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Identification of multiple germline cancer predisposing gene
variants in a single patient during tumor sequencing analysis

CAP TODAY and the Association for Molecular Pathology have teamed up to bring
molecular case reports to CAP TODAY readers. AMP members write the reports using
clinical cases from their own practices that show molecular testing’s important role in
diagnosis, prognosis, and treatment. The following report comes from Hospital of the
University of Pennsylvania. If you would like to submit a case report, please send an
email to the AMP at amp@amp.org. For more information about the AMP and all previ-

ously published case reports, visit www.amp.org.
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Next-generation sequencing of tumor
tissue has important implications in
solid and hematologic malignancies
because it can identify genomic vari-
ants that provide diagnostic, prog-
nostic, and predictive information to
guide clinical management. Variants
identified on tumor sequencing can
be classified as somatic (acquired af-
ter conception) or inherited through
germline. Identification of germline
variants can alter the treatment of
current tumors, as in the case of BR-
CA-associated breast and ovarian
cancers'; provide prognostic informa-
tion about the risk of developing fu-
ture cancer; and have preventive
value by suggesting screening and
follow-up for relatives. Guidelines
from the American Society of Clinical
Oncology recommend communicat-
ing to patients medically relevant
incidental germline findings from
somatic mutation profiling conduct-
ed in the clinical setting,?and the

American College of Medical Genet-
ics and Genomics has established a
minimum list for reporting secondary
findings from clinical exome and
genome sequencing.’ Here we pres-
ent a case with unexpected finding
of pathogenic variants in genes not
related to the indication for sequenc-
ing, highlighting the importance of a
workflow for specialized follow-up
of clinically relevant potential germ-
line variants.

Case. A 71-year-old female patient
with a history of breast cancer and
melanoma presented to her hema-
tologist for follow-up of ongoing
thrombocytopenia and new onset
postmenopausal bleeding. She was
diagnosed at ages 49, 51, and 68 with
malignant melanoma on the right
breast and back, which were man-
aged with surgical resection. The
patient was diagnosed at age 60 with
grade three ductal carcinoma in situ
(ER+, PR+, HER2+) and underwent
lumpectomy with adjunctive radia-
tion and five years of tamoxifen. She
reports a strong family history of
cancet, including melanoma in both
first- and second-degree relatives,
and history of a pathogenic germline
CDKNZ2A variant in a third-degree
relative, but she has not completed

genetic counseling or germline test-
ing (Fig. 1, page 2).

Complete blood count revealed a
low platelet count of 59,000/ uL, con-
sistent over six months, and a mild
macrocytosis in an otherwise normal
CBC. Coagulation testing was nor-
mal. Bone marrow aspiration and
biopsy were performed, which
showed a mildly hypercellular mar-
row (40 percent) with trilineage he-
matopoiesis and no overt evidence of
a hematolymphoid neoplasm. Cancer
cytogenetic evaluation revealed a
normal karyotype (46,XX[20]). Flow
cytometry showed no immunophe-
notypic evidence of a hematolym-
phoid neoplasm. Next-generation
sequencing was performed on the
bone marrow aspirate, which identi-
fied pathogenic variants in CDKN2A
and ERCC4 and a probable patho-
genic variant in RAD51C, all poten-
tially germline based on variant allele
frequencies (VAF) (Table 1, page 3).
Following our institution’s algorithm
for incidental germline findings, vari-
ants identified in CDKN2A and
RADS5IC triggered a message to the
ordering clinical team recommending
genetic counseling and follow-up
germline genetic testing if clinically
warranted.

For further evaluation of her post-
menopausal bleeding, the patient
underwent a transvaginal ultrasound
that demonstrated an abnormal right
ovary with a complex cystic and
solid mass, measuring 9.7 x8.5x11.9
cm on subsequent CT examination.
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Exploratory laparotomy and total
abdominal hysterectomy were per-
formed, with microscopic examina-
tion revealing stage IIIA2 high-grade
serous carcinoma of bilateral ovaries,
including involvement of peritone-
um. The sample was sent for ho-
mologous recombination deficienc
(HRD) testing, which resulted with a
positive genomic instability score,
indicating improved prognosis and
potential responsiveness of the tu-
mor to PARP inhibitors.* BRCAT and
BRCA2 variants were not identifie
in this specimen.

The patient was ultimately re-
ferred to genetic counseling and pro-
ceeded with comprehensive germline
testing, which included evaluation of
genes related to hereditary breast and
ovarian cancer syndromes. Germline
testing confirmed the presence of
CDKN2A and RAD51C variants
that were found on somatic testing.
ERCC4 was not included in the
germline panel because her personal
and family history was not sugges-
tive of ERCC4-related hereditary
syndromes.

Discussion. A minority of patients
referred for molecular tumor tissue
analysis may harbor germline vari-

ants associated with hereditary can-
cer syndromes. While some labs per-
form tumor-normal paired testing to
separate germline from somatic vari-
ants, most perform tumor-only test-
ing, which requires a thoughtful plan
for identifying and referring patients
with suspected pathogenic germline
variants. These referral pipelines are
currently institution-specifi >; how-
ever, the recently published ACMG
SF v3.1 guidelines list germline vari-
ants that, when found incidentally,
warrant informing patients and refer-
ring them for genetic counseling.’* The
patient described, with a strong fam-
ily history of cancer and personal
history of breast cancer and melano-
ma, had somatic testing done on a
bone marrow sample that demon-
strated no overt evidence of a hema-
tolymphoid neoplasm. Sequencing
performed on this sample inciden-
tally uncovered variants in CDK-
N2A, RAD51C, and ERCC4 that
were likely germline due to a near 50
percent variant allele fraction, some
of which are associated with heredi-
tary cancer syndromes.
Cyclin-dependent kinase inhibitor
2A (CDKN2A) is a tumor suppressor
gene located on chromosome 9p21.3

Fig. 1. Pedigree
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and encodes two proteins: pl6-
INK4A and p14-ARF. These proteins
promote cell cycle arrest or apopto-
sis.®” CDKN2A is the most com-
monly mutated gene in hereditary
melanoma, found in 20 to 40 percent
of high-risk families, and is associated
with a worse overall survival from
both melanoma and nonmelanoma
cancers.*” Familial melanomas with
CDKNZ2A mutations have a unique
histologic phenotype of dense pig-
mentation, high pagetoid scatter, and
anon-spindle cell morphology in the
vertical growth phase."” The CDK-
N2A p.V126D mutation identified in
our patient has been previously ob-
served in the germline of patients
with familial melanoma and pancre-
atic cancer."! Germline CDKN2A
mutations have also been strongly
associated with development of fa-
milial pancreatic cancer and less com-
monly with head and neck carcino-
mas, breast carcinomas, nervous
system tumors, sarcomas, and other
carcinomas.'>"?

The RAD51C gene located on
chromosome 17q22 is a protein in-
volved in double-strand break repair
and interstrand crosslink repair by
homologous recombination."* Germ-
line mutations in RAD51C are associ-
ated with Fanconi anemia-like disor-
ders in addition to hereditary breast
and ovarian cancers.” RAD51C
was not included in the ACMG SF
v3.1 list for reporting of secondary
findings in clinical sequencing on the
basis of penetrance considerations
and absence of effective ovarian can-
cer screening.® Despite this, recent
large population-based studies have
reported that pathogenic germline
variants in RAD51C are associated
with an increased risk of ER-negative
breast cancer in both female and male
patients, with a risk of up to 30 per-
cent, particularly with truncating
variants.'s"

The excision repair 4, endonucle-
ase catalytic subunit (ERCC4) gene,
also known as FANCQ and XPF, is
located on chromosome 16p13.12. It



Table. 1. Variant details

Gene Protein Coding DNA Variant allele fraction | ClinVar interpretation

CDKN2A | p.V126D | c.377T>A 47% Pathogenic

RAD51C | p.Q143R | c.428A>G 47% Likely pathogenic (1)
Uncertain significance (8

ERCC4 p.? .580_584+1del | 48% Likely pathogenic (2)
Uncertain significance (1

encodes a subunit for the ERCC1-XPF
enzyme complex that is a core com-
ponent of nucleotide excision repair
and participates in double-stand
break repair and interstrand crosslink
repair by homologous recombina-
tion.” ERCC4 germline mutations
have been identified in Fanconi ane-
mia, xeroderma pigmentosa, XFE
progeroid syndrome, and Cockayne
syndrome, and in a small subset of
hereditary breast cancers.'*

With patients who harbor poten-
tial germline variants, we follow in-
stitution-specific guidelines. These
guidelines include VAF-independent
referrals, given that genetic changes
like loss of heterozygosity in tumors
can alter VAF, and referrals for genes
that may or may not be involved in
the somatic indication for sequencing.
Some referrals may be age based,
including those for APC, RB1, NF1,
and TP53 in individuals with cancer
diagnosed under the age of 30.
Known germline founder variants are
automatically referred. In addition,
referrals may be based on phasing of
mutations, for example, only refer-
ring biallelic MUTYH. Lastly, refer-
rals often depend on prior treatments,
including only referring EGFR T790M
in the setting of EGFR-treatment na-
ive patients.

After identifying these potentially
actionable germline variants and ob-
taining the results of homologous
recombination deficiency testing, the
patient was deemed a candidate for
PARP inhibitors as adjunctive thera-
py for ovarian cancer. Due to the
strong relationship of CDKN2A vari-
ants with familial melanoma and
pancreatic cancer syndromes, the
benefit of predictive genetic testing in

relatives was discussed with the pa-
tient, as the patient has two nephews
with melanoma but without known
variants. While the patient has no
offspring, she has one full sibling for
whom predictive genetic testing was
recommended. She was referred for
consideration of pancreatic cancer
screening studies through contrast-
enhanced MRI/magnetic resonance
cholangiopancreatography and/or
endoscopic ultrasound and will con-
tinue with semiannual skin exams
with dermatology. She will also con-
tinue with annual mammograms for
breast screening. Multiple commer-
cial genetic testing labs currently
classify the detected RAD51C vari-
ant as a variant of uncertain signi -
cance, although there is conflictin

data for pathogenicity. In addition,
the germline status and clinical im-
plications of the ERCC4 variant is
still unknown. Providers who are
familiar with hereditary cancer syn-
dromes will provide the follow-up
care because current knowledge sur-
rounding these germline variants
continues to evolve and may have an
impact on future management.  []
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Test yourself

Here are three questions taken from the case report. Answers are online now at
www.amp.org/casereports and will be published next month in CAP TODAY.

1. Which of the following biomarker descriptor terms best defines the role of ho-
mologous recombination deficiency testing in hereditary breast and ovarian cancer
syndromes?

a. Diagnostic

b. Prognostic

c. Predictive

d. Diagnostic and prognostic

e. Prognostic and predictive

2. Germline alterations in CDKN2A are associated with predisposition to which of
the following hereditary cancer syndromes?

a. Hereditary breast and ovarian cancer syndrome

b. Lynch syndrome (hereditary nonpolyposis colorectal cancer)

¢. Melanoma-pancreatic cancer syndrome

d. Li-Fraumeni syndrome

e. Cowden syndrome

3. Which of the following suggestions are good practices with regard to genetic
counseling referrals in patients with incidentally found germline variants on somatic-
only testing?

a. Refer only if variant allele frequency is close to 50 percent

b. Refer regardless of whether germline mutation is related to somatic testing indication

c. Refer for APC, RB1, NF1, or TP53 variants regardless of patient age

d. Founder mutations do not need to be automatically referred

e. Refer MUTYH variants regardless of phasing



