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A B S T R A C T

Purpose
To determine the potential for detection of incidental germline cancer predispositionmutations through
cell-free DNA (cfDNA) analyses in patients who underwent solid tumor somatic mutation evaluation.

Patients and Methods
Data were evaluated from 10,888 unselected patients with advanced (stage III/IV) cancer who
underwent Guardant360 testing between November 2015 and December 2016. The main outcome
was prevalence of putative germline mutations identified among 16 actionable hereditary cancer
predisposition genes.

Results
More than 50 cancer types were studied, including lung (41%), breast (19%), colorectal (8%),
prostate (6%), pancreatic (3%), and ovarian (2%). Average patient age was 63.5 years (range, 18 to
95 years); 43% were male. One hundred and fifty-six individuals (1.4%) had suspected hereditary
cancer mutations in 11 genes. Putative germline mutations were more frequent in individuals
younger than 50 years versus those 50 years and older (3.0% v 1.2%, respectively; P , .001).
Highest yields of putative germline findings were in patients with ovarian (8.13%), prostate (3.46%),
pancreatic (3.34%), and breast (2.2%) cancer. Putative germline mutation identification was con-
sistent among 12 individuals with multiple samples. Patients with circulating tumor DNA copy
number variation and/or reversion mutations suggestive of functional loss of the wild-type allele in
the tumor DNA also are described.

Conclusion
Detection of putative germline mutations from cfDNA is feasible across multiple genes and cancer
types without prior mutation knowledge. Many mutations were found in cancers without clear
guidelines for hereditary cancer genetic counseling/testing. Given the clinical significance of
identifying hereditary cancer predisposition for patients and their families as well as targetable
germline alterations such as in BRCA1 or BRCA2, research on the best way to validate and return
potential germline results from cfDNA analysis to clinicians and patients is needed.

J Clin Oncol 36:3459-3465. © 2018 by American Society of Clinical Oncology

INTRODUCTION

Identification of individuals and families at high
risk for cancer can lead to opportunities for
cancer prevention and early detection and can
influence cancer treatment and management
decisions.1-3 However, current guideline-directed
genetic testing for cancer risk misses a significant
portion of hereditary cancer predisposition gene
mutation carriers.4,5

Germline mutation detection in the context
of tumor genomic sequencing has been reported
in single-institution and retrospective consortia
(eg, The Cancer Genome Atlas) settings,6,7 al-
though established mechanisms for return of
results are lacking. Novel methods to identify
patients with germline mutations could serve
as useful adjuncts to conventional genetic cancer
risk assessment.2,3 In addition, mutations in
germline homologous recombination repair
genes (eg, BRCA1, BRCA2) identify candidates for
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poly (ADP-ribose) polymerase inhibitor treatment and other
targeted therapies in clinical trials.8

Cell-free DNA (cfDNA) studies in cancer have shown promise
for tumor detection, molecular heterogeneity assessments, identi-
fication of therapeutically relevant genomic alterations, and mon-
itoring of tumor dynamics and response to therapy.9 Incidental
maternal germline cancer risk gene mutations have been reported
in noninvasive prenatal cfDNA testing for fetal aneuploidies.10

Similarly, because circulating tumor cfDNA (ctDNA) sequencing is
from mostly leukocyte-derived DNA, cfDNA next-generation se-
quencing (NGS) for somatic tumor mutations may identify het-
erozygous germline mutations at approximately 50% mutant allele
fraction (MAF), which generally are distinguishable from somatic
mutations that typically occur at lower MAFs.11

Few studies have evaluated germline cancer predisposition
through cfDNA,12-14 and no publications have reported the utility
of ctDNA analyses in hereditary predisposition mutation detection
across multiple genes or cancer types when the germline mutation
status is unknown. The purpose of this study was to describe
putative (ie, probable) incidental germline mutations identified
through commercial cfDNA testing of patients who underwent
solid tumor somatic genotyping. Furthermore, we define clinical
factors associated with putative germline mutation detection.

PATIENTS AND METHODS

Participants and Sequencing
This observational, noninterventional case series (completed under

Quorum Review Institutional Review Board protocol 30-001) included
coded data from 11,681 de-identified cfDNA samples from 10,888 con-
secutive patients with advanced (all stage III/IV) solid tumors who

underwent Guardant360 (Guardant Health, Redwood City, CA) testing (70
to 73 genes) as part of clinical care between November 2015 and December
2016. No individuals with sequencing data available were excluded from
the analysis. cfDNA was extracted from plasma, quantified, and used to
prepare sequencing libraries, which were sequenced to approximately
15,000 times the average read depth usingmethods previously described.15,16

The Guardant360 assay detects single nucleotide variants, small (fewer than
50 bases) indels,METexon 14 large indels, copy number amplifications, and
fusion events.

Variant Curation
Variants in 16 clinically actionable genes with defined hereditary

cancer associations were analyzed, including APC, ATM, BRCA1, BRCA2,
CDKN2A, KIT, MLH1, NF1, PTEN, RB1, RET, SMAD4, STK11, TP53,
TSC1, and VHL (Table 1). Of this list, full exon sequencing was performed
for BRCA1, BRCA2, CDKN2A, KIT, NF1, PTEN, RB1, TP53, and VHL;
select exons (those with previously reported somatic mutations) were
sequenced for the remaining genes.

All variants suspected to be of germline origin (allele fraction, 40% to
60%) were included in the screen for pathogenic germline alterations. The
allele fraction cutoff was selected as a conservative approach on the basis of
expected 50% MAFs with a standard deviation of 2.3% for germline
heterozygous alterations. Our decision rule to evaluate variants of 40% or
more allele fraction was selected a priori without additional adjustments.
Variants with an allele fraction less than 40% are more likely to represent
somatic alterations related to ctDNA or clonal hematopoiesis.17,18 In
addition, variants with allele fractions greater than 60% were included if
a concomitant copy number change was identified, concordant with
deviations in allele fractions for neighboring common germline single
nucleotide polymorphisms (SNPs) from their expected allele fractions.
Generally, such deviations may occur as a result of either copy number gain
of the variant allele or copy number loss of the wild-type (nonvariant
containing) allele. Equivocal cases with high ctDNA load (defined as more
than one circulating tumormutation present at anMAF greater than 30%),
were manually reviewed for relevant gene copy number status and allele
frequencies of common neighboring germline SNPs to characterize

Table 1. Putative Germline Mutation Occurrences by Cancer Type

Patient Characteristic

Cancer Type, No. (%)

All Ovarian Prostate Pancreatic Breast Lung Colorectal* Other†

No. of patients 10,888 210 617 332 2,064 4,459 878 2,328
Sex
Female 6,242 (57.3) 210 (100) 0 (0) 143 (43.1) 2,037 (98.7) 2,449 (54.9) 397 (45.2) 1,006 (43.2)
Male 4,646 (42.7) 0 (0) 617 (100) 189 (56.9) 27 (1.3) 2010 (45.1) 481 (54.8) 1,322 (56.8)

Mean age, years (range) 63.6 (18-95) 62.3 (25-89) 68.7 (35-89) 64.5 (34-89) 58.6 (25-95) 66.4 (20-89) 59.5 (21-89) 62.4 (18-89)
Patients with putative

germline mutation
156 (1.4) 17 (8.1) 21 (3.4) 11 (3.3) 45 (2.2) 33 (0.7) 5 (0.6) 24 (1)

Gene
BRCA2 81 3 20 7 27 17 1 6
BRCA1 41 14 1 10 11 1 4
CDKN2A 10 1 3 2 4
ATM 5 1 2 2
TP53 5 3 2
APC 4 1 3
NF1 4 1 1 2
RB1 2 2
RET 2 1 1
MLH1 1 1
SMAD4 1 1

NOTE. No putative germline mutations were identified in PTEN, STK11, TSC1, KIT, or VHL. Full coding sequence data were available for BRCA1, BRCA2, CDKN2A, KIT,
NF1, PTEN, RB1, TP53, and VHL.
*Lynch syndrome genes not sequenced except for MLH1 exon 12.
†Other types include carcinoma of unknown primary, endometrial carcinoma, melanoma, thyroid carcinoma, gastric adenocarcinoma, cholangiocarcinoma, renal pelvic
urothelial carcinoma, renal cell carcinoma, neuroendocrine carcinoma, and sarcoma.
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variants as germline or somatic. If manual review did not adjudicate status,
the equivocal variant was not included in the putative germline set.

Using Ingenuity Variant Analysis (QIAGEN, Redwood City, CA),
variants observed with an allele frequency of 2.0% or greater in the 1000
Genomes Project,19 National Heart, Lung, and Blood Institute Exome
Sequencing Project,20 Exome Aggregation Consortium,21 or Genome
Aggregation Database21 databases were excluded. Remaining single nu-
cleotide variants and indels suspicious for germline origin were classified
by Ingenuity Variant Analysis as pathogenic, likely pathogenic, unknown
significance, likely benign, or benign according to American College of
Medical Genetics and Genomics guidelines.22 All pathogenic and likely
pathogenic variants and other frameshifts, start losses or gains, and 6 1, 2
splice site variants were manually reviewed by a board-certified individual
in molecular diagnostics by the American Board of Clinical Chemistry
(T.P.S.) and a genetic counselor (K.C.B.) to establish a final set of putative
mutations (our summary term for likely pathogenic and pathogenic
variants22). During manual review, ClinVar (National Center for Bio-
technology Information, Bethesda, MD) was used to confirm final de-
terminations when available for a particular variant. For variants that
lacked consensus among ClinVar commercial laboratories (Online
Mendelian Inheritance in Man excluded), Ingenuity Variant Analysis
classification was considered confirmed if consistent with at least one of the
following hereditary gene testing laboratories: Ambry Genetics (Aliso
Viejo, CA), Invitae (San Francisco, CA), GeneDx (Gaithersburg, MD), or
the Sharing Clinical Reports Project (Myriad Genetics, Salt Lake City, UT).
Last exon protein-truncating variants were called as likely pathogenic or
pathogenic unless located after a known benign polymorphic stop codon
in ClinVar. Appendix Table A1 (online only) includes a final list of the
putative mutations by individual.

Statistical Analysis
Data are presented as means or proportions. Descriptive statistics

were used to analyze clinical, demographic, and genetic test result char-
acteristics; x2 tests were used to compare groups. A two-sided P, .05 was
considered statistically significant.

RESULTS

More than 50 cancer types were studied, including lung (41%),
breast (19%), colorectal (8%), prostate (6%), pancreas (3%), and
ovarian (2%). Average patient age was 63.5 years (range, 18 to 95
years), and 43% were male. Overall, 239 potential germline mu-
tations in 227 unique patients were identified. Of these, 83 (34.7%)
in 74 patients were excluded because of high ctDNA load, which
made germline-somatic origin unclear (see Variant Curation in
Patients and Methods).

Of the 83 excluded mutations, 44 (53%) were in TP53, 20
(24.1%) in APC, nine (10.8%) in RB1, four (4.8%) in PTEN, and
two (2.4%) each in CDKN2A, NF1, and STK11. Excluded variants
generally were congruent with the known somatic mutation
spectrum of their respective tumor types: 77% of excluded TP53
alterations (n = 34) were in lung, breast, or colorectal cancer
(CRC); 75% of excluded APC alterations (n = 15) were in CRC;
33% of excluded RB1 alterations (n = 3) were in non–small-cell
lung cancer (which potentially indicates small-cell transformation),
and one was in small cell lung cancer; and 50% of excluded PTEN
mutations (n = 2) were in breast cancer, one in melanoma and one
in non–small-cell lung cancer. No mutations in ATM, BRCA1,
BRCA2, RET, MLH1, or SMAD4 were excluded because of high
ctDNA fraction.

In total, 156mutations in 156 patients (1.4%) were considered
likely germline (Table 1; Appendix Tables A1 andA2, online only), with
BRCA1 and BRCA2 mutations being the most common (78% com-
bined [n = 122]). Eighty-eight (82.2%) of 107 unique mutations were
previously identified in ClinVar as likely pathogenic or pathogenic.
Only one putative germline mutation implicated in Lynch syndrome
was identified most likely because only a single Lynch syndrome gene
exon (exon 12 of MLH1) was included in Guardant360.

Putative germline mutation identification was consistent
among 12 individuals with multiple samples evaluated. Serial
sampling MAFs ranged from 42.4% to 56.1%, with the largest
intrapatient variation being 7.3% (Appendix Table A2).

Overall, the highest prevalence of putative germline mutations
was in patients with ovarian (8.1%), prostate (3.5%), pancreatic
(3.3%), and breast (2.2%) cancer (Table 1). Putative mutation rates
were higher in patients younger than 50 years of age across all
tumor types (3.0% v 1.2% [P, .001]; breast cancer excluded, 2.1%
v 1.2% [P = .017]) and only in patients with breast cancer (4.7% v
1.4%; P , .001).

The mean MAF of putative germline findings was 48.7%, and
MAFs ranged from the cohort limit of 40% to 95.6% (Fig 1).
Examination of the relationship between germline MAF estimates
and copy number variation established that deviation from ex-
pected germline allelic frequency (50%) often is concordant with
copy number estimates (Figs 2 and 3). Putative germline mutations
in tumor suppressor genes were observed with ctDNA copy
number losses in the same gene (presumably loss of heterozygosity
of the wild-type allele). Distinct mechanisms explain secondary
hits evident in the data, including gene deletions (ie, loss of
heterozygosity) and somatic truncating mutations (Fig 4). In
addition, somatic reversion mutations that restore expression of
functional proteins were identified, which likely evolved as a re-
sistance mechanism to prior therapy23 (Fig 4).

Germline testing of leukocyte DNA confirmed germline
mutation status in five patients (one with ATM, one with BRCA1,
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three with BRCA2) for which ancillary germline testing results
were available (100% concordance), and six additional patients
(five with BRCA2, one with MLH1) had congruent germline-
positive results by clinician report (no primary germline labora-
tory report available). In addition, 19 BRCA Ashkenazi Jewish
founder mutations were identified24; most (58% [n = 11 of 19])
were in patients with breast, ovarian, or prostate cancer, consistent
with hereditary breast and ovarian cancer syndrome,3 whereas
another six were in patients with lung cancer and one each in
patients with neuroendocrine carcinoma and carcinoma of un-
known primary. A Brazilian TP53 p.R337H founder mutation
associated with Li-Fraumeni syndrome also was identified in a
38-year-old patient with breast cancer.25

DISCUSSION

We leveraged cfDNA NGS analysis to identify and differentiate
germline mutations from somatic mutations without a priori
knowledge of germline mutation status to identify a spectrum of
putative germline findings in a large cohort of patients with ad-
vanced solid tumors who underwent somatic genomic testing as
part of routine clinical care. This patient cohort primarily rep-
resented the four most common cancers in the United States in
2018—breast, lung, prostate, and colorectal—as well as pancreatic
cancer, the 11th most common cancer type.26 Of note, in addition
to diseases where genetic counseling and testing recommendations
are supported by evidence-based guidelines, we identified putative
germline mutations in common tumor types, including lung,
pancreatic, and prostate, where routine germline testing is not
common, which suggests that incidental putative germline mu-
tation reporting in these cancer types could significantly affect
clinical care.

Although we observed a lower prevalence of cancer pre-
disposition germline mutations than previously reported among
other advanced cancer cohorts,7,27-29 we used a conservative ap-
proach to establish the final putative germline set, which likely

underestimates of the true prevalence of germline mutations.
Reasons for the lower prevalence are multiple: Our methods re-
moved mutations with MAFs of less than 40%, although most
commercial laboratories would consider genomic DNA mutations
of more than 25%MAF to be germline; only a subset of exons were
sequenced for seven of the 16 genes; several well-described cancer
susceptibility genes were not included in the Guardant360 panel;
the cohort was highly enriched for patients with lung cancer, a type
not commonly associated with hereditary cancer susceptibility; we
did not evaluate germline copy number variation or intragenic
rearrangements; and some mutations were excluded because of
a high ctDNA fraction.

With regard to mutations excluded because of high ctDNA
load, TP53, APC, RB1, and PTEN accounted for 93% of the total.
These genes frequently are mutated in cancer27 and often are early
somatic events.30,31 Therefore, somatic mutations in these genes
are more likely to have higher MAFs, which leads to an inherent
challenge in discerning germline from somatic mutations in the
plasma of patients with advanced cancer. In contrast, no putative
germline mutations in ATM, BRCA1, BRCA2, RET, MLH1, or
SMAD4 were excluded as a result of high ctDNA load potentially
because these genes are less likely to be early mutations (compared
with TP53, APC, RB1, and PTEN).27 Therefore, putative germline
findings in ATM, BRCA1, BRCA2, RET, MLH1, or SMAD4 from
cfDNA analysis may represent more often a true germline mu-
tation, especially if identified in cancers where somatic mutations
in these genes are not common. Increasing cfDNA assay coverage
of common SNPs in genes associated with hereditary cancer
predisposition might improve discrimination of somatic versus
germline mutations at highMAFs and improve incidental germline
mutation detection rates.

Secondary analyses revealed many important associations and
observations. Younger age at diagnosis has been associated with
hereditary cancer predisposition germline mutations, and co-
lorectal and breast cancer guidelines frequently recommend
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genetic risk assessment and consideration of genetic testing for
individuals younger than 50 years of age with a cancer diagnosis.2,3

In the current study, rates of putative germline mutations were
elevated in individuals younger than 50 years, consistent with
patients who carry a germline cancer predisposition. In particular,
putative germline mutations also were enriched in patients with
ovarian cancer, consistent with the relatively high rates of germline
mutations found in these patients,29 which supports recommen-
dations for germline genetic counseling/testing for all individuals
with epithelial ovarian cancer.3

We also demonstrate the value of gene copy number as-
sessment in the evaluation of putative germline mutations in
cfDNA. Because most cancer predisposition genes are autosomal
tumor suppressors, two inactivating events generally are needed (one
in each allele) to eliminate gene function and initiate tumorigenesis.32

Therefore, low allele fraction ctDNA abnormalities (mutations or
copy number loss) in individuals with a putative germline mutation
in the same gene may reveal the likely driver of the cancer.

With regard to therapy, restoration of germline-inactivated
alleles (revertant mutations) identifiable with cfDNA NGS, which

appear as a second alteration in genomic proximity to a germline or
early somatic mutation, can either restore the open reading frame
(in cases of frameshift mutations) or alter a nonsense mutation to
a missense or synonymous alteration.33,34 Identification of germline
mutations in such contexts is critical for proper therapy selection,
particularly when considering poly (ADP-ribose) polymerase in-
hibitor therapy in the context of BRCA1 or BRCA2 mutations.8,23

Strengths of our study include large patient numbers and
a wide spectrum of advanced cancers. The study was performed at
a Clinical Laboratory Improvement Amendments–approved
commercial laboratory35 with rigorous sample handling pro-
cedures and analytics. One limitation of the study design is that
germline DNA samples (eg, from leukocytes, fibroblasts) for or-
thogonal validation of germline status were not available. However,
all five patients with known ancillary clinical testing of leukocyte
DNA had confirmed putative germline mutations, and findings
from another six were supported by clinician report. The observed
enrichment for known ancestral founder mutations also supports
the accuracy of this study because such enrichment would not be
expected for mutations of somatic or hematopoietic origin.

Interpretation

BRCA1 c.2071delA

(p.Arg691fs)

BRCA1 c.2079_2101del
CAGCGATACTTTCCCAGA
GCTGA

(p.Asp693fs)

Patient With Prostate Cancer: BRCA2 Germline SNV + Gene Deletion (second hit)

Patient With Prostate Cancer: BRCA2 Germline SNV + Somatic SNV (second hit)

BRCA2 c.2830A>T (p.Lys944*)

BRCA2 c.8301delT (p.Glu2769fs)

Germline Mutation
c.2071delA

Somatic Mutation 
c.2079_2101delCAGCGAT
ACTTTCCCAGAGCTGA

Taken individually, each mutation results in a frameshift (loss of function). Combined, the
net result is a 24-nucleotide deletion that puts BRCA1 back in frame (ie, reverts to pseudo–
wild type).
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Fig 4. Three example genetic profiles of patients with secondary tumor mutations. The putative germline mutations identified are presented with any respective BRCA1
or BRCA2 circulating tumor findings. (A) Patient with a BRCA2 gene deletion and concomitant putative germline single nucleotide variant (SNV). (B) Patient with both
germline and somatic BRCA2 SNVs. (C) Patient with a reversion of the germline SNV in the circulating tumor DNA with an allele frequency of 2.15%, potentially explaining
the patient’s reported resistance to platinum-based chemotherapy (the wild-type allele presumed lost because of a BRCA1 gene deletion). chr, chromosome; ID, identifier;
MAF, mutant allele fractions.
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Furthermore, most mutations were reported in ClinVar by major
hereditary gene testing laboratories, and repeat sampling in 12
patients showed consistency of the putative germline mutation
finding.

Another limitation is that the Guardant360 assay does not
evaluate for BRCAness/homology–directed repair, microsatellite
instability, or tumor mutational burden estimates, which may have
been useful in identifying somatic correlations with germline
variants. Furthermore, the de-identified methods used did not
allow for provider recontact or collection of medical information
beyond the test requisition form such that detailed pathology;
health habits (eg, smoking history); family history; or race, an-
cestry, or ethnicity information were not available for study
analyses.

The ability of ctDNA testing to identify incidental germline
mutations is subject to the same challenges of reporting incidental
germline findings as seen in patients who undergo tumor tissue
sequencing.36 Because ctDNA laboratories likely will begin to
include incidental germline findings, ordering providers must be
knowledgeable about patient family genetic cancer risk assessment
and genetic counseling resources (ie, local genetic counseling,
telegenetics). Providers and patients also need to know that the
majority of alterations in genes associated with cancer suscepti-
bility identified through ctDNA analysis represent somatic events
and that only a small fraction of identified alterations are germline.
That said, before ordering ctDNA testing, providers will need
to inform patients that ctDNA testing may identify incidental
germline information. Furthermore, laboratories that provide
incidental findings will need to distinguish somatic from probable
germline findings clearly and include language about the need for
confirmatory testing. They also may want to include information
about genetic counseling services and/or education material in
testing reports to ensure appropriate patient care. A reasonable
paradigm for the return of results already exists in the context of
universal screening for Lynch syndrome,37 wherein post-test re-
ferral and genetic counseling are acceptable practices. However,
a need for somemodifications to this paradigm exists given that the
majority of patients who undergo ctDNA testing will have met-
astatic cancer.

Collectively, our findings and those previously published12-14

provide evidence that hereditary cancer predisposition germline
mutations can be identified accurately from cfDNA. Despite this,
incidental cfDNA germline evaluation should not replace validated
hereditary cancer gene testing, but it may serve as an important
supplement to increase the reach of genetic cancer risk assess-
ment, particularly in populations with specific germline founder

mutations or in cancers without clear hereditary predisposition
genetic testing guidelines. Ideally, future studies will include
prospective germline collection and companion analyses along
with enhancements to the bioinformatics pipeline to allow for
confident calls of germline findings. Internal validation in future
studies will provide a more accurate estimate of the expected
germline mutation prevalence by specific tumor type and enhance
the understanding of limitations. Examples of improvements
needed for accurate ascertainment of germline mutations include
methods to identify germline mutations in cfDNA that account for
gene copy number variation and high ctDNA load and germline
mutations at low allele fractions in plasma. Furthermore, clinical
translation of these findings will depend on establishing best
practices to counsel patients about the possibility of incidental
germline findings and to report potential germline results clearly to
clinicians and/or patients in ways that enhance clinical care.
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Appendix

Glossary
American College of Medical Genetics and Genomics variant classification guidelines: standards and guidelines for the

interpretation of DNA sequence variants on the basis of a joint consensus recommendation of the American College of Medical
Genetics and Genomics and the Association for Molecular Pathology. The guidelines define five categories for the classification of
germline variants (listed frommost to least likely to be damaging to the protein): pathogenic, likely pathogenic, variant of uncertain
significance, likely benign, and benign. Pathogenic and likely pathogenic variants often are referred to collectively as pathogenic
variants or mutations.

Aneuploidy: the presence of an abnormal number of chromosomes in a cell.
Cell-free DNA: all nonencapsulated DNA in the blood stream.
Circulating tumor DNA: tumor-derived cell-free DNA.
Copy number variation: a variation in the number of copies of a DNA segment at a particular genomic position.
Genetic Cancer Risk Assessment: a clinical assessment of a patient’s personalized risk for cancer; it commonly includes genetic

counseling and germline genetic testing of cancer predisposition genes and provides patient and family recommendations for
cancer screening, risk-reducing strategies, and management as appropriate.

Mutant allele fraction: the relative frequency (commonly represented as a percentage) of a mutation at a particular genomic
position (locus) determined by next-generation sequencing.

Mutation: a variation in the genetic sequence that usually involves a single nucleotide variation at a specific position in a gene
and that is uncommon in the population and believed to disrupt the function of the protein product.

Next-generation sequencing: rapid, high-throughput genome sequencing.
Single nucleotide polymorphism: a variation in a single nucleotide at a specific position in the genome that, in contrast to

a mutation, is common in the population.
Single nucleotide variant: a variation in a specific nucleotide at a specific position in the genome, which can represent a single

nucleotide polymorphism or mutation.
The Cancer Genome Atlas: a database of DNA and RNA sequencing data and variants from a large collection of tumor samples

from patients with a wide range of cancers.
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Table A1. Putative Germline Mutations From Individuals With One Sample

Pt ID Gene Transcript Protein Variant
Translational

Effect
Allele

Frequency, % Cancer Type ClinVar ID dbSNP ID

1 APC NM_000038.5 p.Gln1230Ter Stop gain 51.06 Endometrial carcinoma RCV000202019.1 863225344
2 APC NM_000038.5 p.Lys1551Argfs Stop gain 48.50 Melanoma RCV000202304.1 NA
3 APC NM_000038.5 p.Lys1551fs Frameshift 49.92 Gastric adenocarcinoma NA NA
4 APC NM_000038.5 p.Ser1415fs Frameshift 46.71 Colorectal cancer NA NA
5 ATM NM_000051.3 c.1027_1030delGAAA Frameshift 49.83 NSCLC RCV000236560.2; RCV000122816.7; RCV000129901.4 587780612
6 ATM NM_000051.3 c.1027_1030delGAAA Frameshift 48.73 Breast cancer RCV000236560.2; RCV000122816.7; RCV000129901.4 587780612
7 ATM NM_000051.3 c.1027_1030delGAAA Frameshift 51.83 Pancreatic ductal

adenocarcinoma
RCV000236560.2; RCV000122816.7; RCV000129901.4 587780612

8 ATM NM_000051.3 p.Arg3008Cys Missense 47.44 Lung adenocarcinoma RCV000169274; RCV000212096; RCV000131173 587782292
9 ATM NM_000051.3 p.Ser3027Lysfs Frameshift 49.49 Breast cancer RCV000122895; RCV000220797 NA
10 BRCA1 NM_007294.3 p.Arg1835Ter Stop gain 50.74 Breast cancer RCV000077627.11; RCV000240766.1;

RCV000238956.1; RCV000203652.3;
RCV000049020.6; RCV000131862.4

41293465

11 BRCA1 NM_007294.3 p.Arg1835Ter Stop gain 46.57 Breast cancer RCV000077627.11; RCV000240766.1;
RCV000238956.1; RCV000203652.3;
RCV000049020.6; RCV000131862.4

41293465

12 BRCA1 NM_007294.3 p.Arg1835Ter Stop gain 47.39 Colorectal cancer RCV000077627.11; RCV000240766.1;
RCV000238956.1; RCV000203652.3;
RCV000049020.6; RCV000131862.4

41293465

13 BRCA1 NM_007294.3 p.Arg1835Ter Stop gain 49.70 NSCLC RCV000077627.11; RCV000240766.1;
RCV000238956.1; RCV000203652.3;
RCV000049020.6; RCV000131862.4

41293465

14 BRCA1 NM_007294.3 p.Arg691Aspfs Frameshift 74.53 Ovarian carcinoma RCV000167861.4; RCV000031025.9; RCV000131404.3;
RCV000047699.6

80357688

15 BRCA1 NM_007294.3 p.Cys61Gly Missense 40.91 Lung adenocarcinoma RCV000131902.4; RCV000159935.4; RCV000415051.1;
RCV000047597.9; RCV000412714.1;
RCV000019229.11; RCV000239114.1

28897672

16 BRCA1 NM_007294.3 p.Cys61Gly Missense 41.95 Melanoma RCV000131902.4; RCV000159935.4; RCV000415051.1;
RCV000047597.9; RCV000412714.1;
RCV000019229.11; RCV000239114.1

28897672

17 BRCA1 NM_007294.3 p.Gln12Ter Stop gain 49.64 Pancreatic ductal
adenocarcinoma

NA 80357134

18 BRCA1 NM_007294.3 p.Gln284Ter Stop gain 48.54 Ovarian carcinoma NA 397509330
19 BRCA1 NM_007294.3 p.Gln855Ter Stop gain 44.94 Lung squamous cell

carcinoma
RCV000223464.1; RCV000031056.7; RCV000047880.3 80357131

20 BRCA1 NM_007294.3 p.Glu1115Terfs Frameshift 44.61 NSCLC RCV000048156.2; RCV000077543.6 397509058
21 BRCA1 NM_007294.3 p.Glu111Glyfs Frameshift 53.86 Breast cancer RCV000195362.2; RCV000031101.7; RCV000239071.1;

RCV000048132.5
80357604

22 BRCA1 NM_007294.3 p.Glu1257Glyfs Frameshift 50.43 Ovarian carcinoma RCV000131814.3; RCV000048325.6;
RCV000031127.12; RCV000235232.2

80357993

23 BRCA1 NM_007294.3 p.Glu143Ter Stop gain 46.33 Breast cancer RCV000162876.3; RCV000031162.8; RCV000074592.7;
RCV000465234.1; RCV000048511.4

80356991

24 BRCA1 NM_007294.3 p.Glu23Valfs Frameshift 47.24 Ovarian carcinoma NA 386833395
25 BRCA1 NM_007294.3 p.Glu23Valfs Frameshift 46.44 Ovarian carcinoma NA 386833395
26 BRCA1 NM_007294.3 p.Glu23Valfs Frameshift 46.41 Ovarian carcinoma NA 386833395
27 BRCA1 NM_007294.3 p.Glu23Valfs Frameshift 41.20 Lung adenocarcinoma NA 386833395
28 BRCA1 NM_007294.3 p.Glu23Valfs Frameshift 56.71 Peritoneal carcinoma NA 386833395
29 BRCA1 NM_007294.3 p.Glu23Valfs Frameshift 45.40 Neuroendocrine

carcinoma
NA 386833395

30 BRCA1 NM_007294.3 p.Glu23Valfs Frameshift 43.24 Breast cancer NA 386833395
31 BRCA1 NM_007294.3 p.Glu23Valfs Frameshift 45.38 NSCLC NA 386833395
32 BRCA1 NM_007294.3 p.Glu23Valfs Frameshift 45.52 NSCLC NA 386833395
33 BRCA1 NM_007294.3 p.Glu23Valfs Frameshift 48.01 Lung adenocarcinoma NA 386833395
34 BRCA1 NM_007294.3 p.Glu23Valfs Frameshift 44.28 Lung adenocarcinoma NA 386833395
35 BRCA1 NM_007294.3 p.Glu908Ter Stop gain 50.05 NSCLC RCV000074576.7; RCV000047943.4; RCV000077527.6;

RCV000131878.3; RCV000239255.1;
RCV000148387.1

80356978

36 BRCA1 NM_007294.3 p.Glu908Ter Stop gain 51.78 Ovarian carcinoma RCV000074576.7; RCV000047943.4; RCV000077527.6;
RCV000131878.3; RCV000239255.1;
RCV000148387.1

80356978

37 BRCA1 NM_007294.3 p.Gly1788Val Missense 44.52 Cholangiocarcinoma RCV000048961.4; RCV000235698.2; RCV000162885.1;
RCV000031241.6

80357069

38 BRCA1 NM_007294.3 p.Ile1237Asnfs Frameshift 51.17 Gastric carcinoma RCV000130545.2; RCV000048294.2; RCV000112160.4 80357564
39 BRCA1 NM_007294.3 p.Leu1679Tyrfs Frameshift 46.17 Ovarian carcinoma RCV000031205.6; RCV000048742.3; RCV000483893.1 80357623
40 BRCA1 NM_007294.3 p.Leu22Ser Missense 67.65 Ovarian carcinoma NA 80357438
41 BRCA1 NM_007294.3 p.Lys1037Terfs Frameshift 48.80 Breast cancer RCV000031089.6; RCV000130035.2; RCV000048072.2 397507209
42 BRCA1 NM_007294.3 p.Lys654Serfs Frameshift 95.65 Breast cancer RCV000236783.2; RCV000047660.7; RCV000414241.1;

RCV000130764.3; RCV000031019.9
80357522

43 BRCA1 NM_007294.3 p.Met1775Arg Missense 51.69 Breast cancer RCV000167787.5; RCV000048931.6; RCV000019264.9;
RCV000131375.4

41293463

44 BRCA1 NM_007294.3 p.Pro1585Argfs Frameshift 64.99 Ovarian carcinoma RCV000219878.1; RCV000048652.2; RCV000483332.1;
RCV000112394.4

80357837

45 BRCA1 NM_007294.3 p.Trp1508Ter Stop gain 50.38 Breast cancer RCV000077237.3; RCV000236102.2; RCV000077575.6;
RCV000129129.3; RCV000048586.5

80356885

46 BRCA1 NM_007294.3 p.Tyr1552Ter Frameshift 49.34 Ovarian carcinoma NA NA
47 BRCA1 NM_007294.3 p.Val1736Ala Missense 49.51 Lung carcinoid RCV000048857.6; RCV000195366.4; RCV000131291.3;

RCV000031229.5
45553935

48 BRCA2 NM_000059.3 Splicing c.7806-2A.G Splicing 51.64 Lung adenocarcinoma NA 81002836
49 BRCA2 NM_000059.3 Splicing c.631+2T.G Splicing 77.24 Prostate adenocarcinoma NA 81002899
50 BRCA2 NM_000059.3 Splicing c.67+1G.C Splicing 40.61 Breast cancer NA NA
51 BRCA2 NM_000059.3 p.Ala1922Cysfs Frameshift 50.08 Pancreatic ductal

adenocarcinoma
RCV000113479.3; RCV000044747.2 NA

(continued on following page)
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Table A1. Putative Germline Mutations From Individuals With One Sample (continued)

Pt ID Gene Transcript Protein Variant
Translational

Effect
Allele

Frequency, % Cancer Type ClinVar ID dbSNP ID

52 BRCA2 NM_000059.3 p.Ala938Profs Frameshift 53.33 Pancreatic ductal
adenocarcinoma

RCV000044064.9; RCV000458791.1; RCV000238794.1;
RCV000210161.1; RCV000160273.3;
RCV000131102.4; RCV000240755.3;
RCV000009907.9

80359351

53 BRCA2 NM_000059.3 p.Ala938Profs Frameshift 46.91 Lung adenocarcinoma RCV000044064.9; RCV000458791.1; RCV000238794.1;
RCV000210161.1; RCV000160273.3;
RCV000131102.4; RCV000240755.3;
RCV000009907.9

80359351

54 BRCA2 NM_000059.3 p.Arg2520Ter Stop gain 48.96 Prostate adenocarcinoma RCV000045244.6; RCV000217859.2; RCV000162645.3;
RCV000210182.1; RCV000077405.6;
RCV000148425.1

80358981

55 BRCA2 NM_000059.3 p.Arg3052Trp Missense 40.45 Breast cancer RCV000210144.1; RCV000045732.4; RCV000163027.2;
RCV000221843.2; RCV000077461.5

45580035

56 BRCA2 NM_000059.3 p.Arg3128Ter Stop gain 48.71 Pancreatic ductal
adenocarcinoma

RCV000077469.10; RCV000131048.3;
RCV000160169.3; RCV000045807.5;
RCV000240732.3; RCV000474912.1

80359212

57 BRCA2 NM_000059.3 p.Arg3128Ter Stop gain 47.92 Breast cancer RCV000077469.10; RCV000131048.3;
RCV000160169.3; RCV000045807.5;
RCV000240732.3; RCV000474912.1

80359212

58 BRCA2 NM_000059.3 p.Asn1626Serfs Frameshift 46.27 Prostate adenocarcinoma RCV000131079.3; RCV000160293.3; RCV000031510.9;
RCV000044510.6

NA

59 BRCA2 NM_000059.3 p.Asn1626Serfs Frameshift 47.21 Lung adenocarcinoma RCV000131079.3; RCV000160293.3; RCV000031510.9;
RCV000044510.6

NA

60 BRCA2 NM_000059.3 p.Asn1784Hisfs Frameshift 47.47 Melanoma RCV000044639.5; RCV000031540.9; RCV000131110.3;
RCV000074537.8

769126974

61 BRCA2 NM_000059.3 p.Asn1933Lysfs Frameshift 48.17 Breast cancer RCV000044761.4; RCV000131107.3; RCV000113485.6;
RCV000160298.2; RCV000472040.1

NA

62 BRCA2 NM_000059.3 p.Asn3124Ile Missense 48.77 NSCLC RCV000176516.3; RCV000130337.3; RCV000031816.6;
RCV000045802.4

28897759

63 BRCA2 NM_000059.3 p.Asp2723His Missense 49.92 Breast cancer RCV000131674.3; RCV000074555.7; RCV000077429.6;
RCV000045436.6

41293511

64 BRCA2 NM_000059.3 p.Asp2723His Missense 48.40 Endometrial carcinoma RCV000131674.3; RCV000074555.7; RCV000077429.6;
RCV000045436.6

41293511

65 BRCA2 NM_000059.3 p.Asp2723His Missense 49.37 Lung squamous cell
carcinoma

RCV000131674.3; RCV000074555.7; RCV000077429.6;
RCV000045436.6

41293511

66 BRCA2 NM_000059.3 p.Asp2723His Missense 50.67 Breast cancer RCV000131674.3; RCV000074555.7; RCV000077429.6;
RCV000045436.6

41293511

67 BRCA2 NM_000059.3 p.Cys3222Trpfs Frameshift 46.49 Breast cancer RCV000130019.3; RCV000114150.3; RCV000045883.2 80359772
68 BRCA2 NM_000059.3 p.Gln1429Serfs Frameshift 53.07 Prostate adenocarcinoma RCV000044387.6; RCV000031473.11;

RCV000130074.4; RCV000160287.3
NA

69 BRCA2 NM_000059.3 p.Gln1931Ter Stop gain 49.13 Peritoneal carcinoma RCV000077361.5; RCV000131105.3; RCV000044758.2 80358807
70 BRCA2 NM_000059.3 p.Gln1987Ter Stop gain 50.16 Prostate adenocarcinoma RCV000113510.3; RCV000044803.2; RCV000434288.1 80358828
71 BRCA2 NM_000059.3 p.Gln2009Alafs Frameshift 49.43 Prostate adenocarcinoma RCV000031596.6; RCV000390850.1; RCV000044820.3;

RCV000131918.4
NA

72 BRCA2 NM_000059.3 p.Gln397Leufs Frameshift 48.84 Breast cancer RCV000238897.2; RCV000043755.5; RCV000131278.2 397515635
73 BRCA2 NM_000059.3 p.Gln84Ter Stop gain 47.95 Breast cancer RCV000195353.1; RCV000044007.5; RCV000077281.5 80358515
74 BRCA2 NM_000059.3 p.Glu1035Ter Stop gain 43.39 Renal pelvic urothelial

carcinoma
RCV000212224.2; RCV000131104.3; RCV000044119.6;

RCV000077292.5
80358556

75 BRCA2 NM_000059.3 p.Glu2598Ter Stop gain 46.59 Breast cancer NA NA
76 BRCA2 NM_000059.3 p.Glu2663Val Missense 48.11 NSCLC RCV000163034.1; RCV000077422.5; RCV000257984.2;

RCV000484277.1
80359031

77 BRCA2 NM_000059.3 p.Glu2846Glyfs Frameshift 45.47 Prostate adenocarcinoma RCV000160308.4; RCV000009915.17;
RCV000045550.9; RCV000131085.3

80359714

78 BRCA2 NM_000059.3 p.Glu2846Glyfs Frameshift 48.53 Cholangiocarcinoma RCV000160308.4; RCV000009915.17;
RCV000045550.9; RCV000131085.3

80359714

79 BRCA2 NM_000059.3 p.Gly2063fs Frameshift 43.06 Prostate adenocarcinoma NA NA
80 BRCA2 NM_000059.3 p.Ile1859Lysfs Frameshift 58.88 Breast cancer RCV000131118.4; RCV000160296.4; RCV000044684.6;

RCV000031556.11
770318608

81 BRCA2 NM_000059.3 p.Ile605Asnfs Frameshift 47.85 NSCLC RCV000160269.3; RCV000031343.14;
RCV000043897.7; RCV000131453.3

768562561

82 BRCA2 NM_000059.3 p.Ile605Asnfs Frameshift 48.30 Prostate adenocarcinoma RCV000160269.3; RCV000031343.14;
RCV000043897.7; RCV000131453.3

768562561

83 BRCA2 NM_000059.3 p.Leu1908Argfs Frameshift 50.65 Prostate adenocarcinoma RCV000461157.1; RCV000044728.8; RCV000160297.4;
RCV000009905.15; RCV000131120.3

80359530

84 BRCA2 NM_000059.3 p.Leu2357Valfs Frameshift 71.65 Breast cancer RCV000045136.7; RCV000195404.4; RCV000031664.9;
RCV000131032.4

756538291

85 BRCA2 NM_000059.3 p.Leu2740Ter Stop gain 48.82 Breast cancer RCV000045454.2; RCV000009934.6; RCV000113889.2;
RCV000236578.1

80359070

86 BRCA2 NM_000059.3 p.Lys1530Ter Stop gain 45.30 Pancreatic ductal
adenocarcinoma

RCV000077329.6; RCV000044447.5; RCV000212238.2;
RCV000162921.2

80358692

87 BRCA2 NM_000059.3 p.Lys2162Asnfs Frameshift 41.53 Breast cancer RCV000212249.2; RCV000031630.7; RCV000131034.3;
RCV000044967.5

770263702

88 BRCA2 NM_000059.3 p.Lys2777Argfs Frameshift 48.85 NSCLC RCV000257157.2 NA
89 BRCA2 NM_000059.3 p.Lys3296fs*17 Frameshift 49.77 NSCLC NA NA
90 BRCA2 NM_000059.3 p.Lys585Asnfs Frameshift 50.17 Ovarian carcinoma RCV000131055.4; RCV000031335.7; RCV000074514.7;

RCV000212215.2
NA

91 BRCA2 NM_000059.3 p.Lys944Ter Stop gain 49.89 Prostate adenocarcinoma RCV000077287.5; RCV000131101.4; RCV000212222.2;
RCV000044070.4

80358533

92 BRCA2 NM_000059.3 p.Ser1882Ter Stop gain 49.53 Breast cancer RCV000167830.3; RCV000240722.1; RCV000077204.3;
RCV000131114.3; RCV000044705.6;
RCV000031565.8

80358785

(continued on following page)
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Table A1. Putative Germline Mutations From Individuals With One Sample (continued)

Pt ID Gene Transcript Protein Variant
Translational

Effect
Allele

Frequency, % Cancer Type ClinVar ID dbSNP ID

93 BRCA2 NM_000059.3 p.Ser1982Argfs Frameshift 47.79 Lung adenocarcinoma RCV000129627.4; RCV000009911.4; RCV000034451.8;
RCV000009912.4; RCV000009910.15;
RCV000367838.1; RCV000212245.3;
RCV000044800.9; RCV000414179.1

80359550

94 BRCA2 NM_000059.3 p.Ser1982Argfs Frameshift 47.75 Ovarian carcinoma RCV000129627.4; RCV000009911.4; RCV000034451.8;
RCV000009912.4; RCV000009910.15;
RCV000367838.1; RCV000212245.3;
RCV000044800.9; RCV000414179.1

80359550

95 BRCA2 NM_000059.3 p.Ser1982Argfs Frameshift 47.54 Prostate adenocarcinoma RCV000129627.4; RCV000009911.4; RCV000034451.8;
RCV000009912.4; RCV000009910.15;
RCV000367838.1; RCV000212245.3;
RCV000044800.9; RCV000414179.1

80359550

96 BRCA2 NM_000059.3 p.Ser1982Argfs Frameshift 42.43 Prostate adenocarcinoma RCV000129627.4; RCV000009911.4; RCV000034451.8;
RCV000009912.4; RCV000009910.15;
RCV000367838.1; RCV000212245.3;
RCV000044800.9; RCV000414179.1

80359550

97 BRCA2 NM_000059.3 p.Ser1982Argfs Frameshift 50.39 Carcinoma of unknown
primary

RCV000129627.4; RCV000009911.4; RCV000034451.8;
RCV000009912.4; RCV000009910.15;
RCV000367838.1; RCV000212245.3;
RCV000044800.9; RCV000414179.1

80359550

98 BRCA2 NM_000059.3 p.Ser1982Argfs Frameshift 45.27 Breast cancer RCV000129627.4; RCV000009911.4; RCV000034451.8;
RCV000009912.4; RCV000009910.15;
RCV000367838.1; RCV000212245.3;
RCV000044800.9; RCV000414179.1

80359550

99 BRCA2 NM_000059.3 p.Ser1982Argfs Frameshift 48.68 Prostate adenocarcinoma RCV000129627.4; RCV000009911.4; RCV000034451.8;
RCV000009912.4; RCV000009910.15;
RCV000367838.1; RCV000212245.3;
RCV000044800.9; RCV000414179.1

80359550

100 BRCA2 NM_000059.3 p.Ser599Terfs Frameshift 48.93 Pancreatic neuroendocrine
tumor

RCV000129987.3; RCV000031337.8; RCV000043887.6;
RCV000168232.4

276174813

101 BRCA2 NM_000059.3 p.Ser611Ter Stop gain 50.75 NSCLC RCV000131056.3; RCV000031345.7; RCV000212216.2;
RCV000043906.5; RCV000077210.2

80358474

102 BRCA2 NM_000059.3 p.Ser611Ter Stop gain 81.79 Prostate adenocarcinoma RCV000131056.3; RCV000031345.7; RCV000212216.2;
RCV000043906.5; RCV000077210.2

80358474

103 BRCA2 NM_000059.3 p.Ser780Ter Stop gain 45.43 Pancreatic ductal
adenocarcinoma

RCV000241405.2; RCV000129415.3; RCV000484555.1;
RCV000238974.1; RCV000077211.2

587781471

104 BRCA2 NM_000059.3 p.Thr3033Asnfs Frameshift 40.89 Breast cancer RCV000045711.6; RCV000195406.2; RCV000464852.1;
RCV000031791.7; RCV000210094.1;
RCV000130439.3

754205122

105 BRCA2 NM_000059.3 p.Thr441Glnfs Frameshift 49.17 Lung squamous cell
carcinoma

RCV000484432.1 NA

106 BRCA2 NM_000059.3 p.Trp1563Ter Stop gain 48.13 Colorectal cancer RCV000241224.1 NA
107 BRCA2 NM_000059.3 p.Trp1692Metfs Frameshift 49.00 NSCLC RCV000130743.4; RCV000031524.9; RCV000160294.3;

RCV000238830.1; RCV000044550.8
766647221

108 BRCA2 NM_000059.3 p.Trp1692Metfs Frameshift 50.05 Prostate adenocarcinoma RCV000130743.4; RCV000031524.9; RCV000160294.3;
RCV000238830.1; RCV000044550.8

766647221

109 BRCA2 NM_000059.3 p.Trp1692Metfs Frameshift 49.17 NSCLC RCV000130743.4; RCV000031524.9; RCV000160294.3;
RCV000238830.1; RCV000044550.8

766647221

110 BRCA2 NM_000059.3 p.Trp2586Ter Stop gain 47.89 Thyroid carcinoma RCV000045303.2; RCV000255811.2; RCV000077214.2;
RCV000031698.6

80359004

111 BRCA2 NM_000059.3 p.Trp2626Cys Missense 46.04 NSCLC RCV000045336.4; RCV000077215.2; RCV000031707.7;
RCV000163025.2; RCV000482471.1

80359013

112 BRCA2 NM_000059.3 p.Tyr1894Ter Stop gain 47.75 Breast cancer RCV000148424.1; RCV000160095.4; RCV000077219.3;
RCV000044719.7; RCV000031570.10;
RCV000131121.3

41293497

113 BRCA2 NM_000059.3 p.Tyr1894Ter Stop gain 46.85 Breast cancer RCV000148424.1; RCV000160095.4; RCV000077219.3;
RCV000044719.7; RCV000031570.10;
RCV000131121.3

41293497

114 BRCA2 NM_000059.3 p.Tyr1894Ter Stop gain 46.94 Breast cancer RCV000148424.1; RCV000160095.4; RCV000077219.3;
RCV000044719.7; RCV000031570.10;
RCV000131121.3

41293497

115 BRCA2 NM_000059.3 p.Tyr2215Serfs Frameshift 45.90 Prostate adenocarcinoma RCV000416517.2; RCV000219562.3; RCV000031642.7;
RCV000131027.3

80359616

116 BRCA2 NM_000059.3 p.Tyr3098Ter Stop gain 49.45 Prostate adenocarcinoma RCV000031812.6; RCV000074562.7; RCV000045784.5;
RCV000210096.1; RCV000465472.1;
RCV000131041.3

80359200

117 BRCA2 NM_000059.3 p.Tyr3098Ter Stop gain 45.33 Breast cancer RCV000031812.6; RCV000074562.7; RCV000045784.5;
RCV000210096.1; RCV000465472.1;
RCV000131041.3

80359200

118 BRCA2 NM_000059.3 p.Tyr792Ter Stop gain 49.56 Breast cancer RCV000077221.2; RCV000131058.3; RCV000077277.5;
RCV000043981.3

80358503

119 BRCA2 NM_000059.3 p.Val1283Lysfs Frameshift 49.37 Prostate adenocarcinoma RCV000031440.8; RCV000160281.1; RCV000044280.8;
RCV000131095.3

746229647

120 BRCA2 NM_000059.3 p.Val1283Lysfs Frameshift 45.85 Pancreatic ductal
adenocarcinoma

RCV000031440.8; RCV000160281.1; RCV000044280.8;
RCV000131095.3

746229647

121 BRCA2 NM_000059.3 p.Val1804Lysfs Frameshift 54.64 Breast Cancer RCV000131109.2; RCV000219181.3; RCV000044655.3;
RCV000031544.6

NA

122 BRCA2 NM_000059.3 p.Val726Serfs Frameshift 50.35 NSCLC RCV000031357.6; RCV000240717.1 NA
123 CDKN2A NM_000077.4 p.Arg24Pro Missense 48.94 Pancreatic ductal

adenocarcinoma
RCV000472219.1; RCV000236320.1; RCV000167312.3;
RCV000010022.2; RCV000410204.1

104894097

124 CDKN2A NM_000077.4 p.Arg24Pro Missense 49.81 Cancer, other RCV000472219.1; RCV000236320.1; RCV000167312.3;
RCV000010022.2; RCV000410204.1

104894097

125 CDKN2A NM_000077.4 p.Asp153Tyr Missense; stop gain 46.84 Adenocarcinoma of
unknown primary

RCV000223581.1; RCV000198192.3 45476696

126 CDKN2A NM_000077.4 p.Glu69Gly Missense; synonymous 51.55 NSCLC RCV000235616.2; RCV000166237.2; RCV000205699.1 372670098

(continued on following page)
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Table A1. Putative Germline Mutations From Individuals With One Sample (continued)

Pt ID Gene Transcript Protein Variant
Translational

Effect
Allele

Frequency, % Cancer Type ClinVar ID dbSNP ID

127 CDKN2A NM_000077.4 p.Ile49Thr Missense 48.35 Breast cancer RCV000412396.1; RCV000122945.5; RCV000212398.2;
RCV000115331.6

199907548

128 CDKN2A NM_000077.4 p.Ile49Thr Missense 50.23 Breast cancer RCV000412396.1; RCV000122945.5; RCV000212398.2;
RCV000115331.6

199907548

129 CDKN2A NM_000077.4 p.Ile49Thr Missense 50.19 Renal cell carcinoma RCV000412396.1; RCV000122945.5; RCV000212398.2;
RCV000115331.6

199907548

130 CDKN2A NM_000077.4 p.Ile49Thr Missense 51.24 Cancer, other RCV000412396.1; RCV000122945.5; RCV000212398.2;
RCV000115331.6

199907548

131 MLH1 NM_000249.3 p.Lys461Ter Stop gain 45.80 Colorectal cancer RCV000202201.3; RCV000030213.3; RCV000132422.3 63750540
132 NF1 NM_000267.3 p.Arg440Ter Stop gain 48.57 Sarcoma RCV000213237.1; RCV000225855.2 778405030
133 NF1 NM_000267.3 p.Phe150fs*15 Frameshift 49.88 Lung adenocarcinoma NA NA
134 NF1 NM_000267.3 p.Tyr2264Terfs Frameshift 46.81 Endometrial carcinoma RCV000486063.1; RCV000213933.1 NA
135 NF1 NM_000267.3 p.Tyr489Cys Missense 53.47 Prostate adenocarcinoma RCV000000382.6 137854557
136 RB1 NM_000321.2 p.Ala15fs*3 Frameshift 40.00 Carcinoma of unknown

primary
NA NA

137 RB1 NM_000321.2 p.Gly617fs*36 Frameshift 47.04 Carcinoma of unknown
primary

NA NA

138 RET NM_020975.4 p.Cys609Tyr Missense 49.84 Pancreatic ductal
adenocarcinoma

RCV000424503.1; RCV000431942.1; RCV000444552.1;
RCV000441078.1; RCV000168107.3;
RCV000014958.26; RCV000173889.3;
RCV000021778.1; RCV000082049.6

77939446

139 RET NM_020975.4 p.Cys634Tyr Missense 47.66 Thyroid carcinoma RCV000021823.1; RCV000014925.25;
RCV000425364.1; RCV000438527.1;
RCV000422622.1; RCV000014924.22;
RCV000129490.3; RCV000421191.1;
RCV000432822.1; RCV000476408.1;
RCV000182582.2

75996173

140 SMAD4 NM_005359.5 p.Ala451Leufs Frameshift 46.93 Colorectal cancer RCV000235213.1; RCV000115881.4 587782540
141 TP53 NM_000546.5 p.Arg213Ter Stop gain 47.76 Breast cancer NA 397516436
142 TP53 NM_000546.5 p.Arg282Gln Missense 49.39 Carcinoma of unknown

primary
RCV000439593.1; RCV000418376.1; RCV000442318.1;

RCV000427734.1; RCV000442471.1;
RCV000422340.1; RCV000421276.1;
RCV000426667.1; RCV000428909.1;
RCV000436164.1; RCV000431918.1;
RCV000433180.1; RCV000437335.1;
RCV000235474.2; RCV000434324.1;
RCV000438489.1; RCV000425549.1;
RCV000226273.2; RCV000429554.1;
RCV000423658.1; RCV000444806.1

NA

143 TP53 NM_000546.5 p.Arg337His Missense 49.71 Breast cancer RCV000128923.3; RCV000013178.23;
RCV000413754.1; RCV000197240.4;
RCV000481814.1

121912664

144 TP53 NM_000546.5 p.Arg342Ter Stop gain 50.48 Cancer, other RCV000213069.3; RCV000161074.4 730882029

NOTE. Pt ID is arbitrary.
Abbreviations: ID, identifier; NA, not applicable; NSCLC, non–small-cell lung cancer; Pt, patient.
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Table A2. Putative Germline Mutations From Individuals With More Than One Sample

Pt ID Gene Transcript Protein Variant
Translational

Effect Allele Frequency,% Cancer Type ClinVar ID dbSNP ID

145a BRCA1 NM_007294.3 p.Cys226Valfs Frameshift 52.68 Breast cancer RCV000235776.1; RCV000049091.4;
RCV000031274.9; RCV000129754.3

80357941

145b BRCA1 NM_007294.3 p.Cys226Valfs Frameshift 55.51 Breast cancer RCV000235776.1; RCV000049091.4;
RCV000031274.9; RCV000129754.3

80357941

146a BRCA1 NM_007294.3 p.Met1775Arg Missense 46.58 Ovarian carcinoma RCV000167787.5; RCV000048931.6;
RCV000019264.9; RCV000131375.4

80357061

146b BRCA1 NM_007294.3 p.Met1775Arg Missense 50.89 Ovarian carcinoma RCV000167787.5; RCV000048931.6;
RCV000019264.9; RCV000131375.4

80357061

147a BRCA1 NP_009225.1 p.Ser1383Ter Stop gain 48.79 Ovarian carcinoma RCV000077233.2; RCV000213696.1;
RCV000483963.1; RCV000112270.3;
RCV000048458.2

80357071

147b BRCA1 NP_009225.1 p.Ser1383Ter Stop gain 50.76 Ovarian carcinoma RCV000077233.2; RCV000213696.1;
RCV000483963.1; RCV000112270.3;
RCV000048458.2

80357071

148a BRCA2 NM_000059.3 p.Asn3124Ile Missense 48.98 Prostate
adenocarcinoma

RCV000176516.3; RCV000130337.3;
RCV000031816.6; RCV000045802.4

28897759

148b BRCA2 NM_000059.3 p.Asn3124Ile Missense 45.75 Prostate
adenocarcinoma

RCV000176516.3; RCV000130337.3;
RCV000031816.6; RCV000045802.4

28897759

149a BRCA2 NM_000059.3 p.Ser1982Argfs Frameshift 56.12 Breast cancer RCV000129627.4; RCV000009911.4;
RCV000034451.8; RCV000009912.4;
RCV000009910.15; RCV000367838.1;
RCV000212245.3; RCV000044800.9;
RCV000414179.1

80359550

149b BRCA2 NM_000059.3 p.Ser1982Argfs Frameshift 48.78 Breast cancer RCV000129627.4; RCV000009911.4;
RCV000034451.8; RCV000009912.4;
RCV000009910.15; RCV000367838.1;
RCV000212245.3; RCV000044800.9;
RCV000414179.1

80359550

150a BRCA2 NM_000059.3 p.Glu2198Asnfs Frameshift 49.86 Breast cancer RCV000044989.6; RCV000131037.3;
RCV000215210.1; RCV000009904.12

80359605

150b BRCA2 NM_000059.3 p.Glu2198Asnfs Frameshift 44.77 Breast cancer RCV000044989.6; RCV000131037.3;
RCV000215210.1; RCV000009904.12

80359605

151a BRCA2 NM_000059.3 p.Ala938Profs Frameshift 48.51 Breast cancer RCV000044064.9; RCV000458791.1;
RCV000238794.1; RCV000210161.1;
RCV000160273.3; RCV000131102.4;
RCV000240755.3; RCV000009907.9

80359351

151b BRCA2 NM_000059.3 p.Ala938Profs Frameshift 47.98 Breast cancer RCV000044064.9; RCV000458791.1;
RCV000238794.1; RCV000210161.1;
RCV000160273.3; RCV000131102.4;
RCV000240755.3; RCV000009907.9

80359351

152a BRCA2 NM_000059.3 p.Tyr2215Serfs Frameshift 46.27 Breast cancer RCV000416517.2; RCV000219562.3;
RCV000031642.7; RCV000131027.3

80359616

152b BRCA2 NM_000059.3 p.Tyr2215Serfs Frameshift 49.78 Breast cancer RCV000416517.2; RCV000219562.3;
RCV000031642.7; RCV000131027.3

80359616

153a BRCA2 NM_000059.3 p.Gln1235Ter Stop gain 47.27 NSCLC NA NA
153b BRCA2 NM_000059.3 p.Gln1235Ter Stop gain 48.44 NSCLC NA NA
154a CDKN2A NM_000077.4 p.Ile49Thr Missense 47.68 NSCLC RCV000412396.1; RCV000122945.5;

RCV000212398.2; RCV000115331.6
199907548

154b CDKN2A NM_000077.4 p.Ile49Thr Missense 42.41 NSCLC RCV000412396.1; RCV000122945.5;
RCV000212398.2; RCV000115331.6

199907548

155a CDKN2A NM_000077.4 p.Ile49Thr Missense 48.35 Breast cancer RCV000412396.1; RCV000122945.5;
RCV000212398.2; RCV000115331.6

199907548

155b CDKN2A NM_000077.4 p.Ile49Thr Missense 49.73 Breast cancer RCV000412396.1; RCV000122945.5;
RCV000212398.2; RCV000115331.6

199907548

155c CDKN2A NM_000077.4 p.Ile49Thr Missense 49.60 Breast cancer RCV000412396.1; RCV000122945.5;
RCV000212398.2; RCV000115331.6

199907548

156a TP53 NM_000546.5 p.Asp186fs Frameshift 50.42 Breast cancer NA NA
156b TP53 NM_000546.5 p.Asp186fs Frameshift 46.56 Breast cancer NA NA

NOTE. Pt ID is arbitrary, and numbering continues from Appendix Table A1. The notations a, b, and c refer to serial samples from the same patient at different time
points.
Abbreviations: ID, identifier; NA, not applicable; NSCLC, non–small cell lung cancer; Pt, patient.
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