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Abstract

Background
The prognostic impact of time to recurrence (TTR) after radical cystectomy (RC) remains incompletely
understood. We evaluated the association between TTR and post-recurrence survival (PRS) in patients
with muscle-invasive bladder cancer using restricted cubic spline (RCS) analysis.

Methods
We retrospectively analyzed 299 patients who developed recurrence after RC between 2005 and 2022
across 10 institutions. TTR was modeled as a continuous variable using multivariable Cox regression
with RCS functions. Receiver operating characteristic analyses were additionally performed to explore
cutoff values.

Results
Median TTR was 7.8 months, and 123 patients (41.1%) developed recurrence within 6 months after RC.
RCS analysis demonstrated a nonlinear association between TTR and PRS (overall p = 0.019; nonlinear p 
= 0.016). Mortality risk increased steeply among patients recurring within the first several postoperative
months. TTR was not significantly associated with mortality when modeled linearly (hazard ratio 0.99
per month, p = 0.211). ROC analyses identified cutoff values of approximately 6 months. Patients with
recurrence within 6 months had significantly worse PRS, and early recurrence remained independently
associated with worse survival in multivariable analysis (hazard ratio 1.50, p = 0.015). Limitations include
the retrospective design and lack of external validation.

Conclusions
The prognostic impact of recurrence timing after RC was concentrated within the earliest postoperative
months. Recurrence within 6 months after RC was independently associated with poor PRS and may
identify patients with biologically aggressive disease.

Advancing Practice
• Time to recurrence after radical cystectomy showed a nonlinear association with post-recurrence
survival.

• Excess mortality risk was concentrated within the first several postoperative months rather than
changing linearly over time.
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• Recurrence within 6 months after surgery identified a subgroup with particularly poor post-recurrence
survival.

• Restricted cubic spline analysis may provide a more clinically informative assessment of recurrence
timing than conventional categorical approaches.

Patient Summary
We studied patients whose bladder cancer recurred after bladder removal surgery. Patients who
developed recurrence within 6 months had poorer survival after recurrence than those recurring later.
Early recurrence may indicate biologically aggressive disease.

Introduction
Bladder cancer is the ninth most commonly diagnosed malignancy worldwide, and approximately 25–
30% of patients present with muscle-invasive disease (MIBC) [1]. Radical cystectomy (RC) with pelvic
lymph node dissection remains the standard treatment for localized MIBC, often combined with
perioperative systemic therapy [2, 3]. Despite these approaches, recurrence after RC remains common
and is the major cause of cancer-related mortality [4, 5]. Most recurrences develop within the first 2
years after surgery [5, 6].

Several studies have suggested that shorter time to recurrence (TTR) after RC is associated with worse
post-recurrence survival (PRS) [6–10]. Stewart-Merrill et al. reported particularly poor survival among
patients recurring within 6 months after RC [7], while other groups incorporated recurrence timing into
post-recurrence risk models [8, 9]. These findings suggest that early recurrence may reflect aggressive
disease biology.

Most previous studies, however, categorized TTR using arbitrary intervals such as 6 or 12 months. This
approach may oversimplify the relationship between recurrence timing and prognosis, particularly if the
effect of TTR is nonlinear across time.

In the present study, we evaluated the association between TTR and PRS in patients with recurrence
after RC using restricted cubic spline (RCS) analysis in a multicenter Japanese cohort.

Patients and Methods
Study population and variables

This retrospective multicenter study utilized the Michinoku Urological Cancer database, including
patients who underwent RC for bladder cancer across 10 institutions in eastern Japan between 2005
and 2022. Patients who developed recurrence after RC for MIBC were included. Patients with pure non-
urothelial carcinoma, metastatic disease at surgery, or missing essential survival data were excluded. Of
313 patients with recurrence, 299 with complete data were included in multivariable analyses (Fig. 1).
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TTR was defined as the interval from RC to radiologically or pathologically confirmed recurrence. PRS
was defined as the interval from recurrence to death from any cause or last follow-up. Survival analyses
were anchored at the date of recurrence to minimize immortal time bias.

Clinicopathological variables included age, sex, body mass index (BMI), Eastern Cooperative Oncology
Group performance status (ECOG PS), serum albumin, estimated glomerular filtration rate (eGFR),
hydroureteronephrosis, pathological stage, lymphovascular invasion, lymph node status, histology,
perioperative treatment, treatment era, and recurrence pattern. Treatment era was categorized into three
periods reflecting major therapeutic changes in advanced urothelial carcinoma management, including
the introduction of pembrolizumab and enfortumab vedotin.

The study was approved by the institutional review boards of all participating institutions and conducted
in accordance with the Declaration of Helsinki. The requirement for informed consent was waived
because of the retrospective study design.

Statistical analysis
Continuous variables were summarized as median and interquartile range (IQR), and categorical
variables as counts and percentages. Comparisons between groups were performed using the Mann–
Whitney U test or Fisher’s exact test.

The association between TTR and PRS was evaluated using Cox proportional hazards models. TTR was
modeled as a continuous variable using RCS functions with four knots placed at Harrell’s recommended
percentiles [11]. Multivariable analyses were adjusted for clinicopathological variables. Model fit was
compared between linear and spline models using likelihood ratio tests.

For exploratory analyses, patients were categorized according to TTR (≤ 6 months vs > 6 months).
Receiver operating characteristic analyses were performed using fixed-time ROC methods for 1- and 2-
year mortality after recurrence.

All analyses were conducted using R software version 4.5.1 (R Foundation for Statistical Computing,
Vienna, Austria). A two-sided p value < 0.05 was considered statistically significant.

Results
Patient characteristics

Among 299 patients included in the analyses, median age was 70 years (IQR 64–75), and 72% were male
(Table 1). Median TTR was 7.8 months (IQR 4.0–15.7), and median follow-up after recurrence was 24.1
months (IQR 12.2–47.2). Pathological lymph node positivity was observed in 40% of patients, while
lymphatic and venous invasion were present in 53% and 52%, respectively.
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Table 1
Baseline patient characteristics

Characteristics     All patients

(N = 299)

Age (years)      

  Median [IQR]   70 [64, 75]

Sex      

  Male, N (%)   215 (72)

  Female, N (%)   84 (28)

ECOG PS      

  0, N (%)   266 (89)

  1, N (%)   24 (8)

  ≧ 2, N (%)   9 (3)

BMI (kg/m2)      

  Median [IQR], kg/m2   22.8 [20.5, 24.8]

eGFR (mL/min/1.73m2)      

  Median [IQR], mL/min/1.73m2   60.2 [47.8, 75.4]

Albumin (g/dL)      

  Median [IQR], g/dL   3.9 [3.6, 4.2]

Hydroureteronephrosis      

  N (%)   106 (36)

Clinical T stage      

  cT2, N (%)   112 (38)

  cT3, N (%)   142 (47)

  cT4, N (%)   45 (15)

Clinical N stage      

Data are presented as median [interquartile range] or N (%).

Treatment era was categorized into three periods reflecting major therapeutic changes in the
management of advanced urothelial carcinoma: Era 1 (until March 2018); Era 2 (April 2018 to August
2021; after the introduction of robot-assisted radical cystectomy and pembrolizumab); and Era 3
(September 2021 onward; after the introduction of enfortumab vedotin).

Page 6/16



Characteristics     All patients

(N = 299)

  cN0, N (%)   222 (74)

  cN1, N (%)   46 (15)

  cN2, N (%)   23 (8)

  cN3, N (%)   8 (3)

Pathological T stage      

  pT0, N (%)   3 (1)

  pT1, N (%)   3 (1)

  pT2, N (%)   15 (5)

  pT3, N (%)   38 (13)

  pT4, N (%)   11 (4)

  pTis, N (%)   2 (1)

  ypT0, N (%)   22 (7)

  ypTa, N (%)   3 (1)

  ypT1, N (%)   10 (3)

  ypT2, N (%)   47 (16)

  ypT3, N (%)   95 (32)

  ypT4, N (%)   43 (14)

  ypTis, N (%)   7 (2)

Pathological N stage      

  pN0, N (%)   178 (60)

  pN1, N (%)   64 (21)

  pN2, N (%)   44 (15)

  pN3, N (%)   13 (4)

Data are presented as median [interquartile range] or N (%).

Treatment era was categorized into three periods reflecting major therapeutic changes in the
management of advanced urothelial carcinoma: Era 1 (until March 2018); Era 2 (April 2018 to August
2021; after the introduction of robot-assisted radical cystectomy and pembrolizumab); and Era 3
(September 2021 onward; after the introduction of enfortumab vedotin).
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Characteristics     All patients

(N = 299)

Lymphatic invasion      

  ly0, N (%)   142 (47)

  ly1, N (%)   157 (53)

Venous invasion      

  v0, N (%)   145 (48)

  v1, N (%)   154 (52)

Histological Type      

  Pure UC, N (%)   247 (83)

  UC with DD, N (%)   45 (15)

  Other, N (%)   7 (2)

Neoadjuvant      

  None, N (%)   72 (24)

  Yes, N (%)   227 (76)

Adjuvant      

  None, N (%)   240 (80)

  Yes, N (%)   59 (20)

Follow-up period      

  median [IQR], months   24.1 [12.2, 47.2]

Clinical outcome at final      

  Survival after recurrence, N (%)   114 (38)

  Cancer specific death, N (%)   175 (59)

  Other-cause mortality, N (%)   10 (3)

Time to recurrence      

Data are presented as median [interquartile range] or N (%).

Treatment era was categorized into three periods reflecting major therapeutic changes in the
management of advanced urothelial carcinoma: Era 1 (until March 2018); Era 2 (April 2018 to August
2021; after the introduction of robot-assisted radical cystectomy and pembrolizumab); and Era 3
(September 2021 onward; after the introduction of enfortumab vedotin).
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Characteristics     All patients

(N = 299)

  median [IQR], months   7.8 [4.0, 15.7]

Treatment era      

  Era 1 (pre-ICI), N (%)   185 (62)

  Era 2 (ICI era), N (%)   73 (24)

  Era 3 (EV era), N (%)   41 (14)

Data are presented as median [interquartile range] or N (%).

Treatment era was categorized into three periods reflecting major therapeutic changes in the
management of advanced urothelial carcinoma: Era 1 (until March 2018); Era 2 (April 2018 to August
2021; after the introduction of robot-assisted radical cystectomy and pembrolizumab); and Era 3
(September 2021 onward; after the introduction of enfortumab vedotin).

Abbreviations: BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group performance
status; eGFR, estimated glomerular filtration rate; UC, urothelial carcinoma; DD, divergent differentiation;
IQR, interquartile range.

Association between continuous TTR and PRS

Among the 299 patients, 123 (41.1%) experienced recurrence within 6 months after RC (Fig. 2A). RCS
analysis demonstrated a nonlinear association between TTR and PRS (overall p = 0.019; nonlinear p = 
0.016) (Fig. 2B). Mortality risk increased steeply among patients recurring within the first several
postoperative months and gradually plateaued thereafter.

In contrast, TTR was not significantly associated with mortality when modeled linearly (hazard ratio [HR]
0.99 per month, 95% confidence interval [CI] 0.98–1.00; p = 0.211; Supplementary Table 1). The spline
model showed better fit than the linear model (likelihood ratio test p = 0.019; Supplementary Table 2).

Higher albumin level, treatment during the enfortumab vedotin era, and recurrence confined to lymph
nodes were independently associated with improved PRS in multivariable spline analysis
(Supplementary Table 5).

Six-month cutoff analysis

Fixed-time ROC analyses identified cutoff values of 5.5 months for 1-year mortality and 5.8 months for 2-
year mortality (Supplementary Fig. 1). Based on these findings and spline curve morphology, 6 months
was selected for exploratory analyses.

Patients with recurrence within 6 months had significantly worse PRS than those recurring later (log-rank
p = 0.029) (Fig. 3). Median PRS was 12.9 months in the ≤ 6 months group and 19.5 months in the > 6
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months group. In multivariable analysis, recurrence within 6 months remained independently associated
with worse survival (HR 1.50, 95% CI 1.08–2.08; p = 0.015) (Table 2).

Table 2
Multivariable Cox model for post-recurrence survival including TTR group (≤ 6 vs > 6 months)

Variable Adjusted HR 95% CI P value

TTR ≤ 6 months (vs > 6 months) 1.50 1.08–2.08 0.015

Age (per year) 1.00 0.99–1.03 0.385

BMI (per kg/m²) 0.97 0.93–1.02 0.199

Sex (male vs female) 1.14 0.79–1.62 0.478

ECOG PS 1 (vs 0) 1.06 0.59–1.90 0.845

ECOG PS 2 (vs 0) 0.57 0.19–1.66 0.304

Albumin (per g/dL) 0.58 0.41–0.81 0.001

eGFR (per mL/min/1.73 m²) 0.99 0.99–1.00 0.108

Hydroureteronephrosis (yes vs no) 0.56 0.38–0.82 0.003

Histology: Pure UC vs UC with DD or Other 0.96 0.64–1.45 0.859

Neoadjuvant chemotherapy 0.95 0.63–1.41 0.787

Adjuvant therapy 1.16 0.78–1.74 0.459

Advanced pathological stage (≥ pT3 or ypT2–4) 0.93 0.61–1.44 0.760

Lymphatic invasion (positive vs negative) 1.21 0.82–1.76 0.329

Venous invasion (positive vs negative) 1.13 0.77–1.65 0.539

Lymph node positive 1.12 0.79–1.59 0.514

Treatment era 2 vs 1 0.79 0.53–1.17 0.234

Treatment era 3 vs 1 0.47 0.25–0.87 0.016

Recurrence confined to lymph nodes 0.53 0.37–0.77 < 0.001

Adjusted hazard ratios were estimated using multivariable Cox proportional hazards models.

Abbreviations: TTR, time to recurrence; BMI, body mass index; ECOG PS, Eastern Cooperative
Oncology Group performance status; eGFR, estimated glomerular filtration rate; UC, urothelial
carcinoma; DD, divergent differentiation; HR, hazard ratio; CI, confidence interval.

The early recurrence group showed higher rates of lymph node positivity and venous invasion, whereas
recurrence site distribution did not significantly differ between groups (Supplementary Tables 3 and 4).
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Discussion
In this multicenter cohort of patients with recurrence after RC for MIBC, we found that the association
between TTR and PRS was nonlinear. Mortality risk was highest among patients recurring within the first
several postoperative months and gradually plateaued thereafter. By contrast, linear modeling did not
demonstrate a significant association between TTR and survival.

Previous studies have shown worse outcomes in patients with shorter TTR after RC [6–10]. Stewart-
Merrill et al. reported particularly poor survival among patients recurring within 6 months after surgery
[7]. Our findings are consistent with these observations while additionally suggesting that the prognostic
impact of recurrence timing is concentrated within an early postoperative period rather than changing
linearly over time.

Very early recurrence after RC likely reflects occult metastatic disease already present at the time of
surgery. In the present cohort, early recurrence was associated with higher rates of lymph node positivity
and venous invasion, both established adverse pathological features [12, 13]. However, these
pathological factors were not independently associated with PRS in multivariable analyses, suggesting
that TTR may partly capture aggressive disease biology not fully reflected by conventional
clinicopathological variables.

Using ROC analyses and spline curve morphology, we selected 6 months as a clinically relevant cutoff
for exploratory analyses. Patients recurring within 6 months had significantly worse PRS, and early
recurrence remained independently associated with mortality after multivariable adjustment. Although
the discriminatory performance of TTR alone was modest, recurrence timing may still provide useful
prognostic information when interpreted together with other clinicopathological factors.

Higher albumin level was independently associated with improved PRS, consistent with previous reports
demonstrating the prognostic value of nutritional and inflammatory markers in urothelial carcinoma [14].
Treatment during the enfortumab vedotin era was also associated with improved survival, reflecting
recent advances in systemic therapy for advanced urothelial carcinoma [15–18].

Recurrence confined to lymph nodes was associated with improved survival. Previous studies have
similarly shown better outcomes in patients without visceral metastases [9]. In the present cohort,
recurrence site distribution was comparable between early and late recurrence groups, suggesting that
recurrence timing and metastatic pattern may represent different aspects of tumor biology.

Several limitations should be acknowledged. First, this was a retrospective study and unmeasured
confounding cannot be excluded. Second, surveillance protocols differed across institutions. Third, the 6
months cutoff was exploratory and requires external validation. Finally, the study population mainly
consisted of Japanese patients, which may limit generalizability.

Conclusions
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The prognostic impact of recurrence timing after RC was concentrated within the earliest postoperative
months rather than changing linearly over time. Recurrence within 6 months after RC was independently
associated with poor PRS and may identify patients with biologically aggressive disease.
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Figure 1

Flow diagram of patient selection

Flow diagram the selection of patients from the Michinoku Society of Urologic Oncology database. A
total of 2578 patients were initially identified, of whom 944 patients with clinically diagnosed muscle-
invasive bladder cancer (MIBC) who underwent radical cystectomy were included in the final analysis.
Among them, 313 patients developed metastatic recurrence after surgery, and 299 with complete data
were included in multivariable analyses.
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Figure 2

Distribution of recurrence timing and restricted cubic spline analysis of time to recurrence and post-
recurrence survival

(A) Distribution of TTR among the 299 analyzed patients, categorized as ≤6 months, 6–12 months, and
>12 months. Percentages are shown within each segment.

(B) Restricted cubic spline analysis showing the nonlinear association between TTR and PRS. HRs were
adjusted for age, BMI, sex, ECOG performance status, albumin, eGFR, hydroureteronephrosis, histology,
neoadjuvant chemotherapy, adjuvant therapy, pathological T stage (≥pT3 or ≥ypT2), lymphatic invasion,
venous invasion, lymph node positivity, treatment era, and recurrence pattern. The HR was normalized to
1.0 at the median TTR (7.8 months). The solid line indicates the adjusted HR and the shaded area
indicates the 95% confidence interval. The dashed horizontal line corresponds to HR = 1. Vertical tick
marks indicate observed TTR values. The curve was truncated at the 95th percentile of TTR (42.9
months).
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Figure 3

Kaplan–Meier curves of post-recurrence survival according to time to recurrence

Kaplan–Meier curves of PRS according to TTR group. Numbers at risk are shown below the x-axis.
Median PRS was 12.9 months in the ≤6 months group and 19.5 months in the >6 months group.
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