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Abstract

Objective—To evaluate the impact of age on oncological outcomes in a large contemporary
cohort of patients treated with adequate Bacillus Calmette-Guerin (BCG).

Patients and Methods—We performed an IRB-approved retrospective study analyzing patients
with NMIBC treated with adequate BCG at our institution from 2000 to 2020. Adequate BCG
was defined as per US FDA guidelines as being receipt of at least five of six induction BCG
instillations with a minimum of two of three planned maintenance or two sets of at least five of

six re-induction BCG instillations within a span of 6 months. The study’s primary outcome was to
determine if age >70 years was associated with progression to muscle invasive bladder cancer or
distant metastasis. The cumulative incidence method and the competing-risk regression analyses
were used to investigate the association of advanced age (>70 years) with progression, high-grade
(HG) recurrence and cancer-specific mortality (CSM).

Results—Overall, data from 632 patients were analyzed: 355 patients (56.2%) were <70
years, and 277 (43.8%) were >70 years. Age >70 years did not adversely affect either
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cumulative incidence of progression or HG recurrence (p.=.0.067 and p.=.0.644, respectively).

On multivariate competing-risk regression analyses, age >70 did not emerge as an independent
predictor of progression or HG recurrence (Sub-standardized Hazard ratio [SHR] 1.57; 95% CI:
0.87-2.81, p=0.134 and SHR 1.05; 95% CI 0.77-1.44, p=0.749). Not unexpectedly, patients in the
older group did have higher overall mortality (p<0.001) but not CSM (p=0.057)

Conclusion—Age>70 years was not associated with adverse oncological outcomes in a large
contemporary cohort of patients receiving adequate intravesical BCG for NMIBC.

Keywords

Bacillus Calmette-Guerin; Progression; Non muscle invasive bladder cancer; Oncological
outcomes; Age; competing risk analysis

1. Introduction

The standard treatment for non-muscle invasive bladder cancer (NMIBC) includes
transurethral resection of the tumor (TURBT) followed by adjuvant intravesical treatment.
According to guidelines, intravesical immunotherapy with Bacillus Calmette-Guerin (BCG)
should be offered to intermediate- and high-risk patients (1,2). The anti-tumor activity of
BCG is based on eliciting an immune response against bladder cancer cells (3).

In general, age is an important factor in the prognosis and treatment outcomes of many
diseases, including cancer. As people age, the activity of the immune system and the ability
to respond to treatments may be impacted, which can lead to decreased treatment efficacy
and decreased overall health outcomes. On these bases, some have suggested that BCG may
be less effective in older patients. Indeed, in older series, an association between advanced
age and poorer outcomes in patients treated with BCG for NMIBC has been reported (4-6).

Age > 70 has been incorporated into various risk stratifications for recurrence and
progression (7,8). Most recently, Sylvester et al. identified age >70 years as an independent
predictor of progression to MIBC in a cohort of over 3000 NMIBC patients (8). Based on
this data, the European Association of Urology (EAU) included age >70 among additional
clinical risk factors in 2021 updated prognostic factor risk groups system (1). However,

it should be noted that the analysis was conducted on a large cohort of patients who did

not receive intravesical BCG therapy (8). Additionally, as we and others have recently
reported in more contemporary series, BCG demonstrates higher efficacy than previously
reported (9). Herein, we aim to evaluate the impact of age on oncological outcomes in a
contemporary series of patients with NMIBC treated with adequate BCG.

2. Materials and methods

2.1 Study design and patients

This study was conducted with approval from our Institutional Review Board (IRB). We
reviewed our institutional database of patients with NMIBC (cTa, cT1 and CIS) who were
treated at our institution between January 2000 and April 2020 and identified patients who
received ‘adequate’ BCG as defined by the United States Food and Drug Administration
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(FDA), International Bladder Cancer Group (IBCG) and European Association of Urology
(EAU) (1,10,11). Adequate BCG was defined as receipt of at least five of six induction BCG
instillations with a minimum of two of three planned maintenance or two sets of at least five
of six re-induction BCG instillations within a span of 6 months.

All patients had pathology review by a specialized uro-pathologist at our institution. Patients
were included for analysis if pathological information was available from their index
TURBT specimen and at least one follow-up cystoscopy post-induction BCG was performed
at our institution. BCG instillations and follow-up schedules were standardized among all
the providers and were based on available NMIBC guidelines (1,2). For the purposes of
analysis, patients were stratified into two groups: < 70 years and >70 years according to
EAU NMIBC guidelines, (1).

2.2 Study variables

Study variables in our dataset included patient demographics, tumor stage, grade, size, and
multifocality, the presence of concurrent CIS, and primary or recurrent status. Additional
variables included presence of variant histology and lymphovascular invasion (LVI). Tumor
grade was scored according to the WHO 2004/2016 grading system.

2.3 Endpoints

The study’s main outcome was to determine if age >70 years was associated with
progression to MIBC or distant metastasis. Secondary endpoints include high-grade (HG)
recurrence, overall mortality (OM) and cancer-specific mortality (CSM) stratified according
to age. The OM time was calculated as the number of months from the date of the first
BCG instillation during the induction course to death from any cause or the last follow-up
date. CSM time was defined as the number of months between the date of the first BCG
instillation during the induction course and death attributed to bladder cancer. Time to
HG-recurrence and time to progression to MIBC or metastatic disease were calculated from
the date of the first BCG instillation during the induction course to the event date.

2.4 Statistical analysis

Statistical analysis was performed using Stata/SE version 17 (StataCorp, College Station,
TX, USA). Statistical significance threshold was set at 0.05. Descriptive statistics were
used to summarize the study cohort and by age. Categorical variables were analyzed using
Pearson’s chi-square test or Fisher’s exact test, while Wilcoxon rank-sum tests were used to
test continuous variables. The median follow-up of the study was determined by the reverse
Kaplan-Meier method.

The Kaplan-Meier method was used to estimate the median OM, and the log-rank test was
used to test the equality of the survivor functions. The cumulative incidence method was
adopted to estimate CSM, HG recurrence, and progression after accounting for other causes
of mortality (OCM) as competing risk events. The Pepe—Mori test was used to compare the
cumulative incidence functions between groups.
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The Fine-Gray method was used to model potential risk factors for the cumulative incidence
of oncological outcomes, considering OCM as a competing event in a univariate fashion. We
then included all factors with a p-value <0.25 in a multivariate model. In this model, age
was investigated once as a dichotomous variable (< 70 and >70) and then as a continuous
variable. A Cox regression multivariate model for progression was also calculated.

3. Results

Our initial query of the institutional database revealed 632 patients with NMIBC who

met the inclusion criteria. Of the 632 patients, 355 patients (56.2%) were <70 years, and
277 (43.8%) were >70 years. Table 1 shows the clinicopathologic characteristic of the
whole cohort stratified by age. There were no differences among age groups in tumor
characteristics such as grade, initial tumor stage, concomitant CIS, size, recurrent tumor,
presence of lymphovascular invasion (LVI) or variant histology. Receipt of peri-operative
intravesical chemotherapy was similar between the two age groups (13.5% vs. 11.9%,
p=0.5). Older patients were less likely to undergo reTUR (56.5% vs. 66.2%, p=0.013). The
median number of BCG doses administered was higher in the <70 years (21 doses vs.

18 doses, p=0.008). BCG intolerance rate was higher among patients >70 years but not
statistically significant (10.5% vs. 7.5%, p=0.2). The median follow-up was 66 months (IQR
35-101); 122 (19%) patients died from any cause, while 25 (4%) died from BC.

Disease progression to muscle-invasive disease or metastasis was seen in 51 (8%)
patients overall. No statistically significant difference emerged in cumulative incidence
of progression between age groups (p=0.067; Fig.1A). On multivariate Fine-Gray
competing-risk regression models, age >70 years was not associated with progression.
(Sub-standardized Hazard ratio [SHR] SHR 1.57, 95% CI: 0.87-2.81, p=0.13).

In addition, the association between age >70 years and progression was also analyzed using
a multivariate Cox regression model, therefore, OCM was not considered a competing risk
event. Our results revealed a higher HR (HR 1.76, 95% CI: 0.99-3.12, p=0.053) for age >70
years in predicting time to progression.

Similarly, there was no significant statistical difference in cumulative incidence of HG
recurrence (p=0.644; Fig.1B). On multivariate Fine-Gray competing-risk regression models,
age >70 years did not emerge as a predictor of HG recurrence (SHR 1.05, 95% CI1 0.77—
1.44, p=0.7; Table 2).

Furthermore, even when analyzed as a continuous variable, age was not associated with HG
recurrence and progression (SHR: 1.01; 95% CI:0.99-1.02; p=0.16 and SHR: 1.02; 95%CIl:
0.99-1.05; p=0.1; Supplementary Table 1).

As expected, a significant difference between groups was found in OM (p<0.001, Fig 2A)
but there was no difference in CSM between the groups (p=0.057, Fig. 2B).
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4. Discussion

In this contemporary cohort of patients with NMIBC treated with adequate BCG, age >70
years did not emerge as an independent risk factor for progression, HG recurrence, or CSM.
However, as expected, age was associated with a significant difference in OM.

The incidence of BC is higher in the older population, with an average age at diagnosis of 70
years (12). Previous studies have proven that immune responses decrease with age; indeed,
elderly patients are more susceptible to infections because the immune system decreases

in robustness as one ages and impairs its ability to respond to infections and develop
immunity (13). Although no standardized parameters have yet been defined, this condition
is referred to as immunosenescence and characterized by a decrease in naive T-cells (14).
Furthermore, several authors suggested that immunosenescence attenuates both adaptive and
innate immune pathways (15).

It is widely accepted that BCG stimulates the immune system leading to antitumor activity
driven by several cytokines and chemokines, which lead to the recruitment of immune
system cells (granulocytes, CD4+ and CD8+ T cells, macrophages and natural killer)
(16,17). Therefore, it has been hypothesized that immunology-based BCG antitumor activity
is weaker in elderly patients.

In older series, this has been noted as well: Herr et al. reported a lower recurrence-free
survival at five years (27% vs. 37%, p=0.005) in patients >70 years (4), while Oddens

et al., with a median follow-up of 9.2 years found a negative correlation between age

>70 years with PFS, CSS, and OS but not with RFS (5). Interestingly, the latter study
showed that BCG is more effective than epirubicin chemotherapy, even in older patients
(5). In a retrospective study of 2451 T1G3 patients treated with intravesical BCG, Gontero
et al. showed, using a multivariate analysis, that age =70 was negatively associated with
progression and OS and CSS (6). Recently, a large Japanese multicenter retrospective
analysis, encompassing data from 31 centers, reported the impact of advanced age on

over 2000 patients treated with BCG, and reported that advanced age >75 years was

an independent predictor of both RFS and PFS in the T1 stage population (but not

among patients with CIS). It should be noted that, after propensity score-matched analysis,
advanced age was solely associated with recurrence (18).

Age was not identified as a prognostic risk factor in the 2006 European Organisation

for Research and Treatment of Cancer (EORTC) NMIBC risk stratification, which was
developed using patients treated with intravesical chemotherapy (19). In the updated

2016 EORTC nomogram, developed from trials where patients received 1-3 years of
maintenance BCG, age was incorporated in the OS nomogram (20). Similarly, increasing
age was associated with recurrence and progression in the Spanish Urology Association for
Oncological Treatment (CUETO) scoring model, which was derived from patients treated
with intravesical BCG (7).

On the other hand, Yuge et al. did not find an association between age and tumor recurrence
in NMIBC treated with BCG (21). More recently, Calo et al. reported no difference
in oncological outcomes among 123 T1 HG patients younger and older than 70 years
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(22). Additionally, Krajewski et al. showed that age >70 years was not associated with
oncological outcomes in a cohort of 637 T1HG patients treated with BCG (23).

Recent work from our group has shown that patients with advanced age are more likely

to have UROMOL transcriptomic class 2a and 2b tumours(24). Although these high-risk
transcriptomic classes are associated with worse outcomes, their tumor biology may render
them more sensitive to immunotherapies such as BCG (25). In particular, class 2a tumors are
characterized by a high RNA-derived mutational load, resulting in an elevated neoantigen
burden, and these patients may therefore benefit from immunotherapy (25). This may
provide a potential explanation as to why age >70 was not a predictor of poor outomes

in our series.

With so many conflicting reports, it is reasonable to ask: why yet another analysis of

age? Our statistical approach represents a strength of our current study. In our series, as
expected, the proportion of non-cancer-related death was higher in older patients (26% vs.
7%). Hence, we performed a competing-risk analysis considering OCM as a competing
event when analyzing the risk of recurrence, progression, and cancer-specific mortality.

This methodology is more appropriate for evaluating time-to-event outcomes than traditional
survival analysis methods, such as Kaplan-Meier methods, when competing events could
potentially affect the results. The Kaplan-Meier method assumes that individuals are
censored if they do not experience the event of interest. If the proportion of deaths from
other causes is hon-negligible, the Kaplan-Meier method could lead to overestimating the
event rate. Ignoring competing risk events affects the analysis in older patients because of
the potential risk of non-cancer mortality. Under these circumstances, a high censoring rate
due to competing events might lead to inaccurate estimates (26). For these reasons, we chose
to account for the occurrence of competing events in our study. Notably, on Cox regression,
we found that age was on the threshold for statistical significance for predicting progression.
Our findings highlight that, when accounting for competing events, age does not emerge as a
predictor of worse outcomes.

Our study is not devoid of limitations, mainly related to its retrospective design, which
may lead to case selection bias. However, the patients in both cohorts were evenly
matched. Older patients who are more co-morbid would be more likely to be offered
intravesical treatment rather than early radical cystectomy, which might be offered to
younger patients with similar tumor characteristics. While we attempted to adjust for this
using a multivariable model, we acknowledge that undefined confounding factors would
exist. Finally, the results concerning CSM should be considered taking into account the
limited number of events in the entire sample (N=25, 4%).

5. Conclusion

In our contemporary cohort of patients with NMIBC treated with adequate BCG, age >70
years did not emerge as an independent risk factor for progression to MIBC or metastatic
disease, nor of HG recurrence or CSM.
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Figure 1.
Cumulative incidence functions for progression to muscle-invasive bladder cancer or

metastatic disease (A) and high-grade recurrence (B) in NMIBC treated with adequate BCG
and stratified by age.

BJU Int. Author manuscript; available in PMC 2025 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Contieri et al.

Page 11

p <0.001
1.00 N (Everts) S-pairs (95%C1)
— ADESTO: 358 (3)5813822)
o ADe*TQ: 27) |88) 215 (6.4-249)
0.75
>
]
4
S
= 050
e
8
025
0.00 - ~—Ai-84
I T T T T T T T T T |
0 12 24 36 48 60 72 84 98 108 120
Months
Numbeér at risk
Age<70 355 341 303 258 218 191 147 121 92 67 57
Agax70 277 268 222 181 149 19 85 67 42 32 25
p =0.057
1.00
N (Events) 5-yaars (95%ClI)
— AQes70: 355 (9) 2.0 (0.8-4.2)
AQe>70. 277 (16) 5.1 (2.7-8.7)
0.80
>
E
= 060
&
H
@ o040
4]
Qo
c
o
(&)
0.20
0.00 - . MR- ] ) v ) 7
0 12 24 38 48 €0 72 84 o8 108 120
Months
Figure 2.

Kaplan-Meier curves for overall mortality (A) and cumulative incidence functions for
cancer-specific mortality (B) in NMIBC treated with adequate BCG and stratified by age.
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Table 1
Patients’ demographics and tumor characteristics of NMIBC patients who underwent adequate BCG, stratified
by age group.
Overall Population (N=632) | Age<70 (N=355) | Age>70 (N=277)

Characteristic N % N % N % p-value

Gender 0.3
Male 505 79.9 278 78.3 227 82.0

Smoker 0.7
Never 203 32.2 116 32.8 87 31.4
Current/Past 428 67.8 238 67.2 190 68.6

Grade 0.13
High 574 90.8 317 89.3 257 92.8

Stage of entry TURBT 0.6
Ta 306 48.4 168 47.3 138 49.8
Tis 48 7.6 25 7.0 23 8.3
T1 278 44.0 162 456 116 41.9

Tumor 0.11
Recurrent 209 331 108 304 101 36.5

Variant Histology 0.6
Yes 27 4.3 14 4.0 13 4.7

Tumor Size>3 cm 0.7
Yes 312 52.7 179 53.3 133 52.0

LVI 0.7
Yes 7 11 3 0.9 4 15

Concomitant CIS 0.07
Yes 202 32.0 103 29.0 99 35.7

Focality 0.052
Multiple 312 49.6 163 46.2 149 54.0

Prior BCG 0.4
Yes 51 8.1 26 7.3 25 9.0

Peri-operative Intravesical Chemotherapy 0.5
Yes 79 12.8 47 135 32 11.9

Restaging TUR 0.013
Yes 391 62.0 235 66.2 156 56.5

TURBT: Transurethral resection of bladder; LVI: Lymphovascular invasion, CIS: carcinoma in situ. BCG: Bacillus Calmette-Guerin
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Univariate and Multivariate Fine-Gray regression model for HG recurrence and progression to MIBC or
metastatic disease.

High-Grade Recurrence

Progression to MIBC or Metastatic Disease

Univariate Multivariate Univariate Multivariate
Characteristic SHR | 95%CI - SHR | 95%CI - SHR | 95%CI - SHR | 95%CI -
value value value value
Age at diagnosis
Age<70 1.00 1.00 1.00 1.00
Age>70 1.07 0.78- 0.7 1.05 0.77- 0.7 1.75 1.01- 0.047 | 157 0.87- 0.13
1.45 1.44 3.04 2.81
BMI 1.01 0.98- 0.6 0.94 0.91- 0.001 | 0.94 0.91- 0.002
1.03 0.97 0.98
Gender
Male 1.00 1.00
Female 1.19 0.82— 0.3 0.82 0.40- 0.6
1.73 1.69
Smoker
Never 1.00 1.00 1.00
Current/Past 0.79 0.58- 0.15 0.77 0.56— 0.12 0.94 0.52— 0.8
1.09 1.07 1.68
Grade
Low 1.00 1.00 1.00 1.00
High 8.26 2.02- 0.003 13.49 1.86— 0.01 4.88 0.68- 0.11 3.36 0.45- 0.23
33.77 97.78 34.99 24.96
Stage of entry
TURBT
Ta 1.00 1.00 1.00 1.00
Tis 2.32 1.36- 0.002 1.64 0.89- 0.11 1.94 0.63— 0.24 1.49 0.45- 0.5
3.97 3.02 5.91 4.94
T1 1.89 1.35- <0.001 1.92 1.34- <0.001 2.38 1.29- 0.005 2.94 1.51- 0.001
2.66 2.75 4.39 5.72
Tumor
Primary 1.00 1.00 1.00 1.00
Recurrent 1.32 0.96— 0.08 1.73 1.23- 0.001 1.58 0.99- 0.1 2.40 1.34- 0.003
1.82 243 2.74 4.30
Variant
Histology
No 1.00 1.00 1.00
Yes 0.51 0.20- 0.15 0.50 0.19- 0.16 1.06 0.25- 0.9
1.29 1.31 441
Size>3 cm
No 1.00 1.00
Yes 1.09 0.79- 0.6 0.77 0.43- 0.4
1.51 1.39
LVI
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High-Grade Recurrence

Progression to MIBC or Metastatic Disease

Univariate Multivariate Univariate Multivariate
Characteristic SHR | 95%CI - SHR | 95%CI - SHR | 95%CI - SHR | 95%CI -
value value value value
No 1.00 1.00 1.00
Yes 1.60 0.58- 0.4 4.32 0.91- 0.065 | 4.06 0.84— 0.08
4.47 19.65 19.67
CISinentry
tumor
No 1.00 1.00 1.00 1.00
Yes 1.52 1.11- 0.008 1.19 0.83- 0.3 1.39 0.80- 0.24 1.03 0.55— 0.9
2.08 171 243 1.93
Focality
Single 1.00 1.00 1.00 1.00
Multiple 1.32 0.96- 0.08 1.19 0.86- 0.3 141 0.81- 0.23 1.28 0.69— 0.4
1.80 1.65 2.45 2.37
Peri-operative
Intravesical
Chemotherapy
No 1.00 1.00
Yes 0.95 0.58- 0.8 0.87 0.36— 0.8
1.54 2.09

MIBC: Muscle-invasive bladder cancer; SHR: Sub-standardized Hazard ratio; Cl: confident interval; BMI: Body-mass index; TURBT:

Transurethral resection of the bladder; LVI: Lymphovascular invasion, CIS: carcinoma in situ.
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