Advances in Radiation Oncology (2025) 10, 101671

advances

in radiation oncology

www.advancesradonc.org

Scientific Article

A Predictive Nomogram for Development of L)
Lymph Node Metastasis in Muscle-Invasive
Bladder Cancer Following Neoadjuvant Therapy

Garrett K. Harada, MD,*" Steven N. Seyedin, MD,**" Olivia Heutlinger, BS,”
Armon Azizi, BS,” Audree Hsu, BS,° Arash Rezazadeh, MD,*

Michael Daneshvar, MD, MS,* Greg E. Gin, MD,° Edward M. Uchio, MD,*
Giovanna A. Giannico, MD," Jeremy P. Harris, MD,? Aaron B. Simon, MD, PhD,”
Jeffrey V. Kuo, MD,” and Nataliya Mar, mD*

“Department of Radiation Oncology, Chao Family Cancer Center, University of California, Irvine Medical Center, Orange,
California; *School of Medicine, University of California, Irvine, Irvine, California; “California University of Science and
Medicine, Colton, California; “Division of Hematology and Oncology, University of California, Irvine Medical Center,
Orange, California; *Department of Urology, University of California, Irvine Medical Center, Orange, California; and
'Department of Pathology and Laboratory Medicine, University of California, Irvine Medical Center, Orange, California

Received 23 May 2024; accepted 21 October 2024

Purpose: Pelvic lymph node metastases (ypN+) after multiagent neoadjuvant chemotherapy (NAC) is a poor prognostic sign in
nonmetastatic muscle-invasive bladder cancer (nmMIBC). We sought to create a nomogram predicting probability of ypN+ after NAC
for cNO nmMIBC and determine association with overall survival (OS).

Methods and Materials: We reviewed the National Cancer Database for patients with ¢T2-4NOMO urothelial carcinoma of the
bladder receiving multiagent NAC and surgery from 2004 to 2020. Following a data split, univariate logistic regression identified
variables associated with ypN+ at P < .05. Eligible variables were used for multivariate logistic regression and nomogram generation.
A threshold for 95% sensitivity defined high- and low-risk groups for ypN+. Fine—Gray models assessed ypN+ risk group and OS,
accounting for competing risks of surgical mortality.

Results: A total of 6194 patients were identified with a median follow-up of 39.5 months (interquartile range [IQR], 20.5-67.2 months).
Most patients had high-grade (97.7%) cT2 disease (70.8%) with nonpapillary urothelial histology (67.3%) and initiated NAC at a
median of 41.0 days after diagnosis (IQR, 28.0-59.0 days).The nomogram included age in decades (odds ratio [OR], 0.94; 95%
confidence interval [CI], 0.87—1.03; P = .172), weeks from diagnosis to NAC (OR, 1.02; 95% CI, 1.01-1.04; P = .004), nonpapillary
histology (OR, 1.17; 95% CI, 0.99-1.39; P = .068), and clinical T-stage. Within the testing cohort, ypN+ was found in 392 (22.8%) high-
risk and 12 (8.0%) low-risk patients (P < .001), with median OS of 36.1 and 74.0 months, respectively (P < .001). High-risk patients
had worse OS despite competing risks of 30-day (subdistribution hazard ratio [SHR], 1.80; 95% CI, 1.49-2.18; P < .001) and 90-day
surgical mortality (SHR, 1.68; 95% CI, 1.39-2.04; P < .001).

Conclusions: This is the first study to provide a tool for predicting ypN+ and prognosticate worse OS in primarily high-grade
nmMIBC and could select patients for alternative neoadjuvant therapy and facilitate future study.
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Introduction

Annually, nearly 573,000 bladder cancer cases are
diagnosed worldwide, with approximately 81,180 in the
United States in 2022. Of these, 15% to 30% are muscle-
invasive."* Despite advancements in the management
of nonmetastatic muscle-invasive bladder cancer
(nmMIBC), the mortality rate has seen minor improve-
ments, causing approximately 4.4 deaths per 100,000
standard population in the United States since 1987."

Standard of care therapy for nmMIBC includes neoad-
juvant cisplatin-based chemotherapy followed by radical
cystectomy. At the time of surgery, nearly 20% of patients
who undergo neoadjuvant chemotherapy (NAC) may
have residual nodal disease (ypN+). Patients with ypN+
experience a higher recurrence rate, worse prognoses, and
shorter overall survival (OS) when compared with
patients who achieve a complete nodal response.””” Efforts
to improve these outcomes through the administration of
additional adjuvant chemotherapy have been unsuccessful
to date.”"'" While other adjuvant treatments remain
under investigation, adjuvant therapy with the checkpoint
inhibitor (CPI), nivolumab, has been shown to improve
disease-free survival. However, these benefits may only
apply to a minority of patients and improvement in OS
with CPIs remains uncertain.''” Neoadjuvant CPI
approaches have shown promise in early phase 2 trials;
however, they also remain experimental (NCT04700124,
NCT03775265)." >

Current neoadjuvant treatment strategies and clinical
trials on nmMIBC largely employ a one-size-fits all
approach and overlook disease heterogeneity, suggesting
a need to develop prognostic tools to guide patient selec-
tion in nmMIBC and assist with delivery of personalized
therapies. These efforts may identify which patients would
benefit from an escalation or deviation in neoadjuvant
therapies, and could prove especially useful in those with
ypN+. As such, this study aimed to create a nomogram to
predict ypN+ and correlate this with OS in clinically
node-negative (c(NO) nmMIBC patients treated with NAC
and surgical resection.

Methods and Materials

Using the National Cancer Database (NCDB), which
captures data from over 1500 Commission on Cancer-
accredited facilities, we identified all nmMIBC patients
with ¢T2-4 NO MO disease from 2004 to 2020. Only those
with papillary or nonpapillary urothelial (transitional cell)
histologies, complete clinical TNM staging (American
Joint Committee on Cancer [AJCC] sixth to eighth edi-
tion), and treatment with multiagent NAC and surgery
with pelvic lymph node dissection were included."”
Patients with nonurothelial histologies, history of prior

malignancies, or receipt of other neoadjuvant (ie, immu-
notherapy) or intraoperative therapies were excluded.
Patients with clinical node-positive disease at diagnosis
were removed to select a cohort where ypN+ represents
true pathologic upstaging of disease. Information regard-
ing specific chemotherapeutic agents employed is unavail-
able in the NCDB.

Baseline characteristics including age, sex, race,
Charlson—Deyo Score, insurance status, time to NAC ini-
tiation, time to surgery, and follow-up duration were
recorded. The Charlson—Deyo Score is a validated perfor-
mance status metric of medical comorbidities used to
quantify 10-year mortality risk.'>'” Other cancer-specific
variables such as histologic grade, histologic subtype (pap-
illary vs nonpapillary), tumor size, tumor location, and
AJCC TNM staging (sixth to eighth edition) were also
obtained. For simplicity, patients were not restaged
despite subtle differences between the sixth through
eighth editions (Table El). Lastly, survival measures
were collected, including OS, 30-day and 90-day surgi-
cal mortality.

This work follows TRIPOD and STROBE guidelines
for prediction model development and retrospective stud-
ies, respectively (File E1)."*"”

Statistical analysis

All analysis was performed using Stata version 13.1
(StataCorp LC). Baseline patient, cancer, and outcome
variables were summarized with descriptive statistics.
Patients were then stratified by ypN status with differen-
ces in baseline characteristics assessed using chi-square,
2-sided t tests, or Mann—Whitney U tests where appro-
priate. Following a 70:30 training to testing data split, var-
iables were assessed as risk factors for ypN+ using
univariate logistic regression. Variables with P value
<.05 were eligible for inclusion, and after omission of col-
linearity, a final multivariate logistic model was used for
nomogram derivation. Additional methodology for the
collinearity assessment is described in Figure E1. Calibra-
tion plots were constructed using a forward-selected frac-
tional polynomial to model expected versus observed
probabilities for ypN+ with calculation of Wald confi-
dence intervals. The likelihood ratio test was then used
to assess model goodness-of-fit.”” Area under the
receiver operating characteristics curve (AUC) was
used to assess model discrimination. Using this nomo-
gram, an empirical risk threshold at 95% sensitivity
was established to stratify patients as high- or low-risk
for ypN+ with assessments of performance using chi-
square and log-rank tests for ypN+ and OS, respec-
tively. Decision curve analysis provided theoretical val-
ues of net benefit with escalation of therapy across the
range of predicted probabilities of ypN+. Decision
curve analysis examines the net benefit of a proposed
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intervention across a range of threshold probabilities
for a prediction model by measuring an adjusted dif-
ference in the proportion of true and false positives,
whereby the range of net benefit values may be
assessed graphically relative to 2 reference scenarios
where all or no patients receive the same proposed
treatment.”’

Lastly, to determine how nomogram probability of
ypN+ correlates with OS, Fine—Gray models were con-
structed accounting for competing risks of 30-day and
90-day surgical mortality, and controlled for patient
age and medical comorbidity. Follow-up time for sur-
vival outcomes was defined from time of diagnosis to
final follow-up or death, whereas patients experiencing
a competing event were interval censored. Proportional
hazards assumptions were checked by creating an
interaction term with the natural log of time (in
months) where significant interactions were retained as
a time-varying covariate (Table E2). Subdistribution
hazard ratios were then calculated with their associated
95% confidence intervals (CIs) to determine the effect
of each covariate on the primary outcome of nonsurgi-
cal death and were summarized using cumulative inci-
dence curves. Statistical significance was established at
P < .05.

Results

At a median follow-up of 39.5 months (interquartile
range [IQR], 20.5-67.2 months), 6194 patients were iden-
tified for study. Most patients were male (68.0%) and
Caucasian (91.3%), with a Charlson—Deyo Score of 0
(73.7%). Median age was 65.0 years (IQR, 58.0-71.0
years). Patients with ypN+ were marginally younger, with
a median age of 64.0 years (IQR, 58.0-70.0), whereas
ypN— patients had a median age of 65.0 years (IQR, 58.0-
71.0, P = .018). There were no differences in sex, race, or
comorbidity status.

For tumor characteristics, most had cT2 disease
(70.8%), with nonpapillary urothelial histology
(67.3%). Median tumor size was 4.0 cm (IQR, 2.7-5.5
cm) with most patients having tumors overlapping
multiple sites within the bladder (21.1%). Patients ini-
tiated NAC at a median of 41.0 days after bladder can-
cer diagnosis (IQR, 28.0-59.0 days) followed by surgery
at a median of 156.5 days (IQR, 129.5-188.0 days).
Most patients received a radical cystectomy or pelvic
exenteration (93.8%) and had a median of 16 lymph
nodes removed (IQR, 10-25 nodes). Patients with ypN
+ had more nonpapillary histology (P < .001), larger
tumors (P < .001), higher T-stage (P < .001), and
greater delays in initiation of chemotherapy (p<0.001)
(Table 1).

On univariate logistic regression, age in decades
(odds ratio [OR], 0.93; 95% CI, 0.87-0.99; P = .022),

clinical T-stage, and nonpapillary urothelial histology
(OR, 0.75; 95% CI, 0.65-0.85; P < .001) were signifi-
cantly associated with ypN+. Odds of ypN+ increased
with increasing clinical T-stage, with cT2a associated
with the lowest risk (OR, 0.54; 95% CI, 0.38-0.74;
P < .001) and cT4b associated with the highest risk
(OR, 3.92; 95% CI, 2.33-6.58; P < .001). Other treat-
ment variables associated with ypN+ included time (in
weeks) to NAC initiation (OR, 1.03; 95% CI, 1.01-1.04;
P < .001) and surgical resection (OR, 0.98; 95% ClI,
0.98-0.99; P < 0.001).

Given concerns for collinearity between time to che-
motherapy initiation and time to surgery, as well as age
and insurance status, age and time to chemotherapy were
chosen as candidates for the final model (Figure E1). Sim-
ilarly, tumor location was omitted because of a high prev-
alence of missing data. Lastly, given the intended purpose
of designing a nomogram for use prior to surgery, treat-
ment variables of surgery type and duration of follow-up
were also omitted. The final multivariate model included
patient age in decades, clinical T-stage, time to NAC in
weeks, and nonpapillary (vs papillary) histology (Table 2).
The nomogram (Fig. 1) showed AUC = 0.644 and 0.645
in training and testing cohorts with model calibration
noted between predicted probabilities of 10% to 60%
(Figure E2).

A threshold nomogram probability of 13.2% provided
95% sensitivity. Within the training cohort, 3922 (90.7%)
patients had predicted probabilities of ypN+ above this
threshold and were deemed high-risk, whereas 402 (9.3%)
patients fell below the threshold and were designated low-
risk. Of high-risk patients, 830 (21.2%) had ypN+,
whereas 43 (10.7%) low-risk patients had ypN+ (P <
.001). Similarly, within the validation cohort, 1720
(92.0%) and 150 (8.0%) were identified as high- and low-
risk, with ypN+ found in 392 (22.8%) and 12 (8.0%)
patients, respectively (P < .001). Decision curve analysis
showed benefit to theoretical therapy escalation between
13.0% and 40.0% threshold probabilities (Fig. 2). Other
potential probability thresholds are provided in Table E3
with example scenarios on how to apply these findings
shown in File E2.

Within the training cohort, high-risk patients had a
lower median OS when compared to low-risk patients
(36.4 vs 69.8 months, P < .001). A similar difference in
median OS for high- and low-risk patients was seen in the
validation cohort (36.1 vs 74.0 months, P < .001). Those
at high-risk for ypN+ had a worse OS even when account-
ing for age, Charlson—Deyo Score, and competing risks of
surgical mortality. High-risk patients had an 80% (95%
CI, 1.49-2.18; P < .001) and 69% (95% CI, 1.39-2.04; P <
.001) greater subdistribution hazard of nonperioperative
death when accounting for 30- and 90-day surgical mor-
tality, respectively (Table 3). Cumulative incidence curves
for nonsurgical death by ypN+ risk group are displayed in
Figure E3.
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Table 1 Baseline patient, tumor, and treatment characteristics

Overall cohort (N = 6194) ypN+ (n = 1277) ypN— (n = 4917)

n/ Median % / (IQR) n/ Median % / (IQR) n/ Median % / (IQR) P value

Patient characteristics

Demographics
Age 65.0 (58.0-71.0)  64.0 (58.0-70.0)  65.0 (58.0-71.0)  .018
Female sex 1983 32.0 437 34.2 1546 314 .058
Race
White 5609 91.3 1149 90.8 4460 914 .730
Black 362 5.9 80 6.3 282 5.8
Other 172 2.8 37 2.9 135 2.8

Insurance status

No insurance 145 2.4 32 2.5 113 2.3 .076
Private insurance 2547 41.6 522 412 2025 41.7

Medicaid 410 6.7 105 8.3 305 6.3

Medicare 2913 47.6 580 45.8 2333 48

Other government 109 1.8 27 2.1 82 1.7

Charlson—Deyo score

0 4563 73.7 937 73.4 3626 73.7 .367
1 1119 18.1 234 18.3 885 18

2 335 5.4 77 6.0 258 53

>3 177 29 29 2.3 148 3.0

Tumor characteristics

Bladder location

Trigone 352 5.7 69 54 283 5.8 <.001
Dome 251 4.1 31 2.4 220 4.5
Lateral wall 1121 18.1 198 15.5 923 18.8
Anterior wall 227 3.7 36 2.8 191 3.9
Posterior wall 485 7.8 91 7.1 394 8.0
Bladder neck 125 2.0 31 2.4 94 1.9
Ureteric orifice 78 1.3 18 1.4 60 1.2
Urachus 1 0.0 0 0.0 1 0.0
Overlapping lesion 1304 21.1 332 26.0 972 19.8
Bladder NOS 2250 36.3 471 36.9 1779 36.2
Histology
Nonpapillary 4170 67.3 923 72.3 3247 66.0 <.001
Papillary 2024 32.7 354 27.7 1670 34.0
Grade
1 21 0.6 7 0.9 14 0.5 252
2 61 1.7 14 1.8 47 1.7
3 1308 36.4 302 38.6 1006 35.8
4 2200 61.3 459 58.7 1741 62.0

(continued on next page)
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Table 1 (Continued)

Overall cohort (N = 6194)

ypN+ (n = 1277) ypN— (n =4917)

n/ Median % / (IQR) n/ Median % / (IQR) n/ Median % / (IQR) P value
Tumor size 40.0 (27.0-55.0) 47.5 (30.0-60.0)  40.0 (26.0-52.0)  <.001
Number of nodes dissected 16.0 (10.0-25.0) 16.0 (10.0-25.0)  16.0 (10.0-25.0)  .200
Number of pathologic nodes positive 0.0 (0.0 - 0.0) 2.0 (1.0-4.0) 0.0 (0.0 - 0.0) <.001
AJCC clinical T stage
T2 NOS 3527 56.9 576 45.1 2951 60.0 <.001
T2a 444 7.2 42 33 402 8.2
T2b 415 6.7 67 53 348 7.1
T3 NOS 492 7.9 92 7.2 400 8.1
T3a 451 7.3 163 12.8 288 5.9
T3b 268 4.3 98 7.7 170 35
T4 NOS 96 1.6 38 3.0 58 1.2
T4a 441 7.1 175 13.7 266 54
T4b 60 1.0 26 2.0 34 0.7
AJCC edition
6th 708 11.4 220 17.2 488 9.9 <.001
7th 3395 54.8 657 51.5 2738 55.7
8th 2091 33.8 400 313 1691 34.4
Treatment Variables
Surgery type
Local excision or surgery NOS 68 1.1 28 2.2 40 0.8 <.001
Partial cystectomy 144 2.3 16 1.3 128 2.6
Simple/Total/Complete cystectomy 155 2.5 24 1.9 131 2.7
Radical cystectomy 2992 48.3 592 46.4 2400 48.8
Pelvic exenteration 2820 45.5 610 47.8 2210 449
Cystectomy NOS 15 0.2 7 0.5 8 0.2
Time to chemotherapy (d) 41.0 (28.0-59.0) 43.0 (29.0-63.0)  40.0 (27.0-57.0)  <.001
Time to definitive surgery (d) 156.5 (129.5-188.0) 153.5 (121.0-188.0) 158.0 (132.0-188.0) <.001
Duration of follow-up (mo) 39.5 (20.5-67.2) 20.8 (12.2-36.0)  44.0 (25.2-72.8) <.001

metastasis.

tistical significance at P < .05.

Abbreviations: IQR = interquartile range; NOS = not otherwise specified; ypN+ = occult pathologic nodal metastasis; ypN- = no pathologic nodal

P values were calculated using a combination of chi-square, Fisher’s exact test, and Wilcoxon rank sum, where applicable. Bolded values indicate sta-

Discussion

We present a nomogram capable of risk-stratifying
patients for ypN+ in primarily high-grade cN0O nmMIBC
patients after multiagent NAC and resection with patho-
logic nodal staging, based on histologic subtype, age at
diagnosis, clinical T-stage, and time to chemotherapy ini-
tiation. These findings are particularly valuable since
those stratified as high-risk had worse survival outcomes

despite confounders of age, medical comorbidity, and
perioperative mortality. To our knowledge, this is the first
nomogram capable of predicting ypN+ with prognostic
utility in a nmMIBC cohort treated with NAC and surgi-
cal resection, and thus provides a potential tool for inves-
tigation of NAC escalation or alternatives to traditional
cisplatin-based therapies.”>*”

Compared to historic literature, our nomogram dem-
onstrates similarities with risk factors for generalized
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Table 2 Univariate and multivariate logistic regressions for occult pathologic nodal metastasis

ypN+
OR 95% CI P value OR 95% CI p-value

Demographics Tumor size 1.00 (1.00-1.00) 0.111

Age 0.99 (0.99-1.00) .022 Number of nodes dissected 1.00 (0.99-1.00) 0.223

Female sex 1.13 (1.00-1.29) .058 Histology

White race (vs all others) 0.92 (0.75-1.13) .427 Nonpapillary (vs papillary) 1.34 (1.17-1.54) < 0.001
Insurance status (vs Medicaid) Grade (vs grade = 1)

No insurance 0.82 (0.52-1.29) .396 2 0.60 (0.20-1.76) 0.350

Private insurance 0.75 (0.59-0.95) .019 3 0.60 (0.24-1.50) 0.275

Other government 0.96 (0.59-1.56) .858 4 0.53 (0.21-1.31) 0.170

Medicare 0.72 (0.57-0.92) .008 Treatment variables
Charlson—Deyo score (vs score = 0) Surgery type (vs radical cystectomy)

1 1.02 (0.87-1.20) .780 Local excision or surgery NOS 2.84 (1.74-4.64) < 0.001

2 1.15 (0.89-1.50) .286 Partial cystectomy 0.51 (0.30-0.86) 0.012

>3 0.76 (0.51-1.14) .180 Simple/Total/Complete cystectomy 0.74 (0.48-1.16) 0.190
Tumor characteristics Pelvic exenteration 1.12 (0.99-1.27) 0.083
Tumor location (vs trigone) Cystectomy NOS 3.55 (1.28-9.82) < 0.001

Bladder dome 0.58 (0.37-0.91) .019 Time to chemotherapy (d) 1.00 (1.00-1.01) < 0.001

Lateral wall 0.88 (0.65-1.19) .410 Time to definitive surgery (d) 1.00 (1.00-1.00) < 0.001

Anterior wall 0.77 (0.50-1.20) .255 Duration of follow-up (mo) 0.98 (0.97-0.98) < 0.001

Posterior wall 0.95 (0.67-1.34) .760

Bladder neck 1.35 (0.83-2.19) .221

Ureteric orifice 1.23 0.68-2.22) .490 Nomogram multivariate model

Urachus - - - Age 0.99 (0.99-1.00) 0.172

Overlapping lesion of bladder 1.40 (1.05-1.87) .023 AJCC clinical T stage (vs T2 NOS)

Bladder, NOS 1.09 (0.82-1.44) .567 T2a 0.56 (0.37-0.84) 0.005
AJCC clinical T stage (vs T2 NOS) T2b 1.15 (0.83-1.61) 0.391

T2a 0.54 (0.38-0.74) <.001 T3 NOS 1.14 (0.84-1.54) 0.395

T2b 0.99 (0.75-1.30) .922 T3a 291 (2.25-3.77) < 0.001

T3NOS 1.18 (0.92-1.50) .187 T3b 3.26 (2.36-4.52) < 0.001

T3a 2.90 (2.35-3.58) <.001 T4 NOS 4.00 (2.35-6.81) <0.001

T3b 2.95 (2.27-3.85) <.001 T4a 3.19 (2.45-4.16) < 0.001

T4NOS 3.36 (2.21-5.10) <.001 T4b 4.22 (2.12-8.40) < 0.001

T4a 3.37 (2.73-4.16) <.001 Time to chemotherapy (d) 1.00 (1.00-1.01) 0.004

T4b 3.92 (2.33-6.58) <.001 Nonpapillary (vs papillary) 1.17 (0.99-1.39) 0.068

Abbreviations: CI = Confidence Interval; NOS = Not otherwise specified; OR = Odds Ratio; ypN+ = Occult pathologic nodal metastasis.
Calculation of P values and odds ratios was performed using a combination of univariate and multivariate logistic regression. Multivariate model
results are derived from training data cohort. Bolded values indicate statistical significance at P < .05

pathologic nodal involvement (pN+) in nmMIBC. Youn-
ger age has been reported as a risk factor for pN+, where
genomic tumor features predispose to more advanced
clinical presentations.”* Similarly, features such as delayed
receipt of chemotherapy or higher clinical T-stage suggest
potential for cancer progression or more advanced

disease, and could also contributes to a greater risk of
pN+.”>*® In comparison, papillary urothelial histology is
considered less aggressive and is rarely associated with
muscle-invasive and/or regional lymphatic disease.”” As
such, although higher rates of ypN+ in nonpapillary uro-
thelial histologies was expected, it was unanticipated that
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Nomogram of ypN+ in Muscle Invasive Bladder Cancer

Non-papilary (vs Papillary) Histology '———
000  1.00
Clinical T-St L 1 L1l 11
linical tage * * = 4 * = & =
T2a T2NOS T3NOS T2b T3a T4a T3b T4NOS T4ab
Time from Diagnosis to Chemotherapy (per week) L - ! L L ! . !
0 9 19 28 38 a7 57 67
Age (per decade) T -
98766543
T T T T T T T T T T T T 1 T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 1
Score
Prob 1 2 £ 4 5 8 k] 8

0 1 2 3 4 5 6 7 8 9

Figure 1

10 11 12 13 14 15 16 17 18 19 20 21

Total score

Variable range modified. The actual variable range is:
Age: 2.9 to 8.8 decades

Nomogram for risk of occult pathologic nodes in muscle Invasive bladder cancer.

Nomogram depicting selected variables for prediction of ypN+ in patients receiving neoadjuvant multiagent chemotherapy and surgical resection with

pathologic nodal staging.

Age range was adjusted for simplicity. True range of ages in this study was from 29 to 88 years.

Nonpapillary = +0.8 points for nonpapillary histology; time from diagnosis to chemotherapy (days) = +0.75 points per 47 days; T2a = +0 points;
T2NOS = +2.9 points; T3NOS = +3.5 points; T2b = +3.6 points; T3a = +8.2 points; T3b = +8.7 points; T4a = +8.6 points; TANOS = +9.7 points;
T4b = +10.0 points; age = —0.25 points per decade (minimum = 90 years is 0.75 points; maximum = 29 years is 2.5 points).

Abbreviations: ypN+ = occult pathologic nodal metastasis; NP = nonpapillary; P = papillary; NOS = not otherwise specified.

a third of eligible muscle-invasive cases would include
papillary variants. In 2016, the WHO classification for
bladder cancer was restructured to place emphasis on the
grade and morphology of primary lesions, where papillary
variants largely constitute low-grade noninvasive dis-
ease.”® One reason for this discrepancy could be explained
by progression from noninvasive to muscle-invasive dis-
ease. High-grade urothelial lesions, which comprise 97%
of the papillary cases here, pose greater recurrence risks.
Estimated recurrence rates are up to 62% 1 year after ini-
tial treatment for high-grade papillary lesions with 40% to
60% of these cases reflecting muscle-invasive disease.”””’
Although our nomogram suggests these patients are still
at lower risk for ypN+, this reflects the importance of his-
tologic grade in overall disease prognosis.

Given this, histologic grade is noticeably absent from
our nomogram despite prior reports noting association
with pN+.’>"" Assessment of our cohort revealed that
98% patients comprised high-grade histology. This sug-
gests low statistical power given an insufficient number of
low-grade observations; however, it highlights the

potential for misclassification of histologic grade at the
time of diagnosis. Specifically, a diagnosis of nmMIBC
implies the presence of sufficient dedifferentiation to
allow penetration into the muscularis propria, such that
recent ESMO guidelines recommend all cases of nmMIBC
be considered high-grade.”’ This suggests that inclusion
of histologic grade in predictions of ypN+ is potentially
unnecessary because of less heterogeneity seen in muscle-
invasive disease. The minority of our cohort comprising
low-grade nmMIBC is thus unexpected, but highlights
potential limitations of this study, including variation in
grading practice by pathologists, errors in data entry, and
the retrospective design.

Previous nomograms for nmMIBC exclude patients
receiving NAC and/or were assessed in heterogeneous
cohorts such that adoption into practice has been limited.
However, these nomograms assert strengths of higher rel-
ative predictive accuracy for outcomes of pN+."***>** This
is demonstrated by the nomogram by Wu et al,”> which
shows that inclusion of clinicopathologic and genomic
variables allowed precise detection of pN+ in non
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Figure 2 Decision curve analysis for selecting theoretical treatment for nomogram predicted probability of ypN+.

Decision curve analysis assesses the efficacy of a model in dictating treatment by drawing comparisons to hypothetical scenarios of treating all versus no
patients. This is performed across a range of all threshold probabilities (X-axis) and using a metric called net benefit (Y-axis). Here, the decision curve
analysis demonstrates relative benefit of selecting a theoretical treatment using the present nomogram at predicted probabilities ranging from approxi-
mately 13.0% to 40.0% for both training (top) and testing (bottom) cohorts. Further explanation on decision curve analyses and examples on how this
may be hypothetically applied are listed in File E2. Pr(ypN+) = predicted nomogram probability of ypN+; ypN+ = occult pathologic nodal metastasis.

—muscle-invasive disease across training and validation
cohorts (AUC, 0.840-0.886). Although differences in rela-
tive accuracy between nomograms could be attributed to
study design, the decision to include detailed tumor-spe-
cific features holds merit when considering the genomic
and molecular heterogeneity reported in nmMIBC.”* For
instance, bladder tumors with mutations in ERCC2, a
helicase used in nucleotide excision repair, have demon-
strated a high degree of sensitivity to cisplatin-based regi-
mens and suggests assessments of mutational profiles
may allow better predictions of ypN+.""" As knowledge
surrounding genomic signatures evolves and newer assays
are developed, it is valuable to understand how such
information may be harnessed to predict and identify
therapies for nmMIBC and would likely benefit those
with ypN+ disease.

Given the low AUC, predictions from our nomogram
would benefit from validation and refinement prior to

implementation in clinical practice. Doing so may
allow clinicians to identify which patients could benefit
from treatment escalation or alteration with novel
approaches.'''>***! To illustrate how this nomogram
could be useful in such scenarios, examining other non-
standard neoadjuvant approaches, such as radiation ther-
apy, is informative. For instance, when used in definitive
chemoradiation or selective bladder preservation para-
digms, radiation therapy is subject to controversy regard-
ing elective treatment of pelvic lymph nodes.
Extrapolating, we suspect a similar debate could arise if
investigating neoadjuvant radiation for nmMIBC."* Here,
our proposed nomogram presents with 2 potential clinical
opportunities. First it could improve selection of a higher
risk cohort benefiting from trials involving neoadjuvant
treatment escalation. Additionally, it could identify which
patients could potentially benefit from elective nodal irra-
diation or adjuvant radiation.”’ In such a setting, we
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Table 3 Fine—Gray models for overall survival with surgical mortality competing risks
Overall survival (30-day surgical mortality as competing risk)
SHR 95% CI P value

Charlson—Deyo score (vs score = 0)

1 1.14 (1.01-1.30) 042

2% 1.13 (1.06-1.21) <.001

>3 1.03 (0.75-1.41) .847
Age 1.02 (1.02-1.03) <.001
High risk of ypN+ (vs low risk) 1.80 (1.49-2.18) <.001

Overall survival (90-day surgical mortality as competing risk)
SHR 95% CI P value

Charlson—Deyo score (vs score = 0)

1* 1.02 (0.98-1.07) .303

2% 1.13 (1.06-1.21) .001

>3 1.11 (0.81-1.52) .532
Age* 1.01 (1.00-1.01) <.001
High risk of ypN+ (vs low risk) 1.69 (1.39-2.04) <.001
Abbreviations: CI = confidence interval; SHR = subdistribution hazard ratio; ypN+ = occult pathologic nodal metastasis.
*Variable interacted with the natural log of time (in months) as nonproportional hazards assumption was not met; High risk of ypN+ = defined as a
nomogram predicted probability of ypN+ > 13.2%.
Subdistribution hazard ratios for overall survival were calculating using Fine—Gray models controlling for 30- and 90-day surgical mortality as a
competing risk. Bolded values indicate statistical significance at P < .05

would also recommend a different probability threshold
to define high- and low-risk groups, as the current thresh-
old for high-risk selection could be overly sensitive.

A detailed decision curve analysis illustrates how the
sensitivity, specificity, and other parameters change with
different nomogram threshold selection methods
(Table E3). A discussion of how to use/interpret a deci-
sion curve analysis is in File E2. Raising the required
nomogram score to be considered high-risk for ypN+
would lead to fewer patients meeting this threshold, but
with greater prevalence of true ypN+ disease. This how-
ever, comes with a tradeoff of increased risk of false nega-
tives, such that the low-risk cohort may also have more
ypN+ disease. A similar approach could be applied to
investigation of other new or emerging therapies to
address ypN+ disease in nmMIBC as well but caution its
utilization prior to further validation and refinement.

With validation, these results could also provide a
means to prognosticate OS for those diagnosed with
nmMIBC. The inferior median OS of 36 months found
in high-risk patients for ypN+ is consistent with
previous studies suggesting a median OS around 13 to
30 months.””***** The small difference in OS could be
explained by differences in staging used in this study, as
the AJCC sixth edition classifies subepithelial prostatic
urethra invasion as cT4 disease, whereas later editions
now recognize this feature as cT1. This suggests bias
toward improved survival as those with c¢T1 disease likely

have a better prognosis. Other causes may include the het-
erogeneity in surgical resections or lack of information
highlighting the number of cycles or types of chemothera-
peutic agents prescribed. This suggests benefit from fur-
ther model refinement, and implies that application of
these findings in an appropriately staged and selected
cohort could prognosticate a worse survival than reported
here. Indeed, post hoc analysis excluding those staged
under the AJCC sixth edition and removing limited sur-
geries revealed a median OS of 33.5 months for patients
identified as high-risk for ypN+, and is more in line with
previous reports.

This study is not without limitations, most of which
are because of the retrospective design and inherent limi-
tations of the NCDB. This includes potentials for selection
bias, data entry errors, and variation in NAC and staging
across the study interval. Although most of these are
unavoidable given study design, this also includes bias
caused by clustering in treatment or outcomes by facility.
In addition, specific details surrounding the delivery of
chemotherapy are unavailable in the NCDB, such as the
specific number of cycles delivered or type of agent. Other
patient risk factors are absent, such as smoking status.
The omission of these minutiae likely contributes to the
modest AUC reported here, and consequently, we empha-
size that these findings should not be used to provide a
precise assessment of ypN+, but rather as a risk stratifica-
tion tool to screen out patients of relatively low-risk of
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ypN+. Next, it should be emphasized that these results
only apply to urothelial carcinoma nmMIBC and cannot
be applied to nonurothelial MIBC. Irrespective, these
results highlight our nomogram’s utility by identifying
those at greater risk of ypN+ with prognostication of
OS in a nmMIBC cohort treated with standard therapy,
and may aid selection of patients for future trials investi-
gating escalated or alternative neoadjuvant treatment
approaches.

Conclusions

This study provides a nomogram for identification of
primarily high-grade cNO nmMIBC patients treated with
multiagent NAC and surgical resection who are at greater
risk for development of ypN+ and significantly worse OS,
using age at diagnosis, clinical T-stage, time to starting
treatment, and nonpapillary tumor histology. Although
such findings need validation prior to implementation,
nomogram threshold probabilities of 13% to 40% for ypN
+ could select patients likely to benefit from escalated or
altered neoadjuvant treatment. These predictions may be
improved with consideration of further clinicopathologic,
radiomic, or genomic variables, while providing rationale
for future clinical trial design.
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