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PURPOSE Next-generation sequencing (NGS) for tumor molecular profiling can reveal secondary germline likely
pathogenic and pathogenic variants (LPV/PV). The American College of Medical Genetics and Genomics
(ACMG) recommends return of secondary results for a subset of 59 genes, but other genes with evidence of
clinical utility are emerging. We previously reported that 4.3% of patients who underwent NGS of a targeted
panel of 201 genes had LPV/PV on the basis of the ACMG list. We report the frequency of additional germline
cancer-related gene variants and discuss their clinical utility.

PATIENTS AND METHODS Matched tumor and germline DNA NGS of a targeted panel of 201 genes was
performed in a research laboratory on samples from 1,000 patients with advanced or metastatic solid tumors
enrolled in a molecular testing protocol (ClinicalTrials.gov identifier: NCTO1772771). The frequency of germline
LPV/PV in 54 cancer-related genes, beyond the genes in ACMG list, were analyzed.

RESULTS Among 1,000 patients who underwent tumor/normal DNA sequencing, 46 (4.6%) were found to have
a germline LPV/PV in the following genes: AR (n=5), ATM(n=4), BAP1(n=1), CDH1 (n=1), CDKN2A(n=1),
CHEKI (n=2), CHEKZ2 (n =10), EGFR(n=1), ERCC3(n=4), ERCC5(n =1), HNFIB (n=1), HRAS(nh = 1),
MITF(n=4), MLL3(n=1), NF1(n=3), PKHD1 (n=4), PTCHI1 (n=1),and SMARCA4 (n =1). Thus, 8.7% of
patients had an LPV/PV, with two patients having two concomitant germline LPV/PV. Five mutations in high-
penetrance hereditary cancer predisposition genes were selected to be returned to patients or their repre-
sentatives: BAP1, CDHI1, CDKNZ2A, EGFR, and SMARCA4.

CONCLUSION Broader genomic testing is likely to identify additional secondary pathogenic germline alterations,
some with potential clinical utility for return to patients and their relatives. The recommended genes for which
germline results should be returned are continually changing, which warrants continued study.

JCO Precis Oncol. © 2019 by American Society of Clinical Oncology

INTRODUCTION

With the exponential development of next-generation
sequencing (NGS), specifically the ability to sequence
larger panels of genes in more depth, molecular
profiling increasingly is being integrated into oncology

are subtracted and ignored; however, analysis of
secondary germline findings might identify variants
associated with an increased susceptibility to develop
cancer or other diseases. The returning of these results
has implications for patients and their families, and

practice.!? The main goal of NGS is to identify ac-
tionable genomic alterations in the tumor to target by
matched drugs in efforts to personalize treatment.® In
addition, NGS can be used for testing of prognostic
biomarkers of disease progression and metastasis,
testing of cancer predisposition genes, and cancer risk
assessment for at-risk asymptomatic family members.
Sequencing matched tumor and normal tissue sam-
ples from the same patient can assist in more-accurate
calling of somatic variants.*® Often, germline variants

some of these secondary germline findings could offer
matched therapeutic opportunities.

The American College of Medical Genetics and Ge-
nomics (ACMG) has recommended that laboratories
that perform clinical sequencing report germline
pathogenic variants (PV) in 59 genes, if covered by
the tested panel, regardless of the indication for
which the clinical sequencing was ordered.”® ASCO
endorses the return of medically relevant second-
ary germline findings and encourages physicians to
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solicit patients’ preference with regard to the return of
pathogenic germline alterations before testing.® However,
the systematic return of germline alterations found during
NGS requires implementation of bioinformatics programs
for variant detection, curation, and annotation; such
implementation increases the required resources, time,
and costs.>1°

In this study, we sought to determine whether NGS of
matched tumor and normal samples revealed secondary
germline PV and likely pathogenic variants (LPV) in genes
beyond those currently recommended by the ACMG. Ac-
cordingly, we assessed the prevalence of LPV/PV sec-
ondary germline findings in 54 additional cancer-related
genes (having previously reported those recommended by
ACMG1Y).

PATIENTS AND METHODS
Patients

Patients with locally advanced or metastatic solid tumors
who exhausted standard treatment options were enrolled in
the institutional review board-approved Clearinghouse
protocol (ClinicalTrials.gov identifier: NCT01772771) using
molecular profiling to assist with personalized cancer
treatment at The University of Texas MD Anderson Cancer
Center. Patients also were offered possible secondary
germline mutation testing in a companion institutional re-
view board-approved protocol.!' The patients’ relevant
clinical characteristics were collected from electronic
medical records and prospectively maintained institutional
databases.

Matched Tumor/Normal DNA Sequencing

Paired tumor/normal DNA-targeted exome sequencing of
201 genes was performed in a research laboratory (Data
Supplement).? Tumor samples were acquired as formalin-
fixed paraffin-embedded slides in which the tumor area
was circled to facilitate macrodissection of the tumor-
containing region. For normal DNA, blood or saliva was
used. The key elements of NGS, including DNA extraction,
library preparation, target enrichment, sequencing, and
variant calling, were performed on tumor/normal tissue
samples. In summary, genomic DNA was extracted using
the QlAamp DNA FFPE Tissue Kit (QIAGEN, Hilden,
Germany) according to the manufacturer’s protocol and
quantified by Qubit assay (Invitrogen, Carlsbad, CA), and
quality was assessed using Genomic DNA Screen Tape for
the 2200 TapeStation (Agilent Technologies, Santa Clara,
CA). The captured libraries were sequenced on a HiSeq
2000 sequencing system (lllumina, San Diego, CA). All
regions were covered by more than 20 reads. Alignment of
the sequenced data to human reference assembly hgl9
and variant calling of the sequencing reads have been
described previously.'>!% Single nucleotide variants and
small indels were called using the Genome Analysis Tool Kit
(Broad Institute, Cambridge, MA). We annotated the vari-
ants using variant effect predictor, annotate variation,
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sorting intolerant from tolerant, and polymorphism phe-
notyping. For each sample, we estimated an average allele
fraction cutoff by averaging site-specific cutoffs over all the
targeted sites. Loss of the normal allele in the tumor (loss of
heterozygosity) was evaluated in the analyzed genes.

Selection of Genes for Analysis for Secondary
Germline Findings

Our group previously published the germline LPV/PV re-
sults for 18 of 56 genes recommended by ACMG that were
included in our 201-gene panel.!! PALB2 also was in-
cluded in a previous secondary germline analysis because
of its strong association with hereditary breast cancer.'®
After a thorough literature search and evaluation of relevant
databases,’*° we selected 54 additional genes from our
panel for which we analyzed germline LPV/PV. These genes
were selected on the basis of the mode of inheritance and
known penetrance for disease phenotype, including genes
previously described as hereditary-cancer susceptibility;
genes currently tested in commercially available hereditary
panels; cancer-related genes often tested on matched
normal/tumor panels, however with the mode of inheritance
nonconsistent with phenotypic expression in patients; and
noncancer-related genes with suggested familial in-
heritance (Data Supplement). On the basis of the mode of
inheritance, known penetrance for a disease phenotype,
and presence or absence of management guidelines, the
identified LPV/PV were grouped into five categories (Data
Supplement): (1) established hereditary cancer suscepti-
bility genes (not in the ACMG recommended genes in
2015, which were previously reported by our group'!) and
SMAD4 (which was added to the recommended genes in
2016), (2) hereditary cancer susceptibility genes with
moderate penetrance included in available genetic testing
panels with suggested management guidelines (ATM and
CHEK?2), (3) genes wherein somatic variants are associated
with cancer but germline mutations are associated with
noncancer phenotypes, (4) other cancer-related genes with
unknown clinical validity of pathogenic germline alter-
ations, and (5) hereditary noncancer susceptibility genes
with other possible clinical utility.

Clinical Significance Interpretation of Variants

Variant clinical significance classification was assigned
according to ACMG guidelines.?®?! The online tools and
databases used to classify the clinical significance of the
remaining variants are detailed in Figure 1. The clinical
significance annotation of all variants in the 54 additional
genes analyzed in this study were independently analyzed
using InterVar, a bioinformatics software tool that uses an
annotated file generated from ANNOVAR?2 and classifies
each variant on the basis of the Association of Molecular
Pathology/ACMG 2015 guidelines,?® and by a scientist
with germline variants annotation expertise from the In-
stitute for Personalized Cancer Therapy at The University of
Texas MD Anderson Cancer Center. Per the 2017 ACMG
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ACMG guidelines for the interpretation
of sequence variants
(PMID 25741868 and 27993330)

ClinVar: https://www.ncbi.nlm.nih.gov/clinvar
Personalized Cancer Therapy: https://pct.mdanderson.org
Search variant in clinical/disease Online Mendelian Inheritance in Man: http://omim.org
databases Orphanet: http://www.orpha.net
Human Gene Mutation Database: http:// www.hgmd.org
Familial Cancer Database: http://www.familialcancerdatabase.nl

Exome Aggregation Consortium: http://exac.broadinstitute.org/

Search variant in population —>»  Exome Variant Server (Exome Sequencing Project): http://evs.gs.washington.edu/EVS

Glzitelptss dbSNP: http://www.ncbi.nIm.nih.gov/snp
Ensembl genome browser: http://www.ensembl.org
i i, NCBI Genome: https:// www.ncbi.nlm.nih.gov/genome
S W q > RefSeq Gene: http://www.ncbi.nlm.nih.gov/refseq/rsg

UCSC Genome Browser: http://genome.ucsc.edu
GWASdb: http://jjwanglab.org/gwasdb

'

Search published literature via
PubMed and Google

'

UniProt: http://www.uniprot.org
Predictive computational tools:
PolyPhen-2: http://genetics.bwh.harvard.edu/pph2
SIFT: http://sift.jcvi.org
Condel: http://bg.upf.edu/fannsdb
Mutation Assessor: http:/mutationassessor.org/r3

Functional effect assessment on the basis of
the effect/location of the genomic change to
determine the inferred effect of a given
alteration. Take into consideration in
silico predictive algorithm results

FIG 1. Databases and tools useful for interpreting the clinical significance of germline secondary findings. ACMG, American College of Medical Genetics
and Genomics; Condel, consensus deleteriousness; dbSNP, Single Nucleotide Polymorphism Database; GWASdb, Genome-Wide Association Study
Database; NCBI, National Center for Biotechnology Information; PMID, PubMed identifier; PolyPhen, polymorphism phenotyping; SIFT, sorting intolerant
from tolerant; UCSC, University of California, Santa Cruz.

JCO Precision Oncology 3



lleana Dumbrava et al

recommendation for cancer somatic variant evaluation, we
focused on tier | and Il variants, which include LPV/PV.2!
Furthermore, personal and family history of cancer was
reviewed for all patients with identified LPV/PV.

Determination of Which Results to Return to Patients

A committee of oncologists, a genetic counselor, molecular
pathologists, an ethicist, and behavioral scientists de-
veloped criteria for return of results to patients. Any LPV/PV
and the patient’s family and personal history were dis-
cussed in these committee meetings. The LPV/PV in well-
established hereditary cancer predisposition genes with
high penetrance for which management recommendations
were available were recommended to be returned to pa-
tients who expressed interest in knowing about secondary
germline findings. Variants selected to be returned to pa-
tients or their personal representative, were validated with
an orthogonal assay in a Clinical Laboratory Improvement
Amendments—certified laboratory using the same de-
identified research specimen before formal genetic coun-
seling and genetic testing.

RESULTS
Study Population

Among the 1,000 patients who underwent matched tumor/
normal DNA sequencing for personalized cancer therapy in
the Clearinghouse protocol, the most frequent tumor types
were breast (25.3%) and colorectal (15.6%) cancers,
glioblastoma (15.1%), melanoma (14.3%), and sarcoma
(10.2%; Fig 2). At least one nonsynonymous germline
variant in one of the additional 54 analyzed genes was
found in 826 patients (82.6%). A median of 26 (range, 1 to
46) nonsynonymous germline variants per patient in these

54 genes was found. Median depth coverage of genes
studied was 717 reads.

Most of these alterations were classified as benign, likely
benign, or uncertain significance according to ACMG
guidelines.”® However, we identified 46 new germline LPV/
PV in 46 patients (4.6%), which added to the 4.3% pre-
viously identified. Thus, 8.7% of patients had a secondary
germline LPV/PV, with two having two concomitant muta-
tions. These 46 patients’ characteristics are listed in
Table 1. The median age at diagnosis was 53 years (range,
5 to 74 years), and 58.7% were women. Four patients
had a personal history of a previous malignancy (Data
Supplement).

We identified two patients who had two germline LPV/PV
(one mutation from the ACMG-recommended return of
results list that was found previously and one from the list of
genes described here). One patient was a 60-year-old man
who had metastatic melanoma with synchronous BRCAZ2
and CHEKZ2 germline mutations unknown before secondary
germline results testing. He had a history of prostate cancer
and family history of lung cancer in a sister and an unknown
hematologic malignancy in a brother. The second patient
was a 13-year-old girl who had a solid pseudopapillary
neoplasm of the pancreas with two deleterious germline
mutations (MSH6 and ERCC3), and although she had no
relevant family history, previous genetic testing revealed
a germline mutation in MSH6 suggestive of Lynch
syndrome.

Of the 46 patients with LPV/PV, only 11 (24%) had been
referred previously for genetic counseling. Of the 10 pa-
tients with breast cancer with LPV/PV identified in the
current study, only three had previous genetic testing.

Glioblastoma
(n=151)
FIG 2. Frequency of secondary germ- 4%
line likely pathogenic and pathogenic
variants (LPV/PV). Data are presented as
tumor type and number of patients en-
rolled in the study [eg, Breast (n = 253)].
GIST, Gl stromal tumor; PNET, primary
neuroectodermal tumor.

Colorectal

LPV/PV
(n=156) \

Melanoma (n = 143)

LPV/PV
3.5%

LPV/PV
4%

Breast (n = 253)

Ovarian (n = 32)

Sarcoma (n = 102)

LPV/PV
3.9%

Pancreatic [LPV/PV 16.7%

(n=12)

Gastric (n = 10)
Endometrial
(n=6)

PNET (n =2)
GIST (n=2)

Nephroblastoma |[LPV/PV 100%

(n=1)

LPV/PV
0%
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TABLE 1. Patient Characteristics

Patients, No.

Characteristic (%)
No. of patients 46
Age at diagnosis, years

Median 53

Mean = standard deviation 49 = 2.2

Range 5-74

< 45 14 (30.4)

45-60 19 (41.3)

> 60 13 (28.2)
Sex

Female 27 (58.7)

Male 19 (41.3)
Ethnicity

Non-Hispanic white 39 (84.8)

Black 3 (6.5)

Hispanic 2 (4.3)

Asian 1(2.2)

Other 1(2.2)
Personal history of cancer (besides the one studied

in this analysis)

Yes 4 (8.7)

No 42 (91.3)
Family history of cancer

Yes 39 (84.7)

No 7 (15.2)
First-degree relatives with any cancer

Yes 27 (58.7)

No 19 (41.3)
Second-degree relatives with any cancer

Yes 28 (60.9)

No 18 (39.1)
Previous genetic counseling/genetic testing

Yes 11 (23.9)

No 35 (76.1)

Germline LPV/PV Classification and Frequency

We identified germline LPV/PV in 18 (33%) of the 54
genes analyzed in this study. At least one variant of un-
known significance was presentin all analyzed genes. The
most frequent LPV/PV were identified in the following
genes: 10 CHEK2 mutations (1%), five AR mutations
(0.5%), four ATM mutations (0.4%), four ERCC3 mutations
(0.4%), four MITF mutations (0.4%), four PKHDI mu-
tations (0.4%), three NFI mutations (0.3%), and two
CHEKI mutations (0.2%; Fig 3). On the basis of the
currently available drugs (Food and Drug Administra-
tion approved or currently in clinical trials), 26 LPV/PV
were found in eight potentially therapeutically actionable

JCO Precision Oncology

genes (CHEK2, AR, ATM, NF1, CDKNZ2A, EGFR, HRAS,
PTCHI).

LPV/PV were found in several tumor types, most frequently
breast cancer, colorectal cancer, glioblastoma, melanoma,
sarcoma, and ovarian cancer (Table 2). Among the 10
patients with breast cancer with LPV/PV, 10 variants were
observed in eight genes (Data Supplement).

Of the 46 LPV/PV, 20 (44%) were known to be pathogenic
and previously reported in ClinVar®® and related to an in-
creased risk of cancer or other diseases. Twenty-six vari-
ants were identified as LPV on the basis of the effect/
location of the genomic change on the protein function or
the databases and online tools shown in Figure 1. The
median allele fraction for the LPV/PV found in the current
analysis was 46% (range, 11% to 55%). In cases of low
median allele fraction, the results were rechecked and
validated to be of germline origin. Four patients (8.7%)
presented loss of heterozygosity in the same genes as the
identified germline LPV/PV (two patients with NFI muta-
tion, one with ATM mutation, and one with SMARCA4
mutation).

Concordance of Manual and Automatic Variant
Interpretation

Variant clinical significance was determined using data-
bases and online tools (Fig 1). All variants also were
annotated using InterVar.>* We compared manual anno-
tations with the automatic annotation tool and ob-
served concordance rates between 88% and 98%, which
depended on the type of alteration analyzed (point v
truncating mutations).

Return of Results to Patients or Their Personal
Representative

The committee decided that germline LPV/PV in the fol-
lowing established hereditary cancer predisposition genes
with high penetrance should be returned to patients: BAPI,
CDH1, CDKNZ2A, EGFR, and SMARCA4 (Appendix Fig Al).
All these results were previously unknown to the patient,
and none of the five patients had been previously referred to
genetic counseling or underwent prior genetic testing.

All five LPV/PV were confirmed using de-identified samples
in a Clinical Laboratory Improvement Amendments—
certified laboratory using a different platform (100% con-
cordance obtained). At the time of writing this article, the
results were returned to the patient with metastatic mela-
noma and a CDKNZ2A variant, who was alive. The patient
underwent formal genetic testing and genetic counseling,
and the CDKN2A p.G101W mutation was confirmed; she
was enrolled in a pancreatic cancer screening program in
addition to dermatologic surveillance because of her history
of metastatic melanoma, which is currently without evi-
dence of disease. The other four patients died before the
results of this study, and we initiated the process of return
of results to their personal representatives as recently
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Melanoma
Ovarian
Gastric

No. of Patients With LPV/PVs

*

CHEK2

5

Breast
GBM
GBM

Sarcoma
Nephroblastoma Sarcoma

*

AR

4 4

Breast
Melanoma
Ovarian

Breast
CRC

*

ATM

Sarcoma
Endometrial Pancreatic |Melanoma Gastric

ERCC3

4 a

CRC 3

GBM Breast
Melanoma PNET
PNET

CRC
GBM

GBM 1 1

Breast | Sarcoma

MITF PKHD1 NF1  CHEK1 BAP1

1 1 1 1 1 1 1 1 1
CRC Melanoma Breast GIST = Pancreatic | CRC | | Breast CRC Ovarian
CDH1  CDKN2A EGFR  ERCC5 HNF1B HRAS MLL3 PTCH1 SMARCA4

FIG 3. Frequency of secondary germline likely pathogenic and pathogenic variants (LPV/Ps) per genes analyzed. The stars indicate potentially therapeutically
actionable genes. CRC, colorectal cancer; GBM, glioblastoma; GIST, Gl stromal tumor; PNET, primary neuroectodermal tumor.

described.?® Because the return of secondary germline
findings to patients’ representatives in moderate pene-
trance genes such as ATM and CHEKZ in the absence of
significant cancer family history have uncertainties and
knowledge gaps, after discussion in the secondary germ-
line review committee, these results were not returned.

DISCUSSION

Our findings confirm the feasibility of secondary germline
analysis in genes beyond the ones currently recommended
by the ACMG for patients with cancer who undergo mo-
lecular testing with therapeutic intent. In the current
analysis of 1,000 patients who underwent tumor/normal
DNA-targeted sequencing of 201 genes, 4.6% carried
a germline LPV/PV in a gene linked to an inherited human
disease other than those genes recommended for testing

TABLE 2. Type of Germline LPV/PV Per Tumor Type

Patients With

Tumor Type Germline Mutations Type of Germline LPV/PV (No.)

Breast 10 of 253 ATM (1), CHEKI (2), CHEK2(2), EGFR
(1), ERCC3 (1), MLL3 (1), NF1 (1),
AR (1)

Colon/rectum 9 of 156 CDH1 (1), CHEK2 (3), ERCC3 (1),
HRAS (1), PKHDI (1), PTCH1 (1),
MITF (1)

Glioblastoma 6 of 151 CHEK2 (1), PKHDI (1), MITF (2),
AR (2)

Melanoma 5 of 143 ATM (1), CDKN2A (1), CHEKZ (1),
PKHDI (1), MITF (1)

Sarcoma 4 of 102 BAPI (1), ERCC3 (1), AR (2)

Ovarian 3of 32 ATM (1), CHEKZ (1), SMARCA4 (1)

Pancreatic 2 of 12 ERCC3 (1), HNF1B (1)

PNET 20f 2 NFI (2)

Gastric 2 of 10 CHEKZ (1), PKHDI (1)

Endometrial 1of 6 ATM (1)

GIST 1o0of 2 ERCC5 (1)

Nephroblastoma 1of1 CHEKZ2 (1)

Abbreviations: GIST, Gl stromal tumor; LPV/PV, likely pathogenic and pathogenic
variants; PNET, primary neuroectodermal tumor.

6 © 2019 by American Society of Clinical Oncology

by ACMG, which were previously reported at a 4.3% fre-
quency in the same cohort.*! Thus, 8.7% of our patients
had an LPV/PV secondary germline finding on the basis of
testing with a targeted NGS panel, with two patients having
two concomitant germline LPV/PV.

The frequency of germline LPV/PV (between 4.3%2° and
17.5%%) likely depends on the number of genes analyzed,
sequencing panel, tumor types and stages of patients
enrolled, and annotation of clinical significance and could
be higher in selected patients.?® In previous studies,
germline mutations in 25 breast or ovarian cancer pre-
disposition genes were found in 10.7% of patients,?® and
6% of patients with prostate cancer were reported to have
a germline deleterious mutation in BRCA1/2.30 In the
pediatric population, LPV/PV secondary germline findings
were found in 5% to 8.5% of patients; many were un-
suspected on the basis of family history or phenotypic
presentation 3133

Established guidelines exist for referral to genetic coun-
seling, including germline testing criteria for patients with
the BRCA1/2 mutations detected by tumor profiling®*;
however, carriers of deleterious germline mutations may
not meet these criteria. One major advantage of reporting
secondary germline findings is that the analysis is not
constrained by family or personal history. Indeed, a recent
study showed that more than one half of patients with
deleterious secondary germline findings would not have
been tested using current clinical guidelines.?”

In the current study, from the additional genes tested, only
the NF1 mutations had been identified before the matched
normal/tumor DNA sequencing, which indicates that im-
portant cancer predisposition genes may be missed by
current criteria for referral to a genetic counselor and ge-
netic testing. Furthermore, in addition to colon, breast, and
ovarian cancers, we identified LPV/PV in melanoma, glio-
blastoma, sarcoma, and pancreatic and gastric cancers.

The 2016 ACMG recommendations changed the termi-
nology to secondary findings instead of incidental findings
because the genes were intentionally analyzed. The ACMG
list of recommended genes for secondary germline analysis
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FIG 4. Clinical utility of analysis of germline secondary findings on tumor molecular sequencing using matched normal DNA. CLIA, Clinical Laboratory

Improvement Amendments; LPV/PV, likely pathogenic and pathogenic variants.

likely will evolve continuously as more knowledge about
hereditary syndromes is accumulated and as NGS is in-
tegrated into oncology practice, which thus will increase the
likelihood of detecting secondary germline findings.®

The cancer risk predictions associated with our gene
classifications is based on highly penetrant families. LPV/
PV in hereditary cancer susceptibility genes also are
present in the general population at a very low frequency,
and whether these findings will have the same implications
in patients without significant family histories is unknown.
Although established public knowledgebases of LPV/PV,
such as ClinVar,?® are helpful in determining the clinical
significance of germline mutations, this might have con-
flicting results from different sources, and many variants
are not yet described. To improve these databases, we
need to share the results and establish guidelines for return
of secondary germline findings.=®

The potential effect of reporting secondary germline find-
ings in cancer-related genes presents significant oppor-
tunities to assess and manage the risk of second primary
cancers, assess familial risk, and provide targeted treat-
ment options. Although the clinical utility of germline LPV/
PV in some genes outside the ACMG list is still unknown,
rapid advances of biologic knowledge and new drug de-
velopment could aid in identifying new actionable alter-
ations to serve as the basis for future clinical trial design and
personalized cancer therapy.®*’

JCO Precision Oncology

Increasing patient interest exists in knowing about sec-
ondary germline findings; however, which results should
be returned remains controversial. In this study, a com-
mittee of oncologists, a genetic counselor, molecular
pathologists, an ethicist, and behavioral scientists be-
lieved that in the absence of significant cancer family
history, the clinical utility of pathogenic secondary
germline findings in moderate penetrance genes like
CHEKZ2 remains with many uncertainties and knowledge
gaps; thus, moderate penetrance genes were not
returned. This decision was made, in part, because the
patients were deceased, which made it difficult to de-
finitively confirm results because they were obtained in
the research environment. However, emerging clinical
screening guidelines are making a case for return of some
moderate-penetrance genes. Evolving data exist for
clinical implications of moderate-penetrance genes; thus,
regular re-assessment is needed. Further development of
guidelines is needed to determine clinical utility required
for return of results. Whether clinical utility needs to be
stronger for return of results obtained in the research
environment and/or to patient representatives after a pa-
tient is deceased needs to be considered.

As biomarker-driven cancer therapy becomes a reality for
more patients,*® integration of genetic counselors into
molecular tumor boards and establishment of educational
materials that differentiate between somatic and germline
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testing could enhance the return of secondary germline
findings identified through molecular tumor profiling. Our
process for identifying, confirming, and returning sec-
ondary germline findings is summarized in Figure 4.

One limitation of the current study is that the patient
population was from an academic center where many
patients were referred for consideration of clinical trials; this
population may influence the overall results/detection of
germline LPV/PV in particular tumor types. In addition, our
return-of-results efforts did not include variants of unknown
significance that might have clinical implications in the
future with the rapidly evolving field.

Important barriers left to be overcome when disclosing
germline deleterious variants are psychological outcomes
and family communication barriers.®®3° In deceased pa-
tients, identification and contact of a personal represen-
tative and making the information on secondary germline
findings available but allowing the right to decline represent
other barriers in return of results.2® Currently, only 5% of
genetic counselors feel prepared to handle tumor profiling
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providers and patients.

In conclusion, secondary germline findings identified on
tumor/normal DNA profiling could have implications in the
assessment and management of second primary cancer
risk; family risk assessment and guidance; and most
importantly, personalized treatment determination. Most
patients would like to know about these secondary
germline findings for themselves and their families,** but
some barriers remain to be overcome, such as the de-
termination of which results to disclose and how to dis-
close them as well as the burdens that this process would
place on the cancer care program. A systematic analysis
of germline variants could increase the cost and time
involved in DNA sequencing and the interpretation of
clinical significance. Education of cancer care providers
and patients about possible secondary germline findings
from tumor profiling is critical.'
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APPENDIX

BAP1 p.Y401X was inferred as likely pathogenic
because it truncates the protein before a major functional
domain (including BRCA1 interacting domain)

CDH1 p.C688X is likely pathogenic (ClinVar: 140781)

CDKNZ2A p.G101W is known pathogenic (ClinVar:
9412), risk factor for familial melanoma/pancreatic cancer

EGFR p.T790M is known pathogenic (ClinVar:
16613), associated with hereditary lung cancer

SMARCA4 p.S332FfsX55 was inferred as likely pathogenic
because this mutation will result in truncation before
the ATP binding domain and loss of function
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FIG A1. Germline likely pathogenic or pathogenic variants recommended by the secondary results committee to be returned to the patients or their personal

representatives.
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