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SUPPLEMENTARY METHODS

Whole-exome sequencing analysis

DNA samples from each the histologically distinct components of each of the 11 metaplastic breast
cancers (MBCs) and six uterine carcinosarcomas (UCSs) and their respective normal samples were
subjected to whole-exome sequencing (WES) at MSKCC'’s Integrated Genomics Operation (IGO)
following validated protocols (1,2). Sequencing data of the separately microdissected components,
as well as of the 35 bulk MBCs (Ng et al, 2017)(3) and 57 UCSs (The Cancer Genome Atlas,
TCGA)(4) were analyzed as previously described (1,2). In brief, somatic single nucleotide variants
(SNVs) were identified using MuTect (v.1.1.4) (5), and small insertions and deletions (indels) were
detected using a combination of callers (i.e. VarScan2 (v2.3.6)(6), Strelka (v3.1.1)(7), Lancet (8),
Platypus (9) and Scalpel (10)) as previously described (1). SNVs and indels outside the intersection
of the two WES capture designs (i.e. Ng et al (3) and TCGA (4)) were filtered out, as were SNVs and
indels for which the variant allele fraction (VAF) in the tumor sample was <5 times the VAF of the
paired normal tissue, SNVs and indels found at >5% global minor allele frequency of dbSNP (build
146) or found at >1% global allele frequency in ExXAC or gnomAD (11), as previously described
(1,12).

Fraction of the genome altered

Allele specific copy number aberrations (CNAs), tumor purity and ploidy were obtained from the
WES data using FACETS (13). The fraction of the genome altered was computed from the CNAs
obtained from FACETS. Segments with an absolute copy number above or below the integer ploidy
or were affected by copy neutral loss of heterozygosity were considered altered. The footprint of
genome covered by these segments was reported as a function of the total footprint of genome

covered by the WES capture design, as described (12).

Clonal relatedness

To infer the clonal relatedness between the histologically distinct components of each MBC and
UCS, we defined the “clonality index” (Cl) as the probability of two lesions sharing mutations not
expected to have co-occurred by chance based on a previously validated method (14,15). Briefly, all
somatic mutations were included and at least one non-synonymous mutation was required to be
shared in two samples being compared. Given that this analysis is potentially confounded by the
presence of highly recurrent somatic mutations, the Cl provides an adjustment for the presence and
frequency of a given somatic mutation, including synonymous and non-synonymous, in the triple-
negative breast cancer (TNBC) dataset from TCGA (n=123)(16), given that all MBCs included in this
study were TNBCs, the 35 MBCs from Ng et al. (3), and the 57 UCSs retrieved from TCGA (4).



Adopting previous approach (14,15), we defined CI = —log,o [[M_, P(X),,. Given the repertoire of
mutations of two samples, the probability of observing a given mutation in both samples is defined
by the binomial probability P(X)=C:p"(1-p)"™, n=2, k=2, where p is the frequency of a given
mutation in the combined 158 TNBCs and MBCs for the analysis of the 11 multicomponent MBCs,
or the 55 non-hypermutated UCSs cases from TCGA for the analysis of the 6 multicomponent
UCSs, and n is the number of shared mutations between a pair of lesions or the average number of
mutations found in the two samples in the target regions divided by the size of the target regions.
Thus, the probability of observing a given set of M identical mutations in the two samples is given by
M_1P(X)m. To objectively define a cut-off for clonal relatedness among the MBC cases, we used
the mutational data from the 123 TNBCs from TCGA (16) and the 35 MBCs from Ng et al. (3). As the
positive control (i.e. clonally related), we randomly selected 40%, 60% and 80% of the set of
mutations from the 158 unrelated cases in duplicate to simulate heterogeneity between biologically
related samples. As the negative control (i.e. unrelated), we randomly selected an equivalent
number of pairs (i.e. 3x158=474) of unrelated cases from TCGA. To define the optimum cut-offs, the
R package ‘ROCR’ was used to maximize accuracy. To avoid over-fitting of data, the above
procedures were repeated 100 times to define the median and 95% confidence interval of the
optimum cut-off. The median optimum cut-off was 18.78 (95% confidence interval 18.71-18.86), the
median accuracy was 82.3% (95% confidence interval 80.1%-83.8%), the median sensitivity was
78.9% (95% confidence interval 75.9%-81.9%), and the median specificity was 85.7% (95%
confidence interval 85.3%-86.0%).
A similar analysis was performed to define a cut-off for clonal relatedness among the UCS cases,
using the mutational data from the 55 non-hypermutated UCSs from TCGA (4). The median
optimum cut-off was 15.3 (95% confidence interval 15.0-15.6), the median accuracy was 93.1%
(95% confidence interval 91.9%-94.4%), the median sensitivity was 89.1% (95% confidence interval
86.8%-91.4%), and the median specificity was 97.1% (95% confidence interval 96.7%-97.6%).
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Supplementary Figure S1. Copy number alterations and somatic mutations affecting selected
signaling pathways in metaplastic breast cancers and uterine carcinosarcomas. (a)
Comparisons of the frequencies of copy number alterations (gains and losses, left; amplifications
and homozygous deletions, right) metaplastic breast cancers (MBCs, n=35, top) and uterine
carcinosarcomas (UCSs, n=55, middle). Fisher's exact test is shown in the bottom. (b) Genetic
alterations in key pathways. Oncoprint of altered genes of the canonical PI3K/AKT/mTOR, Wnt and
Notch pathways in metaplastic breast cancers (MBC, n=35) and uterine carcinosarcomas (UCSs,
n=55). Cases are shown in columns and genes in rows. Somatic mutations and copy number
alterations are color-coded according to the legend.
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Supplementary Figure S2. Representative micrographs of the histologic components of the
metaplastic breast cancers subjected to bulk whole-exome sequencing as well as to whole-
exome sequencing of the distinct microdissected components. Please note that for MP21
micrographs were not available.
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Supplementary Figure S3. Clonal decomposition of the epithelial and mesenchymal
components of the metaplastic breast carcinomas and uterine carcinosarcomas. Clonal
frequency heatmaps of mutations in the epithelial and mesenchymal histologic components of (a)
MP1, MP7, MP8, MP11, MP17, MP18, MP19, MP21, MP27, MP35 and of (b) CS1, CS3, CS5, and
CS6. Mutations are shown grouped by their clonal structure as inferred by PyClone. (c) Age at
diagnosis of patients with metaplastic breast cancer (MBC, median 53 years, range 34-82, n=35)
and with uterine carcinosarcoma (UCS, median 68 years, range 51-90, n=55). Mann-Whitney U test.
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Supplementary Table S1. Clinico-pathologic information of the 35 metaplastic breast cancers re-
analyzed from Ng et al (Clin Cancer Res 2017), 57 uterine carcinosarcomas from Cherniack et al
(TCGA, Cancer Cell 2017), 11 metaplastic breast cancers with separately analyzed histologic
components (this study), and 6 uterine carcinosarcomas with separately analyzed histologic
components (this study).
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Supplementary Table S3. DAVID pathway analysis in 35 metaplastic breast cancers from Ng et al
(Clin Cancer Res 2017) and 55 non-hypermutated uterine carcinosarcomas from Cherniack et al

(TCGA, 2017).
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Supplementary Table S4. Genetic alterations affecting homologous recombination genes in

metaplastic breast carcinomas and uterine carcinosarcomas.

. . Somatic
Sample name| Gene Mutation Effect Chromo Position Reference | Alternate Sequencu‘!g. Loss of . Clinvar Mutation homozygous

some allele allele |depth at position | heterozygosity status deletion
META33 BRCA1 Q74+ Nonsense mutation 17 41256966 G A 57 TRUE Pathogenic | Germline -
META39 BRCA2 Y3225fs Frame_Shift_Ins 13 32972321 T TA 156 - Pathogenic | Germline -
META39 RBBP8 R100W Missense mutation 18 20548818 C T 67 TRUE Pathogenic | Germline -
META52 RAD54B S240A Missense mutation 8 95419730 A C 135 - - Somatic -
MP1 BRCA2 S1982fs Frame_Shift_Del 13 32914437 GT G 173 - Pathogenic | Germline -
MP1 BRCA2 [ E2226Sfs*6 | Frame_Shift_Del 13 32915166 CAG C 507 - Pathogenic | Somatic -
MP11 EME1 S411T Missense_Mutation 17 48456548 G C 769 TRUE - Somatic -
MP11 BRCA1 G1777fs Frame_Shift_Ins 17 41209079 T TG 169 TRUE Pathogenic | Germline -
MP15 BRIP1 A349P Missense mutation 17 59878709 C G 183 - Pathogenic | Germline -
MP19 BRCA1 L639* Nonsense mutation 17 41245632 A T 126 TRUE Pathogenic | Germline -
MP21 BRCA1 | G1800Fs Frame_Shift_Del 17 41201208 TG T 84 TRUE Pathogenic [ Germline -
MP27 SLX4 A1358G | Missense mutation 16 3639566 G C 212 - - Somatic -
MP27 POLQ T948fs Frame_Shift_Del 3 121208934 AT A 68 - - Germline -
MP8 BRCA1 Q23fs Frame_Shift_Del 17 41276044 ACT A 71 TRUE Pathogenic | Germline -
MTC04 EME1 N233K Missense mutation 17 48453268 T A 713 TRUE - Somatic -
MTCO06 BRCA1 | E1346Fs Frame_Shift_Del 17 41243512 CT C 111 TRUE Pathogenic [ Germline -
MTC14 BRIP1 D674G Missense mutation 17 59853838 T C 386 TRUE - Somatic -

MP15 BRCA2 - - 13 - - - - - - - 13913.1

UCSs11 WRN - - 8 - - - - - - - 8p12
UcCs11 USP11 - - X - - - - - - Xp11.23
UCs12 FANCA - - 16 - - - - - - - 16924.3
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Supplementary Table S5. Number of shared and unique mutations, mutational signatures and

clonal relatedness index of the histologically distinct components of 11 metaplastic breast cancers

and 6 uterine carcinosarcomas subjected to whole-exome sequencing.

Shared y y Shared Y y Carcinoma unique non- | Mesenchymal unique non- . B - Clonal
Case ID 4 ] y h i v y " v v ; Muta_tlonal signature SigMA TR hRES
mesenchymal components (n) | mesenchymal components (n) mutations (n) mutations (n) N W index
MP1-1 NP Aging/APOBEC 66
MP1-2 131 NA 14 8 NP APOBEC/HRD 66
MP7-1 NP Aging/HRD 48
54 N/A 18 9
MP7-2 NP Aging/HRD 48
MP8-1 3 (HRD)/Sig. 22 HRD/Aging 66
MP8-2 I NA 42 44 3 (HRD)/13 (APOBEC) HRD/Aging 66
MP11-A1 N/A 17 NP HRD/Aging 66
MP11-A2 62 54 41 3 (HRD)/13 (APOBEC) HRD/Aging 66
MP11-B 185 N/A 3 (HRD)/26 (MSI) HRD/Aging 66
MP15-1 NP HRD/Aging 66
7 N/A 4 1
MP15-2 8 I 6 5 3 (HRD)/7 (UV) HRDJ/Aging 66
MP17-A1 N/A 4 NP NP 19/25
MP17-A2 17 20 3 NP NP 19/25
MP17-B1 2 N/A NP NP 19/25
MP18-1 3 (HRD)/1 (Aging) HRD/Aging 66
2 N/A 2
MP18-2 0 I 35 6 3 (HRD)/13 (APOBEC) HRD/Aging 66
MP19-1 NP HRD/Aging 66
MP19-2 109 NiA i 38 3 (HRD)/Sig. 24 HRD/Aging 66
MP21-R1 NA 31 3 (HRD)/Sig. 11 HRD/Aging 66
MP21-R2 36 18 2 NP NP 66
MP21-2 4 N/A NP NP 66
MP27-1 3 (HRD)/1 (Aging) HRD/Aging 66
54 N/A 47 48
MP27-3 1 (Aging)/3 (HRD) HRD/Aging 66
MP35-1 NP Aging/HRD 33
MP35-2 48 NA 19 18 NP Aging/HRD 33
CS1-C 6 (MSI)/15 (MSI) MSI/Aging 57
81 N/A 1047 865
CS1-S 6 (MSI)/15 (MSI) MSI/Aging 57
CS3-C NP NP 47
CS3-S 57 NA 3 6 NP Aging/HRD 47
CS4-C 1 (Aging)/7 (UV) Aging 30
51 N/A 19 41
CS4-S 3 (HRD)/1 (Aging) Aging 30
CS5-C NP NP 30
N/A 4 1
CS5-S %0 I NP NP 30
CS6-C NP APOBEC/HRD 18
25 N/A 19 17
CS6-S NP Aging/HRD 18
CS8-C 3 (HRD)/1 (Aging) APOBEC/HRD 57
CS8-S 67 NiA 21 20 8 (HRD)/Sig.29 Aging/HRD 57

N/A, not applicable; NP, not performed (mutational signatures using DeconstructSigs could only be defined in samples 220 single nucleotide variants (SNVs); SigMA signatures could

only be defined for samples 25 SNVs).
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