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Abstract

Purpose To assess the association of patient age with response to preoperative chemotherapy in patients with muscle-invasive
bladder cancer (MIBC).

Materials and methods We analyzed data from 1105 patients with MIBC. Patients age was evaluated as continuous variable
and stratified in quartiles. Pathologic objective response (pOR; ypT0-Ta-Tis-T1NO) and pathologic complete response (pCR;
ypTONO), as well survival outcomes were assessed. We used data of 395 patients from The Cancer Genome Atlas (TCGA)
to investigate the prevalence of TCGA molecular subtypes and DNA damage repair (DDR) gene alterations according to
patient age.

Results pOR was achieved in 40% of patients. There was no difference in distribution of pOR or pCR between age quartiles.
On univariable logistic regression analysis, patient age was not associated with pOR or pCR when evaluated as continuous
variables or stratified in quartiles (all p > 0.3). Median follow-up was 18 months (IQR 6-37). On Cox regression and com-
peting risk regression analyses, age was not associated with survival outcomes (all p >0.05). In the TCGA cohort, patient
with age <60 years has 7% less DDR gene mutations (p =0.59). We found higher age distribution in patients with luminal
(»<0.001) and luminal infiltrated (p =0.002) compared to those with luminal papillary subtype.

Conclusions While younger patients may have less mutational tumor burden, our analysis failed to show an association of
age with response to preoperative chemotherapy or survival outcomes. Therefore, the use of preoperative chemotherapy
should be considered regardless of patient age.

Keywords Bladder cancer - Chemotherapy - Age - Response

Introduction

Neoadjuvant chemotherapy (NAC) followed by radical cys-
tectomy (RC) and pelvic lymphadenectomy is the standard
of care for muscle invasive bladder cancer (MIBC) [1].
While NAC has shown to improve survival [2—4], not
every patient will respond to this preoperative therapy [5].
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Identification of patients who are unlikely to respond
to NAC is of paramount importance for clinical decision
making and patient counseling to avoid overtreatment
and minimize unnecessary adverse events. This is specifi-
cally true for bladder cancer (BC) patients as they have,
in general, various comorbidities and are often frail [6,
7]. While several factors, such as clinical tumor stage,
histological variants, patient sex, exposure to carcino-
gens and tumor mutational burden haven been linked to
the response to NAC [5, 8—15], only little is known about
the association of age with response to and survival after
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NAC and RC. A recent analysis of The Cancer Genome
Atlas (TCGA) showed an age-related distribution of total
mutational burden, neoantigen load, molecular subtypes
and intra-tumoral immune signaling in MIBC [16]. Based
on these findings, we hypothesize that there might be an
age-dependent response to preoperative chemotherapy.

To address this question, we analyzed the data origi-
nating from a multicenter cooperation on preoperative
chemotherapy in RC.

Materials and methods
Patient selection and intervention

We retrospectively reviewed our multicenter database of
1543 patients treated with preoperative chemotherapy fol-
lowed by RC and lymphadenectomy between 2000 and
2013.

Patients who received less than 2 cycles of preoperative
chemotherapy (n=151), those with unknown clinical stage
(n=24), those with unknown pathological stage (n=153)
and those who did not receive cisplatin-based combination
chemotherapy (n=210) were removed, leaving 1105 patients
for final analyses (supplementary figure S1). No patient had
clinically distant metastases on preoperative imaging.

Preoperative chemotherapy regimens consisted of meth-
otrexate, vinblastine, doxorubicin, and cisplatin (MVAC),
dose dense MVAC (ddMVAC) or gemcitabine and cisplatin
(GemCis). The chemotherapy regimen and number of cycles
were administered at clinician discretion and according to
institutional standards.

All RC procedures were performed by an open technique.
The decision for the type of urinary diversion was based
on disease characteristics, patient wishes and performance
status. All surgical specimens were processed according to
standard pathologic procedures and staged according to the
TNM classification.

Outcome measurement

Primary outcome of the study was pathologic objective
response (pOR), defined as ypTO-Ta-Tis-T1NO. Secondary
outcomes of the study were pathologic complete response
(pCR), defined as ypTONO, overall survival (OS) and cancer-
specific survival (CSS).

Time-to-event was calculated from the administration of
the first chemotherapy cycle until the last follow-up. Cause
of death was recorded through patient chart review or death
certificates [17]. We evaluated age as continuous variable
and stratified the population based on age quartiles.
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Age and molecular landscape

We used data from 395 TCGA patients [18] to investi-
gate the prevalence of TCGA molecular subtypes (luminal
papillary, luminal infiltrated, luminal, basal squamous and
neuronal) and DNA damage repair (DDR) gene alterations
according to patient age. We selected ERCC2, RB1, ATM,
FANCC ATR, BRCA1, BRCA2, ERCCS, RADSIC, and
REQLC4 as key DDR genes based on prior reports and
current ongoing prospective trials [14, 19, 20].

Statistical analyses

We compared the distribution of clinicopathologic features
between age groups using the chi-square test for categori-
cal variables and the Mann—Whitney-U test for continuous
variables. We evaluated the association of patient age with
pathologic response using univariable and multivariable
logistic regression modeling. Due to the even distribution
of the data between groups, adjustments using, i.e., pro-
pensity score were not applied.

We used two different approaches for the time-to-
event analysis. First, we used the Cox regression analysis
to investigate the association of age with OS and CSS.
Survival functions were plotted using the Kaplan—Maier
estimates. Second, we estimated the marginal probability
of death from BC using competing risk analysis where
death of other cause was considered the competing event.
The proportional hazard was modeled using the Fine and
Gray function.

We investigated the validity of the survival model
testing the proportional hazard assumption and visually
assessed the functional form of the association of age with
cancer-specific death using the plot of Martingale residu-
als from a null Cox model against age.

Due to the exploratory character of the study, statisti-
cal significance was considered at p <0.05, but not in a
confirmatory manner. Therefore, no adjustment for multi-
plicity was performed. Statistical analyses were performed
with R (The R Project, Vienna, Austria).

Results

Overall, 437 (40%) patients had a pOR and 234 (21%)
had pCR. There was no difference in clinicopathologic
features, distribution in pOR or pCR between age quartiles
(Table 1).

For the primary endpoint, on univariable logistic
regression analysis, patient age was not associated with
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Table 1 Clinicopathologic features of 1,105 patients treated with neoadjuvant chemotherapy followed by radical cystectomy and lymphadenec-
tomy for muscle-invasive bladder cancer, stratified by age quartiles

Variable Overall, N = 1105* 27-57, N = 280* 58-64, N = 288* 65-71, N =290* 72-87, N = 247* p-value®
Sex >0.9
Female 258 (23%) 63 (22%) 70 (24%) 70 (24%) 55 (22%)
Male 847 (77%) 217 (78%) 218 (76%) 220 (76%) 192 (78%)
cT stage >0.9
cT2 680 (62%) 170 (61%) 178 (62%) 180 (62%) 152 (62%)
cT3 299 (27%) 75 (27%) 78 (27%) 80 (28%) 66 (27%)
cT4 126 (11%) 35 (12%) 32 (11%) 30 (10%) 29 (12%)
NAC regimen 0.11
ddMVAC 139 (13%) 35 (12%) 45 (16%) 36 (12%) 23 (9.3%)
GEM-CIS 813 (74%) 195 (70%) 206 (72%) 220 (76%) 192 (78%)
MVAC 153 (14%) 50 (18%) 37 (13%) 34 (12%) 32 (13%)
NAC cycles 0.11
2-4 1,028 (93%) 267 (95%) 260 (90%) 272 (94%) 229 (93%)
5 or more 77 (7.0%) 13 (4.6%) 28 (9.7%) 18 (6.2%) 18 (7.3%)
ypT stage 0.6
ypTO 251 (23%) 67 (24%) 63 (22%) 62 (21%) 59 (24%)
ypT1-Ta-Tis 226 (20%) 49 (18%) 72 (25%) 61 (21%) 44 (18%)
ypT2 203 (18%) 53 (19%) 45 (16%) 57 (20%) 48 (19%)
ypT3-T4 425 (38%) 111 (40%) 108 (38%) 110 (38%) 96 (39%)
ypN stage 0.9
ypNO 818 (74%) 213 (76%) 213 (74%) 212 (73%) 180 (73%)
ypN1 103 (9.3%) 24 (8.6%) 26 (9.0%) 27 (9.3%) 26 (11%)
ypN2 153 (14%) 37 (13%) 37 (13%) 43 (15%) 36 (15%)
ypN3 31 (2.8%) 6 (2.1%) 12 (4.2%) 8 (2.8%) 52.0%)
Variant histology 99 (9.0%) 25 (8.9%) 21 (7.3%) 28 (9.7%) 25 (10%) 0.7
Lymph nodes removed 19 (12, 28) 19 (13, 28) 18 (11, 28) 19 (13, 28) 19 (12, 27) 0.6
STSM >0.9
Negative 918 (83%) 233 (83%) 240 (83%) 241 (83%) 204 (83%)
Positive 81 (7.3%) 21 (7.5%) 22 (7.6%) 20 (6.9%) 18 (7.3%)
Not evaluable 106 (9.6%) 26 (9.3%) 26 (9.0%) 29 (10%) 25 (10%)
pOR 437 (40%) 112 (40%) 124 (43%) 110 (38%) 91 (37%) 0.5
pCR 234 21%) 65 (23%) 60 (21%) 57 (20%) 52 21%) 0.8

MVAC: methotrexate, vinblastine, doxorubicin, cisplatin; ddMVAC: dose dense methotrexate, vinblastine, doxorubicin, cisplatin, GEM-CIS:
gemcitabine—cisplatin; STSM: soft tissue surgical margin; pOR: pathologic objective response; pCR: pathologic complete response

“Median (IQR) or Frequency (%)
YPearson’s Chi-squared test; Kruskal-Wallis rank sum test

pOR (OR 1.00; 95% CI 0.99-1.01; p=0.7), pCR (OR
1.00; 95% CI 0.99-1.02; p=0.9) when evaluated as con-
tinuous variable. When the cohort was divided in quartiles,
there was no association of patients age with outcomes (all
p> 0.5, supplementary Table S1).

Overall, 139 patients had insufficient follow-up, leaving
966 patients for survival analyses.

During a median follow-up for alive patients of 18 months
(IQR 6-37), 303 (31%) died of any cause and 250 (21%) died
of BC. On Cox regression analysis, age evaluated as continu-
ous variable or stratified in quartiles was not associated with

CSS or OS (all p>0.2). Similarly, on competing risk regres-
sion analysis age was not associated with cancer-specific
death (all p>0.052) (Fig. 1 and Table 2). The proportional
hazard assumption was not violated (p =0.72), confirming
the validity of the model (Supplementary Figure S2a). The
Martingale residuals plot did not show an association of age
with cancer-specific death (Supplementary Figure S2b).

In a subgroup analysis of patients with pOR, age evalu-
ated as continuous variable or stratified in quartiles was not
associated with CSS, OS or cancer-specific death (Supple-
mentary table S2).
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Fig. 1 Survival function estimating the cancer-specific mortality (A) and overall mortality (B) in 966 patients treated with preoperative chemo-
therapy and radical cystectomy for muscle-invasive bladder cancer, stratified by age

Table 2 Survival analyses

. L L Overall survival
investigating the association

Cancer-specific survival Fine and Gray model

of age with cancer-specific HR  95%CI p-value HR  95% CI p-value HR  95%CI p-value

survival (CSS), overall survival

(OS) and death from bladder Age (years) 1.00 0.98,1.01 0.6 099 098,1.00 0.11 0.99 0.97-1.00 0.052

cancer in 966 patients treated Age groups

with preoperative chemotherapy 2757 _ _ _ _ _ _

followed by radical cystectomy

and lymphadenectomy 58-64 0.89 0.66, 1.21 0.5 085 0.61,1.19 0.3 0.83 0.59-1.16 0.27
65-71 0.82 0.60, 1.11 0.2 080 0.57,1.12 0.2 0.80 0.58-1.12 0.20
72-87 1.01 0.74,1.40 >0.9 0.88 0.62,1.26 0.5 0.81 0.57-1.15 0.25

HR: Hazard Ratio; CI: Confidence Interval
Analyzing the TCGA cohort, we found that 35%, 42%, Discussion

42% and 43% of patients aged 34-60, 61-69, 70-76 and
77-90 years had at least one mutation in the selected DDR
gene panel, respectively (Fig. 2A, p=0.59). When age was
analyzed as a continuous variable, we found an association
of ERCC2 mutations with older age (Fig. 2B). There was
no difference in the distribution of age according to overall
gene mutation (Fig. 2C, p =0.13) Finally, we found older age
distribution in patients with luminal (p <0.001) and luminal
infiltrated (p=0.002) compared to those with luminal papillary
molecular subtype (Fig. 2D).

@ Springer

We investigated the association of patient age with patho-
logic response and survival after preoperative chemother-
apy using a large multicenter cohort and found no associa-
tion of age evaluated as continuous variable or stratified in
quartiles. Moreover, we found no association of age with
CSS, OS or cancer-specific death.

The risk of BC incidence increases with age [21]. This is
attributed to several factors including cumulative exposure
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Fig.2 A Prevalence of selected DNA damage repair (DDR) gene
mutations in 395 patients with muscle-invasive bladder cancer strati-
fied by age quartiles. B Distribution of selected DDR gene muta-
tions according to age. C Distribution of selected DDR gene muta-

to carcinogens and increasing genetic mutations [22-24].
It has been postulated that the evolving mutational burden
of MIBC could have an influence on response to systemic
therapy [16]. While several genetic and pathologic fea-
tures have been associated with response to preoperative
chemotherapy [12, 14, 25-27], current literature shows
controversial results regarding the role of age [28]. The
evidence provided by large population-based cancer reg-
istry studies is often missing analyses investigating the
association of age with therapy response and survival in
patients treated with preoperative chemotherapy and RC
[29, 30], and meta-analyses of randomized controlled tri-
als showed that only the minority of patients treated with
RC and preoperative chemotherapy are > 65 years [2, 3].

11He

Basal squamous  Luminal

90~
| 40-

Ref: Luminal papillary
p<0.001 vs Luminal

p=0.06 vs Basal squamous
p=0.002 vs Luminal infiltrated
p=0.99 vs Neuronal

Luminal ‘nfiltrated Luminal ‘papillary  Neuronal

tions according to age. D Distribution of mRNA cluster molecular
subtypes according to age. Data extracted from The Cancer Genome
Atlas [18]. WT: wild type; MT: mutated

The randomized SWOG-8710 trial compared the effect of
NAC plus RC with RC alone in patients with MIBC [4]. The
investigators performed subgroup analyses based on patient
age using the median age of 64 years as the cut-off. They
reported a median OS in patients < 64 years of 104 months
compared to 61 months in patients > 64 years (p =0.05).
In SWOG-8710, the association of pathologic response
rates with age was not investigated. Pathologic response to
chemotherapy is a generally accepted surrogate marker for
survival in a trial level and could be influenced by patient
age. In an analysis of 189 patients originating from the Ret-
rospective International Study of Cancers of the Urothelial
Tract (RISC), authors found an association between path-
ologic downstaging and response to chemotherapy with
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improved survival in MIBC. Authors performed an external
validation of these finds in 2010 patients originating from
the National Cancer Database (NCDB) [31]. In this report,
age was included as continuous variable in the multivariable
analysis and was significantly associated with outcomes in
the NCDB cohort but not in the RISC cohort. In a multi-
center retrospective study of 640 patients, authors aimed to
identify prognostic features for cancer-specific death after
NAC. While age was significantly associated with cancer-
specific death on univariable Cox analysis, this association
disappeared in the multivariable analysis and was, therefore,
not included in the prognostic model [32]. Similarly, single-
center series reported no difference in pathologic response or
survival between younger and older patients [33, 34].

When interpreting these results, one could assume that
the statistical non-significant association of age with out-
comes is because retrospective studies are underpowered
and prospective trials are not powered for the secondary
endpoints. This can partially explain our findings that failed
to show an association of age with oncologic outcomes.
Indeed, the number of patients included in our study was
probably too small to detect a significant difference between
cohorts. Corroboration of these finding in a larger cohort
could shed light on this.

Moreover, it should also be considered that the associa-
tion of age with oncologic outcomes in MIBC is not only
dependent on the biology of the disease itself, but also on
barriers to access health care and sub-optimal treatment in
older patients. Indeed, these patients may tend to receive less
aggressive surgeries and sub-therapeutic dosing of systemic
therapies [28, 29, 35-39]. Moreover, it has been shown that
patients included in clinical trials only marginally reflect
the real-world scenario. Indeed, only 15% of clinical trials
could feasibly be replicated using currently available real-
world data sources [40]. With this study, we complement the
literature to help inform clinical practice, regarding patient
selection and counseling.

The mutational landscape of UCB has been a particular
focus of recent research. An analysis of the TGCA project
has shown an association of somatic mutation rate with age
in patients with MIBC [16]. This generates the hypothesis
that there might be an age-dependent response to preopera-
tive chemotherapy. We corroborated these findings with a
granular analysis of the TCGA project investigating a panel
of established DRR genes and molecular subtypes and their
association with age. Younger patients had less DDR gene
mutations while older patients had more luminal and luminal
infiltrated molecular subtypes. Moreover, we found a signifi-
cantly different distribution of age in patients with ERCC2
mutation. Molecular subtypes have been associated with
response to preoperative chemotherapy and survival. Spe-
cifically, luminal infiltrated tumors showed lower response
rates and survival while luminal papillary showed better

@ Springer

survival rates, regardless of preoperative chemotherapy [25].
However, these findings need further exploration in well-
designed prospective clinical trials.

Despite all its strengths, our study is not devoid of
limitations which are mainly inherent in its retrospective
design. We had no information on smoking status, exposure
to chemical compounds and renal function. Therefore, we
could not adjust our analyses for the effect of these vari-
ables. We could not adjust for the effects of complications
that occurred during preoperative chemotherapy resulting in
subsequent dose reduction or sub-therapeutic dosing. There
was no central pathological review of the specimens. The
preoperative staging was not standardized and we had no
information on preoperative comorbidities assessed by a
validated score. Moreover, variability in standard practices,
quality of surgery, frequency of surveillance imaging, sar-
copenia and nutritional status in the elderly [41], as well as
other selection biases and other not measurable confounders,
may have influenced our results.

Development and identification of predictive and prog-
nostic tools based on clinical variables and molecular bio-
markers is essential for accurate identification of patients
who are more likely to benefit from preoperative chemother-
apy. In our analysis, we failed to prove an association of age
with response to preoperative chemotherapy and survival in
patients treated with RC. Our findings support the admin-
istration of preoperative chemotherapy, in patients who can
tolerate it, regardless of their age. This hypothesis should be
further investigated in prospective clinical trials and large,
comparative retrospective cohorts.

Conclusion

This study found that age is not associated with response to
preoperative chemotherapy. Therefore, it should be offered
to patients regardless of age but rather based on their overall
performance status and underlying renal function. While the
TCGA analysis showed that younger patients may have less
mutational tumor burden, this factor may not translate into
response to preoperative chemotherapy and further research
is needing into the impact of genetic factors and response to
systemic therapy.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00345-021-03793-4.
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