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Abstract

Current guidelines recommend single variant testing in relatives of patients with known pathogenic or likely pathogenic germline
variants in cancer predisposition genes. This approach may preclude the use of risk-reducing strategies in family members who
have pathogenic or likely pathogenic germline variants in other cancer predisposition genes. Cascade testing using multigene panels
was performed in 3696 relatives of 7433 probands. Unexpected pathogenic or likely pathogenic germline variants were identified in
230 (6.2%) relatives, including 144 who were negative for the familial pathogenic or likely pathogenic variant but positive for a patho-
genic or likely pathogenic variant in a different gene than the proband and 74 who tested positive for the familial pathogenic or likely
pathogenic variant and had an additional pathogenic or likely pathogenic variant in a different gene than the proband. Of the rela-
tives with unexpected pathogenic or likely pathogenic germline variants, 36.3% would have qualified for different or additional can-
cer screening recommendations. Limiting cascade testing to only the familial pathogenic or likely pathogenic variant would have

resulted in missed, actionable findings for a subset of relatives.

After detection of a pathogenic or likely pathogenic variant in a
cancer predisposition gene, cascade testing, which includes pre-
test education and germline genetic testing, should be offered to
all blood relatives of the index patient. Cascade testing can be
used to promote increased surveillance and risk-reducing strat-
egies for relatives who test positive for the familial pathogenic or
likely pathogenic variant and general population recommenda-
tions for those who test negative. Current guidelines recommend
limiting cascade testing to the familial pathogenic or likely
pathogenic variant (1), rather than using multigene panel testing
in family members. However, a 2019 study of 1084 first-degree
relatives undergoing cascade testing via multigene panel testing
found that 4.9% of relatives had different pathogenic or likely
pathogenic germline variants than those of the proband (2). The
aim of this study was to determine the rate of unexpected patho-
genic or likely pathogenic germline variants in a cohort of
approximately 4000 individuals undergoing cascade testing,
using multigene panel testing rather than a single gene approach
for the familial pathogenic or likely pathogenic variant(s), and to
characterize the individuals and genes with unexpected patho-
genic or likely pathogenic germline variants.

Clinician-selected multigene panel testing for all probands
was performed using the 47 gene Invitae Common Hereditary
Cancers Panel. Sequencing and variant classification were

performed as previously reported (3) and described in the
Supplementary Materials (available online). Review and analysis
of de-identified and aggregated data were approved for waiver of
authorization by the WCG institutional review board (study num-
ber 1167406). Relatives with variants of uncertain significance in
the absence of pathogenic or likely pathogenic variant were
grouped with patients with negative results. Genes were classi-
fied as high risk (>50% absolute lifetime cancer risk), moderate
risk (20%-50% lifetime risk), low risk (<20% lifetime cancer risk),
rare cancer risk (elevated risk of uncommon cancers), or unde-
fined cancer risk. To estimate how many relatives would have a
change to clinical management based on unexpected pathogenic
or likely pathogenic germline variants, guideline-directed screen-
ing modalities for relevant organs based on pathogenic or likely
pathogenic germline variants and sex were assigned for each pro-
band and relative. Demographics, relationship to the proband,
and cancer history data were extracted from test requisition
forms. When evaluating race and ethnicity, all race and ethnic-
ities that represented less than 1% of the cohort were grouped as
other. R Statistical Software (v.4.2.1; R Core Team 2021) was used
for logistic regression analysis; a 2-sided P value less than .05 was
considered statistically significant.

Of 15362 individuals who underwent clinician-ordered cas-
cade testing for a familial pathogenic or likely pathogenic variant
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between January 2017 and March 2021, a total of 3696 (24%)
underwent multigene panel testing with the panel chosen at the
discretion of the provider (Supplementary Figure 1, available
online). The median number of genes evaluated was 47 (range =
10-156 genes). The average age at testing was 50.5 years, and the
majority of relatives tested were female (76%), non-Hispanic
White (74%), first-degree relatives (74%), and without a personal
history of cancer (81%).

Most of the relatives had no (51%) or 1 (45%) pathogenic or
likely pathogenic variant (Figure 1, A). Of relatives, 42% only had
pathogenic or likely pathogenic germline variants shared with
the proband, with 38.4% of relatives sharing all of the pathogenic
or likely pathogenic germline variants detected in the proband
and 4.0% sharing a subset of pathogenic or likely pathogenic
germline variants with probands who had multiple pathogenic or
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likely pathogenic germline variants. A total of 144 (3.9%) relatives
had unexpected pathogenic or likely pathogenic germline var-
iants but did not share pathogenic or likely pathogenic germline
variants with the proband, and 74 (2.0%) had at least 1 patho-
genic or likely pathogenic variant present in the proband as well
as unexpected pathogenic or likely pathogenic germline variants.
For 11 (0.3%) relatives, the pathogenic or likely pathogenic var-
iant within a given gene was different from that detected in the
proband.

Individuals of Ashkenazi Jewish ancestry were 2 times more
likely to have unexpected pathogenic or likely pathogenic germ-
line variants compared with non-Ashkenazi White individuals
(odds ratio [OR] = 2.0, 95% confidence interval [CI] = 1.1 to 3.4;
P=.017; Table 1). In addition, second-degree or more distant rela-
tives and those with a personal history of cancer were
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Figure 1. Genetic results of 3696 relatives undergoing multigene panel testing. A) Overall frequency of pathogenic or likely pathogenic variant and B)
genes with unexpected pathogenic or likely pathogenic variant. CHEK? alleles were partitioned into those with moderate penetrance and those with
low penetrance, in particular the I157T and S428F alleles. The 12 individuals who had unexpected pathogenic or likely pathogenic germline variants
detected in the same gene as the proband were not included in this graph as the unexpected pathogenic or likely pathogenic variant would have been
reported, per Invitae protocol. PGV = pathogenic or likely pathogenic variant.
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Table 1. Multivariable logistic regression analysis to identify the association of demographic and clinical factors with unexpected

pathogenic or likely pathogenic germline variants

Variable® Coefficient Standard error OR (95% CI) P
Sex (referent, female)
Male 0.01 0.17 1.0 (0.7 to 1.4) .956
Race and ethnicity (referent, White)
Ashkenazi Jewish 0.67 0.28 2.0(1.1t03.4) .017
Asian and Pacific Islanders -15.17 508.76 0.0 (0.0 to o0) .976
Black -1.71 1.01 0.2 (0.0 t0 1.3) .090
Hispanic —0.24 0.38 0.8 (0.4 t0 1.6) 528
Multiethnic -0.57 0.30 0.6 (0.3t0 1.0) .056
Other® -14.83 582.75 0.0 (0.0 to o) .980
Unknown -0.58 0.52 0.6 (0.2to 1.5) .260
Degree of relationship (referent, first-degree relative)
Second-degree relative or greater 0.64 0.14 1.9(1.4t02.5) 9.9%x107°
Cancer history (referent, no)
Yes 0.46 0.18 1.6 (1.1t02.3) .012
Age -0.01 0.005 1.0 (1.0 t0 1.0) 014
No. of genes analyzed 0.02 0.004 1.0 (1.0 to 1.0) 1.4x107°

a

In the multivariable logistic regression analysis, n = 3695 after excluding 1 individual with missing data for sex. Sex, race and ethnicity, degree of relationship,

cancer history, number of genes analyzed, and age were included in the model. CI = confidence interval; OR = odds ratio.
All race and ethnicities that represented less than 1% of the cohort were grouped in the other category.

statistically significantly more likely to have unexpected patho-
genic or likely pathogenic germline variants than first-degree rel-
atives (OR = 1.9, 95% CI = 1.4 to 2.5, P =9.9 x 107° and
unaffected relatives (OR = 1.6, 95% CI = 1.1 to 2.3; P=.012).

The 218 unexpected pathogenic or likely pathogenic germline
variants that were detected in genes other than those of the pro-
bands were distributed across 37 cancer predisposition genes
(Figure 1, B). Among these 218 relatives, 98 (44.9%) had unexpected
pathogenic or likely pathogenic germline variants in high-
penetrance (n=45, 20.6%) or moderate-penetrance (n=>53, 24.3%)
genes. Most importantly, 79 of the 98 (81%) relatives with an unex-
pected high-penetrance or moderate-penetrance pathogenic or
likely pathogenic variant would have a change to screening modal-
ities or risk-reducing surgery compared with probands. Unexpected
pathogenic or likely pathogenic germline variants were found in
low-risk or recessive cancer predisposition genes in 120 (55.1%)
patients, with the most common being in MUTYH (monoallelic).

One strength of this study is the sample size, which was approxi-
mately 4 times larger than that of an earlier study that investigated
the rate of unexpected pathogenic or likely pathogenic germline
variants in relatives undergoing multigene panel testing (2). The
4.9% rate of unexpected pathogenic or likely pathogenic germline
variants (including 2.8% of pathogenic or likely pathogenic germline
variants in high- or moderate-penetrance genes) in that study was
not statistically significantly different (P=.12) from the 6.2% (2.7%
in high- or moderate-penetrance genes) reported in our study, sug-
gesting that 3% of relatives undergoing limited single-variant cas-
cade testing would have an unexpected high- or moderate-risk
pathogenic or likely pathogenic variant, with 80% of them missing
the opportunity to employ preventive interventions. Of note, in the
study by Caswell-Jin et al. (2), first-degree relatives of probands
with pathogenic or likely pathogenic variant were invited to
undergo cascade testing at a cost of $50 via an email sent by the
testing laboratory. In contrast, in our study, multigene panel testing
in relatives was initiated at the providers’ discretion, with the cost
for multigene panel testing billed to the relative’s health insurance
or paid for by the relative. This study is thus limited in its ability to
determine rates of or reasons for test uptake, including how the
cost of multigene panel testing, which is not currently covered as a
form of familial variant testing, affects uptake. In addition, data
regarding alterations to the clinical management of relatives were
not collected. In a pilot study of 25 relatives with a pathogenic or

likely pathogenic variant in a hereditary cancer gene identified by
testing only for the proband'’s variant, 72% completed at least 1 rec-
ommended screening recommendation, and 40% underwent risk-
reducing surgeries within 2 years of genetic testing (4). Future stud-
ies are therefore needed to evaluate the impact of multigene panel
testing in cascade testing on clinical management.

In conclusion, multigene panel testing identified 6.2% of rela-
tives with unexpected pathogenic or likely pathogenic variant in
cancer predisposition genes. Nearly half (2.7% of the relatives who
were tested) of the unexpected pathogenic or likely pathogenic
germline variants were in high- or moderate-penetrance genes,
and 80% of them would be offered a change in clinical manage-
ment. With the goal of providing all blood relatives with the
genetic information necessary to optimize clinical management,
current recommendations for single-variant testing in blood rela-
tives may lead to missed opportunities compared with multigene
panel testing for prevention in family members undergoing cas-
cade testing.
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