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Abstract

Background: Urothelia carcinomais one of the most commonly diagnosed cancers worldwide, with a poor 5-year survival
rate. As genomicsis the backbone of the precision medicine paradigm, the genetic signature in circulating tumor DNA (ctDNA)
is emerging as a pivotal biomarker for detecting early-stage cancer and molecular residual disease (MRD).

Objective:  We aim to evaluate the feasibility and preliminary effects of a ctDNA-based sequencing approach for detecting
MRD and guiding adjuvant chemotherapy in postoperative urothelial carcinomas.

Methods: We will perform a stratified 2-arm pilot randomized controlled trial in 2 tertiary hospitals in Hong Kong, involving
patients with urothelial carcinomas (pT2-4aN0-2 M0) undergoing radical resection. We plan to recruit 20 patients and determine
stratification according to their MRD status before randomization. Patients in each stratum (MRD-positive and MRD-negative
groups) will be randomly alocated to either a 4-cycle gemcitabine plus cisplatin chemotherapy arm or a standard management
arminal:l ratio. ctDNA MRD will be tested using a personalized next-generation sequencing panel, which is designed based
on the individual’'s whole exome sequencing results from the operation specimen. The primary outcome is the feasibility of this
trial (ie, recruitment, retention, adherence, and completeness). The secondary outcome is treatment-related adverse events.
Exploratory outcomes include radiographic disease-free survival, cancer-specific survival, overall survival, ctDNA clearance in
patients with ctDNA MRD-positive status, quality of life, fear of cancer recurrence, and cost-effectiveness. Benchmarks for
feasibility evaluation are set as (1) =220% recruitment responserate, (2) <20% lossto follow-up or withdrawal, (3) 280% intervention
adherence, and (4) £20% missing value rate. Each benchmark will be assigned one score, and atotal score of 4, 2to 3, and O to
1 will be deemed high, medium, and low feasibility, respectively. Safety evaluationswill be presented as numbers and proportions
of the adverse events. ANOVA and the Kruskal-Wallistest will be used for continuous outcome variabl es, whereas the chi-square
test and the Fisher exact test will be used for categorical outcome variables. Hazard ratios will be calculated to compare the
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preliminary treatment effect of the gemcitabine plus cisplatin arm against the standard management arm on survival within each
MRD group.
Results. This project was funded in February 2024. Patient recruitment started on May 2, 2024. Recruitment and data collection
for the trial are ongoing. Data analysis will be performed in mid-2025 and the results of this study are expected to be published
in late 2025.

Conclusions: Genetic signature in ctDNA isinformative for personalized management of postoperative urothelial carcinomas,

including personalized treatment and early detection of disease progression.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2025;14:€72597) doi: 10.2196/72597

Clinical Trials.gov NCT06257017; https://clinicaltrials.gov/study/NCT06257017
DERR1-10.2196/72597
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Introduction

Background

Urothelial carcinomas, located in the upper (pyelocaliceal
cavitiesand ureter) or lower (bladder and urethra) urinary tract
[1], are one of the most commonly diagnosed cancersworldwide
[2]. Although radica resection (ie, cystectomy and
nephroureterectomy) is the established therapy for
muscle-invasive urothelial carcinoma (MIUC), patients who
have undergone surgery still have a poor prognosis with an
estimated 5-year disease-specific survival rate of 50% [3]. To
improve the overall survival (OS) and reduce the recurrence
risk of MIUC, perioperative chemotherapy is recommended as
a standard of care [4]. However, it remains a challenge to
determine the presence of residual tumor cells. Adjuvant
chemotherapy may cause overtreatment and unnecessary toxicity
in patients without molecular residual disease (MRD) [5]. In
contrast, those with residual disease may miss the potentialy
beneficial treatment by thetime relapse is detected by imaging.
Another challenging issue is that, despite clinical guidelines,
neoadjuvant chemotherapy (preoperative) and adjuvant
chemotherapy (postoperative) are not commonly or regularly
provided in Hong Kong (about 6% and 50%, respectively, based
on medical recordsin our center from the past 5 years) due to
potential side effect concerns by both physicians and patients.
Therefore, it is pivotal to distinguish patients with residual
disease from those with early relapse to help physicians
prescribe a precise treatment regimen.

As genomics is the backbone of the precision medicine
paradigm, the genetic signature in circulating tumor DNA
(ctDNA) is emerging as a pivotal biomarker for detecting
early-stage cancer and MRD [6]. MRD, apotential indicator of
clinical tumor relapse, can beidentified by ctDNA in peripheral
blood, with a lead time of several months earlier than that of
radiological detection[7]. Methods for ctDNA MRD detection
can be divided into various categories: (1) those based on
techniques, including polymerase chain reaction (PCR) and
next-generation sequencing (NGS); (2) those based on assay
panel size, including single-locus or multiplexed assays, targeted
sequencing, and untargeted sequencing (whole genome or whole
exome sequencing [WES]); and (3) those based on previous
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knowledge of patient-specific tumor mutational profiles, such
as tumor-agnostic assays and tumor-informed assays [8-10].

Severd clinical validation studies have confirmed that ctDNA
is related to recurrence with high sensitivity (>80%) and
specificity (>90%) [11]. For instance, 94% of patientswith lung
cancer and detectable ctDNA in their first posttreatment blood
samples were subsequently identified to have recurrence, with
an observed lead time of 5.2 months [12]. Similarly, ctDNA
detection has been reported to precede radiographic progression
in breast, colorectal, pancreatic, and bladder carcinomas by a
median of 9.5, 8.7, 4.2, and 2.8 months [13-16]. In addition,
ctDNA, with a half-life shorter than 2 hours in the plasma, is
an optimal surrogatefor real-timerelapse monitoring [7]. Thus,
ctDNA MRD can possibly serve as a cancer-agnostic surrogate
analyte for risk stratification of tumor recurrence [6], thereby
guiding individually tailored treatments.

In our preliminary investigation, we used a WES technique to
detect the genetic signatures of 3 bladder cancer samples. As
shown in Multimedia Appendix 1, atotal of 98, 481, and 120
variants with different mutation types were detected in the 3
individuals, respectively. Personalized genetic signatures have
been used to design assay panels to dynamicaly monitor
bloodstream ctDNA MRD. We found that ctDNA MRD could
precisely reveal the disecase severity at baseline, reflect a
disease-free status after treatment, and indicate a potential
relapse after follow-up for several months (Multimedia
Appendix 2). Given the success of our preliminary investigation
and the strengths of its noninvasiveness and superior sensitivity,
ctDNA MRD can possibly serve as a cancer-agnostic surrogate
analyte for risk stratification of tumor recurrence, thereby
guiding individually tailored treatments.

Increasing evidence has evaluated the clinical utility of a
CtDNA-oriented approach for adjuvant chemotherapy. A
multicenter randomized controlled trial (RCT) [17] of a
ctDNA-guided approach for postsurgical treatment of colon
cancer showed that patientsin the ctDNA-guided group received
lower adjuvant chemotherapy (15% vs 28%) without
compromising disease-free survival (DFS) compared with the
standard management (SM) group (2-year DFS absolute
difference 1.1%, 95% Cl —4.1% to 6.2%). Another randomized
trial of atreatment for female breast cancer [18] also indicated
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that a genomically directed therapy could reduce the uptake of
capecitabine and was noninferior to an empirical treatment. As
to the utility in MIUC, a post hoc analysis from a multicenter
randomizedtrial [19] revealed that in the ctDNA MRD-positive
group, patients receiving adjuvant atezolizumab treatment had
improved DFS compared with those receiving observation
(median DFS 5.9 monthsvs 4.4 months; median OS 25.8 months
vs 15.8 months), whereas in the ctDNA MRD-negative group,
therewas no differencein clinical outcomes between treatment
and observation arms. A biomarker analysis from another
clinical trial [20] demonstrated that the dynamic changes in
CtDNA during the perioperative period (proportion of ctDNA
positive: 63%, 47%, and 14% at baseline, postneoadjuvant, and
postcystectomy time points, respectively) could potentially
guide clinical monitoring and postsurgical treatment.

However, there is limited evidence from clinical trials on the
clinical efficacy of ctDNA MRD detection in guiding treatment
regimensfor patientswho have undergone surgery for urothelial
cancer, particularly among the Chinese population. Thus, we
propose apilot RCT, where patientswill be stratified by ctDNA
results and randomly allocated to receive either 4 cycles of
gemcitabine pluscisplatin (GC) chemotherapy or SM regimens
in a 1:1 ratio. In this study, we hypothesize that an improved
DFS will be observed with GC chemotherapy administration
among patientswith ctDNA MRD-positive status, whereasthere
will be no benefit among patients with ctDNA MRD-negative
status. In addition, the genetic profile of ctDNA for detecting
MRD can provide real-time recurrence monitoring with a
significant lead time before radiological relapse.

Objectives

We aim to (1) assess the predictive value of a ctDNA-guided
MRD profiling approach for postoperative adjuvant
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chemotherapy, (2) assess the clinical approach of MRD
surveillance by serial ctDNA testing in patients with >T2
urothelial cancer who have undergone surgery, and (3) provide
preliminary datato assessthefeasibility of adefinitivetria and
perform amore accurate sample size estimation in afuture phase
3 clinical trial.

Methods

Study Design, Setting, and Recr uitment

A multicenter, open-label pilot RCT is proposed in the Queen
Mary Hospital and the Pamela Youde Nethersole Eastern
Hospital. Eligible patientswith histologically confirmed MIUC
will be invited to join the study from February 19, 2024, to
February 18, 2025, in the Queen Mary Hospital and the Pamela
Youde Nethersole Eastern Hospital in Hong Kong. The study
and informed consent process will be explained to all invited
patients before they sign the written consent form to participate
in this study.

Ethical Considerations

This study has been approved by the Central Institutional
Review Board of the Hospital Authority in Hong Kong
(CIRB-2023-189-2) on February 28, 2024. Written informed
consent will be obtained from all study participants. Participants
will be informed of confidentiality and their right to leave the
study at any time and without any penalty. Dataare deidentified.
Thisstudy conformsto the principles outlined in the Declaration
of Helsinki and is registered on ClinicaTrials.gov
(NCT06257017).

Eligibility Criteria
The participants will be recruited based on the predefined
inclusion and exclusion criteria, as presented in Textbox 1.
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Textbox 1. Inclusion and exclusion criteria.
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Inclusion criteria

« Aged18to 70 years

« A scoreof <1 for the Eastern Cooperative Oncology Group performance status
«  Receiving radical cystectomy (with lymph node dissection) or nephroureterectomy

« Histologically confirmed (surgical specimen) muscle-invasive urothelial carcinoma, and the major histological type should be transitional cell

carcinoma

«  Classification of tumor, node, and metastasis. pT2-4aN0-2 MO

«  Absence of microscopic (ie, positive margin) or gross residual of the tumor (RO resection) and absence of metastasis, confirmed by a negative
computed tomography or magnetic resonance imaging scan of pelvis, abdomen, and chest within 4 weeks before enrollment

«  Adeguate hematologic and end-organ function

Exclusion criteria

«  Receiving any approved anticancer treatment within 3 weeks before study enrollment
«  Participation in another clinical trial with therapeutic intent within 28 days before enrollment
«  Experiencing malignancies other than urothelial carcinomawithin 2 years before study enrollment

«  Conditions that contraindicate chemotherapy, such as renal impairment with creatinine clearance rate <50 mL/min, hearing impairment, and

inadequate marrow function

- Anaphylactic or hypersensitivity reactions or other contraindication to cisplatin and gemcitabine

« Activeor uncontrolled infections, including HIV, hepatitis B virus, hepatitis C virus, or tuberculosis

«  Pregnancy or bresstfeeding

Sample Size Estimation

Giventhisisapilot study intended asapreliminary exploration,
the sample size calculation is based on other similar research
and arule of thumb rather than aformal power calculation [21].
Asapilot study, sufficient statistical power isnot expected. The
preliminary data from this pilot study will help us estimate the
sample size in the following phase 3 trial with a scaled-up
sample. On the basis of the limited sources of data, assuming
a superiority margin of 26% points for the analysis of 1-year
DFSinthe GC versus SM arms (probability) [19], with atype-|
error of 5% (95% confidence) and arandomization ratio of 1:1,
a total sample of 20 patients (10 patients with ctDNA
MRD-positive statusand 10 patientswith ctDNA MRD-negative
status) will be deemed sufficient to investigate the acceptability,
feasibility, and preliminary impact of the GC intervention.
According to the medical records from the 2 hospitals, it is
feasible for the 2 study sites to recruit 20 participants within
the given timeline.

Genetic Profiling

Sample Collection and Processing

Blood samples (10 mLx2 tubes per participant) will be collected
in Streck tubes on the day of the operation. The fresh resected
tumor tissue (=50 mg) will be wiped up by gauze or filter paper
immediately and then fixed in specimen bottles using 10%
formalin (=60% of the bottle) within 30 minutes. Samples will
be stored at 6 to 37 °C for transport to the laboratory within 72
hours for further analysis.

https://www.researchprotocol s.org/2025/1/€72597

Whole Exome Sequencing

A median of 500 ng of genomic DNA will be used for the WES
workflow for the primary tumor tissue and white blood cells,
with an average deduplicated on-target read depth of 300x for
tumor DNA and 100x for associated matched germline samples.
Targeted exome capture, including tumor mutation burden,
microsatellite instability, and human leukocyte antigens, will
be performed using a capture probe set with high specificity.
The sequencing will be implemented by the brPROPHET
(Burning Rock Biotech) service[15,22].

Somatic Variant Calling and Bespoke ctDNA Assay
Design

Patient-specific somatic variantsfrom the paired primary tumors
and matched white blood cell DNA WES profiles (as mentioned
previously) will be analyzed for quality control and sample
concordance and then processed via a bioinformatics pipeline
to identify somatic single-nucleotide variants (SNVs). A total
of 50 highly ranked compatible amplicons (whosevariant allele
frequency is=5%) will be selected for the patient-specific pand.
Plasma cell-free DNA will be extracted using the QlAamp
Circulating Nucleic Acid Kit (Qiagen). No less than 20 ng will
be used astheinput for library preparation. Finally, a multiplex
targeted PCR will be performed to detect ctDNA MRD,
followed by amplicon-based sequencing at an average NGS
read depth of up to 100,000%, with a target limit of detection
as low as 0.004%. A persondized, tumor-informed
CtDNA-based NGS assay will be implemented using the
brPROPHET service [15,22].

The paired tumor and whole blood samples will be collected
on day 0 for WES (operation day). The genetic signature profile
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of ctDNA viaa 20-mL blood sample will be performed on day
28 (baseline before chemotherapy) and weeks 12, 24, 36, and
48 after surgery (follow-up at 4 time points).

Randomization and Allocation

Patientswill be stratified by their baseline ctDNA MRD results
and randomly alocated in a 1:1 ratio to either a 4-cycle GC
chemotherapy arm or an SM arm using computer-generated
random numbers for simple randomization:

+ CtDNA MRD-positive: GC arm (n=5) versus SM arm (n=5)
« CtDNA MRD-negative: GC arm (n=5) versus SM arm (n=5)
A sealed envelope method will be used for group allocation.
Specifically, the sequentially numbered envelope containing

the allocation sequence will be opened by aresearch assistant,
and the participant will be informed of the allocation.

Blinding is not applicable in this pilot study. However, the
treatment group will be deidentified during the data analysis
stage, and a collaborator from athird party with no knowledge
of the randomization plan will help to review the data analysis.

Interventions

GC Chemotherapy: | ntervention Group
GC is the recommended first-line standard therapy for MIUC.
Patients will be treated with 1000-mg/m? intravenous

gemcitabine on day 1 and day 8 plus 80-mg/m? intravenous
cisplatin on day 1 or day 2 every 3weeks (1 cycle) for 4 cycles.

Table 1. Definition and criteriato assess the feasibility of the trial.

Zhanetd

A reduced dose of GC will be acceptable if the patient is not
suitable for a full dose of GC. For instance, patients with a
creatinine clearancerate of 50 to 60 mL/min will receive a75%
dosage of GC. A 3-cycle regimen will also be considered upon
an oncologist’s evaluation.

SM: Control Group

Asastandard of care in Hong Kong, regular follow-up will be
provided, and deferred chemotherapy will be initiated until
radiological progression is confirmed.

Basaline Assessments

Sociodemographic information (eg, age, gender, employment
status, educational level, and marital status); baseline quality
of life (QoL); and baselinefear of cancer recurrence (FCR) will
be collected using a structured questionnaire (Multimedia
Appendix 3). The clinical information of each participant will
be collected from the Clinical Management System using acase
report form (Multimedia Appendix 4). A baseline radiological
evaluation (computed tomography scan of thethorax, abdomen,
and pelvis) will be implemented on day 28 to confirm the
absence of radiological relapse in patients with ctDNA
MRD-positive status.

Outcomes and Assessments

The primary outcome is feasibility, which will be evaluated
using 4 indicators: recruitment, retention, adherence, and
completeness, with the definition and predetermined criteria
shown in Table 1.

Indicator Definition Benchmark

Recruitment Eligible patients agreeing to participate in the trial 220% recruitment response rate
Retention Completion of the trial and assessments during the follow-up <20% loss to follow-up or withdrawal
Adherence Adherence to the allocated treatment in the gemcitabine pluscisplatinarm ~ =80% intervention adherence

Compl eteness Completeness and quality of collected data <20% missing vaue rate

The secondary outcome is treatment-related adverse events
(AEs). AEs will be reported in accordance with the Common
Terminology Criteriafor Adverse Events (version 5.0) [23].

Exploratory outcomesinclude radiographic DFS, cancer-specific
survival, OS, ctDNA clearance in patients with ctDNA
MRD-positive status, QoL, FCR, and cost-effectiveness. For
radiographic DFS, the radiographi c assessment is based on the
Response Evaluation Criteria in Solid Tumours (version 1.1),
refer to the Follow-Up Strategy section. The radiographic DFS
timeis calculated from the date of randomized allocation to the
date of confirmation of cancer recurrence (event time), desth,
or dropout, or thelast date when the patient is still free of disease
(censoring time), whichever occurs earlier. The cancer-specific
survival timeiscalculated from the date of death from urothelial
cancer. The OStimeis calculated from the date of randomized
allocation to the date of death. ctDNA clearance is defined as
the change from ctDNA positive to ctDNA-negative status after
postsurgical treatment. QoL will be assessed by the Functional
Assessment of Cancer Therapy—Bladder [24], which is a
39-item questionnaire comprising physical, social, emotional,

https://www.researchprotocol s.org/2025/1/€72597

and functional well-being, and a bladder cancer subscale, with
ahigher total score indicating a higher QoL level. FCR will be
estimated using the Fear of Cancer Recurrence | nventory—Short
Form [25], which is a 9-item questionnaire assessing the
presence and severity of intrusive thoughtsrelated to FCR, with
ahigher scorereflecting ahigher FCR level. Cost-effectiveness
will be assessed by the incremental cost-effectiveness ratio,
which is calculated by dividing the difference in costs between
GC and SM treatment by the difference in effects, where costs
are estimated based on a health care perspective and effects
consist of radiographic DFS, time to recurrence, and OS. The
assessment schedule of the entire study islisted in Multimedia
Appendix 5.

Follow-Up Strategy

Patients will be followed up by radiological evaluation
(computed tomography scan of thethorax, abdomen, and pelvis)
at weeks 12, 24, and 48 after surgery. The genetic signature
profiles of ctDNA, treatment-related AEs, QoL, and FCR will
be assessed at follow-up at weeks 12, 24, 36, and 48 after
surgery. A flowchart of the study design is presented in Figure
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1. A long-term follow-up of every 6 monthswill continue to be

Zhanetd

implemented for each participant after the end of this study.

Figure 1. Flowchart of the proposed pilot randomized controlled trial. ctDNA: circulating tumor DNA; CT TAP: computed tomography scan of thorax,
abdomen, and pelvis, ECOG: Eastern Cooperative Oncology Group; GC: gemcitabine plus cisplatin; MRD: molecular residual disease.

/ Urothelial carcinoma patients \

Inclusion criteria:

= Aged 18-70 years

= ECOG=1

= Postsurgical resection

= pT2-4a NO-2 MO

= No radiological residual within 4 weeks
before enrolment

= Adequate hematologic and end-organ
function

) MED-positive

Postoperative

treatment decision

Exclusion eriteria point (MRD testing)

= Receiving other anticancer treatment
within 3 weeks or attending other
clinical trials within 28 days

= With other malignancies within 2 years

= Not suitable for chemotherapy (severe
allergic to GC or other contramdications)

= Active or uncontrolled infections
\ * Pregnancy or breastfeeding /

Surgery day (- preoperative I‘l’+ C’_))

VAR

Group allocation stage

Postoperative day 28

Screening stage

# - ctDNA MRD, hematology. and biochemistry tests

Trial Oversight and Discontinuation or Withdrawal
Criteria

Trial Oversight

All research personnel will receive training and comply with
the standard operating procedures and the guidelines of the
Declaration of Helsinki, the Internationa Council for
Harmonisation Good Clinical Practice, and the HKU Health
System framework. The study procedure and safety evaluation
will be monitored by a research assistant. Participants will be
reminded of the scheduled follow-up by atelephone call. Any
problems will be addressed by the project coordinator during
the course of the study.

Treatment Discontinuation

Treatment discontinuation will be determined after sufficient
evaluation by the investigator if participants have any of the
following conditions: (1) disease progression during adjuvant
chemotherapy; (2) symptom deterioration caused by disease
progression, such as uncontrollable pain; (3) unexpected severe
AEs from the intervention; (4) receiving other anticancer
regimens; and (5) getting pregnant. Discontinuation of the study
treatment al one does not constitute awithdrawal from the study.

Participation Withdrawal

Participants can withdraw from any study period at any time
without giving reasons and experiencing any disadvantages.
Their personal data, along with biospecimens, will be destroyed
upon request.

Lossto Follow-Up

Participants will be deemed lost to follow-up if they
continuously fail to attend the scheduled visits or continue to
be uncontactable or unreachable during the study period. The
detailed remedial actions for loss to follow-up are described in
the “Contingency Plans’ section.

https://www.researchprotocol s.org/2025/1/€72597

) ..‘m 1: 1 randomization

GC chemotherapy (n=5)
» | = dcycleGC
* 12-week period

%

Standard management (n=5):
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Treating stage Follow-up stage

) -CTTAP

Treatment : Record and survey

Patient and Public I nvolvement

Given that GC chemotherapy is the recommended first-line
standard therapy for MIUC, patients were not involved in the
recruitment and intervention process. However, patients can
still benefit from the dynamic MRD monitoring, and the results
showing the ctDNA-based MRD trajectory will be sent to every
participant at the completion of participation. The side effects
of the GC chemotherapy are explained to al participants, who
are encouraged to report any symptoms for the duration of the
study.

Data Processing and M anagement

Clinical and Survey Data Processing

The investigator will input the baseline, treatment, follow-up,
and outcome data into Microsoft Excel. Survey data entry into
Microsoft Excel with preprogrammed check rules will be
conducted independently by 2 personnel.

CtDNA Data Transfer and Processing

Patient-specific somatic variants from the WES profile will be
analyzed for quality control and sample concordance and then
processed via a bioinformatics pipeline to identify somatic
SNVs. Bespoke PCR amplicons will be designed based on a
prioritized list of the detected SNVs. After plasma cell-free
DNA extraction and library preparation, a multiplex targeted
PCR will be performed, followed by amplicon-based
seguencing. An observation of at least 2 variants within each
plasma sample will be defined as ctDNA positive [13,19].

Data Storage

The data storage and processing will comply with the university
security code. All clinical and survey data will be kept fully
confidential and will be inputted on a dedicated computer with
an internet connection and updated antivirus software. The
process and reagent or equipment information of the sample
processing and genetic profiling will be captured electronically
and uploaded to a database with built-in integrity checks. All
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the data will be backed up onto the team server. Filesin each
follow-up stage will be backed up on an external hard drive for
an additional safety purpose

Statistical Analysis

Descriptive Statistics

Numberswith proportions or meanswith SDswill be calcul ated
to describe the characteristics among the 4 groups
(MRD-positive  with GC, MRD-positive with SM,
MRD-negative with GC, and MRD-negative with SM),
including baseline demographics, presurgical examinations,
postsurgical examinations, and outcome assessments.

Feasibility Evaluation

Benchmarks for feasibility outcomes are set as (1) =20%
recruitment response rate, (2) <20% loss to follow-up or
withdrawal, (3) =80% intervention adherence, and (4) <20%
missing value rate. Each benchmark will be assigned one score,
and atotal score of 4, 2to 3, and 0 to 1 will be deemed high,
medium, and low feasihility, respectively.

Safety evaluation will be presented as numbers and proportions
of the AEs. ANOVA and the Kruskal-Wallis test will be used
for continuous outcome variables, whereas the chi-square test
and the Fisher exact test will be used for categorical outcome
variables.

Efficacy Analysis

Hazard ratios and risk difference will be calculated to compare
the treatment effect of the GC arm against the SM arm on
survival within each MRD group. As thisis a pilot study, we
will mainly focus on the magnitude and direction of the
preliminary effect sizes, and there will be no anticipation of
finding statistically significant differences between the groups.

All processindicators will be presented in accordance with the
CONSORT (Consolidated Standards of Reporting Trials)
guidelines. Data processing and analyses will mainly be based
on the following software: Microsoft Excel, Stata (StataCorp
LLC), and R statistics (R Foundation for Statistical Computing).

Contingency Plans

Detailed training will be provided to all research staff, all
procedure will be conducted based on the protocol, and all issues
will be negotiated and addressed by the same project coordinator
in two study sites to ensure site activation in time.

All eligible participants will be documented at the enrolment
stage. In case of participant withdrawal, an additional consenting
and randomized allocation will be performed from the waiting
list as appropriate.

At recruitment stage, contact persons, email address, and mail
address should be documented in participants’ medical records.
If one misses a scheduled visit but can be contactable, a
rescheduled visit should be arranged as soon as possible. If one
continues to be unreachable during the follow-up, every effort
should be made to regain contact with him or her, including
telephone call to him or her and his or her contact persons, a

https://www.researchprotocol s.org/2025/1/€72597
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reminder sent to hisor her email address, acertified letter posted
to his or her mailing address, and home visit as appropriate.

Results

The project was funded in February 2024. Patient recruitment
started on May 2, 2024 (first patient’s first visit). Recruitment
and data collection for the trial are ongoing. Data analysis will
be performed in mid-2025 and the results of this study are
expected to be published in late 2025.

Discussion

Anticipated Findings

Tothe best of our knowledge, thispilot RCT isthefirst to frame
acontextual ctDNA-guided approach for postoperative adjuvant
therapy in patients with urothelial carcinoma. The feasibility
and preliminary understanding of effect sizes will be used to
inform sample size and refine procedures for afurther scale-up
and definitive RCT for efficacy and cost-effectiveness estimates.

In this pilot study, the results of the feasibility and safety
assessment will help refine the future large-scale trial in terms
of inclusion criteria, recruitment procedure, implementation
process, and discontinuation and withdrawal criteria. In addition,
the magnitude and direction of the preliminary effect sizes
calculated in this study will alow for the estimation of the
sample sizefor alarger RCT.

The long-term benefits of this study will mainly stem from the
results of the subsequent phase 3 clinical trial. For instance,
patient carewill be significantly improved; patients with cancer
and detected MRD will be timely treated, while those without
MRD will be spared from overtreatment and unnecessary
toxicity. Hopefully, clinical practicewill beimproved to amore
personalized pattern based on genomics and precision medicine.
The future trandation and implementation of the research
findings and the new technology may also benefit the
commerciaization of the test and the relevant health care
industry.

Limitations

Themain limitation of thisstudy isthe pilot design with asmall
sample size, resulting in insufficient statistical power to detect
significant differences between groups. Nevertheless, the effect
size (ie, hazard ratio and risk difference) will be used to inform
adefinitive scale-uptrial. Asthistrial isperformed within Hong
Kong, generaizability is another limitation, and the results of
the study may not reflect outcomes representative of the broader
population. Finally, given the nature of theintervention, blinding
of the participants and the interventionistsis impractical.

Conclusions

This study will provide preliminary evidence of personalized
management for postoperative urothelial carcinomas, including
personalized treatment and early detection of disease
progression. Thismay bring significant benefitsto patients and
reduce the burden from the potential overtreatment or side
effectsin the health care system and society.
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DFS: disease-free survival

FCR: fear of cancer recurrence
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MIUC: muscle-invasive urothelia carcinoma
MRD: molecular residual disease

NGS: next-generation sequencing

OS: overall survival

PCR: polymerase chain reaction

QoL: quality of life

RCT: randomized controlled trial

SM: standard management
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WES: whole exome segquencing

Edited by A Schwartz; The proposal for this study was peer-reviewed by: Health and Medical Research Fund Research Council Grant
Review Board (Hong Kong). See Multimedia Appendix 6 for the peer-review report. Submitted 13.02.25; accepted 25.07.25; published
26.08.25.

Please cite as.

Zhan Y, Ruan X, W1 Y, Chun TTS Yao C, Shi R, Liu J, Ali S, Ma R, Huang D, Gao Y, Xu Y, Chen L, Du Q, Ng AT-L, Li CWB, Xu D,
Na R

Surveillance of the Genetic Signature in Circulating Tumor DNA for Guiding Adjuvant Chemotherapy in Urothelial Carcinoma:
Protocol for a Pilot Randomized Controlled Trial

JMIR Res Protoc 2025; 14:e72597

URL.: https://www.researchprotocols.org/2025/1/e72597

doi: 10.2196/72597

PMID:

©Yongle Zhan, Xiaohao Ruan, Yishuo Wu, Tsun Tsun Stacia Chun, Chi Yao, Ruofan Shi, Jiacheng Liu, Salida Ali, Ruochen
Ma, DaHuang, Yi Gao, Ying Xu, Lu Chen, Qijun Du, Ada Tsui-Lin Ng, Cho Wing Bryan Li, Danfeng Xu, Rong Na. Originally
published in IMIR Research Protocols (https://www.researchprotocol s.org), 26.08.2025. Thisis an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Research
Protocols, is properly cited. The complete bibliographic information, a link to the original publication on
https://www.researchprotocols.org, as well as this copyright and license information must be included.

https://www.researchprotocols.org/2025/1/e72597 JMIR Res Protoc 2025 | vol. 14 | €72597 | p. 10
(page number not for citation purposes)

RenderX


https://www.researchprotocols.org/2025/1/e72597
http://dx.doi.org/10.2196/72597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

