Supplementary Methods

Synthesis and characterization of PLSWT7-DMI
IRDye800CW NHS ester (Biodee Diagnosis, Beijing, China) was mixed with the appropriate PLSWT7 variant dissolved in dimethyl sulfoxide, and the mixture was stirred at 25°C overnight in the dark, followed by purification by filtration to obtain PLSWT7-DMI. PLSWT7-FITC was synthesized following the method as that for the synthesis of PLSWT7-DMI using FITC NHS ester (Biodee Diagnosis). The absorbance and fluorescence spectra of PLSWT7-DMI were recorded using a UV-vis spectrophotometer (UV-2450; Shimadzu, Addison, IL, USA). For the stability analysis, PLSWT7-DMI (10 μg) was added to 1 mL of FBS (Gibco, Scoresby, Australia), and its optical absorbance at 774 nm was monitored by UV-Vis spectroscopy at various time points for 48 h. IRDye800CW in FBS control solution was also monitored for comparison.
In vitro experiments
A CCK8 assay (Beyotime, Shanghai, China) was used to evaluate the cytotoxicity of PLSWT7-DMI. Human BC cell lines EJ and RT112 were seeded on 96-well plates at 5000 cells/well in 200 μL of cell-culture medium, and 24 h after attachment, the cells were washed with PBS, and the medium was replaced with fresh medium containing various concentrations of PLSWT7-DMI and incubated for an additional 24 h or 48 h. After incubation, the cells were washed with PBS prior to a final incubation with 10 μL of CCK8 solution in 100 μL of medium for 1 h. The supernatant was then removed, and absorbance was measured using a microplate reader (Rayto Life Science, Guangzhou, China) at a wavelength of 450 nm.

To determine the appropriate probe concentration, RT112 and EJ cells were incubated with various concentrations of PLSWT7-DMI, and a concentration of 180 pmol/mL PLSWT7-DMI produced the highest fluorescence intensity. We then investigated the specific uptake of PLSWT7-DMI into BC cells in vitro. EJ, RT112, and SV-HUC-1 cells were transferred to 96-well plates at 10,000 cells/well along with 180 pmol/mL PLSWT7-DMI and incubated for 30 min at 37°C. To elucidate the targeting mechanism of PLSWT7-DMI, all conditions were kept constant, except BC cells were pretreated with an excess amount of PLSWT7 for 30 min prior to incubation with PLSWT7-DMI. After they were washed with PBS, cells were visualized by fluorescence microscopy. Results were then evaluated quantitatively by flow cytometry of EJ and RT112 cells treated with PLSWT7-DMI. Cells were rinsed with PBS, harvested with trypsin, and then suspended in ice-cold PBS. Flow cytometry was performed using 104 cells/sample, and results were analyzed using FlowJo (v10.0; FlowJo, LLC, Ashland, OR, USA).
Supplementary tables

Table S1. Enrichment of phages for each round of selection from the phage display peptide library
	Rounds
	Tumor weight

(g)
	Selected phage

(Input)/pfu
	Eluted phage

(Output)/pfu
	Ratio

(Output/Input/g)

	1
	0.42
	3×1010
	1.6×106
	5.3×10-5

	2
	0.39
	2.2×109
	3.4×106
	1.55×10-3

	3
	0.45
	2.7×109
	7.8×106
	2.89×10-8

	PFU, plague forming units


Table S2. Patient characteristics and histopathological diagnosis
	Patient number
	Sex
	Age
	Stage
	Grade
	Pathological variant

	1
	female
	57
	T2a
	G3
	Urothelial carcinoma

	2
	male
	42
	T2a
	G3
	Urothelial carcinoma

	3
	male
	63
	T2b
	G3
	Urothelial carcinoma

	4
	male
	67
	T1b, Tis
	G3
	Urothelial carcinoma, CIS

	5
	male
	55
	T3a
	G2
	Squamous cell carcinoma

	6
	female
	68
	T2a
	G2
	Squamous cell carcinoma

	7
	male
	70
	T2b, Tis
	G3
	Urothelial carcinoma, CIS

	8
	male
	59
	T3a
	G3
	Urothelial carcinoma


 Table S3. Comparison of PLSWT7-DMI-based NIR-imaging analysis with histopathological diagnosis
	Histopathological examination
	Number of Biospies
	True positive
	False positive
	True negative
	False negative

	Benign
	15
	
	2
	13
	

	Cancer
	
	
	
	
	

	NMIBC
	20
	18
	
	
	2

	MIBC
	5
	3
	
	
	2

	Cancer total
	25
	21
	
	
	4

	Overall
	40
	21
	2
	13
	4


Sensitivity=84%, Specificity=86.7%
