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Supplementary Figure 1. Overall mutational burden of each sequenced tumor 
stratified by UTUC and LTUC, and primary vs. metastatic tumors. 
Numbers analyzed for each as shown (p-value for metastatic samples calculated using
Mann-Whitney-U test). No p-value provided for the primary specimens given the small
sample size. However, the trend demonstrates a lower mutational frequency in UTUC
compared to LTUC. Data presented as mean +/- SD.



Supplementary Figure 2

Supplementary Figure 2. Predicted deleterious mutation distribution across LTUC 
and UTUC primary and metastatic tumors. 



Supplementary Figure 3

Supplementary Figure 3. Mutational signature analysis with predominant APOBEC 
signature removed reveals similar mutational burden across UTUC and LTUC 
samples.
Mutational signature analysis across each primary and metastatic UTUC and LTUC tumor
specimen represented as an absolute number of all mutations within a given tumor. All
mutation analyses were performed following baseline read filtering (see methods). HRD:
Homologous recombination deficiency; APOBEC: Apolipoprotein B mRNA, Catalytic
Polypeptide; Mitotic clock: age-related signature changes.



Supplementary Figure 4

Whole Exome Sequencing (WES) performed on TAN specimens
• Tumor tissues cores curated for 80% tumor by GU pathologist (FVL)

• 7 primary tumor samples, 30 metastases
• 5 FFPE, 32 frozen tumor samples

GATK & Picard pre-processing of BAM files

MuTect (v1) and Strelka for somatic mutation and ins/del calling
• Mutation annotations made with Annovar and Oncotator platforms

Baseline filtering: 
ü ³ 14 normal allelic reads
ü ³ 7 tumor allelic reads

ü ³10% VAF
ü Filtered for coding regions

Quality checks on FFPE samples:
• Confirmed congruence by copy number analysis of FFPE vs. 

frozen tissue

Functional SNV assessment:
ü Included sSNVs if deleterious in majority of mutation 

callers (6/11), or in Hot Spot or COSMIC
ü Included frameshift, stop/gain, splicing, indels

Supplementary Figure 4. Schematic for predicted deleterious mutation calling.



Supplementary Figure 5

Supplementary Figure 5. Power analysis of all sSNV identified across each 
specimen within each patient.
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Supplementary Figure 6

Supplementary Figure 6. Example of ARID1A deletion heterogeneity within patient UTUC1 
between primary and metastatic specimens.
Frameshift mutations across tumor samples were examined based on our predicted deleterious
analysis. Upon discovery of disparate frameshift mutations in the primary (Chr1:2717094, 2bp) and
all metastases (Chr1:27087900, 17bp), the raw BAM files were examined in IGV 2.4.9 (Integrated
Genomics Viewer). This revealed the 17bp frameshift mutation was present in the primary sample
in one single sequencing read.
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Supplementary Figure 7

Supplementary Figure 7. MSIsensor microsatellite instability scores
for each LTUC and UTUC tumor.

An MSI score of <4% suggests the absence of microsatellite instability.



GU Cancer Lab 
1. Team leader           
2. Soft tissue 

processing
3. Bone processing
4. Preclinical study

2h prior to the body arrival
Team members:
• Prep for tissue 

acquisition and 
processing

Pathologist + Clinician: 
• Chart review to identify 

metastases

• Tissues transported to 
the lab for processing

• Fresh metastases are 
implanted into animals 
to develop patient-
derived xenografts 
(PDX)

1. Normal tissue
2. Primary tumor and 

metastases
3. Blood

Consented 
Patient

Autopsy begins within 4 hours of death

Rapid autopsy 
mobile unit

Supplementary Figure 8

Supplementary Figure 8. Schematic protocol for the University of Washington Bladder
Cancer Rapid Autopsy Program.
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Comparison of predicted deleterious mutations stratified 
by frozen or FFPE primary tumor sample (LTUC2)

Supplementary Figure 9

A.

Supplementary Figure 9. sSNV and sCNV profile between FFPE preserved and fresh frozen 
primary tumors are highly congruent. 
As a quality control measure, we evaluated the sSNV and sCNV variations from a single tumor
which was bisected. Half was formalin-fixed, paraffin embedded and half of was fresh-frozen. This
revealed 80% concordance at the predicted deleterious sSNV level demonstrating only a limited
impact of the different preservation techniques on our analysis (A). We also evaluated the genome
wide allele specific absolute copy number profile of each sample, with our analysis showing
excellent genome wide copy number concordance (B). Both of these findings suggest the
differential mode of tissue preservation had limited impact on our analyses.

B.


