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eMethods 
 
Immunohistochemistry 
 Immunohistochemistry was performed using standardized staining protocols in a CLIA certified 
laboratory using monoclonal anti-p53 (murine, clone DO-7, Ventana Medical Systems, Tucson, AZ), 
monoclonal anti-Ki67 (rabbit, clone 30-9, Ventana Medical Systems), polyclonal anti-PAX8 (rabbit, Cell 
Marque, Rocklin, CA) and anti-WT1 (mouse, clone 6F-H2, Ventana Medical Systems) followed by 
secondary detection using polyclonal antibodies conjugated with horseradish peroxidase. Target protein 
expression was developed using Ultraview DAB polymer (Ventana Medical Systems; Tucson, Arizona), 
using hematoxylin as a counterstain.    Appropriate positive and negative controls were included.   Clonal 
staining for p53 was defined as strong and diffuse nuclear immunoreactivity or complete loss of staining. 
For PAX8 and WT1 expression, only nuclear staining was evaluated. Ki67 index was determined by 
manual counting of cells with nuclear Ki67 staining.  
 
Targeted Next Generation Sequencing- 
 Based on histologic and immunohistochemical findings supporting a diagnosis of TIC, areas of 
high tumor content (~70% or higher) within FFPE sections were identified, and adjacent, unstained 10µm 
sections were carefully manually dissected using a number 11 scalpel. Sections from matched invasive 
carcinomas were similarly macrodissected.  DNA was isolated from macrodissected tissue using the 
Qiagen Allprep FFPE DNA/RNA kit (Qiagen, Valencia, CA), as described previously1-4.  
 Barcoded libraries were generated by multiplexed PCR (Ampliseq) from 5-20ng of DNA per 
sample using the Oncomine Comprehensive Panel and sequencing of multiplexed templates was performed 
using IonTorrent (ThermoFisher, Waltham, MA)  technology as we have reported previously1,2.   Analysis 
was performed using Torrent Suite 4.0.2 and in house pipelines essentially as described1,2, with removal of 
synonymous or noncoding variants, those with frequencies >0.01 in ESP6500 or 1000 genomes, those with 
read depths of less than 20, variant allele containing reads of less than 5, or variant allele fractions less than 
0.05.  To prioritize potential driving alterations, we utilized Oncomine software tools 
(powertools.oncomine.com) to annotate called variants, which use pan-cancer NGS data to identify genes 
as oncogenes or tumor suppressors, based on overrepresentation of hot-spot or deleterious mutations, 
respectively. Variants in oncogenes are then considered gain of function if at a hot-spot and variants in 
tumor suppressors are considered loss of function if deleterious or at a hot-spot 1,2.   
 
Oncomine Comprehensive Panel 
 The Oncomine Comprehensive Panel (OCP) was designed to interrogate somatic mutations, 
involving oncogenes and tumor suppressors recurrently altered in solid tumors with the potential for near 
term clinical relevance.  Complete description of the assay design, workflow, validation and application 
have recently been described2. Details of the assay design, validation, and workflow are described. To 
define OCP content, we used evidence-based analysis of genomic alterations present in Oncomine, a 
resource comprised of mutation, copy number, and gene fusion data from >700,000 cell line, xenograft and 
clinical cancer samples as of December 2013.   
  Candidate genes with somatic driver mutations were derived from gain-of-function (GoF) and 
loss-of-function (LoF) analyses performed on 686,530 tumor samples with mutation data in Oncomine. 
GoF genes (oncogenes) were defined as those with a hotspot missense mutation (i.e. recurrent) rate >20% 
and deleterious mutation (i.e. nonsense and frameshift indels) rate <10%. LoF genes were defined as those 
with deleterious mutations in at least three samples and a combined deleterious and hotspot mutation 
frequency greater than 20%. Genes failing to meet GoF/LoF criteria were considered passenger genes.  
 All candidate driver GoF and LoF genes were then assessed for evidence of near term potential 
clinical relevance. Genes (with or without an associated variant) were considered for inclusion in OCP if 
they were 1) a target of FDA approved therapies, 2) associated with treatment recommendations from 
organizations such as the National Comprehensive Cancer Network (NCCN), 3) used as a biomarker for 
enrollment into ongoing clinical trials or 4) reported as associated with treatment response in clinical trials 
(or published case reports). Additional genes were considered for inclusion based on 1) membership in the 
Sanger Cancer Gene Census, 2) known cancer involvement or 3) were associated with investigational 
therapies.   
 DNA and RNA based multiplexed PCR based targeted sequencing (Ampliseq) panels were then 
designed to assess potentially actionable recurrently altered genes. Coverage of each gene was based on 
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GoF, LoF or copy number alteration status (e.g. hotspots were targeted in GoF genes while the entire 
coding sequence of LoF genes were targeted).The DNA panel was used for experiments performed herein. 
A detailed gene/amplicon list for the DNA component of the Oncomine Comprehensive Panel is included 
as eTable 1 and has been described2. 
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eResults  
 
Cohort 

The median age was 53 (range 48-62), and at the time of surgery, the BRCA1/2 status of each 
patient was unknown.  With a median of 41.9 months of follow up (range 31.7-42.4), all four patients are 
currently alive, with patients 1, 3, and 4 showing no evidence of disease, and patient 2 currently receiving 
fourth line therapy for recurrent disease. 
 
DNA isolation and next generation sequencing 
 A median of 132ng (range 16-228ng) and 444ng (range 86-1,864ng) genomic DNA was isolated 
from the TICs and invasive carcinomas, respectively (TABLE 1). Sequencing using the DNA component 
of the OCP on each sample using the Ion Torrent PGM resulted in a median of 1,117,972 mapped reads per 
sample (range 736,811-1,940,650) with 94% of reads on target, yielding a median targeted base coverage 
depth of 432x (range 293x-690x) across the cohort, with a median of 192 variant calls (range 160-514) per 
sample (coverage statistics summarized in Table 1).  Overall genomic concordance for matched primary 
tumor/TIC pairs as assessed by germline SNP analysis was ≥92% per paired sample, as shown in eFigure 
2. 
 
Sequencing results for patients 1 and 2 

For the two patients with HGSC (patients 1 and 2), sequencing of the TICs demonstrated 
mutations at TP53, including an R64X nonsense mutation in patient 1 (which correlated with total loss of 
P53 expression by immunohistochemistry) and a Y102C missense mutation in patient 2.  Furthermore, 
presumed germline variants (based on variant allele fractions and prior observation of these variants as 
germline alterations) in BRCA2 and BRCA1 were noted in patients 1 and 2, respectively.   Germline 
BRCA1/2 mutations were independently confirmed by clinical genetic testing ordered by the patients’ 
clinicians.  STICs and matched HGSCs from patients 1 and 2 carried concordant TP53 and BRCA1/2 
mutations, with the HGSC in patient 1 also demonstrating a second, somatic nonsense BRCA2 mutation.   
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eFigure 1- Identification and macrodissection of intraepithelial tubal lesions from routine FFPE 
tissues for next generation sequencing (NGS).   A, Low power (40x) photomicrograph of a hematoxylin 
and eosin stained slide from the fimbriated end of the distal fallopian tube of patient 1.   Black arrow 
indicates the presence of a STIC (noninvasive into the underlying stroma) and white arrow identifies 
normal adjacent tubal epithelium.  B and C, Low power (40x) photomicrographs of an adjacent, unstained 
section from the same patient with black dots added to identify the region of the STIC.  Panel B shows the 
area prior to manual dissection with a scalpel, and Panel C shows the same region, with the region 
containing the STIC removed via macrodissection.   
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eFigure 2- High Concordance of germline SNPs between matched TIC/primary tumor pairs. High 
confidence germline SNPs (present in 1000Genomes or ESP6500 and observed variant allele frequency 
[FDP/FAO] ≥ 0.20) were identified in each sequenced sample. A. For all cases, the number of concordant 
germline SNPs present in both the paired TIC and primary tumor vs. the total in that case are shown. B. 
Visualization of rare germline SNPs (1000Genomes allele frequency <0.10) in paired TIC and primary 
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tumors (high-grade serous ovarian carcinomas [HGSC] or uterine endometrial adenocarcinomas [UEC]). 
The observed variant allele frequency in each sample for the variant is indicated by the color scale 
according to the legend. 
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eTable 1- Oncomine Comprehensive Panel (OCP) Gene List 

Gene Chromosome Category Amplicons

ABL1 chr9 Oncogene 7 
ACVRL1 chr12 Oncogene 18 

AKT1 chr14 Oncogene 20 
ALK chr2 Oncogene 2 
APC chr5 Tumor Suppressor 118 

APEX1 chr14 Oncogene 15 
AR chrX Oncogene 17 

ARAF chrX Oncogene 0 
ATM chr11 Tumor Suppressor 161 

ATP11B chr3 Oncogene 17 
BAP1 chr3 Tumor Suppressor 34 

BCL2L1 chr20 Oncogene 18 
BCL9 chr1 Oncogene 19 
BIRC2 chr11 Oncogene 20 
BIRC3 chr11 Oncogene 18 
BRAF chr7 Oncogene 3 

BRCA1 chr17 Tumor Suppressor 89 
BRCA2 chr13 Tumor Suppressor 137 

BTK chrX Oncogene 1 
CBL chr11 Oncogene 3 

CCND1 chr11 Oncogene 19 
CCNE1 chr19 Oncogene 18 
CD274 chr9 Oncogene 19 
CD44 chr11 Oncogene 19 
CDH1 chr16 Tumor Suppressor 39 
CDK4 chr12 Oncogene 15 
CDK6 chr7 Oncogene 16 

CDKN2A chr9 Tumor Suppressor 13 
CHEK2 chr22 Oncogene 2 
CSF1R chr5 Oncogene 3 

CSNK2A1 chr20 Oncogene 19 
CTNNB1 chr3 Oncogene 3 

DCUN1D1 chr3 Oncogene 19 
DDR2 chr1 Oncogene 0 

DNMT3A chr2 Oncogene 5 
EGFR chr7 Oncogene 31 
ERBB2 chr17 Oncogene 25 
ERBB3 chr12 Oncogene 2 
ERBB4 chr2 Oncogene 3 
ESR1 chr6 Oncogene 3 
EZH2 chr7 Oncogene 2 

FBXW7 chr4 Tumor Suppressor 41 
FGFR1 chr8 Oncogene 19 
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eTable 1 (continued)- Oncomine Comprehensive Panel Gene List 

Gene Chromosome Category Amplicons

FGFR2 chr10 Oncogene 21 
FGFR3 chr4 Oncogene 20 
FGFR4 chr5 Oncogene 0 
FLT3 chr13 Oncogene 22 

FOXL2 chr3 Oncogene 1 
GAS6 chr13 Oncogene 22 

GATA2 chr3 Oncogene 2 
GATA3 chr10 Tumor Suppressor 17 
GNA11 chr19 Oncogene 1 
GNAQ chr9 Oncogene 2 
GNAS chr20 Oncogene 2 
HNF1A chr12 Oncogene 0 
HRAS chr11 Oncogene 2 
IDH1 chr2 Oncogene 3 
IDH2 chr15 Oncogene 2 

IFITM1 chr11 Oncogene 1 
IFITM3 chr11 Oncogene 1 
IGF1R chr15 Oncogene 19 

IL6 chr7 Oncogene 17 
JAK1 chr1 Oncogene 2 
JAK2 chr9 Oncogene 4 
JAK3 chr19 Oncogene 2 
KDR chr4 Oncogene 4 
KIT chr4 Oncogene 27 

KNSTRN chr15 Oncogene 1 
KRAS chr12 Oncogene 23 

MAGOH chr1 Oncogene 1 
MAP2K1 chr15 Oncogene 3 
MAP2K2 chr19 Oncogene 0 
MAPK1 chr22 Oncogene 1 

MAX chr14 Oncogene 2 
MCL1 chr1 Oncogene 17 
MDM2 chr12 Oncogene 19 
MDM4 chr1 Oncogene 20 
MED12 chrX Oncogene 1 

MET chr7 Oncogene 24 
MPL chr1 Oncogene 1 

MLH1 chr3 Oncogene 0 
MPL chr1 Oncogene 0 

MSH2 chr2 Tumor Suppressor 47 
MTOR chr1 Oncogene 4 
MYC chr8 Oncogene 11 

MYCL chr1 Oncogene 18 
MYCN chr2 Oncogene 22 
MYD88 chr3 Oncogene 3 

MYO18A chr17 Oncogene 17 
NF1 chr17 Tumor Suppressor 136 
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eTable 1 (continued)- Oncomine Comprehensive Panel Gene List 

Gene Chromosome Category Amplicons

NF2 chr22 Tumor Suppressor 38 
NFE2L2 chr2 Oncogene 2 
NKX2-1 chr14 Oncogene 10 
NKX2-8 chr14 Oncogene 3 

NOTCH1 chr9 Tumor Suppressor 100 
NPM1 chr5 Oncogene 0 
NRAS chr1 Oncogene 2 
PAX5 chr9 Oncogene 1 

PDCD1LG2 chr9 Oncogene 18 
PDGFRA chr4 Oncogene 21 
PIK3CA chr3 Oncogene 34 
PIK3R1 chr5 Tumor Suppressor 39 

PNP chr14 Oncogene 18 
PPARG chr3 Oncogene 19 

PPP2R1A chr19 Oncogene 2 
PTCH1 chr9 Tumor Suppressor 55 
PTEN chr10 Tumor Suppressor 18 

PTPN11 chr12 Oncogene 3 
RAC1 chr7 Oncogene 1 
RAF1 chr3 Oncogene 1 
RB1 chr13 Tumor Suppressor 54 
RET chr10 Oncogene 3 

RHEB chr7 Oncogene 1 
RHOA chr3 Oncogene 1 

RPS6KB1 chr17 Oncogene 18 
SF3B1 chr2 Oncogene 4 
SMAD4 chr18 Tumor Suppressor 0 

SMARCB1 chr22 Tumor Suppressor 20 
SMO chr7 Oncogene 2 
SOX2 chr3 Oncogene 12 
SPOP chr17 Oncogene 1 
SRC chr20 Oncogene 1 

STAT3 chr17 Oncogene 1 
STK11 chr19 Tumor Suppressor 21 
TERT chr5 Oncogene 18 
TET2 chr4 Tumor Suppressor 71 
TIAF1 chr17 Tumor Suppressor 6 
TP53 chr17 Tumor Suppressor 20 
TSC1 chr9 Tumor Suppressor 57 
TSC2 chr16 Tumor Suppressor 94 
U2AF1 chr21 Oncogene 2 

VHL chr3 Tumor Suppressor 8 
WT1 chr11 Tumor Suppressor 25 
XPO1 chr2 Oncogene 1 

ZNF217 chr20 Oncogene 19 
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List of genes included in the DNA component of the Oncomine Comprehensive Panel. For each gene, the category (tumor 
suppressor / oncogene) and number of amplicons is provided. 


