Acta Med. Okayama, 2022
Vol. 76, No. 6, pp. 673-678

Copyright© 2022 by Okayama University Medical School.

Acta Medica
Okayama

Original Article

http:/escholarship.lib.okayama-u.ac.jp/amo/

Handling of Germline Findings in Clinical Comprehensive Cancer
Genomic Profiling

Mika Okazawa-Sakai®>“*$8, Yasuko Yamamoto®4%, Mashu Futagawa?, Miki Okamura?,
Satoko Miyawaki®?, Tomohiro Nishina®?, Kazuhiro Takehara?9, Toshiyuki Kozuki¢,
Shuta Tomida/, Ichinosuke Hyodo¢, Shozo Ohsumi?, and Akira Hirasawa®/

“Department of Clinical Genomic Medicine, Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical
Sciences, /Center for Comprehensive Genomic Medicine, Okayama University Hospital, Okayama 700-8558, Japan,
Departments of *Gynecologic Oncology, “Cancer Genomic Medicine, “Hereditary Tumors,

“Clinical Research Center, National Hospital Organization Shikoku Cancer Center, Matsuyama 791-0280, Japan

Patients found to have presumed germline pathogenic variants (PGPVs) during comprehensive genomic profil-
ing (CGP) require genetic counseling (GC) referrals. We retrospectively investigated the outcomes of patients
with PGPVs. Among 159 patients who underwent CGP, we recommended GC for the 16 patients with PGPV
(3 with [FG group] and 13 without [G Group] a family/personal history of hereditary cancer) as well as for the 8
patients with no PGPVs, but a history (F group); 2 (67%), 5 (38%), and 3 (38%) patients received GC in the
FG, G, and F groups, respectively. Germline testing results were positive in 1 and 2 patients of the FG and G
groups, respectively. Among the patients recommended for GC, 58% did not receive GC due to lack of interest,
poor performance status, or death. CGP contributes to the identification of germline variants in patients with-
out a history of hereditary cancer. However, the proportion of patients who undergo GC should be improved.
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C omprehensive genomic profiling (CGP) poten-
tially detects pathogenic variants associated with
hereditary cancer. These presumed germline patho-
genic variants (PGPVs) are difficult to determine from
tumor-only sequencing assays because their somatic or
germline origins remain unclear [1]. Discussion on how
to evaluate PGPV detected in CGP for somatic variants
is ongoing.
Several guidelines have been published to assist cli-
nicians in determining which patients should be
referred to genetic specialists, based on their CGP
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results [1,2,and Kyoto University Genetic Counseling
Course: <http://sph.med.kyoto-u.ac.jp/gccrc/kourou-
kosugi.html>]. The American College of Medical
Genetics and Genomics (ACMG) proposed a minimum
list of genes for which germline variants should be
reported to patients (updated to version 3.0 in 2021
[3]). The European Society of Medical Oncology
(ESMO) presented the criteria for confirmatory germ-
line testing through tumor-only testing in 2019 [2]. The
ESMO guideline was established to optimize the identi-
fication of actionable pathogenic germline variants and
to achieve a greater than 10% germline-conversion rate
per gene; targeted variants considered as germline
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findings were restricted to those with variant allele fre-
quency (VAF) >30% (single nucleotide variants) or
>20% (small insertions/deletions) [2]. Moreover, the
National Comprehensive Cancer Network (NCCN)
guidelines specify the genes for which the presence of
germline pathogenic variants requires specific manage-
ment for hereditary cancer [NCCN Clinical Practice
Guidelines in Oncology, Genetic/Familial High-Risk
Assessment: Colorectal Version 1.2021 and Genetic/
Familial High-Risk Assessment: Breast, Ovarian, and
Pancreatic Version 1.2022, <https://www.nccn.org/
professionals/physician_gls>]. These strategies were
adopted in Japan (Kyoto University Genetic Counseling
Course: http://sph.med.kyoto-u.ac.jp/gccrc/kourou-
kosugi.html, accessed June, 2022).

We established a board to evaluate the germline
findings for a genetic counseling (GC) referral in
October 2019. In the current study, we retrospectively
investigate the outcomes of patients with PGPV's found
in clinical CGP over the past 2 years at our institution,
and identify issues associated with handling germline
findings in clinical practice.

Patients and Methods

In this retrospective study, we included cancer
patients who underwent CGP at the National Hospital
Organization (NHO) Shikoku Cancer Center between
October 2019 and October 2021. Clinical and CGP
data of the patients were retrospectively collected from
the charts and analyzed. The cut-off date for data col-
lection was January 2022.

This study was approved by the Institutional Ethics
Review Committee of the NHO Shikoku Cancer Center
(approval nos. 2019-20 and 2021-01) and was per-
formed according to the Ethical Guidelines for Medical
and Health Research involving Human Subjects
(<https://www.mhlw.go.jp/tile/06-Seisakujouhou-
10600000-Daijinkanboukouseikagakuka/0000080278>.
pdf, accessed June, 2022). Informed consent was
obtained via opt-out through an Okayama University
website (<https://cgm.hsc.okayama-u.ac.jp/>, accessed
June, 2022).

CGP testing was performed as per clinical practice
using one of the following next-generation sequencing
(NGS)-based panels: FoundationOne” CDx Cancer
Genomic Profile (Foundation Medicine, MA, USA),
OncoGuide™ NCC Oncopanel System (Sysmex, Kobe,
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Japan), FoundationOne"” Liquid CDx (Foundation
Medicine, MA, USA), or Guardant360® (Guardant
Health, CA, USA).

The GC board consisted of 2 medical geneticists and
2 medical oncologists who discussed which patients
should be recommended for GC, with consideration for
several guidelines, such as the Proposal Concerning the
Information Transmission Process in Genomic
Medicine [Kyoto University Genetic Counseling
Course: <http://sph.med.kyoto-u.ac.jp/gccrc/kourou-
kosugi.html>], the ESMO guideline [2], and the state-
ment of ACMG [1]. Briefly, i) the pathogenicity of
somatic or germline variants in genes for which germ-
line variants should be reported to patients was anno-
tated using public databases; ii) the possibility of germ-
line origin was evaluated according to an algorithm
derived from the above-mentioned guidelines; and iii)
any patient whose personal or family history met the
criteria for germline genetic testing was referred to
genetic specialists, regardless of the presence of PGPV
[4 and NCCN Clinical Practice Guidelines in Oncology,
Genetic/Familial High-Risk Assessment: Colorectal
Version 1.2021 and Genetic/Familial High-Risk
Assessment: Breast, Ovarian, and Pancreatic Version
1.2022, <https://www.nccn.org/professionals/physician_
gls>].

Results

A total of 159 patients underwent CGP using the
following panels: FoundationOne CDx Cancer
Genomic Profile (n=108, 68%), Guardant360 (n=33,
21%), OncoGuide NCC Oncopanel System (n=12,
8%), and FoundationOne Liquid CDx (n=6, 4%). The
median age at the time of testing was 63 years (range,
16-85 years). All patients were Japanese and 49% were
women. The most common primary tumor sites were
bile duct (9%), ovary (9%), pancreas (9%), lung (8%),
and prostate (8%). The median turnaround time from
ordering a CGP test to the disclosure of CGP results was
37 days (range, 13-90 days).

After a discussion among board members, 18
sequence variants in 16 patients were considered
PGPVs: BRCA2 (n=5), ATM (n=4), PTEN (n=3),
MSH6 (n=2), BAPI (n=1), BRCAI (n=1), TP53
(n=1), and RET (n=1) (Table 1). They were detected
using the FoundationOne CDx Cancer Genomic Profile
(n=11) or Guardant360 (n=5). The frequency of
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Table 1 Patients recommended for genetic counseling
Variant G .
Patient . Presumed germline allele Genetic Reasons for not ermllpe
Gender Age Disease NGS-panel ) ) ) - genetic
No. pathogenic variants frequency  counseling receiving GC )
testing
(%)
FG1 Female 67 Ovarian cancer F1CDx ATM c.748C>T 50.6 Received Negative
FG2 Female 53 Ovarian cancer G360 BRCA2 ¢.3703C>T 45.8 Received Positive
FG3 Female 39 Osteosarcoma F1CDx TP53 ¢.376-2_380del 57.6 Not received  Poor PS Not received
G1 Male 64  Bile duct cancer G360 ATM c.4776+2T>A 47.3 Received Positive
G2 Male 71  Prostate cancer G360 BRCA2 ¢c.5773C>T 73.6 Received Negative
G3 Female 50 Endometrial cancer G360 BRCAZ2 ¢.5576_5579del 50.4 Received Positive
G4 Female 66 Cancer of unknown F1CDx PTEN c.159_164 + 12del 494 Received Negative
primary

G5 Male 72  Prostate cancer F1CDx ATM ¢.5188C>T 47.7 Received Negative

MSH6 ¢.3261_3262insC 44.4

MSH6 c.3495del 53.6
G6 Male 56 Renal cancer F1CDx BAP1 ¢.1098T>A 30.2 Not received  Not interested  Not received
G7 Male 65 Pleura mesothelioma F1CDx BRCA1 c.427G>T 55.2 Not received  Not interested  Not received
G8 Female = 68 Endometrial cancer F1CDx PTEN ¢.335T>C 61.2 Not received  Not interested  Not received
G9 Female 59 Breast cancer F1CDx PTEN ¢.368A>G 50.6 Not received  Poor PS Not received
G10 Male 80 Prostate cancer F1CDx ATM ¢.8645C>G 64.8 Not received  Poor PS Not received
G11 Male 77  Prostate cancer F1CDx BRCAZ Loss NA Not received  Poor PS Not received
G12 Female 60 Uterine sarcoma F1CDx RET ¢.2410G>A 81.8 Not received ~ Poor PS Not received
G13 Male 79 Prostate cancer G360 BRCAZ2 ¢.9653del 32.0 Not received  Death before Not received

receiving CGP
results

F1 Female 63 Uterine sarcoma F1CDx Negative Received Negative
F2 Male 77  Gastric cancer F1CDx Negative Received Not received
F3 Male 66  Prostate cancer F1CDx Negative Received Not received
F4 Male 71 Gastric cancer F1CDx Negative Not received  Poor PS Not received
F5 Female 64 Ovarian cancer F1CDx Negative Not received  Poor PS Not received
F6 Female 53  Ovarian cancer F1CDx Negative Not received  Not interested  Not received
F7 Male 69 Colorectal cancer F1CDx Negative Not received  Not interested  Not received
F8 Female 36 Salivary gland cancer  F1CDx Negative Not received  Not interested  Not received

Note: FG, G, and F in Patient No. column indicate the family/personal history +gene variant, gene variant only, and family/personal history only
groups, respectively. NGS-panel F1CDx and G360 indicate the FoundationOne CDx Cancer Genome profile and Gauardant360, respectively. Patient
FG1, FG2, F1, F3, F5, and F6 had history that met the testing criteria for hereditary breast and ovarian cancer. Patient FG3 had a personal history
that met the diagnostic criteria for Li-Fraumeni syndrome. Patients F2, F7, and F8 had a family history of Lynch syndrome-related cancers. Patient F4

had a family history of suspected hereditary diffuse gastric cancer.

CGP, comprehensive genomic profiling; NGS, next-generation sequencing; GC, genetic counseling; PS, performance status; NA, not available.

PGPVs was 9% (11/120) in patients undergoing the tis-
sue-based tests and 13% (5/39) in those undergoing the
liquid-based tests (p=0.51, Chi-squared test). The
median VAF of PGPVs was 52.1% (range, 30.2-81.8%)
through the tissue-based tests and 47.3% (range, 32.0-
73.6%) through the liquid-based tests (p=0.61,
Student’s t-test).

The patients were divided into three groups
(Fig.1): those with both family or personal history of
hereditary cancer and PGPVs (FG group), those with
only PGPVs (G group), and those with only history (F
group).

In the FG group, patients FG1 and FG2 had a per-

sonal history that met the testing criteria for hereditary
breast and ovarian cancer (HBOC), and patient FG3
had a personal history meeting the diagnostic criteria
for Li-Fraumeni syndrome (Table 1). Two of these three
patients (66%) underwent GC and confirmatory germ-
line testing. In the G group, germline genetic testing
after GC was performed in 5 of 13 patients (31%).
Among 16 patients who had tumors harboring PGPVs,
7 patients (44%) underwent confirmatory genetic test-
ing and 3 (19%) were positive for BRCA2 (patients FG2
and G3) or ATM (patient G1) (Table 1 and Fig.1).
Patient FG2 was treated with the poly (ADP-ribose)
polymerase (PARP) inhibitor Niraparib, but the disease
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CGP-performed patients, n=159

v

Presumed germline pathogenic variants to recommend
genetic counseling

Yes No
n=16 n=143
With Without With
family/personal family/personal family/personal
history history history
(FG group) (G group) (F group)
n=3 n=13 n=8
Genetic Genetic Genetic
counseling counseling counseling
n=2 n=>5 n=3
v v v
Germline Germline Germline
genetic testing genetic testing genetic testing
n=2 n=5 n=1

Fig. 1 Flow chart for recommending germline genetic testing to
patients. In total, 159 patients underwent comprehensive genomic
profiling (CGP). Presumed germline pathogenic variants (PGPVs)
were found in 16 patients who were recommended for genetic
counseling (GC): 3 patients with a family or personal history of
hereditary cancer (FG group) and 13 patients without a history (G
group). In the FG and G groups, germline genetic testing after GC
was performed in 2 and 5 patients, respectively, and the germline
origin was confirmed in 1 and 2 patients, respectively. Meanwhile,
143 patients with no PGPVs included 8 patients who were recom-
mended for GC due to their familial or personal history (F group);
only 3 of these 8 patients received GC.

progressed in 3 months. Patients G1 and G3 did not
receive the treatment with PARP inhibitors, because
these agents were not approved for cancer treatment in
Japan at the time that these patients were assessed.

In the F group, 8 patients with no PGPV tumors
were recommended for GC because their personal or
family history met the testing criteria for HBOC
(patients F1, F3, F5, and F6), because they had a fam-
ily history of Lynch syndrome-related cancers (patient
F2, F7, and F8), or because they had a family history
suspicious for hereditary diffuse gastric cancer (patient
F4) (Table 1). Among these patients, 3 (38%) received
GC. One HBOC-suspected patient (13%) underwent
germline genetic testing for BRCA1/2 and no pathogenic
variants were detected (patient F1).

Among the 24 patients for whom GC was recom-
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mended, 14 (58%) did not receive GC due to poor per-
formance status (n=7), lack of interest in knowing
their germline status (n=6), or death due to disease
progression while awaiting CGP results (n=1) (Table 1).

Discussion

We recognized PGPVs in 10% (16/159) of the CGP-
tested cancer patients. Germline pathogenic variants of
BRCA2 and ATM were found in 3 patients with ovarian,
endometrial, and bile duct cancers. This finding led to
the application of treatments with PARP inhibitors,
identification of family members at risk, and discussion
of preventive cancer-management strategies. The results
in this patient group suggested that the identification of
PGPVs was a step toward identifying patients with
hereditary cancer, especially those without a personal
or family history. Nonetheless, more than half of the
patients were not referred for GC due to a deterioration
of general health or a general lack of interest in GC.

Previous studies revealed that 3-17% of patients
undergoing CGP tests carried germline pathogenic
variants, indicating our results are plausible, but the
exact prevalence of PGPVs detected in tumor-only
sequencing in CGP remains unclear [5-9]. The detec-
tion of PGPV fluctuates according to the cancer type,
testing method of CGP, tumor sample quality, tumor
purity, somatic copy number alterations, genes ana-
lyzed in CGP, and variant type [1,9,10]. A recent large
cohort study analyzed tumor and blood massively par-
allel sequencing data from 21,333 cancer patients and
demonstrated that tumor-only sequencing failed to
detect 10.5% of clinically actionable pathogenic germ-
line variants in cancer susceptibility genes [9].
Therefore, germline genetic testing should be consid-
ered for patients with a personal and family history of
hereditary cancer but no PGPVs.

Generally, pathogenic variants detected in BRCA1/2
or mismatch repair genes (MLH1, MSH2, MSH6, and
PMS2) through CGP are considered as PGPV because
of their high germline-conversion rates [2]. If patho-
genic variants are detected in genes other than BRCA1/2
and mismatch repair genes, the VAF supports clinicians
in recognizing the variants as PGPVs, because the VAF
of heterozygous germline variants generally ranges
from 30% to 70% in tissue-based tests [2]. However,
the VAF in the tissue-based tests depends on tumor
purity, DNA ploidy, and local copy number, and is not
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always within this range [10]. In contrast, the VAFs of
germline variants in liquid-based tests would be
approximately 50%, which are more distinguishable
from somatic mutations [11]. Indeed, the VAF of
Guardant360 in our 3 patients with germline-positive
tumors was 45.8-50.4%. Although the liquid-based tests
are more informative compared to the tissue-based tests
in terms of the detection of PGPV, their utility for the
screening of germline variants remains unclear due to a
discrepancy in interpretation between somatic and ger-
mline sequence variants and technical limitations in
tumor DNA sequencing to detect a broad spectrum of
pathogenic variants that cause predisposition to inher-
ited diseases. There are still concerns to be solved in the
liquid-based tests [1].

In Japan, CGP tests have been reimbursed by the
Japanese National Health Insurance System for cancer
patients with unknown primary sites, rare tumors, or
solid tumors refractory to standard treatment since June
2019 [Ministry of Health, Labour and Welfare: ]
<https://www.mhlw.go.jp/stf/newpage_06821.html>. A
previous report on CGP findings in 11 core hospitals in
Japan demonstrated that 2.3% of patients were referred
for GC, based on the CGP results [12]. Increased rec-
ognition of patients with PGPVs requires increased
collaboration with GC providers. Another recent
Japanese study revealed that 13.7% of patients had
PGPVs, but only 42% of these patients received GC
[13]. One of the reasons for not undergoing germline
genetic testing was reported to be patient death shortly
after disclosure [13]. These findings were similar to
those of our study, in which 7 of 16 patients (44%) with
PGPVs received GC, whereas 6 patients (38%) could
not receive GC due to poor health or death. This indi-
cates the need to ensure appropriate timing of CGP,
shorten its turnaround time, and quickly refer patients
to genetic specialists.

A recent Canadian study suggested that most
patients who underwent CGP were interested in know-
ing their germline status [14]. However, in our study, a
quarter of the G group (3/13) and one-third of the F
group (3/8) refused GC because they were “not inter-
ested”, even though all patients provided their consent
to be informed of the germline results before their CGP.
A randomized study of genetic education versus usual
care in CGP-tested patients demonstrated that web-
based genetic education, before CGP, increased under-
standing of the process in patients and reduced distress,
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especially in women [15]. Online genetic education is
one of the solutions to this problem, and some initia-
tives in this direction are being carried out in Japan. In
the present study, we attempted a new approach to dis-
closing genomic findings to patients. Once the germ-
line board recommends GC to a patient, a medical
geneticist accompanies the physician in charge at the
time of initial disclosure of CGP results and explains the
possibility of hereditary cancer to the patient in plain
language, as an introduction. A formal visit to a genet-
ics specialist is scheduled if the patient agrees to GC.
Neither GC nor confirmatory genetic testing is covered
by the national health insurance system in Japan, and
the high cost of germline genetic testing may be one of
the barriers for the patients who respond that they are
not interested in testing. Easier access to genetic medi-
cal services, including financial support, is also
needed.

In this study, a patient with ovarian cancer harbor-
ing germline pathogenic variants of BRCA2 was treated
with Niraparib after CGP testing. Nonetheless, her
tumor rapidly progressed. She experienced the progres-
sion during the prior platinum-based chemotherapy
and might have some acquired resistance to PARP
inhibitors [16], although no reversion mutation in
BRCA2 was detected in the results of her Gurdant360
test.

The limitations of this study include that it was a
single-center, retrospective investigation. Furthermore,
given the small cohort of patients, we could not assess
the impact of the presence of PGPVs on the GC-referral
rate by comparing between the patients with personal
and familial history and those with no history. A larger
nationwide study should be conducted in the future.

In conclusion, CGP contributes to the identification
of germline variants in patients with no history of
hereditary cancer. However, the proportion of patients
who undergo GC and confirmatory genetic testing
should be improved.
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