone (p = 0.49). After adjusting for baseline characteristics including pathologic features, AC + PORT was not associated
with improved OS compared to AC alone (HR 1.11; 95% CI 0.82–1.51).
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CONCLUSIONS: Although infrequently utilized, the addition of radiotherapy to AC is not associated with improved OS in
LABC. These results highlight the need for prospective trials to better define the potential benefits from PORT with regard
to symptomatic progression and oncologic outcomes.
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ABBREVIATIONS

AC Adjuvant chemotherapy
ACM All-cause mortality
BC Bladder cancer
DFS Disease-free survival
IORT Intra-operative radiotherapy
IQR Interquartile range
LN Lymph node
LRFS Local recurrence-free survival
MIBC Muscle-invasive bladder cancer
NCDB National Cancer Database
OS Overall survival
PORT Post-operative radiotherapy
RC Radical cystectomy

INTRODUCTION

Locally advanced bladder cancer (BC) is associ-
ated with poor survival following radical cystectomy
(RC), with 5-year overall survival (OS) of 33–58%
for pT3-4 disease at the time of RC, respectively
[1]. Furthermore, the 5-year local failure rate ranges
from 15% to over 40%, with an estimated median
time to local failure of 9 months and poor OS
after local failure has occurred [2–6]. Given the
high risk of disease recurrence and progression,
adjuvant chemotherapy (AC) has been established
as a standard of care in patients eligible for cis-
platin. Although contemporary randomized trials
have not demonstrated statistically significant treat-
ment effects due to methodological limitations [7,
8], evidence from meta-analyses of randomized tri-
als and a body of observational evidence support
its use [9, 10]. Accordingly, contemporary practice
guidelines recommend AC for patients with locally
advanced disease following RC in the absence of
cisplatin-based neoadjuvant chemotherapy [11].

Despite the efficacy of AC for locally advanced
BC after RC, disease recurrence remains consider-
able [2–6]. Post-operative radiotherapy (PORT) has
re-emerged as an area of interest to improve out-
comes for locally advanced BC. Zaghloul, et al. first
demonstrated that PORT administered in those with
≥pT3 BC after RC was associated with a 49% 5-

year disease-free survival (DFS) and a local control
rate of 87% compared to 25% and 50%, respectively,
among those who received no additional treatment
[12]. PORT was also found to be an independent pre-
dictor of both DFS and local free recurrence survival
[12, 13]. However, given that in the Zaghloul study
nearly half of patients had squamous cell predomi-
nant histology, and later studies demonstrated adverse
effects associated with the now-outdated radiother-
apy techniques used, the generalizability and safety
of PORT remained uncertain [14].

With advances in delivery of radiotherapy and
establishment of AC as a standard of care in MIBC,
the use of PORT has seen renewed interest. A recent
phase III trial is investigating the effects of PORT
versus sandwiched chemotherapy and PORT in those
with MIBC stage ≥pT3b at the time of RC on local
recurrence-free survival (LRFS). While results have
not been reported, a phase II trial comparing sand-
wiched AC and PORT to AC alone has demonstrated
a 27% absolute improvement in 2-year LRFS, along
with a non-significant trend toward benefit in DFS
(68% versus 56%, p = 0.07) with AC + PORT [15].
That study was the first prospective trial investigating
the use of AC + PORT versus AC alone.

Despite the potential for improvement in oncologic
outcomes with the addition of PORT to AC in locally
advanced BC, the current evidence is limited. Several
ongoing trials are examining the efficacy of PORT
in locally advanced BC [16–20]. However, these tri-
als have yet to report results, with several focusing
on toxicity and safety as primary outcomes over sur-
vival outcomes. We therefore set out to emulate a
hypothetic pragmatic target trial using a nationwide
oncology dataset to evaluate the comparative effec-
tiveness of adjuvant radiotherapy (PORT) with AC
versus AC alone for locally advanced BC.

MATERIALS AND METHODS

Target clinical trial

After obtaining a determination of not human sub-
jects research from our institutional review board, we
conducted observational analyses designed to emu-
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Table 1
Mini-protocol for real-world clinical trial and hypothetical target trial in the emulation

Protocol component Zaghloul, et al. [15] Hypothetical Target Trial

Eligibility criteria Age 18–70 years with ≥pT3b R0 Nany M0 or pTany
R0 N1-3 M0 bladder cancer s/p radical cystectomy
from 2002 to 2008. ECOG 0–2. No neobladder
diversion. No histology requirement.

Age 18–79 years with pT3-pT4 M0 or pN1-3
M0 with urothelial carcinoma of the bladder
diagnosed 2006–2015 s/p radical cystectomy.
Any surgical margin status (Rany). No prior
malignancy, preoperative
chemotherapy/radiotherapy or IORT.

Treatment strategies Multiagent AC + PORT versus multiagent AC alone.
PORT: 3D conformal radiotherapy to cystectomy
bed + pelvic lymph nodes to 45 Gy.
AC: 4 cycles of sandwiched cisplatin and
gemcitabine.

Multiagent AC within 3 months of RC + PORT
(≥45 Gy to the pelvis) versus multiagent AC
within 3 months of RC alone.

Assignment procedures Randomization within 56 days of RC Un-blinded non-random assignment to
treatments

Follow-up period Starts at randomization and ends on date of last
available data in observational dataset or at the
occurrence of outcome event, loss to follow-up, or
death (whichever is earlier).

Starts at RC and ends on date of last available
data in observational dataset or at the occurrence
of outcome event, loss to follow-up, or death
(whichever is earlier).

Outcomes Primary: LRFS
Secondary: DFS, DMFS, OS, adverse effects

Primary: OS

RC = radical cystectomy, RT = radiotherapy, OS = overall survival, LRFS = local recurrence free survival, DFS = disease-free survival,
DMFS = distant metastasis-free survival, ECOG = Eastern Cooperative Oncology Group.

late a hypothetical target trial informed by the design
of a real-world phase II clinical trial [15] using the
National Cancer Database (NCDB). Using the emu-
lation framework described by Hernan and Robin
[21], we specified, a priori, the components of the
hypothetical target trial as outlined in Table 1.

We identified patients aged 18 to 79 with pT3-
pT4 Nany Rany M0 or pTany Rany pN1-3 M0
urothelial carcinoma of the bladder diagnosed from
2006–2015 in the NCDB and treated with RC (Sup-
plementary Figure 1). We excluded patients who
received preoperative chemotherapy/radiotherapy or
intraoperative radiotherapy (IORT). We defined two
treatment strategies: multiagent AC (initiated within
3 months of RC) with or without PORT (defined as
≥45 Gy to the pelvis).

Clinicopathologic Features and Outcome

The following clinicopathologic characteristics
were recorded from the NCDB: age, gender, Charl-
son index, year of diagnosis, race, Hispanic ethnicity,
insurance status, geographic location, facility type,
distance from hospital, rurality, income level, edu-
cational level, pathologic TNM stage, tumor grade,
annual cystectomy RC volume, surgical margin sta-
tus, number of lymph nodes removed, and number
of positive lymph nodes. The primary outcome was
overall survival (OS).

Statistical analyses

Baseline characteristics were summarized using
medians and interquartile ranges (IQRs) or frequency
counts and percentages and compared across treat-
ment groups using the Wilcoxon rank sum test for
continuous variables and chi-square tests for categor-
ical variables.

We utilized traditional multivariable Cox regres-
sion to evaluate the associations of treatment group
with OS, adjusting for baseline characteristics. Cat-
egorical covariates were modeled as summarized in
Table 2, while continuous covariates were modeled as
linear. Results are reported using hazard ratios (HRs)
with 95% confidence intervals (95% CI). Using the
multivariable model, we generated adjusted survival
curves stratified by treatment group to produce sur-
vival estimates at various follow-up times.

We also evaluated for potential heterogeneity of
treatment effects across previously specified covari-
ates of pT stage (pT3 versus pT4), pN stage (N0
versus N1-3), margin status (positive or negative),
number of lymph nodes removed (<10 or ≥10), age
(<65 or ≥65), and CCI (0 versus 1). To do so, we
created separate regression models that included an
interaction term for treatment group and an indicator
variable for each effect under investigation.

Statistical analyses were performed using R
version 3.6.3 (R Foundation for Statistical Com-
puting, Vienna, Austria). All tests were two-sided,
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Table 2
Baseline characteristics of the study cohort

Treatment
Characteristic Total AC + PORT AC alone p-value2

1684 (100%)1 66 (4%)1 1618 (96%)1

Age, years 65 (58, 70) 65 (59, 70) 65 (58, 70) 0.47
Gender <0.01

Male 1,270 (75) 39 (59) 1,231 (76)
Female 414 (25) 27 (41) 387 (24)

Charlson Index 0.71
0 1,183 (70) 45 (68) 1,138 (70)
1+ 501 (30) 21 (32) 480 (30)

Year of Diagnosis 0.19
2006 136 (8) 8 (12) 128 (8)
2007 131 (8) 4 (6) 127 (8)
2008 132 (8) 10 (15) 122 (8)
2009 129 (8) 4 (6) 125 (8)
2010 214 (13) 9 (14) 205 (13)
2011 229 (14) 4 (6) 225 (14)
2012 200 (12) 7 (11) 193 (12)
2013 171 (10) 7 (11) 164 (10)
2014 185 (11) 4 (6) 181 (11)
2015 157 (9) 9 (14) 148 (9)

Race 0.26
White 1,556 (92) 65 (98) 1,491 (92)
Black 98 (6) 1 (2) 97 (6)
Others 30 (2) 0 (0) 30 (2)

Hispanic 0.99
No 1,647 (98) 65 (98) 1,582 (98)
Yes 37 (2) 1 (2) 36 (2)

Insurance status 0.51
Not Insured 66 (4) 2 (3) 64 (4)
Private/Managed care 700 (42) 27 (41) 673 (42)
Medicaid 110 (7) 2 (3) 108 (7)
Medicare 785 (47) 33 (50) 752 (46)
VA/Military 23 (1) 2 (3) 21 (1)

Geographic location 0.83
Northeast 404 (24) 15 (23) 389 (24)
South/Southeast 530 (31) 19 (29) 511 (32)
Midwest 550 (33) 25 (38) 525 (32)
West 200 (12) 7 (11) 193 (12)

Facility type <0.01
Community Cancer Program 108 (6) 5 (8) 103 (6)
Comprehensive community Cancer Program 643 (38) 35 (53) 608 (38)
Academic /Research Program 775 (46) 17 (26) 758 (47)
Integrated Network Cancer Program 158 (9) 9 (14) 149 (9)

Distance from hospital 13 (6, 32) 11 (4, 22) 14 (6, 32) 0.07
Rurality 0.96

Metropolitan 1,344 (80) 53 (80) 1,291 (80)
Urban 295 (18) 12 (18) 283 (17)
Rural 45 (3) 1 (2) 44 (3)

Income 0.30
<$30,000 195 (12) 4 (6) 191 (12)
$30,000–$34,999 357 (21) 11 (17) 346 (21)
$35,000–$45,999 484 (29) 23 (35) 461 (28)
>=$46,000 648 (38) 28 (42) 620 (38)

Education level 0.06
>29 236 (14) 10 (15) 226 (14)
20–28.9 419 (25) 11 (17) 408 (25)
14–19.9 428 (25) 12 (18) 416 (26)
<14 601 (36) 33 (50) 568 (35)

(Continued)
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Table 2
(Continued)

Treatment
Characteristic Total AC + PORT AC alone p-value2

1684 (100%)1 66 (4%)1 1618 (96%)1

pT stage <0.01
<=pT2 249 (15) 1 (2) 248 (15)
pT3 987 (59) 31 (47) 956 (59)
pT4 448 (27) 34 (52) 414 (26)

pN stage 0.15
pN0 583 (35) 25 (38) 558 (34)
pN1 407 (24) 21 (32) 386 (24)
pN2-3 694 (41) 20 (30) 674 (42)

Tumor grade 0.55
Grade 1-2 33 (2) 2 (3) 31 (2)
Grade 3-4 1,512 (90) 58 (88) 1,454 (90)
Unknown 139 (8) 6 (9) 133 (8)

Annual hospital cystectomy volume 5.60 (2.67, 12.30) 3.67 (2.03, 6.40) 5.70 (2.76, 12.60) <0.01
Positive surgical margins <0.01

No 1,326 (79) 35 (53) 1,291 (80)
Yes 298 (18) 29 (44) 269 (17)
Unknown 60 (4) 2 (3) 58 (4)

LNs removed 13 (7, 21) 6 (2, 15) 13 (7, 22) <0.01
LNs positive 1 (0, 3) 1 (0, 3) 1 (0, 3) 0.24
Follow up (months) 25.0 (13.0, 51.0) 22.5 (15.0, 31.0) 26.0 (13.0, 53.0) 0.15
1Median (IQR); n (%). 2Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s exact test.

and P-values <0.05 were considered statistically
significant.

RESULTS

A total of 1,684 patients formed the study cohort,
with 66 treated with AC + PORT and 1,618 treated
with AC alone. Baseline characteristics are summa-
rized in Table 2. Median age at diagnosis was 65
(IQR 58–70) years. Compared to patients treated with
AC alone, those treated with AC + PORT were less
likely to be male (59% vs 76%, p < 0.01), less likely to
receive care from an academic facility (26% vs 47%,
p < 0.01), and more likely to be treated at a lower
annual RC volume hospital (3.7 versus 5.7, p < 0.01).
Patients treated with AC + PORT were more likely
to have stage pT4 disease (52% vs 26%, p < 0.01)
and positive surgical margins (44 vs 17%, p < 0.01),
although there was no significant difference in nodal
stage (62% vs 66% pN1-3, p = 0.15). There were
no significant differences in Charlson comorbidity
index, race, or insurance status. Median follow-up
was 25.0 (IQR 13–51) months, during which time
999 patients died.

In unadjusted analyses, AC + PORT was associated
with worse OS compared to AC alone, with 5-year
OS of 19% versus 36% (p = 0.01) (Fig. 1, Table 3).
However, after adjusting for baseline characteristics,
there was no statistically significant difference in OS

Fig. 1. Unadjusted overall survival stratified by treatment arm.

between treatment groups, with adjusted 5-year OS
of 33% for AC+PORT versus 36% for AC alone
(p = 0.49) (Fig. 2, Table 4).

After adjustment for baseline characteristics,
AC+PORT was not associated with a statistically sig-
nificant difference in ACM compared to AC alone
(HR 1.11; 95% CI, 0.82–1.51) (Table 5). After multi-
variable adjustment, pT stage (pT3: HR 1.78; 95% CI
1.43–2.20; pT4: HR 2.43; 95% CI 1.92–3.07, versus
≤pT2), pN stage (pN1: HR 1.41; 95% CI 1.17–1.71;
pN2-3: HR 1.97; 95% CI 1.65–2.34, versus pN0),
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Table 3
Unadjusted overall survival estimates at 12, 36, 60, 84, and 120

months

Characteristic Time (months) Survival estimate

AC alone 12 0.80 (0.78,0.82)
AC + RT 12 0.82 (0.73,0.92)
AC alone 36 0.48 (0.45,0.50)
AC + RT 36 0.31 (0.21,0.45)
AC alone 60 0.36 (0.34,0.39)
AC + RT 60 0.19 (0.10,0.35)
AC alone 84 0.32 (0.29,0.34)
AC + RT 84 0.16 (0.10,0.32)
AC alone 120 0.26 (0.23,0.30)
AC + RT 120 0.16 (0.10,0.32)

Fig. 2. Adjusted overall survival stratified by treatment arm.

Table 4
Multivariable adjusted overall survival estimates at 12, 36, 60, 84,

and 120 months

Characteristic Time (months) Survival estimate

AC alone 12 0.80
AC + RT 12 0.78
AC alone 36 0.48
AC + RT 36 0.44
AC alone 60 0.36
AC + RT 60 0.33
AC alone 84 0.32
AC + RT 84 0.29
AC alone 120 0.27
AC + RT 120 0.24

and positive surgical margins (HR 1.47; 95% CI
1.24–1.73) remained independently associated with
worse ACM.

In analyses of heterogeneity of treatment effects,
AC+PORT was not associated with improved ACM
across pT stage, pN stage, number of LNs removed,

age, or Charlson comorbidity index (Fig. 3).
AC+PORT was associated with lower ACM com-
pared to AC alone among patients with positive
surgical margins, but this did not reach statistical
significance (HR 0.70; 95%CI 0.46–1.09; p = 0.11).

DISCUSSION

We report what is to our knowledge the first obser-
vational analysis comparing AC + PORT versus AC
alone for patients with MIBC. We observed that
PORT was infrequently utilized with AC for MIBC,
and its utilization was associated with more locally
advanced disease and poorer crude OS. However, in
multivariable analyses, there was no difference in
ACM between AC + PORT versus AC alone. Analy-
ses that examined heterogeneity of treatment effects
demonstrated that AC + PORT was not associated
with improved ACM across pT stage, pN stage, num-
ber of LNs removed, age, or Charlson comorbidity
index, although there was improved ACM among
patients with positive surgical margins that did not
reach statistical significance.

The addition of PORT to AC for MIBC holds bio-
logic plausibility for improving oncologic outcomes
given established paradigms for adjuvant radiother-
apy in other cancer types [22]. However, there
remains limited evidence supporting its application
in locally advanced BC. Zaghloul and colleagues
conducted the first prospective trial to evaluate the
addition of PORT to AC, performed during a time
of renewed interest in adjuvant RT, given improve-
ments in RT targeting and high rates of local failure
in the setting of ≥pT3 disease [23, 24]. However,
the trial was limited by a small sample size of 120
patients with non-urothelial histology in nearly half
of patients. Additionally, approximately one third of
the cohort had fewer than 10 LNs removed, which
may further limit generalizability [3, 25]. Ultimately,
the trial was underpowered to demonstrate a signifi-
cant benefit on OS and DFS endpoints [15]. Zaghloul
and colleagues have also presented a post-hoc sub-
group analysis for patients with urothelial histology
as an abstract, reporting improved DFS and OS with
the addition of chemotherapy to PORT versus PORT
alone [26].

Although a randomized clinical trial would be the
preferred study design to examine the comparative
effectiveness of AC + PORT versus AC alone, ongo-
ing trials investigating the use of adjuvant RT have
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Table 5
Univariable and multivariable associations of baseline characteristics with all-cause mortality

Characteristic Unadjusted HR (95% CI)1 Adjusted HR (95% CI)2

AC
AC alone — —
AC + PORT 1.44 (1.07, 1.92)∗ 1.11 (0.82, 1.51)

Age, years 1.01 (1.00, 1.02)∗ 1.01 (1.00, 1.02)
Gender

Male — —
Female 1.06 (0.92, 1.23) 1.01 (0.87, 1.17)

Charlson Index
0 — —
1+ 1.13 (0.99, 1.29) 1.11 (0.96, 1.27)

Year of Diagnosis
2006 — —
2007 1.16 (0.88, 1.54) 1.08 (0.80, 1.44)
2008 1.01 (0.76, 1.35) 0.95 (0.71, 1.28)
2009 1.03 (0.77, 1.38) 0.97 (0.71, 1.30)
2010 1.13 (0.87, 1.47) 1.03 (0.78, 1.34)
2011 0.85 (0.65, 1.11) 0.77 (0.59, 1.02)
2012 1.03 (0.79, 1.35) 0.95 (0.72, 1.27)
2013 0.95 (0.71, 1.28) 0.75 (0.55, 1.01)
2014 0.79 (0.58, 1.07) 0.75 (0.55, 1.03)
2015 0.88 (0.63, 1.22) 0.73 (0.52, 1.03)

Race
White — —
Black 1.63 (1.26, 2.09)∗ 1.35 (1.02, 1.77)∗
Others 1.05 (0.65, 1.69) 1.24 (0.75, 2.02)

Hispanic
No — —
Yes 1.00 (0.65, 1.52) 0.88 (0.56, 1.37)

Insurance status
Not Insured — —
Private/Managed care 0.79 (0.58, 1.09) 0.80 (0.58, 1.11)
Medicaid 1.13 (0.77, 1.66) 1.11 (0.75, 1.64)
Medicare 0.95 (0.70, 1.31) 0.88 (0.62, 1.25)
VA/Military 0.65 (0.34, 1.24) 0.69 (0.36, 1.33)

Geographic location
Northeast — —

South/Southeast 1.11 (0.94, 1.31) 1.00 (0.84, 1.20)
Midwest 0.95 (0.81, 1.13) 0.89 (0.75, 1.06)
West 0.92 (0.73, 1.15) 0.90 (0.72, 1.14)

Facility type
Community Cancer Program — —
Comprehensive community Cancer Program 0.92 (0.71, 1.19) 0.98 (0.75, 1.27)
Academic /Research Program 0.81 (0.62, 1.04) 0.86 (0.64, 1.14)
Integrated Network Cancer Program 1.01 (0.75, 1.38) 0.93 (0.67, 1.27)

Distance from hospital 1.00 (1.00, 1.00) 1.00 (1.00, 1.00)
Rurality

Metropolitan — —
Urban 1.07 (0.91, 1.26) 0.99 (0.83, 1.19)
Rural 0.91 (0.62, 1.33) 0.90 (0.60, 1.35)

Income
<$30,000 — —
$30,000–$34,999 1.16 (0.93, 1.46) 1.16 (0.91, 1.48)
$35,000–$45,999 1.04 (0.84, 1.29) 1.12 (0.87, 1.43)
>=$46,000 0.85 (0.69, 1.05) 0.91 (0.69, 1.21)

Education level
>29 — —
20–28.9 0.98 (0.80, 1.20) 1.04 (0.83, 1.30)
14–19.9 0.85 (0.70, 1.05) 0.91 (0.72, 1.16)

(Continued)
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Table 5
(Continued)

Characteristic Unadjusted HR (95% CI)1 Adjusted HR (95% CI)2

<14 0.80 (0.66, 0.97)∗ 0.98 (0.75, 1.27)
pT stage

<= pT2 — —
pT3 1.49 (1.22, 1.83)∗ 1.78 (1.43, 2.20)∗
pT4 2.41 (1.94, 2.98)∗ 2.43 (1.92, 3.07)∗

pN stage
pN0 — —
pN1 1.17 (0.98, 1.39) 1.41 (1.17, 1.71)∗
pN2-3 1.82 (1.57, 2.11)∗ 1.97 (1.65, 2.34)∗

Tumor grade
Grade 1-2 — —
Grade 3-4 0.90 (0.58, 1.41) 0.93 (0.59, 1.47)
Unknown 0.88 (0.54, 1.44) 1.04 (0.63, 1.72)

Annual hospital cystectomy volume 0.99 (0.99, 1.00) 1.00 (0.99, 1.01)
Positive Surgical Margins

No — —
Yes 1.88 (1.62, 2.19)∗ 1.47 (1.24, 1.73)∗
Unknown 1.30 (0.95, 1.79) 1.37 (0.99, 1.90)

LNs removed 0.99 (0.99, 1.00)∗ 0.99 (0.99, 1.00)∗
LNs positive 1.03 (1.02, 1.04)∗ 1.01 (0.99, 1.03)
1∗p < 0.05. 1,2HR = Hazard Ratio; CI = Confidence Interval. ∗Implies significance at p < 0.05.

Fig. 3. Forest plot for heterogeneity of treatment effects.
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either yet to report outcomes or closed, with many
designed to address primary safety outcomes rather
than oncologic outcomes [16–20]. One single-arm
phase II trial is investigating acute toxicity within 3
months of PORT with secondary outcomes of DFS,
LRFS, and OS [16]. Another phase II double-blinded
trial has been proposed to evaluate the association of
PORT versus surveillance with 3-year LRFS and DFS
[17]. Yet another single-arm, phase II trial has been
proposed to investigate late gastrointestinal effects of
PORT [18]. A promising phase II trial investigating
PORT versus surveillance in pT3-4 N0-2 MIBC on
LRFS closed in 2017 due to poor accrual [19]. Given
the current landscape, the best opportunity to inform
the role of PORT for locally advanced BC is to obtain
evidence from carefully designed observational anal-
yses. To this end, the emulation framework described
by Hernan and Robins and employed herein provides
advantages to improve the accuracy of causal infer-
ences that derives from explicit specification of the
target trial to be emulated [21].

Several observational studies have examined
PORT for locally advanced BC. Lewis, et al. per-
formed a retrospective analysis using the NCDB
comparing the effectiveness of adjuvant RT versus
surveillance in patients with pT3-4 N0-3 BC fol-
lowing neoadjuvant chemotherapy and RC [27]. The
authors observed no difference in OS, with median
OS among the PORT arm of 17.7 months compared to
23.4 months in the control arm (p = 0.085). However,
it is important to note that PORT is best viewed as add-
on therapy to standard of care AC in those who are
candidates for AC, rather than solitary therapy com-
pared against observation as presented in this study.
Furthermore, patients who received PORT versus
those who were observed after receipt of neoadjuvant
chemotherapy are arguably two distinct populations,
with the former population likely receiving PORT due
to more locally advanced disease. In the present study,
all patients are required to have receipt of AC to both
reduce the potential for confounding and to answer
the more clinically relevant question of whether the
addition of PORT to AC improves OS.

Fischer-Valuck, et al compared PORT versus
surveillance among those with pT3-4N0-3 BC con-
trolling for receipt of neoadjuvant chemotherapy or
AC using the NCDB [28]. They reported a median
OS of 19.8 months (95% CI, 18.0, 21.6) for those
receiving PORT compared to 16.9 months (95% CI,
15.6, 18.1) for those not receiving PORT, and fur-
ther reported a significant association between PORT

and improved OS (HR, 0.87; 95% CI 0.78, 0.97;
p = 0.008). In particular, the authors report improved
OS for patients with pT4 stage, N+ disease, or pos-
itive surgical margins. However, patients were not
required to receive adjuvant chemotherapy, and those
in the PORT arm were significantly more likely
to have received perioperative chemotherapy, which
may exacerbate selection bias and confounding. Fur-
thermore, the study excluded patients with pT3a N0
disease and greater than 10 lymph nodes removed, as
this population has been demonstrated to have lower
risk for local recurrence [29]. However, prior stud-
ies have also demonstrated no significant difference
in OS between patients with pT3a and pT3b disease,
especially in the setting of N0 disease, and the use of
both RC and chemotherapy remains standard-of-care
for patients with ≥pT3 disease at RC [11, 30].

Neoadjuvant chemotherapy is standard of care
among patients with muscle-invasive bladder can-
cer [31], although real-world utilization rates remain
low [32]. Accordingly, adjuvant chemotherapy has
historically been standard of care for patients with
locally advanced disease following RC who did not
receive neoadjuvant chemotherapy [9]. Recent evi-
dence also suggests that AC may still benefit patients
who received neoadjuvant chemotherapy [33]. It is
important to note that, in this context, the present
study excluded patients who received neoadjuvant
chemotherapy, as was the case in the target trial
by Zaghloul and colleagues [15]. Although this pre-
vents extension of inferences to patients with locally
advanced disease following neoadjuvant chemother-
apy, it reduces the potential for increasing bias
and heterogeneity within the patient population by
including a subset of patients with chemoresistant
disease.

Several inferences may be made from the present
analysis regarding real-world utilization of PORT
among patients treated with AC. Those receiving
AC + PORT were more likely to have locally inva-
sive disease (≥pT3), fewer lymph nodes removed,
and positive surgical margins compared to those
receiving AC alone. These findings suggest that in
the absence of specific guidelines, PORT is utilized
among patients with more locally advanced MIBC,
a population demonstrated to have poorer OS [2].
Patients who received PORT were also more likely
to receive care from a non-academically affiliated
facility as well as a facility with a lower annual RC
volume, suggesting structural features may play an
important role in PORT administration.
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It is important to consider the potential mech-
anism by which PORT may improve oncologic
outcomes. Specifically, PORT may reduce the rate
of local recurrence, but the impact of LRFS on sys-
temic progression and survival remains uncertain
[34]. In contrast, OS is largely driven by develop-
ment of distant metastatic disease, and this endpoint
is most likely to be affected by systemic therapy.
Thus although improved LRFS may not translate into
improved OS, it is critical to acknowledge that delay-
ing local failure may offer some benefit to the patient,
as salvage therapy has proven to be largely unsuc-
cessful with a median survival of approximately 9
months [2, 4]. Reducing local recurrence may also
reduce symptomatic morbidity associated with local
lymphatic, venous, and ureteral involvement [35].
However, 13.3% of patients in the AC + PORT arm
of the Zaghloul, et al. phase II trial stopped treat-
ment due in part to GI-related toxicity [15]. As such,
in making clinical decisions on the use of PORT, the
potential benefit on symptomatic disease progression
and LRFS must be weighed against its potential tox-
icity and lack of OS benefit, while also identifying
which subset of MIBC patients may benefit from it
most.

To this end, several studies [2, 4, 36] have identi-
fied risk factors for local recurrence, which represent
potential characteristics to identify candidates for
PORT. Baumann, et al reported that pT stage, serosal
margin status, and number of LNs removed were
strong, independent predictors of local failure [2].
They also demonstrated that those with positive surgi-
cal margins are more likely to have bulky recurrence
in the cystectomy bed and presacral nodes, rather than
iliac and obturator nodal recurrence [4]. The present
analysis suggested that more invasive local disease
(≥pT3), node positive disease (≥pN1), and positive
surgical margins were predictors of OS. However, we
did not observe any statistically significant qualitative
effect modification wherein the addition of PORT
to AC was associated with improved ACM across
clinicopathologic characteristics.

It is also important to acknowledge the emerg-
ing paradigm of adjuvant immunotherapy [37]. This
paradigm has specific implications for PORT, as
radiotherapy may interact with immunotherapy to
potentiate its effects. Still, there remain many unan-
swered questions regarding the optimal choice of
adjuvant systemic therapy for locally advanced blad-
der cancer following RC, and future trials will need
to consider the potential benefit of PORT added to
either chemotherapy or immunotherapy.

The present study is subject to limitations. It is a
retrospective observational study, and as such, subject
to residual confounding and selection bias. Utiliza-
tion of PORT was uncommon, which may worsen
selection bias. Given the imbalance in treatment arms,
it is possible that unmeasured confounders may affect
the observed associations with OS. Furthermore, we
were unable to examine relevant outcomes other than
OS, such as LRFS, DFS, CSS, or toxicity of therapy.
In addition, we were unable to adjust for character-
istics not captured in the NCDB, such as specific
chemotherapy agents utilized and their duration of
use, number of cycles administered, whether AC was
concurrent or sequential to PORT, or post-operative
imaging. Furthermore, since we excluded patients
who received neoadjuvant chemotherapy, inferences
may not be extended to the setting of locally advanced
disease following neoadjuvant chemotherapy and
RC. Lastly, it is important to acknowledge that within
the timeframe studied in the NCDB, PORT was
not included as a recommended adjuvant treatment
option within National Comprehensive Cancer Net-
work guidelines, which may exacerbate selection
bias.

Despite these limitations, the present cohort
reflects a contemporary, nationwide oncology
dataset, and both treatment arms received AC, which
is the current standard of care for locally advanced
bladder cancer after RC and serves to minimize
immortal time bias. We also restricted the cohort to
urothelial histology, which improves generalizability
to U.S. and European populations.

CONCLUSIONS

Although PORT is infrequently utilized, the
present analyses suggest that the addition of radio-
therapy to AC is not associated with improved OS in
locally advanced bladder cancer. These results high-
light the need for prospective trials to better define the
potential benefits from PORT with regard to symp-
tomatic progression and oncologic outcomes.
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