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Immunohistochemistry
Formalin-fixed paraffin-embedded (FFPE) tumor samples were sliced into 4 μm sections for the immunohistochemical analyses. The immunohistochemistry of each marker was performed using the antibodies shown in Supplementary Table 1. Antigen retrieval was performed using Cell Conditioning Solution (CC1-buffer) (Roche Diagnostics). Visualization was performed using the OptiView DAB Universal Kit for PD-L1 (Roche Diagnostics), and the iView DAB Universal Kit for the other antibodies (Roche Diagnostics). Hematoxylin was used for counterstaining. Immunoreactivity was assessed by the genitourinary pathologist (YM).

PD-L1 expression analysis
We used the SP263 assay for PD-L1 expression, which shows PD-L1 staining that is highly concordant with the 22C3 assay.1 Based on the SP263 assay scoring algorithm for UC,2 we assessed the proportions of tumor cells and immune cells with staining at any intensity above a threshold; tumors were classified as PD-L1–high if staining was ≥25% in either compartment. In cases where immune cells were 1% or less of the tumor area, tumors were classified as PD-L1–high only if 100% of the immune cells were expressed for PD-L1. Figures 1A and 1B show examples of PD-L1 expression by immunohistochemistry.

CDKN2A/p16 homozygous deletion in FISH
To assess CDKN2A/p16 homozygous deletion in fluorescence in situ hybridization (FISH), FFPE tumor samples were used. Paraffin sections (3 μm) were baked for an hour, placed in xylene for 5 min, and dehydrated in 100% ethanol. The slides were treated with heat (95°C) for an hour with a pretreatment reagent (VP2000) before hybridization. After cooling, deproteinization was performed with 0.8% pepsin lysis buffer and 2X saline sodium citrate (SSC) buffer. Dehydration was then performed in 70%, 85%, and 100% alcohol solutions for 5 min each, followed by drying. Next, the ZytoDot 2 SEPC CDKN2A/CEN9 probe (ZytoVision, Fischkai, BRV) was used. DNA denaturation was performed at 80 °C for 5 min and placed overnight in a hybridization chamber at 37°C. The post-hybridization washes were performed with 2X SSC buffer/0.3% NP-40. The slides were counterstained with DAPI stain. A minimum of 25 cells were analyzed for copy number changes in chromosome 9p21 (CDKN2A/p16). When ≥15 cells showed zero CDKN2A/p16 signals, it was regarded as homozygous deletion. 3 If no abnormalities were detected, the remaining cells were counted until 100 cells were evaluated. 

Tumor DNA extraction from FFPE sample
Tumor DNA was extracted from FFPE sample using Maxwell RSC DNA FFPE Kit (Promega, Madison, WI) after macro-dissection for pedunculated tumor and microdissection for flat lesion, respectively; these estimated tumor cell ratios were 80-90%.

FGFR3 and TERT promotor hotspot mutations analysis in Sanger sequencing
Tumor DNA was subjected to polymerase chain reaction (PCR) using three pairs of primers, specifically amplifying the FGFR3 and TERT promotor gene including these hotspot mutation codons as shown in Supplementary Table 2. For FGFR3 and TERT promoter, the PCR products was cleaned using ExoSAP-IT (Applied Biosystems, Foster City, CA) and QIA quick PCR purification kit (QIAGEN, Venlo, PL), respectively. In addition, the PCR product of TERT promoter was cloned into pCR2.1-TOPO vector (Thermo Fisher, Waltham, MA) and these subcloned samples were subjected to PCR using M13 Reverse Primer 5’-CAGGAAACAGCTATGAC-3’ and T7 Promotor Primer 5’- TAATACGACTCACTATAGGG -3’. The isolated PCR products were then subjected to Sanger sequencing reaction using the BigDye Terminator version 3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA) and analyzed on an Applied Biosystems 3500 Genetic Analyzer (Applied Biosystems, Foster City, CA). The sequence chromatogram files were examined using Chromas (version 2.6.6; Technelysium, South Brisbane, QLD) and MEGA X (version 10.1.8; The Pennsylvania State University, University Park, PA).
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Supplementary figure legends
Supplementary Figure 1. Comparison of the primary tumor and lymph node metastasis before and after pembrolizumab treatment. (A) A computed tomography (CT) scan showed the primary tumor in the left lateral wall before pembrolizumab treatment (arrow). (B) The primary tumor disappeared after pembrolizumab treatment (arrow). (C) The left obturator lymph node metastasis before pembrolizumab treatment (arrow head). (D) The metastatic tumor shrunk after pembrolizumab treatment (arrow head).

Supplementary Figure 2. Sequencing chromatograms of TERT promoter.
TERT promoter region, 228 and 250, are indicated with red square. Upper panel shows both forward and reverse sequencing of wild type; Lower panels show both forward and reverse sequencing of somatic TERT promoter mutations C228T (Forward: G228A). (A) Subcloned polymerase chain rection (PCR) products of sarcomatoid subtype urothelial carcinoma (UC). Five out of ten (50%) showed C228T. (B) Subcloned PCR product of UC with glandular differentiation. Seven out of 22 (32%) showed C228T. The result suggested C228T somatic mutation of both sarcomatoid subtype and glandular differentiation.
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