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)LJXUH�6���Alteration frequency in oncogenes in urothelial carcinoma stratified by 
disease state. �D��Frequency of alterations in frequently mutated oncogenes in the MSK 
urothelial cancer cohort stratified by disease state (Ta low-grade primary tumors, carcinoma 
in-situ (CIS), Ta/T1 high grade non-muscle invasive primary tumors, muscle invasive primary 
tumors and metastatic sites). (b) Frequency of alterations in frequently mutated oncogenes 
in high grade cancers in the MSK urothelial cancer cohort stratified by disease state (CIS, 
Ta/T1 high grade non-muscle invasive primary tumors, muscle invasive primary tumors and 
metastatic sites). Significant values are labeled in adjusted p-value (q-value): * q < 0.005, ** 
q < 0.01, *** q < 0.001. Related to Figure 1 and Table S1.
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)LJXUH�6���Whole exome sequencing of paired primary and metastatic specimens. 
�D��0XWDWLRQ�VLJQDWXUH�GHFRQYROXWLRQ�RI�SDWLHQW�PDWFKHG�SULPDU\�DQG�PHWDVWDWLF� 
VSHFLPHQV���E��� WRS�� LQFOXGHV�RQO\�SDWLHQWV�ZLWK�D�PXWDWLRQ� LQ�WKH�GHVLJQDWHG�JHQH�LQ�HLWKHU� 
WKH� SULPDU\� RU� PHWDVWDVLV� RU� ERWK�� �E� �� ERWWRP�� LQFOXGHV� DOO� :(6� SDLUV� LQFOXGLQJ� WKRVH� QRW� 
PXWDWHG��&ORQDO�FRPSRVLWLRQ�RI�VKDUHG�PXWDWLRQV�DFURVV�HDFK�SDLU��F��DQG�SULYDWH�PXWDWLRQV� 
DFURVV�HDFK�SDLU��G���5HODWHG�WR�)LJXUH���
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Figure S3. Resampling of bladder primary tumors from patients with discordant 
ARID1A mutational status. Analysis of spatially distinct regions of the primary tumors of 3 
patients who had ARID1A mutations in the metastasis but not in the initially profiled region 
of the primary tumor. Manual review of the raw BAM files did not detect any mutant reads 
demonstrating the oncogenic ARID1A mutations identified in the metastasis in the 
resampled regions of the primary bladder tumor. Related to Figure 3.
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Figure S5. Paralogy analysis between FGFR1/FGFR2/FGFR3. Paralogy analysis was 
performed using Jalview. Mutations found in cfDNA collected post-treatment are highlighted. 
Related to Figure 4. 
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)LJXUH�64��Concordance of oncogenic mutations between tumor (primary or 
metastatic) and cell free DNA (cfDNA). 
0XWDWLRQDO�FRQFRUGDQFH�RI�VHOHFW�FDQFHU�DVVRFLDWHG�JHQHV�EHWZHHQ�SDWLHQW� 
PDWFKHG�WXPRU�DQG�FfDNA VDPSOHV��1� ������RQFRJHQLF�DQG�OLNHO\�RQFRJHQLF� 
PXWDWLRQV�RQO\���5HODWHG�WR�)LJXUH����



7DEOH�6���*HQRPLF�GLIIHUHQFHV�EHWZHHQ�ORZHU�WUDFW�XURWKHOLDO�FDUFLQRPD�VWUDWLILHG�E\�JUDGH�
DQG�VWDJH��5HODWHG�WR�)LJXUH���DQG�6���

Characteristic1 
Low-Grade, n 
= 69 

HG Non-Invasive, 
n = 235 

HG Invasive, 
n = 777 

Metastatic, 
n = 232 p-value2

Adj. p-value 
(q-value) 3 

KDM6A 27 (39%) 71 (30%) 190 (24%) 59 (25%) 0.028 0.06

ARID1A 10 (14%) 44 (19%) 193 (25%) 64 (28%) 0.03 0.06 

KMT2D 12 (17%) 40 (17%) 156 (20%) 36 (16%) 0.39 0.59

KMT2C 8 (12%) 19 (8.1%) 52 (6.7%) 11 (4.7%) 0.19 0.31 

EP300 6 (8.7%) 13 (5.5%) 63 (8.1%) 15 (6.5%) 0.53 0.68

CREBBP 8 (12%) 29 (12%) 80 (10%) 27 (12%) 0.81 0.86 

TP53 5 (7.2%) 55 (23%) 448 (58%) 127 (55%) <0.001 <0.001 

RB1 0 (0%) 9 (3.8%) 200 (26%) 41 (18%) <0.001 <0.001 

CDKN1A 9 (13%) 30 (13%) 92 (12%) 22 (9.5%) 0.68 0.81

FGFR3 58 (84%) 104 (44%) 121 (16%) 42 (18%) <0.001 <0.001 

ERBB2 2 (2.9%) 23 (9.8%) 133 (17%) 46 (20%) <0.001 0.001 

PIK3CA 20 (29%) 55 (23%) 128 (16%) 43 (19%) 0.013 0.04 

TSC1 5 (7.2%) 16 (6.8%) 62 (8.0%) 12 (5.2%) 0.56 0.69

TERT 43 (62%) 153 (65%) 605 (78%) 172 (74%) <0.001 <0.001 

ELF3 5 (12%) 14 (8.1%) 70 (11%) 27 (16%) 0.18 0.31

FAT1 1 (1.4%) 10 (4.3%) 54 (6.9%) 14 (6.0%) 0.18 0.31 

STAG2 20 (29%) 29 (12%) 68 (8.8%) 11 (4.7%) <0.001 <0.001 

KMT2A 4 (5.8%) 14 (6.0%) 52 (6.7%) 14 (6.0%) 0.98 0.98

ERCC2 1 (1.4%) 29 (12%) 61 (7.9%) 8 (3.4%) <0.001 0.003 

ERBB3 2 (2.9%) 12 (5.1%) 51 (6.6%) 10 (4.3%) 0.47 0.64

RBM10 3 (4.3%) 18 (7.7%) 52 (6.7%) 14 (6.0%) 0.83 0.86

FBXW7 2 (2.9%) 15 (6.4%) 59 (7.6%) 6 (2.6%) 0.022 0.06 

CDKN2A 11 (16%) 49 (21%) 182 (23%) 56 (24%) 0.43 0.62

CCND1 0 (0%) 27 (11%) 90 (12%) 30 (13%) 0.023 0.06 

MDM2 1 (1.4%) 17 (7.2%) 79 (10%) 33 (14%) 0.006 0.02 

CDKN2B 9 (13%) 42 (18%) 138 (18%) 42 (18%) 0.79 0.86 
1 Statistics presented: n (%). 2 Statistical tests performed: Chi-square test of independence.  3 Adjustment 
method: False Discovery Rate 




