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Abstract

Background/Objectives: Colorectal cancer (CRC) with bladder involvement represents
a distinct subgroup of locally advanced disease frequently accompanied by urinary tract-
related manifestations (UTRMs). However, the clinical relevance of prediagnostic UTRMs in
this high-risk population remains unclear. This study investigated the association between
UTRMs and oncologic outcomes in patients with bladder-involved CRC. Methods: We con-
ducted a population-based retrospective cohort study using the National Health Insurance
Research Database and Catastrophic Illnesses Database (2000-2020). A total of 2608 pa-
tients with CRC involving the bladder were included. Patients with prediagnostic UTRMs,
including urinary frequency, urgency, dysuria, hematuria, and urinary tract infections,
were identified using diagnostic codes recorded within 6 months before CRC diagnosis.
Inverse probability of treatment weighting was applied to balance baseline characteristics.
Patients were followed from CRC diagnosis until disease recurrence, death, or end of the
study period. Weighted Cox proportional hazards models were used to estimate hazard
ratios (HRs) and 95% confidence intervals (ClIs). Results: Patients with UTRMs had a sig-
nificantly higher risk of disease recurrence than those without UTRMs (adjusted HR 1.57).
Patients with UTRMSs requiring antibiotic treatment exhibited an even greater recurrence
risk (adjusted HR 4.17), although this finding should be interpreted cautiously because
of the limited sample size. Associations between UTRMs and recurrence were generally
consistent across subgroup analyses. In contrast, UTRMs were not significantly associated
with CRC-specific mortality. Conclusions: Prediagnostic UTRMs were associated with
an increased risk of recurrence in patients with CRC involving the bladder. These readily
obtainable preoperative clinical manifestations may provide supplementary information
for postoperative surveillance in this high-risk population. Further studies are warranted
to validate these findings.

Keywords: colorectal cancer; bladder involvement; urinary tract-related manifestations;
inverse probability of treatment weighting; retrospective cohort study
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1. Introduction

Colorectal cancer (CRC) remains a major global health burden, accounting for ap-
proximately 9.6% of all cancer diagnoses and 9.3% of cancer-related deaths worldwide [1].
Patients with CRC may present with rectal bleeding, altered bowel habits, anemia, or ab-
dominal pain; however, a substantial proportion remain asymptomatic until disease reaches
an advanced stage [1-3]. Approximately 10% of patients with CRC present with locally
advanced disease involving the peritoneum (T4a) or adjacent organs (T4b) at diagnosis [4].
CRC involving adjacent organs such as the bladder is generally categorized as locally
advanced (T4b) disease according to the American Joint Committee on Cancer staging
system [5]. In particular, CRC with bladder involvement often requires extensive pelvic
surgery and multidisciplinary management because of local tumor extension and complex
pelvic anatomy. Despite aggressive surgical treatment, recurrence rates ranging from 10%
to 36% have been reported in patients with CRC involving the bladder, highlighting the
need for a better understanding of clinical factors associated with recurrence [6-12].

When CRC involves adjacent organs such as the bladder, patients may present with a
spectrum of urinary tract-related manifestations (UTRMs), including urinary frequency, ur-
gency, dysuria, hematuria, or urinary tract infections. Because UTRMs are generally related
to involvement of adjacent urinary structures, they are not typically considered common
presenting features of CRC and may suggest local disease extension when present [10,11].
Owing to their nonspecific nature, these manifestations often overlap with common benign
lower urinary tract conditions encountered in primary care and urology practice [13-15].
Consequently, UTRMs may be overlooked or attributed to nonmalignant etiologies, poten-
tially delaying recognition of the underlying disease.

The development of UTRMs in CRC is likely multifactorial. Local tumor invasion and
associated inflammatory reactions may directly impair bladder function, disrupt adjacent tis-
sues, and contribute to lower urinary tract dysfunction, resulting in urinary symptoms [9-11].
Given that UTRMs are readily identifiable clinical manifestations, they may also provide im-
portant prognostic information in patients with CRC involving the bladder. However, despite
these plausible mechanisms, the association between prediagnostic UTRMs and oncologic
outcomes in patients with CRC involving the bladder remains poorly defined.

Therefore, this study aimed to investigate whether prediagnostic UTRMs are associ-
ated with disease recurrence and CRC-specific mortality in patients with CRC involving
the bladder using a nationwide population-based cohort.

2. Materials and Methods
2.1. Data Source

This population-based retrospective cohort study was conducted using nationwide
healthcare databases in Taiwan. The Taiwan National Health Insurance Administration
maintains extensive databases that cover approximately 99% of the Taiwanese population.
We accessed the Longitudinal Health Insurance Database of Patients with Catastrophic
Illnesses, and National Health Insurance Research Database (NHIRD). These databases
contain detailed information on diagnoses, treatments, surgical procedures, and patient
demographics from 1 January 2000 to 31 December 2020, with follow-up extending to
31 December 2021. All personal identifiers were encrypted or removed prior to analysis to
ensure confidentiality. The Research Ethics Committee of the China Medical University
and Hospital approved this study and waived the requirement for informed consent
(CRREC-109-018, approved on 31 January 2026).
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2.2. Study Population

The study population included patients newly diagnosed with CRC (International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes: 153.x,
154.x, and ICD-10-CM: C18-20) who were >20 years. All included patients were registered
in the catastrophic illness database of the National Health Insurance program of Taiwan,
which provides comprehensive coverage and waives copayments for patients with qual-
ifying serious conditions such as cancer. Patients with CRC involving the bladder were
operationally identified based on the coexistence of colorectal and bladder-related surgical
procedures following a new diagnosis of CRC. Colorectal and bladder-related surgeries
were identified using specific surgical procedure codes (Supplementary Table S1). This
operational definition was intended to identify patients with clinically advanced CRC
who underwent combined colorectal and bladder-related surgical management. Because
pathological confirmation of direct bladder invasion was not consistently available in the
administrative database, this approach was designed to capture patients with clinically
suspected or surgically managed bladder involvement. Patients with a history of urothelial
carcinoma (ICD-9-CM codes: 188.x, 189.x; ICD-10-CM: C65-C68) before CRC diagnosis
were excluded. The detailed study protocol is shown in Figure 1.

238,592 Patients diagnosed with
colorectal cancer between 2000 and 2020
with complete demographic information

235,984 Excluded

* 235,893 Patients without colorectal
and bladder-related surgical
procedures following CRC diagnosis

e 82 Patients with prior urothelial
carcinoma before the index date

* 9 Patients with outcomes before the
index date

A4
CRC with Bladder Involvement
(N =2608)

A 4 A.
UTRM Non-UTRM
(N=921) (N =1687)

Figure 1. Flowchart of patient selection for the nationwide cohort of colorectal cancer patients with
bladder involvement.

2.3. Definitions of Urinary Tract Related Manifestations and Covariates

Patients with CRC involving the bladder were classified according to the presence
or absence of prediagnostic urinary tract-related manifestations (UTRMs). UTRMs were
operationally defined as urinary tract-related manifestations occurring within 6 months
before the index date of CRC diagnosis. This prediagnostic window was selected to capture
clinically relevant urinary manifestations occurring close to CRC diagnosis while reducing
potential misclassification from unrelated benign urological conditions and minimizing
reverse causation. The UTRMs cohort comprised patients with at least two outpatient
or inpatient diagnoses related to urinary tract-related manifestations, accompanied by
corresponding medication prescriptions (Table S1), during the 6-month period preceding
CRC diagnosis. UTRMs included diagnostic codes related to urinary frequency, urgency,
dysuria, hematuria, and urinary tract infection (UTI) recorded in the National Health
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Insurance Research Database. Although UTI represents a clinical diagnosis rather than an
isolated symptom, UTI-related diagnostic codes were included to capture clinically relevant
urinary tract presentations encountered in routine clinical practice. For patients with UTI-
related diagnoses, antibiotic prescriptions recorded during the 6-month prediagnostic
period were used as an operational marker of clinically treated infections and were not
analyzed as therapeutic exposures.

Patients in the non-UTRMSs cohort were defined as those with at most one UTRM-
related diagnosis and no more than one corresponding medication prescription during the
same 6-month prediagnostic period. The index date was uniformly defined as the date of
initial CRC diagnosis for all patients.

Baseline comorbidities were identified using administrative claims records prior to
CRC diagnosis. A comorbidity was considered present if the corresponding diagnosis was
recorded in at least three outpatient claims or at least one inpatient admission during the
prediagnostic period. The assessed comorbidities included hypertension, hyperlipidemia,
diabetes mellitus, benign prostatic hyperplasia, chronic kidney disease, cardiovascular
diseases, and cerebrovascular diseases, as defined by the International Classification of
Diseases, Ninth and Tenth Revisions (ICD-9-CM and ICD-10-CM). To reduce potential
misclassification, benign prostatic hyperplasia was required to be diagnosed more than 6
months before CRC diagnosis. Detailed ICD codes used for comorbidity identification are
provided in Supplementary Table S1.

2.4. Outcomes

The primary outcomes of this study were CRC-specific mortality and cancer recurrence.
Recurrence events, including local recurrence, regional lymph node recurrence, and distant
metastasis, were ascertained using data from the Taiwan Cancer Registry Database [16].
CRC-specific mortality was determined based on records from the national death registry
within the National Health Insurance database.

All patients were followed from the index date until the occurrence of death or the end
of the study period, whichever occurred first. Because death may preclude the observation
of recurrence, cause-specific hazard models were used to evaluate the association between
UTRMs and recurrence while treating death as a competing event.

2.5. Statistical Analysis

Descriptive statistics were used to summarize baseline characteristics, presenting cate-
gorical variables as counts with percentages and continuous variables such as age as means
with standard deviations. Between-group differences for patients with and without UTRMs
were examined using Wilcoxon rank sum test for continuous variables and Chi-square analy-
ses for categorical variables, including demographics, comorbidities, and medication usage.
Variables included in the propensity score model comprised age, sex, occupation, income
level, hypertension, hyperlipidemia, diabetes mellitus, chronic kidney disease, coronary artery
disease, cerebrovascular disease, benign prostatic hyperplasia, and medication usage.

To mitigate selection bias and confounding effects, we implemented the inverse proba-
bility of treatment weighting (IPTW) methodology [17]. This approach generates propensity
scores (PS) by modeling the likelihood of UTRMs diagnosis based on comprehensive base-
line characteristics. The weighting scheme assigned values of 1/PS to UTRMs patients and
1/(1-PS) to non-UTRMs patients, effectively creating a pseudo-population in which the
covariate distributions were independent of the UTRMs status. Importantly, weight stabi-
lization incorporates marginal UTRMs probabilities in the numerator to reduce extreme
weight values [17]. Covariate balance achievement was verified using standardized mean
differences, with values below 0.10 indicating a successful balance [18,19]. Moreover, inci-
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dence rates of CRC-specific mortality and recurrence were calculated per 1000 person-years
by dividing the number of events by the total person-time at risk. IPTW-weighted cumula-
tive event probability curves were constructed to visualize recurrence and CRC-specific
mortality outcomes, and differences between groups were assessed using IPTW-adjusted
log-rank tests. IPTW-weighted Cox proportional hazard models were used to estimate
hazard ratios (HRs) and 95% confidence intervals (ClIs) with adjustments for potential
confounders, including age, sex, comorbidities, and medication usage. Subgroup analyses
were performed for exploratory purposes to evaluate the consistency of associations across
predefined strata.

All statistical analyses were performed using the SAS software (version 9.4; SAS Institute
Inc., Cary, NC, USA). Statistical significance was defined as a two-sided p-value of <0.05.

3. Results
3.1. Patient Characteristics

A total of 2608 patients with CRC involving the bladder were included in this study, of
whom 921 (35.3%) had prediagnostic UTRMs and 1687 (64.7%) did not. Before IPTW, patients
with UTRMs demonstrated different baseline clinical characteristics compared with those
without UTRMs. Specifically, patients in the UTRMSs group were older (mean age, 65.35 vs.
63.08 years; p < 0.0001) and were more likely to be male (74.92% vs. 70.72%; p = 0.0221). They
also had a greater burden of baseline comorbidities, including hypertension, diabetes mellitus,
hyperlipidemia, cerebrovascular disease, and benign prostatic hyperplasia. Occupation and
income level were generally comparable between the two groups.

Before weighting, several baseline characteristics showed meaningful imbalance be-
tween the UTRMs and non-UTRMs groups, as indicated by standardized mean differences
(SMDs) greater than 0.1 (Table 1). After IPTW adjustment, all measured covariates achieved
excellent balance, with absolute SMD values below 0.1 and most below 0.02, indicating
substantial improvement in comparability between the two groups (Figure 2). Detailed
SMDs for all baseline characteristics and comorbidities before and after IPTW weighting
were listed in Supplementary Table S2.

Table 1. Baseline Characteristics of Patients with CRC Involving the Bladder Before IPTW Adjustment.

Overall UTRMs Non-UTRMs
(n = 2608) (n=921) (n =1687) SMD
Age, Mean + SD 63.88 + 13.05 65.35 + 12.92 63.08 + 13.05 0.17
Gender
Male 1883 (72.20%) 690 (74.92%) 1193 (70.72%) 0.09
Female 725 (27.80%) 231 (25.08%) 494 (29.28%)
Occupation
White collar 907 (34.78%) 306 (33.22%) 601 (35.63%) 0.05
Blue collar 1017 (39.00%) 359 (38.98%) 658 (39.00%) 0.00
Others 684 (26.23%) 256 (27.80%) 428 (25.37%) —0.05
Monthly income, NTD 22,899.60 + 20,040.00 22,158.40 + 19,514.00 23,304.30 + 20,316.00 —0.06
Comorbidities
HTN 1195 (45.82%) 459 (49.84%) 736 (43.63%) —0.12
HPL 407 (15.61%) 165 (17.92%) 242 (14.34%) —0.10
DM 476 (18.25%) 195 (21.17%) 281 (16.66%) —0.12
CKD 68 (2.61%) 30 (3.26%) 38 (2.25%) —0.06
CAD 269 (10.31%) 99 (10.75%) 170 (10.08%) —0.02
CVD 416 (15.95%) 176 (19.11%) 240 (14.23%) —0.13
BPH 359 (13.77%) 273 (29.64%) 86 (5.10%) —0.68

HTN: hypertension; HPL: hyperlipidemia; DM: diabetes mellitus; CKD: chronic kidney disease; CAD: coronary
artery disease; CVD: cerebral vascular disease; BPH: benign prostate hyperplasia. CRC: colorectal cancer;
IPTW: inverse probability of treatment weighting; NTD: New Taiwan Dollar.
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Figure 2. Absolute Standardized Mean Differences Before and After IPTW Adjustment.

3.2. Association of Prediagnostic UTRMs with Recurrence in CRC with Bladder Involvement
3.2.1. Recurrence Outcomes

The IPTW-weighted cumulative event probability curves for disease recurrence are
shown in Figure 3A and demonstrated a significantly higher recurrence risk among patients
with UTRMs compared with those without UTRMs (log-rank test, p < 0.001). Consistent
with these findings, patients with UTRMs had a significantly increased risk of recurrence
(crude HR, 1.58; 95% CI, 1.27-1.95), which remained significant after multivariable adjust-
ment (adjusted HR, 1.57; 95% CI, 1.26-1.95) (Table 2). Patients with UTRMs who required
antibiotic treatment also had an increased risk of recurrence (adjusted HR, 4.17; 95% CI,
1.90-9.15). However, this finding should be interpreted cautiously given the limited sample
size of this subgroup.

1.0
(A) Recurrence UTRM (B) CRC-Specific Mortality UTRM
Non-UTRM 0.9 Non-UTRM
Log-rank test, p = 0.0006 Log-rank test, p = 0.2032
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Figure 3. IPTW-weighted cumulative event probability curves for recurrence (A) and CRC-specific
mortality (B) among patients with colorectal cancer involving the bladder according to prediagnostic
UTRMs status. Y-axis represents cumulative incident probability on a scale of 0 to 1.
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Table 2. Risk of CRC-specific mortality and recurrence according to prediagnostic UTRMs status in
patients with CRC involving the bladder.

Event Person Year Incidence Rate C(;l;f,}oe (I;g{ Ad]us(tge ;10 /OM((:)IC: el HR
Death
Without UTRMs (1 = 1687) 730 9885.15 73.85 REF REF
With UTRMs (n = 921) 388 4512.40 85.99 1.12 (0.98-1.29) 1.13 (0.98-1.29)
Within 1-90 Days Prior to Index (1 = 506) 209 2475.25 84.44 1.13 (0.96-1.33) 1.16 (0.98-1.36)
Within 91-180 Days Prior to Index (1 = 415) 179 2037.15 87.87 1.12 (0.93-1.34) 1.09 (0.90-1.32)
Without Antibiotic Treatment (n = 889) 373 4411.29 84.56 1.11 (0.97-1.27) 1.11 (0.97-1.27)
With Antibiotic Treatment (n = 32) 15 101.11 148.35 1.89 (1.09-3.30) * 2.18 (1.25-3.81) **
Recurrence
Without UTRMs (1 = 1687) 238 9236.13 25.77 REF REF
With UTRMs (n = 921) 167 4102.01 40.71 1.58 (1.27-1.95) *** 1.57 (1.26-1.95) ***
Within 1-90 Days Prior to Index (1 = 506) 95 2239.84 42.41 1.67 (1.29-2.14) *** 1.66 (1.30-2.14) ***
Within 91-180 Days Prior to Index (1 = 415) 72 1862.17 38.66 1.45 (1.08-1.93) * 1.43 (1.05-1.95) *
Without Antibiotic Treatment (n = 889) 160 4025.85 39.74 1.52 (1.23-1.89) *** 1.52 (1.22-1.90) ***
With Antibiotic Treatment (n = 32) 7 76.16 91.92 4.49 (2.12-9.52) *** 4.17 (1.90-9.15) ***

Incidence rate is equal to the number of events per 1000 person-year. Adjusted models adjusted age, gender,
occupation, income, and comorbidities (hypertension, hyperlipidemia, diabetes mellitus, chronic kidney disease,
coronary artery disease, cerebral vascular disease and benign prostate hyperplasia) * 0.01< p value < 0.05;
**0.001 < p value < 0.01; *** p value < 0.001. CRC: colorectal cancer; UTRMSs: urinary tract-related manifestations;
HR: hazard ratios; CI: confidence intervals; REF: reference group.

3.2.2. Cancer-Specific Mortality

During the study period, 388 deaths occurred in the UTRMs group and 730 deaths
occurred in the non-UTRMs group (Table 2). The IPTW-weighted curves for CRC-specific
mortality did not differ significantly between the two groups (log-rank test, p = 0.203)
(Figure 3B). Although the incidence rate of CRC-specific mortality was numerically higher
among patients with UTRMs (85.99 vs. 73.85 per 1000 person-years), neither the crude nor
adjusted hazard ratios demonstrated a statistically significant association between UTRMs
and CRC-specific mortality (adjusted HR, 1.13; 95% CI, 0.98-1.29).

Among patients with UTRMs, those with UTI-related manifestations requiring antibi-
otic treatment had a higher observed risk of CRC-specific mortality (adjusted HR, 2.18; 95%
CI, 1.25-3.81). However, given the small number of patients in this subgroup (n = 32), this
finding should be considered exploratory and interpreted with caution.

3.3. Subgroup Analyses

Supplementary Table S3 summarizes the crude recurrence and CRC-specific mortality
rates stratified by age group and sex. Recurrence rates were generally higher among
patients with UTRMs than among those without UTRMs, particularly among middle-aged
and older patients (40-59 years: 18.80% vs. 15.57%; >60 years: 17.62% vs. 12.29%) and
in male patients (18.26% vs. 13.75%), whereas the difference was less pronounced in
female patients (17.75% vs. 14.98%). In contrast, CRC-specific mortality rates were broadly
comparable between groups across age and sex strata.

We further explored the association between UTRMs and oncologic outcomes across
predefined subgroups stratified by demographic characteristics and comorbidities (Sup-
plementary Table S4). Overall, the association between UTRMs and disease recurrence
remained generally consistent across most clinically relevant strata, including age, sex,
socioeconomic status, and comorbidity profiles. Although the magnitude of the hazard
ratios varied across subgroups, the overall direction of association remained similar. In con-
trast, associations between UTRMs and CRC-specific mortality were less consistent across
subgroups and should be interpreted cautiously. Given the exploratory nature of these
analyses and the limited sample size in certain strata, these findings should be considered
hypothesis-generating insights rather than establishing definitive effect modification.
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4. Discussion

This study represents a large-scale population-based investigation of UTRMs in pa-
tients with colorectal cancer involving the bladder. Using nationwide administrative and
cancer registry data, we observed a significant association between prediagnostic UTRMs
and disease recurrence in this high-risk population. These findings suggest that urinary
tract-related manifestations, which often overlap with common benign urological condi-
tions in routine clinical practice, may provide clinically relevant information regarding
recurrence risk in patients with locally advanced CRC involving the bladder.

In the present study, bladder involvement in locally advanced CRC was operationally
identified using bladder-related surgical procedure codes, including partial or radical
cystectomy. Because pathological confirmation of bladder invasion was not consistently
available, our definition was intended to capture patients with clinically suspected or
surgically managed bladder involvement. Previous studies have demonstrated that true
tumor invasion cannot always be reliably distinguished from inflammatory adhesions
before or during surgery; therefore, en bloc resection is generally recommended to achieve
adequate oncologic clearance and avoid tumor violation [4,6,7,9]. Accordingly, patients
undergoing surgery for suspected bladder involvement may represent a clinically hetero-
geneous population that includes both pathological bladder invasion and inflammatory
adhesions [6,7,10,11].

Importantly, pathological bladder invasion and positive surgical margins have been as-
sociated with increased risks of recurrence and distant metastasis in previous studies [9-11].
Luo et al. reported that patients with preoperative colovesical fistulas experienced sub-
stantially higher recurrence rates than those with inflammatory adhesions (20.6% vs. 6%),
suggesting that clinically significant bladder involvement may be associated with adverse
oncologic outcomes [10]. Although pathological invasion, fistula formation, and surgical
margin status were not available in the present database, these observations provide indi-
rect support for our findings, as UTRMs may represent clinically apparent manifestations
of more extensive local disease or clinically significant bladder involvement.

Building on these observations, our IPTW-weighted analyses demonstrated that pa-
tients with UTRMs had a significantly higher risk of disease recurrence, with an adjusted
hazard ratio of 1.57. Patients with UTRMs who required antibiotic treatment also showed a
higher recurrence risk, although this finding should be interpreted cautiously given the
limited sample size of this subgroup. In our cohort, approximately one-third of patients
with CRC involving the bladder presented with UTRMSs, a proportion broadly consistent
with previous surgical series reporting urinary symptoms and urinary tract infections
among patients with bladder involvement [8,10,11].

Several studies have reported discrepancies between clinically suspected and patho-
logically confirmed bladder invasion, suggesting that preoperative clinical manifestations
do not always accurately reflect the extent of local disease [9,11,12]. Nevertheless, previous
surgical series of CRC involving the bladder have reported recurrence rates ranging from
approximately 10% to 46% [8-12], and 5-year overall ranging from 62% to 73% following
surgical treatment [6,7]. Despite differences in patient selection and follow-up duration, our
findings suggest that UTRMs may serve as readily identifiable preoperative manifestations
associated with an increased risk of disease recurrence in patients with locally advanced
CRC involving the bladder.

Although UTRMs were significantly associated with disease recurrence, only a non-
significant trend toward increased CRC-specific mortality was observed in the overall
cohort. This discrepancy may reflect the multifactorial nature of long-term survival in
advanced CRC, which is influenced by subsequent treatments, surveillance intensity, and
competing clinical factors. Advances in surgical techniques [20-22] and systemic thera-
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pies [4,23-25] may partly attenuate the impact of local disease-related factors at presentation
on CRC-specific mortality, even among patients at higher risk of recurrence. In contrast,
recurrence may represent an earlier oncologic event that is more directly influenced by local
disease characteristics, which could explain the stronger association observed between
UTRMSs and recurrence than with CRC-specific mortality. Furthermore, long-term outcomes
in advanced CRC are substantially influenced by multidisciplinary treatment strategies that
could not be fully captured in the present database. Therefore, residual treatment-related
confounding cannot be excluded when interpreting the mortality findings.

In subgroup analyses, the association between prediagnostic UTRMs and disease
recurrence appeared generally consistent across clinically relevant strata, including age, sex,
socioeconomic status, and comorbidity profiles. In contrast, associations with CRC-specific
mortality were less consistent across subgroups. Given the exploratory nature of these
analyses and the small numbers in some subgroups, these findings should be interpreted
with caution and require further validation. Future studies incorporating prospective
symptoms assessment and more detailed clinical and pathological data are warranted to
further clarify the relationship between UTRMs and oncologic outcomes.

From a clinical perspective, these findings highlight the potential relevance of predi-
agnostic UTRMs as readily obtainable clinical manifestations in patients with suspected
locally advanced CRC involving the bladder. Although UTRMs should not be used in isola-
tion to determine surgical strategy, their presence may identify patients at increased risk of
recurrence. Therefore, patients presenting with UTRMs may warrant careful preoperative
evaluation, multidisciplinary treatment planning, and closer postoperative surveillance.

This study has several limitations. First, the retrospective design precludes causal
inference and may be subject to misclassification bias inherent to the use of administrative
claims data. Second, bladder involvement was operationally identified using surgical
procedure codes and may not fully correspond to pathological confirmation of direct blad-
der invasion, potentially introducing heterogeneity in disease extent and uncertainty in
distinguishing true tumor invasion from inflammatory adhesions or clinically suspected
bladder involvement. Third, the absence of detailed pathological characteristics, such as
depth of bladder invasion, lymphovascular and perineural invasion and surgical margin
status, as well as limited treatment-related information regarding treatment intent, se-
quencing, completion, and response, precluded a more detailed evaluation of treatment
effects and disease progression. Additionally, unmeasured confounding factors, including
symptom severity, functional status, and laboratory or imaging findings, could not be
fully accounted for. These unavailable clinical factors may have contributed to residual
confounding. Therefore, the observed associations should be interpreted as prognostic
rather than causal. Furthermore, the small number of patients in the antibiotic-treated
subgroup (n = 32) limits the interpretation of these findings. In addition, differences in
healthcare systems, referral patterns, and treatment strategies may limit the generalizability
of these findings to other populations or healthcare settings. Finally, UTRMs were identified
using diagnostic coding algorithms rather than prospective symptom assessment. Conse-
quently, some manifestations may have reflected coexisting benign urological conditions
rather than direct tumor-related effects. Furthermore, the inclusion of both symptom-based
manifestations and UTI-related diagnoses in the operational definition of UTRMs may have
introduced heterogeneity in exposure classification, potentially influencing the observed
associations. Nevertheless, the nationwide population-based design, large sample size,
and longitudinal follow-up provide valuable real-world evidence regarding the association
between prediagnostic UTRMs and oncologic outcomes in patients with CRC involving
the bladder.
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Future studies incorporating prospective symptom assessment, pathological valida-
tion, and more detailed clinical and treatment-related information are warranted to further
clarify the association between UTRMs and oncologic outcomes and to refine management
strategies in this high-risk patient population.

5. Conclusions

This population-based study demonstrated that prediagnostic UTRMs were signifi-
cantly associated with an increased risk of recurrence in patients with locally advanced
colorectal cancer involving the bladder. These findings suggest that UTRMs may serve as
readily obtainable preoperative clinical manifestations associated with recurrence risk and
may support more comprehensive preoperative evaluation and postoperative surveillance
in this high-risk population. Further prospective studies incorporating detailed pathologi-
cal and treatment-related data are warranted to better define the prognostic significance
and clinical implications of these associations.
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