Supplementary Methods
1. Radiosynthesis
The 68Ga radiolabeling of NYM080 was performed manually in a hot cell. 68Ga was first eluted from a 68Ge/68Ga generator (Eckert & Ziegler, Germany) using 5 mL of 0.1 mol/L hydrochloric acid. Then the eluate was transferred to a reaction vial containing 60 μg (47.8 nmol) of the precursor NYM080, dissolved in sodium acetate buffer, to achieve a final reaction mixture with a pH of 3. Following this, the reaction mixture was diluted with 5 mL of water and loaded onto a preconditioned C18 light Sep-Pak cartridge (treated with 5 mL ethanol and 5 mL water). Then the cartridge was rinsed with normal saline to remove any unincorporated radionuclides. Finally, the product was eluted off the cartridge with 0.5ml 75% ethanol solution followed by 5 ml normal saline through a Millipore filter (0.22 μm, 25 mm) into a sterile product vial. 
To prepare 177Lu-NYM080, 60ug (47.8 nmol) of precursor NYM080 was first combined with an acetate/acetic acid buffer solution in a reaction vial. Next, an 177Lu-chloride solution was added to adjust the pH to 4–5. The mixture was then heated to facilitate chelation, with the reaction monitored by Radio-iTLC to track completion. Afterward, radiochemical purity was assessed, and the final product, 177Lu-NYM080, was obtained by sterile filtration to ensure safe administration. 

2. Quality Control
Radiochemical purity analysis of  68Ga‑NYM080 was performed using glass fiber sheets as the stationary phase and 1.25 M ammonium acetate/methanol (1:1, v/v) as the mobile phase. A small aliquot of the sample was spotted 1.5 cm from the bottom of the sheet and developed in a prefilled tube until the solvent front was 2.5 cm from the top. After drying, the sheet was analyzed with a radio‑TLC scanner. In this system, 68Ga‑NYM080 exhibited an Rf of 0.9-1.0, while free 68Ga remained at the origin. Free 68Ga was analyzed under identical conditions as a control.
Similarly, radiochemical purity analysis of 177Lu‑NYM080 was performed using glass fiber sheets and 0.5 M sodium citrate/citric acid as the mobile phase. Samples were applied 1.5 cm from the bottom and developed until the solvent front was 2.5 cm from the top. After drying, the sheet was analyzed by radio‑TLC. In this system, 177Lu ‑NYM080 remained at the origin, whereas free 177Lu exhibited an Rf of 0.9-1.0. Free 177Lu was analyzed under identical conditions as a control.
Radioactive high-performance liquid chromatography (Radio‑HPLC) analysis was performed on an ACE Excel 3 C18‑PFP column (150 × 4.6 mm) with solvent A (0.1% TFA in water) and solvent B (0.1% TFA in acetonitrile). NYM080, 68Ga-NYM080, and 177Lu-NYM080 were injected separately. The UV retention time of NYM080 was compared with that of each radiolabeled compound, and the UV retention time of NYM080 was compared with the corresponding radioactivity peaks of 68Ga-NYM080 and 177Lu-NYM080.
The in vitro stability of 68Ga-NYM080 and 177Lu-NYM080 in phosphate-buffered saline (PBS) and human serum was evaluated separately using radio‑HPLC at 4°C for 4 h.

3. Cells, Murine, and Tumor Model
Human OS-RC-2 renal carcinoma cells (CAⅨ-positive, RRID: CVCL_1626) and PC-3 prostate carcinoma cells (CAⅨ-negative, RRID: CVCL_0035) were sourced from the American Type Culture Collection. Both cell lines were maintained at 37°C in a 5% CO₂ incubator, using culture medium supplemented with 10% heat-inactivated fetal bovine serum, 100 U/mL penicillin, and 100 μg/mL streptomycin. Tumor cells were subcultured routinely two to three times per week.
NCG (NOD/ShiltJ-Prkdc em26Cd52 Il2rg em26Cd22) mice for PET/CT imaging, ex vivo biodistribution and therapeutic evaluation, as well as ICR mice for blood pharmacokinetics, were obtained from Beijing Vital River Laboratory Animal Technology Co., Ltd (Beijing, China). All mice were kept in a biologically clean environment under 12h light/dark cycles with controlled temperature (23±2°C) and relative humidity (50–70%) and provided with a standard rodent chow diet and water ad libitum. When used for experiments, the mean weight of the mice was 22 ± 3 g and the age was about 12 months. Each NCG mouse was injected with 1×107 tumor cells in PBS mixed with 50% (v/v) matrix glue (Corning, #354234, USA) in a total volume of 150 μL. Tumors were grown for 8–10 days to reach an average volume of 100 mm3 (95 ± 48 mm3).
4. Molecular Binding Affinity
The binding affinity (Kd) of NYM080 to CAⅨ is measured using surface plasmon resonance in a Biacore 8K system at 25°C. Biotinylated Avi-tagged CAⅨ (CAⅨ protein target, ACROBiosystems Co. Ltd., China) was immobilized onto a Neutravidin-coated Series S Sensor Chip CM5. A series of concentrations of benzothiazine and NYM080 were injected for affinity measurements. For all measurements, the running buffer consisted of 1X HBS-EP+ (10 mM HEPES, 150 mM NaCl, 3 mM EDTA and 0.05% (v/v) Surfactant P20 (Tween 20)), and 5% DMSO, pH 7.4. Affinity was determined by loading at least five concentrations (with a 2-fold dilution ratio) of the compounds, excluding abnormal curves. Data were analyzed using Biacore Insight Evaluation Software v4.0 (Cytiva, USA) to calculate apparent KD values.
5. Cell-Binding Assays
OS-RC-2 and PC3 cells were seeded into 6-well plates at a density of 1×105 cells per well were treated with 177Lu-NYM080（0.25μCi per well）, and incubation was performed at 37°C for various time points (4 h, 24 h, 48 h, and 72 h), with three replicate wells per time point. Additionally, a well with the total amount of added drug was included as a control. The data were decay-corrected based on the time of drug addition, and cellular uptake was expressed as the percentage of the total radioactivity added per well.
6. Blood Pharmacokinetics
Pharmacokinetic data in ICR mice were collected by drawing blood from the lateral tail vein at the following time points: 5, 15, 30, 60, 90, 120, 180 and 240 min after administering 3.7MBq of 68Ga-NYM080. To measure sample weights, collection tubes were weighed before and after blood collection using a precision scale. Activity in each sample was assessed with a gamma counter (PerkinElmer 2470, Massachusetts, USA), and the data were decay-corrected using the formula: A = A0 * exp(-λt), where A is the activity of the sample at time t, A0 is the initial activity of the sample at the time of tracer injection, λ is the decay constant of the radioactive material, and t is the time elapsed since tracer injection to blood sampling. The corrected activity concentration was expressed as a percentage of the injected dose per gram of tissue (%ID/g) to estimate the tracer concentration in the blood. The data were analyzed using DAS software v2.1.1 (Beijing, China).
7. Micro-PET/CT Imaging and Blocking Study
For the in vivo biodistribution studies, OS-RC-2 tumor-bearing mice were administered 2.96 MBq of 68Ga-NYM080 in 150 μL via intravenous injection into the lateral tail vein. Following anesthesia with 1.5%–2% isoflurane administered with a 0.5 L/min air flow, dynamic PET imaging was conducted for 30 min, followed by serial static scans at 60 min and 120 min using the Super Nova® PET/CT system (Pingseng Healthcare, Kunshan, China). To assess blocking effects, 400 μg of unlabeled NYM005 (0.45 μM) was pre-injected 1 h prior to 68Ga-NYM080 or administration, and imaging was performed 1 h post-injection. For PC-3 xenograft tumor models, 2.96 ± 0.37 MBq 68Ga-NYM080 was injected and same PET imaging protocol was carried out 1 h later.
8. Ex vivo biodistribution study
OS-RC-2 tumor-bearing mice were euthanized by cervical dislocation 1 h and 4 h after intravenous injection of 2.96 ± 0.37 MBq of 68Ga-NYM080 or 4, 48, 168 h after injection of 11.1 MBq of 177Lu-NYM080 (3 mice for each time point). Following euthanasia, tissues from various organs and xenograft tumors were excised, weighed, and analyzed for radioactivity using a PerkinElmer 2470 gamma counter (PerkinElmer, Massachusetts, USA). The radioactivity measurements were corrected for background radiation and radioactive decay. Uptake was expressed as the percentage of the injected dose per gram of tissue (%ID/g).
9. Therapeutic Efficacy Study
For in vivo biodistribution, 11.1 MBq of 177Lu-NYM080 were given to OS-RC-2 xenograft mouse intravenously, and SPECT/CT scan was performed at 4, 24, 48, 96, 120h and168h post-injection. To assess the therapeutic efficacy of 177Lu-NYM080, tumor-bearing mice were allocated into three groups, with six mice per group. Group 1 received single injection of saline as control, Group 2 received a single intravenous injection of 74 MBq of 177Lu-NYM080 and Group 3 received 148 MBq of 177Lu-NYM080 in two doses of 74 MBq each, administered 4 days apart. Mice were weighed and tumor volumes measured on the day of the first injection, with subsequent measurements taken twice every week thereafter.

