
Supplementary Figure 1

Supplementary Figure 1. Overview of sample set and data generated. 
Samples from primary tumors (PT) with paired metastases from the same patient (left), metastases without match-
ing primary tumors (middle), and complex atypical hyperplasias (CAH; right). Information about type of analysis 
(key a): Most biopsies underwent Whole-Exome Sequencing (WES). Copy-number profiles were determined with 
Affymetrix SNP 6.0 arrays, in large overlapping with WES samples. Location of abdominal metastasis (M) for the 
samples are indicated by dots with colours corresponding to key b. For some patients multiple anatomically 
distinct metastases were obtained. Microsatellite instability status by a 7-marker panel was performed on samples 
analyzed by WES, as indicated by key c (No indication; MS-stable). The total number of biosies is 98, taken from 
52 patients.
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Supplementary Figure 2
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Supplementary Figure 2. Somatic copy-number 
profiles by Affymetrix SNP 6.0 array.
Heatmaps indicate amplifications in red and dele-
tions in blue. Tumors are arranged by endometrioid 
endometrial carcinoma (EEC) vs. non-endometrioid 
endometrial carcinoma (NEEC) histologic subtype. 
Assays performed are given to the left, and biopsy 
locations to the right of the heatmaps. NaN indicate 
samples for which no SNP6.0 data were available.
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Supplementary Figure 3

Supplementary Figure 3. Somatic alteration rates by tissue type.
a, Number of exonic mutations detected in Endometrial complex atypical hyperplasias, primary tumors 
and metastases. Data from TCGA primary tumors are displayed on the right. 
b, Fraction of the genome that is affected by SCNAs in endometrial complex atypical hyperplasias, 
primary tumors and metastases as determined by Whole Exome Sequencing (WES, left) or SNP6 array 
analysis (right). For WES-analyzed samples, allelic copy number profiles were computed and the frac-
tion of the genome affected by SCNAs was defined as regions where there was not one copy of each 
allele. In this analysis, samples affected by whole genome doubling obtain higher values for the fraction 
of the genome affected by SCNAs than an analysis of total relative copy-number would yield. For 
samples analyzed with SNP 6.0 arrays, the fraction of the genome affected by SCNAs was defined as 
the fraction of the genome where the total relative copy level (normalized to a median of 2 per sample) 
was below 1.6 or above 2.5.
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Supplementary Figure 4. Key features of this cohort compared to TCGA cohort
a, Composition of molecular subgroups, clinical variables and histology of this cohort compared to that of the 
Uterine Corpus Endometrioid Carcinoma (UCEC) of TCGA. This cohort included more of the copy-number (CN) 
high subgroup tumors, non-endometrioid tumors (NEEC), and more of cases with higher grade and FIGO 
stages. All cases in this cohort progressed to metastatic disease or were metastatic at the time of primary surgery 
(MetATpr). NaN indicates samples that were not assigned to a TCGA subclass or key variable. b, Percentage of 
patients harboring mutations in driver genes by disease status, comparing this cohort to that of TCGA. c, 
Percentage of patients with mutations in driver genes by TCGA molecular subgroups in the combined cohort 
(n=274).
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Supplementary Figure 5
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Supplementary Figure 5. Indel rescue and estrogen pathway mutations.
a, Accuracy of modification to indeLocator to “rescue” indels. Insertions/Deletions meeting modified IndeLocator criteria 
were called in tumor-normal pairs (x-axis). To test the specificity of these calls, tumor/normal labels were swapped and 
the number of called indels was recorded for each normal-tumor pair (y-axis). A mean of 0.16 mutations were called in the 
swap, indicating a low false positive rate, whereas a mean of 62 mutations were rescued in the tumor-normal compari-
sons. b, Comparison of significance analysis results to TCGA. The 49 significantly mutated genes in our study (x-axis, 
purple dots) were plotted by their FDR q-value towards that obtained from the TCGA cohort (y-axis). Genes along the 
x-axis are significantly mutated in this study but not in that of the TCGA. Red genes indicate novel significant genes in our 
study that are also recurrently mutated in other cancer types. Green genes indicate novel significant genes in our study 
that are not recurrently mutated in other cancer types. c, The NRIP1 p.K728fs mutation shown based on WES data for a 
vaginal metastasis in case EC-011 visualized by Intergrated Genomics Viewer. d, Sanger sequencing chromotograms 
validating NRIP1 p.K728fs mutation in an external sample set of primary endometrial cancer. Two of 37 samples in the 
validation cohort carried the mutation. e, Stick plot of mutations observed in ESR1 by data source. “This study” refers to 
the 26 primary cancers included in our cohort. Mutations cluster in the ligand binding domain of the estrogen receptor. 
The Y537 mutations have previously been observed to confer tamoxifen resistance in breast cancers. However, we 
observed one patient in our cohort who demonstrated a p.Y537H mutation without any prior hormonal therapy as shown 
in f. Chromotogram of Sanger sequencing validate this ESR1 p.Y537H hotspot mutation in this individual (EC-012).
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Supplementary Figure 6. Frequency of co-alteration of MYC pathway copy number alterations and 
mutations. 
a, Stick plot of mutations in MAX by data source. We identified two hotspots in MAX, p.H28R (n=5) and p.R60Q 
(n=4). b, Stick plot of mutations in MYCN by data source. Two recurrent sites were identified, P44L (n=5) and H386R 
(n=2). c, Sanger sequencing validation of p.P44L mutation of MYCN in case EC-030, all tumors. d, All samples in 
our cohort and TCGA were analyzed to determine the patterns of coalteration between significantly altered MYC 
pathway members. Both MYCN  and MAX mutations were mutually exclusive with other MYC pathway alterations. 
None of these anti-correlations reached statistical significance (p=0.29 and 0.36 for MYCN and MAX, respectively). 
e, MYCN is the only gene in a GISTIC peak in endometrial cancer. GISTIC q-values are plotted on the y-axis, with 
genomic position on the x-axis. 
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Supplementary Figure 7

Supplementary Figure 7. Mutations in endometrial complex atypical hyperplasias.
(top) Number of exomic mutations detected in endometrial hyperplasias (bottom). Genes that were significantly 
mutated in primary tumors are depicted in the row of the comutation plot. Only PTEN and PIK3CA were mutated 
in every hyperplasia. 
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Supplementary Figure 8
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Supplementary Figure 8. Whole genome doubling 
(WGD) is followed by elevated rates of localized struc-
tural events
a-b, Allelic copy number plots for phylogenies with non-truncal 
WGD for cases EC-022 and EC-007. While the primary biopsy 
for patient EC-007 harbored few SCNAs that would allow accu-
rate determinate of biopsy purity, we were able to assign a 
purity of 67% from the variant allelic fractions of 1,027 muta-
tions. At this purity, we were adequately powered to detect 
clonal SCNAs if they occured. We detected neither WGD nor 
arm-level copy number events. c-d, Number of arm-level events 
occuring in each biopsy in a) and b) respectively. All single-copy 
losses were deemed to have occured after WGD. Losses of two 
copies of the same allele could have occured prior to or after 
WGD; we called all of these prior to WGD to be conservative. 
(Lower part, d) We performed flow cytometry to confirm that 
the primary in EC-007 was diploid. The second vaginal biopsy 
was obtained 12 months after the resection of the first vaginal 
metastasis and may therefore represent either recurrence of the 
first metastasis or an independent metastasis. Due to this ambi-
guity, EC-007 was excluded from multi-metastasis analyses.
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Metastasis biopsy

Supplementary Figure 9
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Supplementary Figure 9. Phylogenetics of somatic copy number alterations.
a-b, Phylogenetic placement of chromosome arm losses (a) and gains (b). Pi (p) indicates bias towards truncal altera-
tion (binomial test p<0.05). 
c, Haplotype tracking across tumor biopsies for EC-002 reveals convergent SCNAs. Copy-number adjusted allelic frac-
tions from germline heterozygous sites are plotted for the PB (top) and MB (bottom). All variants at germline heterozy-
gous sites are labeled in the PB by whether more reads of either allele are present (major allele, red). These labels 
were maintained in the MB (the sites labeled as red in the PB are red in the MB) and the same analysis was performed 
in the MB. Where a genomic segment is deleted or amplified, a haplotype is revealed. Often, the same haplotype is 
gained/lost in both biopsies (eg 10q in this example, red arrowhead). Occasionally, genomic regions undergo conver-
gent copy number gains/losses in which the opposite allele is gained/lost in the MB compared to the PB (e.g. 2p in this 
example, blue arrowhead).
d, The convergent SCNAs identified by allelic analysis in EC-002 also displayed different breakpoints in total copy ratio 
data.
e, Allele-specific copy-number profiles at germline heterozygous sites in primary and metastasis of EC-022.
f, Schematic outlining process of convergent loss of chromosome arms 15q and 18q indicated by data in e. WGD = 
Whole Genome Doubling. 
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Supplementary Figure 10. Trends in phylogenetic similarity.
a, The fraction of mutations each metastasis shared with its paired primary appeared to decrease with increasing 
distance to the primary tumor. Although not statistically significant (p=0.27). For purposes of statistical analysis, sites 
were grouped into four categories: 
    close mets= Cervix, Parametrium
    gynecologic mets= Vagina,Ovary
    semi-gynecologic metastases= Douglasi, Lymph Node
    abdominal metastases= Omentum, Gastrointesinal, Spleen, Abdominal
b, EC-022 was re-evaluated by the patologist during this study and considered to represent two independent synchro-
nous cancers based on morphology and immunohistochemical markers, but the two biopsies shared 76 mutations, 
indicating a single cancer. (Left) Tissue (HE) section from the uterine cavity showed glandular morphology consistent 
with endometrioid adenocarcinoma. Immunohistochemistry (IHC) indicated the tumor to be positive for p53 and estro-
gen hormone receptor (ER alpha) and negative for WT1 (Wilms` Tumor 1). (Right) Tissue (HE) section from the right 
ovary showed a papillary morphology consistent with a high grade serous adenocarcinoma. Immunohistochemistry 
indicated that this tumor was positive for p53 and WT1 and negative for ER alpha. Bar = 50 mm. 
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Supplementary Figure 11

Supplementary Figure 11. Immunohistochemical staining of ARID1A
a-f, Immunohistochemical (IHC) staining of ARID1A paraffin embedded sections of selected endometrial cancer (EC) 
cases, demonstrating positive homogenous immunoreactivity (a-b), heterogenous immunoreactivity (c-d) and com-
plete loss of ARID1A protein immunoreactivity (e-f) in corresponding primary tumor and metastasis. Mutations of 
ARID1A are denoted in red for each biopsy if present. Bar=20µm. g, Semiquantitative IHC data from TMAs evaluating 
anti-ARID1A antibody immunoreactivity, along with mutation status. Positions for truncating mutations are shown. 
Dollar sign indicate a missense mutation within potential Ab-epitope. h, Schematic view of the ARID1A protein with 
putative epitope target region of the antibody indicated (Abcam182561). i, Crosstab summary. Protein levels were 
assessed as present (TMA index 9-1) or absent (index 0). Samples with no ARID1A protein (index 0), are associated 
with presence of truncating mutations (p<0.001). 
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Supplementary Figure 12

a

Supplementary Figure 12. PPP2R1A and TP53 mutations cooperate to promote transformation.
a, Phylogenies with recurrent PPP2R1A mutations. b, Network model of gene comutation. Distances between 
nodes reflect negative log q-values for correlated mutations. c, Stick plot of PPP2R1A mutations by data source. 
Due to the large number of likely passenger mutations in POLE/ultramutated tumors, these samples were removed. 
d, Comutation plot of TP53 mutation, PPP2R1A mutation, TP53 loss of heterozygosity (LOH), histology (blue: 
NEEC, grey: EEC) and whole genome doubling (WGD, purple). PPP2R1A hotspot mutations are positively corre-
lated with TP53 loss (p= 6x10-8). e, The P179R mutation falls at the binding site of PPP2R1A to PPP2R5C (left).The 
P179R mutation overlaps the SV40 small T binding site to PPP2R1A (right)
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Supplementary Figure 13. Phylogenetic trees and copy number alterations for trees with multiple 
metastases.
a-e, (Top) WES-derived tumor phylogenies from the combined mutation and copy number alteration profiles from 
individual biopsies. The trees display the evolutionary relationship between primary-metastasis samples for a single 
patient: alterations ubiquitous to all biopsies are blue, yellow indicates mutations shared by all metastases, and red and 
purple indicates mutations specific (private) to only one metastasis or the primary biopsy, respectively. a-e, (Bottom) 
Allelic copy number profiles. Molecular classifications for all primary and metastatic lesions are denoted in colored 
squares to the right of each copy number panel in line with the TCGA uterine cancer classification scheme, followed by 
time (months) between resection of primary and metastatic lesions. Histological type, grade and FIGO stage is given 
for each individual. Further clinical details are in Supplementary Table 1. Scale bars for mutations are given for each 
case. Non-silent driver mutations are labeled in trees a, -d, and e. Due to the extremely high burden of mutations in b 
and c, only mutations with amino acid changes reported as recurrent in COSMIC are shown. f-g, Phylogenies of multi-
met tumors profiled with Affymetrix SNP 6.0 Arrays.
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Supplementary Figure 14. Focal copy number alterations demonstrate separate origins of metastasis 
in patient EC-026.
a, A focal SCNA on chromosome 2 that is shared across all biopsies demonstrates that all biopsies were of comparable 
purity and similarly able to detect SCNAs.
b-d, Focal SCNAs that are shared by two ovarian metastases and the primary tumor but absent in the biopsy from a 
vaginal metastasis. These SCNAs indicate that the ovarian biopsies and the primary biopsy have a shared common 
ancestor that did not give rise to the vaginal biopsy.
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Supplementary Figure 15. Power to detect metastasis specific drivers in this study.
Hypothetical drivers of metastasis were spiked into the set of mutations detected only in metastasis biopsies that were 
used to search for metastasis-specific drivers. The fraction of hypothetical drivers was varied and the rate at which 
MUTSIGCV2 recovered the driver as significant (q<0.25) is plotted above. Error bars reflect binomial 95% confidence 
intervals on the fraction of hypothetical drivers recovered.
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S_C, (4/115, 48/130)
CN: 1,1; 2,2

FAM149A, p.E179D
S_C, (4/84, 38/104)
CN: 1,1; 2,2

TPPP, p.R138H
S_C, (4/106, 30/104)
CN: 1,1; 2,2

PCDHA5, p.A536T
S_C, (4/151, 68/190)
CN: 1,1; 2,2

SOBP, Silent
S_C, (7/115, 73/167)
CN: 1,1; 2,2

MLLT4, p.R212*
S_C, (4/170, 61/154)
CN: 1,1; 2,2

SLC12A9, Silent
S_C, (6/155, 101/206)
CN: 1,1; 2,2

LMOD2, p.R302H
S_C, (4/104, 42/99)
CN: 1,1; 2,2

C8orf74, p.A109V
S_C, (4/200, 92/209)
CN: 1,1; 2,2

MTMR7, p.R514*
S_C, (6/88, 36/87)
CN: 1,1; 2,2

FAM135B, p.H1368N
S_C, (5/299, 135/344)
CN: 1,1; 2,2

NOTCH1, p.V276M
S_C, (2/137, 60/159)
CN: 1,1; 2,2

DMBT1, p.R2338H
S_C, (5/85, 52/124)
CN: 1,1; 2,2

CORO1B, 3'UTR
S_C, (5/88, 32/88)
CN: 1,1; 0,4

LRP5, p.R142W
S_C, (6/150, 52/149)
CN: 1,1; 2,2

Unknown, IGR
S_C, (5/129, 53/144)
CN: 1,1; 2,2

CAPRIN2, 3'UTR
S_C, (6/232, 104/249)
CN: 1,1; 2,2

ELK3, p.R242Q
S_C, (5/116, 61/146)
CN: 1,1; 2,2

OR6S1, p.T281M
S_C, (5/111, 50/118)
CN: 1,1; 2,2

DUOXA2, p.L300I
S_C, (6/128, 64/161)
CN: 1,1; 2,2

UMOD, p.W346*
S_C, (4/133, 78/164)
CN: 1,1; 2,2

NPIPB5, Silent
S_C, (4/103, 19/134)
CN: 1,1; 2,2

ZNF319, p.R362W
S_C, (8/80, 39/87)
CN: 1,1; 2,2

FUK, Intron
S_C, (4/149, 63/156)
CN: 1,1; 2,2

ANKFY1, p.A532T
S_C, (4/107, 31/101)
CN: 1,1; 2,2

MPDU1, Intron
S_C, (8/118, 57/154)
CN: 1,1; 2,2

TP53, p.R273C
S_C, (2/27, 20/41)
CN: 1,1; 2,2

HSPB9, p.T113N
S_C, (4/137, 63/177)
CN: 1,1; 2,2

NFE2L1, p.R186C
S_C, (7/337, 165/399)
CN: 1,1; 2,2

UBE2O, Silent
S_C, (4/101, 60/143)
CN: 1,1; 2,2

LPIN2, p.A315V
S_C, (4/113, 46/118)
CN: 1,1; 2,2

MADCAM1, p.S91S
S_C, (5/122, 39/136)
CN: 1,1; 2,2

CRB3, p.R81Q
S_C, (4/161, 89/187)
CN: 1,1; 2,2

PNMAL1, Silent
S_C, (8/141, 80/199)
CN: 1,1; 2,2

APP, p.G68D
S_C, (5/159, 60/156)
CN: 1,1; 2,2

RBFOX2, p.G173D
S_C, (8/202, 101/234)
CN: 1,1; 2,2

KCNJ4, p.T133M
S_C, (6/108, 42/118)
CN: 1,1; 2,2

MGAT2, p.P115fs
S_C, (7/239, 110/297)
CN: 1,1; 2,2

TP53, p.W73fs
S_C, (6/162, 94/234)
CN: 1,1; 2,2

ARID1A, p.P550fs
S_C, (7/291, 215/480)
CN: 1,1; 2,3

HTR1E, p.T265fs
S_C, (11/173, 79/206)
CN: 1,1; 2,2

Supplementary Figure 16. Mutations assigned to primary subclone that seeded metases in EC-007
a, 2D confidence intervals on the cancer cell fraction (CCF) of mutations assigned to the cluster of mutations that 
became clonal in the metastasis but was subclonal in the primary for patient EC-007. The CCF of the mutation in the 
primary biopsy is plotted on the x-axis and the CCF of the mutation in the metastasis biopsy (Vagina 1) is plotted on the 
y-axis. The outermost ellipse represents the 95% confidence interval. Candidate driver mutations are highlighted in red.
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