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ABSTRACT

Pathogenic germline variants in 7P53 predispose carriers to the multi-cancer Li-Fraumeni
syndrome®(LES). Widespread multigene panel testing is identifying 7P53 pathogenic
variants 1 cer patients outside the strict clinical criteria recommended for LFS
testing.ﬁsalme to assess frequency and clinical implications of 7P53 pathogenic variants
in breast cancegcohorts ascertained outside LFS. Classification of 7P53 germline variants
reported iQ

reast cancer studies, and publicly available population control sets was

reviewed demtified evidence for misclassification of variants. 7P53 pathogenic variant

S

frequency rmined for: breast cancer studies grouped by ascertainment characteristics;
breast cancer cohorts undergoing panel testing; and population controls. Early age of breast
cancer on dless of family history or BRCA1/BRCA?2 previous testing, had the highest

pick-up rdfc “V P53 carriers. Patients at risk of hereditary breast cancer unselected for

=11

features of LFS carried 7P53 pathogenic variants at a frequency comparable to that of other

non-BRCA 1 st cancer predisposing genes, and ~3-fold more than reported in population

11

controlS: sults have implications for the implementation of 7P53 testing in broader

clinical sdfitings, and suggest urgent need to investigate cancer risks associated with 7P53

i

pathogeni ts in individuals outside the LFS spectrum.

O
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Introduction
Li-Fraumeni syndrome (LFS; MIM# 151623) is a genetic disorder characterized by the

occurrthiple malignancies, mainly early onset breast cancers, soft tissue sarcomas,
brain tumenal gland carcinomas (F. P. Li & Fraumeni, 1969). Its underlying cause
is pathegomiemgemmline variation in the 7P53 gene (MIM# 191170), a key tumor suppressor
gene. Withvent of lower cost next-generation sequencing (NGS) and introduction of
multigene@esting, the identification rate of 7P53 variants in breast cancer patients
outside th t of LFS is increasing, but is still not clear how frequent 7P53 variants are

in such iﬁt has been reported that 7P53 pathogenic variants account for <1% of

hereditar

cancer cais with no family history (McCuaig et al., 2012).

ancer cases (Martin et al., 2003), and between 5%-8% of early-onset breast

Recomm for TP53 testing were previously restricted to patients meeting

conventi criteria. In 2015, the Chompret criteria 2009 (Tinat et al., 2009) were
updated to i1 e women with breast cancer diagnosed before age 31 years, due to the
findings that up to 6% of such patients not fulfilling such criteria could carry 7P53

pathogeni!variants (Bougeard et al., 2015). Supp. Table S1 shows the recommendations for

LFS testin@ing to the NCCN guidelines version 2.2017 (Daly et al., 2017).

Several puisii studies have reported the frequency of 7P53 pathogenic variants in
differegf breast cancer patients unselected for LFS. Similarly, other publications
describedﬁy of TP53 carriers as detected by multi-gene panel testing of breast (and
other) ca nts without obvious LFS features. We undertook a literature review to: (i)
calcula@ency of TP53 carriers in TP53-targeted studies for breast cancer patients
independent o S criteria - according to age of onset, family history, previous BRCAI
(MIM# 113705) and BRCA2 (MIM# 600185) testing, or HER2+ tumor status - in order to

identify factors that may optimize detection rate of variants in breast cancer patients, and (ii)
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estimate the frequency of 7P53 carriers identified in multigene panel studies of breast

cancer patients, documenting differences in detection rate of variants according to ancestry

{

and/or prey BRCAI1/2 testing. We also consider the implications of these findings for

setting cl ieria for 7P53 testing, and the clinical utility of including 7P53 in

[
multigeneggancer panels.

Method

C

This resedic been approved by the Human Research Ethics Committee of the QIMR

S

Berghofe |1 Research Institute. All variants are described on 7P53 genomic reference

U

sequence 00017.10, transcript variant NM_000546.5, and on SwissProt protein

sequence when relevant.

)

Study and\go lection

d

Study sele cluded: (i) whole studies or patient subsets within studies that consisted of

\Y(

breast ients not selected by LFS-criteria, sequenced for germline DNA variants

across thegcomplete 7P53 coding region (in some instances together with BRCA1/2); or (i1)

[;

studies whe 53 germline DNA sequencing was performed as a component of multigene

panels for referred for hereditary breast cancer testing.

O

The s gy and an overview of the selection process of breast cancer cohort

h

[

sequen s published until 2017 are shown in Supp. Figure S1. Specifically, studies

were excluded if fhey: did not report 7P53 results; were overlapping with other larger studies

U

conducted same centre/group; or that patients were selected on the basis of LFS

suspicion own pathogenic variant in the family. Details of studies included, with

A

information on study design, are shown in Supp. Tables S2 and S3. Ascertainment criteria

and other features were extracted for each study, and similar cohorts of patients were
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combined as appropriate in order to calculate a pooled proportion of 7P353 carriers for each

set of clinical features. For the TP53-targeted studies, patients who were identified as meeting

convention S criteria (Classic LFS, LFL, or Chompret 2009, Supp. Figure S1) after

being fou 53-positive on gene testing were noted and excluded from the final
N — _ . .

analysis, i@ order to provide a cleaned dataset to specifically estimate the prevalence of 7P53

pathogeni@ts in breast cancer patients outside LFS. For studies with cohorts of patients
a

with simil ical features but different ancestral backgrounds, results were separated by

ancestry. w
Re-evaluation of ;riant pathogenicity

There wet® notable differences in classification methods used by studies considered for this

review. m of studies followed the ACMG/AMP guidelines for variant classification
ds et al.

(Richar , 2015), but the majority of studies used their own classification method based
mainly on mformatic predictions, existing functional data, control databases, or
classifi rted on the ClinVar portal (https://www.ncbi.nlm.nih.gov/clinvar/).

IndividuaWriant information was reported by all but three 7P53-targeted (total 22)
and seven e panel studies (total 37) that met inclusion criteria for this review. Where
individual 1 information was provided, we re-evaluated the classification of the reported
variant 1s, we excluded variants originally reported in the published studies as

(likely) pathogenic if they were consistently reported in ClinVar as “(Likely) Benign”. In
addition, @ found in ClinVar with conflicting classifications between “(Likely)
Benign™/“ in” were excluded if additional computational (Fortuno et al., 2018) and
functional t al., 2003) evidence supported this exclusion. We also included in the
meta-analyses variants reported as uncertain by the original publications if they were

consistently reported in ClinVar as “(Likely) Pathogenic”, or in ClinVar with conflicting
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classifications between “(Likely) Pathogenic”/“Uncertain” and if additional computational

and functional evidence supported this inclusion.

T

Overall, a&luaﬁon, six variants originally reported as (likely) pathogenic in the
original publications were excluded, and three variants originally reported as uncertain were
included. Wariants are detailed in Supp. Tables S2 and S3, along with additional

evidence @g the exclusion/inclusion of these variants.

Where inwn was not provided to permit individual variant review, we assessed

conﬁdencg original assertions by considering the testing provider (large commercial

companie ublicly provided classification criteria were considered to be more likely
reliable c@mpared to small research studies), and year of testing (with older studies,
especially re-ACMG guidelines, considered less reliable). The three 7P53-targeted
studies witl' n0*ndividual variant information were assessed as having possible low (sample
sizes E} or moderate (sample size 50) confidence in assertions. For the seven
multig tudies that did not give variant-level information, the two largest studies
arose fron!clinical diagnostic laboratories considered to have high confidence assertions and
another tw d ACMG/AMP guidelines (denoted moderate confidence assertions). The
remaining tudies, which were considered to have moderate confidence assertions,

identiﬁed! total of three 7P53 carriers and provided little weight in the subsequent analyses.

A morewoach to variant re-evaluation was used for estimation of breast cancer risk
in multigene pa;1-tested cohorts, In this approach, we only included variants if they were
reported 1 ar as “(Likely) Pathogenic” or with conflicting classifications between
“(Likely) ic”/“Uncertain” (if same additional computational and functional evidence
supported this exclusion). For the case samples set, we included only those studies that

explicitly stated that patients had a personal history of breast cancer. We used data from a
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recent study that estimated the prevalence of TP53 pathogenic variants using “population

controls” drawn from ExAC (excluding TCGA), FLOSSIES (Fabulous Ladies Over

=

Seventy), dexome sequencing (WES) (de Andrade et al., 2017). After strict variant

re-evaluat ted above, 70 individuals (carrying 14 unique variants) were re-assigned

a
N )
as non-cagsiers for the control dataset, but no variants were excluded from relevant case

studies. E for variant inclusion or exclusion is detailed in Supp. Tables S3 and S4.

Statistics

iden
92,
All estimati f pooled and individual 7P53 proportions were calculated using the
metaprop;effects meta-analysis function in RStudio version 1.1.456 (meta package
version 4.81). Based on the scarcity of events (e.g. many studies with none or small numbers
of TP53 cmthe Freeman-Tukey double arcsine transformed proportion was calculated.
The byvar com
betweeEs were significant. The risk of breast cancer associated with a 7P53
pathog t detected in multigene panel studies was estimated by comparing the

frequencygof pathogenic variants in breast cancer patients of European ancestry, to that

and in the metaprop function was used to determine whether the differences

observed fi viduals of European ancestry from healthy control cohorts (de Andrade et

al., 2017).

Resulc

TP53—taMies: frequency of TP53 carriers in non-conventional LFS breast cancer

cohorts :

A total of ies included in this review specifically sequenced the entire 7P53 coding
region in of breast cancer patients selected on the basis of a range of different
characteristics, including family history, age of onset, BRCAI/2 pathogenic variant status,

breast tumor pathology and personal history of other cancers. Sample size for the individual
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studies ranged from 5 to 333, with only 4 studies sequencing more than 100 individuals. If
not specified, ancestry was assumed to be European. Details of individual studies, including

selection crj are shown in Supp. Table S2.

Four stgdles that selected patients on the basis of family history of breast and/or ovarian
cancer aerted an absence of TP53 carriers (Balz, Prisack, Bier, & Bojar, 2002;
Lehman 9@0; Martin et al., 2003; Prosser et al., 1991). When patients with a positive
family hister re also pre-screened and shown to be negative for BRCA1/2 pathogenic
variants (m

, this frequency increased to 1% (Arcand et al., 2015; Arcand et al., 2008;

Walsh et al.: 2;;6). Unsurprisingly, no carriers were identified in a single study of 171

patients u@ for both family history and age of onset (Lehman et al., 2000).

On the ot , when patients with no previous BRCA1/2 testing were selected according
to age of offsefy'and either presence or absence of family history, the weighted proportion of

pathogenic s ranged from 0% to 6%. In women diagnosed in their 30s with positive
family frequency of TP53 carriers was 2.4% (Mouchawar et al., 2010). In women
diagnosedgefore 30 years with no reported family history of cancer, the combined frequency
from two stugdies was 2.0% (Lalloo et al., 2006)(Gonzalez, Noltner, et al., 2009). For women
unselectea@ily history, with a personal diagnosis of breast cancer up to 31 years of age,

the propo!mn of TP53 carriers ranged between 3.8% (Mouchawar et al., 2010) and 6.0%

(Bougewmﬁ), and where breast cancer was diagnosed before the age of 50 the

proportiorworted as 4.0% (O'Shea et al., 2017).

Other studj e examined the role of 7P53 in BRCAx women with early onset breast
cancer an ences in family history selection criteria, and found variable results. In
women with positive family history, the highest 7P53 carrier frequency was estimated at

0.8% in Chinese women diagnosed before 35 years (Cao et al., 2010), while in only 43
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women diagnosed before 30 years, Ginsburg et al., 2009 found no 7P53 carriers. A single

study found one pathogenic variant out of 67 Pakistani BRCAx women (1.5%) with negative

family Mgnosed before 30 years (Rashid et al., 2012). When it comes to BRCAx

early ons cer patients unselected for family history, 7P53 carrier frequencies were
N N i .

estlmatedst 7.7% for women diagnosed before age 30 (McCuaig et al., 2012), or between

2.3%-4.2‘%Qmen of different ancestries diagnosed before 36 years (Ang, Lim, Yong, &

Lee, 2009; ro et al., 2013; Lee et al., 2012; Tinat et al., 2009). Ginsburg et al., 2009,

S

however, o carriers out of only 52 BRCAx women of varying ancestries, all

diagnosed wi ast cancer before 30 years.

U

Amplific ER2 has been reported as more common in women who carry a 7P53

N

pathogenic variant compared to the population as a whole (Melhem-Bertrandt et al., 2012). In

d

studies of@pal with HER2+ breast tumors in the absence of LFS criteria, the 7P53
freque as higher, reported as 7.0% for women diagnosed before 31 years (Eccles et al.,

2016), y 0.5% when women were diagnosed before age 50 (Rath et al., 2013).

M

Finally, ag’ngle small study found three 7P53 carriers out of 8 BRCAXx patients diagnosed
with bree;sd before 36 years, when there was a previous diagnosis of another LFS-

linked tu

2009). ‘

A sumlwese results according to the recruitment criteria for the cohort is shown in

no family history suggestive of LFS; a frequency of 37.5% (Tinat et al.,

Table 1.

U

A
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Key points

» The frequency of 7TP53 carriers reported in breast cancer cases with no significant

Wistory of LFS cancers ranged from 0% to 7.7%, with the highest frequencies

obRCAx patients with breast cancer <30 years (7.7%), and in HER2+

BREAsgpatients <31 years (7%).

> In genexal, the frequency of 7P53 carriers was lower in cases selected on the basis of
fa isto

ry of breast and other cancers only (and not other selection criteria such as

eaw onset, HER2+).

> When selecting patients based on early age of onset but not family history, reported

TP53 carrier rates outside LFS have been between 3.8%-7.7% when aged <30/31 years,

ov ing with 4.0% frequency reported for women aged <50 years.
TP53 ¢ requency in multigene panel studies of breast cancer patients
TP53 i included in commercial/research-based multigene panels for breast cancer

predispositon, and this form of testing is likely to be far more common than specific 7P53-
targeted tercept where patients clearly meet LFS-based criteria. Most panel studies

select pati the basis of suspicion of hereditary cancer, therefore these patients are

diverse inserrns of age of onset, family history, presence of male breast cancer, and other
clinicaIM We compared differences in 7P53 carrier frequency among different
ancestries ERCA status, and selected mainly patients that were referred due to personal
or family historygof breast cancer, when the information was available. Details of individual

studies, ng selection criteria, are shown in Supp. Table S3.

Differences according to ancestry
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While most of the published multigene panel studies tested patients of (mostly) European

ancestry, a limited number of studies have analyzed other populations. We therefore

{

1

compared quency of 7P53 carriers among cohorts of patients with different ancestries

and witho BRCA1/2 testing (BRCA unknown) for Europeans (Bunnell et al., 2017;

[
Buys et alw, 2017; Castera et al., 2014; Couch et al., 2015; Couch et al., 2017; Doherty,

-

Bonadies, & Magloff, 2015; Eliade et al., 2017; Kapoor et al., 2015; Kraus et al., 2017; Moran

G

et al., 20175 o et al., 2016; Rummel, Lovejoy, Shriver, & Ellsworth, 2017; Shirts et al.,

S

2016; Sc erget al., 2015; Susswein et al., 2016; Tedaldi et al., 2017; Tung et al., 2015;

Tung et al., Asians (Kwong et al., 2016; Lin et al., 2016; Ng et al., 2016; Rajkumar,

U

Meenakum ni, Sridevi, & Sundersingh, 2015; Yang et al., 2015; Wong et al., 2016),

It

and Midd s (Jalkh et al., 2017; Lolas Hamameh et al., 2017).

d

The frequés (§7P53 carriers was 0.1% for the European cohort, 1.6% for both the Asian
and Mt astern cohorts (Figure 1). In the study of Zick et al., 2017, the variant ¢.541C>T

(p.-Arg was detected in 2/5 Arab patients (40%), and then again in 5/42 (11.9%) of

M

Arab unrelated breast cancer patients, leading to the suggestion that Arab patients with early

[

age of br er, multiple malignancies or suggestive family history should be tested for

this recu @ ant. This small study was removed from the meta-analysis as the variant

0

identified to be a potential founder in that population, with the potential to exaggerate

N

the pre comparison to other studies. A single panel study with patients of African

{

American y reported a frequency of 0.35% (Churpek et al., 2015). The higher

Lk

frequency fn and Middle Eastern patients was significant in comparison to studies of

Europe alues = 0.0023 and <0.0001, respectively). One study of 85 patients from

A

Colombia (La failed to identify any 7P53 carrier (Cock-Rada, Ossa, Garcia, & Gomez,

2017).

This article is protected by copyright. All rights reserved.



This observed higher frequency of TP53 carriers in patients of non-European ancestry may

reflect that multigene panel testing is less common outside USA or Europe, and patients may

I

only be conf’ ed for testing after they have developed multiple tumors (Wong et al., 2016).

In additio the studies in patients of European ancestry had selection criteria likely

N ..
to have sejected against 7P53-positive status. For example, Couch et al. (Couch et al., 2015)

only sele men with triple negative breast cancer (TNBC), which has no known

correlation P53 and 11.20% were positive for BRCA1/2.

Differencewmng to BRCA status

Other mulganel studies included only BRCAX patients (confirmed BRCA 1/2-negative).

We compdked the frequency of 7P353 carriers reported in these studies with the frequency in

)

previous mof patients with unknown BRCA1/2 status. This analysis included only
multigene pancl”studies selecting patients with European ancestry for BRCAI/2 unknown
(same coho evious section) and BRCAXx patients (Maxwell et al., 2015; Minion et al.,
2015; al., 2015; Aloraifi et al., 2015; Susswein et al., 2016; Thompson et al.,

2016; J. ls’ t al., 2016; Slavin et al., 2017; Crawford et al., 2017).

As obsery @ er (Figure 2A), the frequency of TP53 carriers for the BRCAI/2 unknown

cohort was_0.1%, not significantly lower than for the BRCAx cohort which was 0.3%

(P=0.050239 . Figure S2). This result highlights that the overall frequency of 7P53

carriers HIS cry low, and there is considerable imprecision in estimates for patients screened

by non-LFS selesmn criteria.

Compaii carrier frequency of other breast cancer genes
In the tota multigene panel studies reviewed, the frequency of 7P53 carriers identified

in multigene panel studies ranged from 0% to 4.4% (Supp. Table S5). For patients not

previously screened for BRCA1/2, the carrier frequency was highest for BRCA1/2 combined

This article is protected by copyright. All rights reserved.



genes in all studies (range 2.2% to 22.3%). Notably, for some studies (Bunnell et al., 2017;

Jalkh et al., 2017; Lin et al., 2016; Lolas Hamameh et al., 2017; Maxwell et al., 2015;

Rummel e! 017; Yang et al., 2015) the frequency of 7P53 carriers was higher than that

observed other breast cancer predisposing genes included in multigene panels
H _ _

(ATM, Cl—gKl PALB?2), although these pathogenic frequencies were not curated. In all these

studies, ea@of onset (before 40 or 35) was at least one of the selection criteria for the

patients teste@®

Identificationof pdtients not meeting current NCCN criteria for LFS testing

The use omgene panel studies allows for the analysis of 7P53 germline variants in

cancer patfents without obvious LFS characteristics, who would not meet LFS testing criteria

based on the NCCN criteria version 2.2017 (Supp. Table S1). However, in some instances,
t

patients i as positive for 7P53 have subsequently been found to meet these criteria
(“LFS 7 criteria”) after further clinical review. We documented the proportion of
patient met LFS NCCN 2017 criteria based on the information reported, across all

panel studies (Table 2). Overall, the proportion of 7P53 carriers identified in multigene
panels wht meet LFS NCCN 2017 criteria was similar to that of patients who did

meet critd @ highlights the advantage of multigene panel studies to identify 7P53

carriersr be missed if only specific testing guidelines were followed.

Estimatw cancer risk based on multigene panel studies

The multi nel studies reviewed ascertained cases independently of the NCCN/LFS
criteria{wiisvon of the frequency of TP53 high-risk pathogenic variants observed in
these studies hat in population-based “control” samples provides an opportunity to
examine the effect of ascertainment on the estimate of breast cancer risk for patients outside
of the classic LFS clinical scenario. In the past, the population frequency of 7P53 pathogenic
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variants has been estimated to be one in 5,000 (0.0002) (Lalloo et al., 2006). In our meta-

analysis of 84,806 European ancestry patients specifically denoted as having a personal

{

history o t cancer (and unselected for previous BRCAI/2 testing), 141 cases were

identified assumed pathogenic 7P53 variant (frequency 0.0017). More recently, a

[
study rep@rted the prevalence of (likely) pathogenic variants in “population” control
individualsga draggn from three datasets (de Andrade et al., 2017); in non-Finnish
European/

an American/European populations, 93 of 35,492 individuals were reported

to carry af{liely) pathogenic variant (combined frequency 0.0026). Including only variants

5C

with enough evi@lence for pathogenicity as per ClinVar, the estimated population frequency

U

of a (like ogenic TP53 variant would drop to 0.0006 (23/35,492 individuals) (see

[

methods, ble S4). Based on this revised population frequency, the estimated breast
cancer riskas W ated with a 7P53 pathogenic variant would be OR 2.57 (95% CI 1.65, 3.99;

P=<.0 tively.

Key poi

\Y

» The overall weighted frequency of 7P53 carriers was 0.1% for European ancestry

pa dergoing breast cancer multigene panel testing.

[

ncy of 7P53 carriers was higher in patients of non-European ancestry.

9

Th€ frequency of TP53 carriers was comparable to that of other non-BRCA1/2 breast

h

camcer predisposing genes.

:

» Approxinlately half of the 7P53 carriers identified by multigene panel testing did not

Gl

fulfil L CCN 2017 criteria.

> Di in ascertainment are likely to impact estimates of breast cancer risk due to

TP53 pathogenic variants.
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Discussion

This re“d to estimate the frequency of patients with 7P53 pathogenic variants

among dif] @ oups of breast cancer patients unselected for features of LFS.

The fr&luE early onset breast cancer patients (diagnosed before age 31) has been

reported to be as high as 6%, leading to the 2009 update of the Chompret criteria (Bougeard
et al., 20 IQinclusion of early onset breast cancer (before 31 years) in the most recent
version OWCN guidelines for 7P53 testing. We note that 7P53 pathogenic rate was
sometime always “increased” in studies of patients diagnosed <31 years, but also

that TP53 pathogenic variant frequency was comparable in some 7P53-targeted studies

selecting @patients diagnosed <36 years (from 2.3% in a Brazilian sample to 4.2% in

Asian sam when European ancestry patients without a significant family history were

diagnosed with breast cancer before 50 years (4%) (Table 1). This suggests that it may be
beneficial to ci'der expanding the age testing criteria for 7P53 to before 36 years, although
larger 1d be helpful to provide more robust frequency estimates. Although one
previous Edy has proposed that there is no support for 7P53 testing for women with early
onset brea 1 in the absence of family history (Ginsburg et al., 2009), the results of this
review in e converse, namely that the detection rate is higher when patients are
selected agording to early age of onset, irrespective of reported family history. The detection
rate ma“ally increased in women with HER2+ breast tumors, although this is based
only on one study. Interestingly, there is published evidence that patients with the reduced
penetrance Brazidian founder pathogenic variant ¢.1010G>A (p.Arg337His) are less likely to
develolqreast tumors than other 7P53 carriers (Fitarelli-Kiehl et al., 2015), inferring
that HER2-positive tumor status may be less predictive for p.Arg337His and potentially other

reduced penetrance variants.
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In 37 multigene panel studies reviewed, the overall frequency of 7P53 carriers identified
ranged from 0% to 4.4%, and was variable between patient groups according to ancestry or
previous testing (Supp. Table S5). This frequency was highest in reports from Asia
and the although this may reflect differences in patient referral patterns (Wong
ot al., 2016). Despite high uptake of panel testing in the USA (Robson, 2014), debate about
the clinicalgutiligy of all genes included in cancer panels, and the high detection rate of
variants omwn significance (van Marcke, De Leener, Berliere, Vikkula, & Duhoux,
2016) hasw routine use of multigene panel testing in clinics worldwide. It is common
to offer targeted€\gene tests to individuals meeting criteria for specific syndromes, and there

are argume support of multigene panel testing for individuals not meeting specific

syndromi es (Robson, 2014). Multigene panel testing of patients suspected to have

a genetic ition to breast cancer has proved useful for detecting potentially actionable
pathogeai iants in genes other than BRCA1/2 (Bunnell et al., 2017; Desmond et al., 2015;
Kurian et al.ég; Susswein et al., 2016). The inclusion of 7P53 in multigene testing panels
as a proven susceptibility gene for breast and other cancers is not generally disputed. On the
other hans while results from a cost-effectiveness analysis provided evidence for inclusion
of BRCA]@Z, PALB2 and CHEK? in multigene panel testing, this same study advised
caution abo e inclusion of other genes including 7P53 given the rarity of variants and
their asso&ion with syndromes with clear features (Lerner-Ellis, Khalouei, Sopik, & Narod,
2015). Mas we have shown, for some multigene panel studies (Bunnell et al., 2017,
Jalkh et aE; Lin et al., 2016; Lolas Hamameh et al., 2017; Maxwell et al., 2015;
Rummel et 17; Yang et al., 2015) where early age of onset (before 35 or 40) was at
least one election criteria, the frequency of 7P53 carriers identified was comparable to

other breast-cancer predisposing genes, such as PALB2, ATM or CHEK?2 (Suppl. Table S5)

even after our reevaluation of 7P53 variant classification only, making the comparison
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potentially a conservative one. Importantly, we have also shown that about half of 7P53

carriers detected using multigene panels testing would not meet the existing NCCN clinical

criteria for esting (Table 2).
There has sive discussion of the benefits and concerns raised by the identification
 EE—

of individ@ials and families carrying pathogenic 7P53 variants. Due to the wide range of the
cancer pradisposition involved, determining the optimal risk management has been complex
and evidenge bascd guidelines have only recently begun to be established (Ballinger et al.,
2017). Thw

also important implications for treatment and the role of radiotherapy

(Evans, Birch, R@msden, Sharif, & Baser, 2006), and for family planning and the use of

4

assisted rgve technologies for carriers of a child-bearing age (Verlinsky et al., 2001).

Together, asons argue for the utility of including 7P53 in multigene panels despite the
low frequrted for pathogenic variants.

In con rature also provides clear illustration of the issues that complicate genetic
testing in clinical practice. As well as the continuing uncertainty around many
elements of risk management, genetic counselling is impacted by a number of emerging
issues thahticularly prominent in relation to 7P53. These include the frequency of de
novo Vari@nzalez, Buzin, et al., 2009; Renaux-Petel et al., 2018) and recent data
suggestin ptionally high rate of somatic mosaicism and aberrant clonal expansion of
TP53 \:ffee et al., 2017; Weitzel et al., 2017). This has led to the recommendation
that paﬁm a (likely) pathogenic variant in 7P53, particularly presenting outside the
context o i¢al LFS family history, should be followed-up to confirm if the variant is

truly ge offee et al., 2017; Weitzel et al., 2017). If further data continues to bear out
the high leve somatic variants described so far, it is likely to necessitate a broad re-

evaluation of the literature summarised here.
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Even taking these issues into consideration, the low overall rate of (likely) pathogenic
variants observed in breast cancer cohorts, along with the observation of a non-trivial
frequency 1 Ithy control cohort, raises questions about the extent to which the strong
diagnosti ed for LFS have influenced the current understanding of the natural
history- asmd with 7P53 pathogenic variants. After re-evaluation of variant
pathogenicigy, thig estimate of breast cancer risk for carriers based on the reports of multigene
panel stums estimated to be OR 2.57 (95% CI 1.65, 3.99) which is essentially
incompati it previous estimates derived from LFS families or from sarcoma cohorts
(Mitchell 6313). Understanding the specific risk implications for a 7P53 variant carrier
in these d&linical contexts is an urgent challenge as clinical practice moves quickly

towards b netic testing with less specific clinical indications.

In summameview and meta-analysis of TP53 carrier frequency in patients with breast
cancer ¢ found an overall low pathogenic variant detection rate, which was highest
when Emtients according to an early age of onset, regardless of other criteria, .
Multigene panel testing of breast cancer patients unselected for features of LFS was found to
detect T Phgenic variant carriers at frequencies comparable to that of other non-
BRCA1/2 @ ancer predisposing genes. Future studies need to address the penetrance and

cancer ris iated with 7P53 pathogenic variation in patients outside LFS spectrum,

with p nsideration of the possible role of mosaicism or somatically acquired

T

variation. :
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Legends

Figure Hlyses of TP53 carrier frequency (Events) in multigene panels for BRCA

unknown @ ncer patients according to ancestry: European (A), Asian (B), and Middle

Easterng( Comm

Weight  Weight
Study Events Total Proportion 96%-Cl (fixed) (random)
Rajkumar et al., 2015 5 o ji—— 0055 [0.018;0.124] 57%  138%
Kwong et al, 2016 5 948 & 0005 [0002.0012] 592% 227%
Yang etal, 2015 3 09 0030 [0006,0086] 62%  143%
Ngetal, 2016 0 108 ~—— 0000 [0000;0034] 68%  148%
Wong et al, 2016 6 220 0027 [0010,0058] 138%  185%
Linetal, 2016 2 133 0015 [0002,0053] 83%  16.0%
Fixed effect model 1699 < 0.009 [0.004; 0.014] 100.0%

Random effects model e 0.016 [0.003; 0.035] - 100.0%
Heterogeneity |° = 74%, 1 = 0.0036, p < 0671
0 002004006008 0.1 0.12
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Weight  Weight
Study Events Total Proportion 85%-Cl (fixed) (random)
Jalkh etal , 2017 1 45—t 0022 [0001;0118] Q1%  9.1%
Lolas Hamameh etal, 2017 9 453 —— 0020 [0.009;0037] 909%  90.9%
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Fixed effect model 498 == 0.016 [0.006; 0.031] 100.0% -
Random effects model _ 0.016 [0.008; 0.031] - 100.0%
Heterogeneity: I = 0%, v* = 0, p = 066
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Table 1. Summary of frequencies of 7P53 carriers outside LFS estimated for each cohort of breast cancer patients

. Total
. . Weighted frequency of 7P53
lect t f hort Ref
Selec wn“c <Ll conor carriers outside LFS with 95% CI Sz;:ep,}e clerence
Balz et al., 2002;
0 (0; 0.004) 238 Lehman et al., 2000;
Martin et al., 2003;
H Prosser et al., 1991
Arcand et al., 2015;
BR(L 0.010 (0; 0.0045) 110 Arcand et al., 2008;
Walsh et al., 2006
FH 0(0; 0.021) 171 Lehman et al., 2000
(30s) 0.024 (0.001; 0.126) 42 Mouchawar et al., 2010
+FH, early fore 30) 0(0;0.11) 32 Lalloo et al., 2006
Gonzalez, Noltner, et
-FH, carly ore 30) 0.020 (0; 0.09) 77 al., 2009; Lalloo et al.,
2006
C Bougeard et al., 2015;
. kk. s 9
Early onséf (before 30/31) 0.060: 0.038 NA**; 52 Mouchawar et al., 2010
0.040 (0.014; 0.094) 50 O'Shea et al., 2017
0 (0; 0.082) 43 Ginsburg et al., 2009
BRC re 35) 0.008 (0.001; 0.03) (Asian) 240 Caoetal., 2010
BRCAX, -F e 30) 0.015 (0; 0.08) (Middle Eastern) 67 Rashid et al., 2012
B 0) 0 (0; 0.068) (Mixed ancestries); 52: 13 Ginsburg et al., 2009;
0.077 (0.002; 0.36) ’ McCuaig et al., 2012
113 Ang et al., 2009;
(Asian); Carraro et al., 2013;
BRCA 36) 0.042 (0.016; 0.091) (Asian); 128; . a al" ;0‘11‘5 Tt
0.031 (0.009; 0.078): 43 ey
< > 0.023 (0.0001; 0.123) (Brazilian) (Brazilian) v
HER2+ 1) 0.070 (0.023; 0.157) 71 Eccles et al., 2016
HER2§(before 50) 0.005 (0; 0.026) 213 Rath et al., 2013
BRCAX, with othgr LFS
el 0.375 (0.085; 0.755) 8 Tinat et al., 2009
tum 6)

FH = Famil RCAXx = negative for BRCA1/2 pathogenic variants
*Details of individughistudies included can be seen in Supp. Table S2.

**NA = No

<

, rates only reported in this study.
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Table 2. Report of LFS and non-LFS cases (NCCN 2017 criteria) for patients identified to carry a TP53 pathogenic
variant in multigene panel studies reviewed

LFS cases (%) Non-LFS cases (%) Reference
4“ 2 (66.67) Castera et al., 2014
2 (50) 2 (50) Maxwell et al., 2015
3(75) Rajkumar et al., 2015
6 (33.33) Susswein et al., 2016
1(33.33) Yang et al., 2015
1 (100) Pinto et al., 2016
5 (100) Thompson et al., 2016
1 (20) J. Lietal, 2016
2 (33.33) Wong et al., 2016
3(75) Shirts et al., 2016
2 (100) Eliade et al., 2017
1(50) Kraus et al., 2017
1 (50) Zick et al., 2017
30 (50.85%)
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