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Abstract

Introduction: Knowledge of the genetic mechanisms driving hereditary breast and ovarian cancer (HBOC) has
recently expanded due to advances in gene sequencing technologies. Genetic testing for HBOC risk now involves
multi-gene panel testing, which includes well characterized high-penetrance genes (e.g. BRCAT and BRCA2), as well as
moderate- and low-penetrance genes. Certain moderate and low penetrance genes are associated with limited data
to inform cancer risk estimates and clinical management recommendations, which create new sources of genetic and
clinical uncertainty for patients.

Purpose: The aim of this review is to evaluate the psychological and health behaviour outcomes associated with
multi-gene panel testing for HBOC risk. The search was developed in collaboration with an Information Specialist
(Princess Margaret Cancer Centre) and conducted in the following databases: MEDLINE, EMBASE, EMCare, PsycINFO,
Epub Ahead of Publication.

Results: Similar to the BRCA1/2 literature, individuals with a pathogenic variant (PV) reported higher levels of testing-
related concerns and cancer-specific distress, as well as higher uptake of prophylactic surgery in both affected and
unaffected individuals compared to those with variant of uncertain significance (VUS) or negative result. A single
study demonstrated that individuals with a PV in a moderate penetrance gene reported higher rates of cancer worry,
genetic testing concerns and cancer-related distress when compared to women with high penetrance PV. Analysis of
cancer screening and prevention outcomes based upon gene penetrance were limited to two studies, with conflict-
ing findings.

Conclusion: The findings in this review emphasize the need for studies examining psychological and health behav-
ior outcomes associated with panel testing to include between group differences based upon both variant patho-
genicity and gene penetrance. Future studies evaluating the impact of gene penetrance on patient-reported and
clinical outcomes will require large samples to be powered for these analyses given that a limited number of tested
individuals are found to have a PV.
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Introduction

Knowledge of the genetic mechanisms driving heredi-
tary breast and ovarian cancer (HBOC) has recently
expanded due to advances in gene sequencing technol-
ogies. BRCAI and BRCA2 (BRCA1/2) account for only
20-30% of HBOC cases [1, 2], leading to the identifi-
cation of other genes implicated in this hereditary syn-
drome. As a result, cancer genetic testing has shifted
away from sequentially screening high-risk individu-
als for a limited number of well-characterized genes
towards adopting multi-gene panel testing [3].

Currently, the clinical utility and validity of panel
testing remains limited due to the minimal and often
variable data informing age-specific risk estimates asso-
ciated with several moderate-penetrance (MP) gene
mutations [3-7]. There are few guidelines regarding the
medical management of individuals harboring muta-
tions in MP genes [3, 5, 8]. Panel testing also increases
the likelihood of identifying variants of uncertain clini-
cal significance (VUS), as well as variants where the
clinical implications extend beyond the indication
for testing. Multi-gene panel testing introduces new
sources of clinical uncertainty, which may create chal-
lenging cancer screening and prevention decisions for
patients and practitioners [3, 5, 9].

Initial studies examining patient outcomes with panel
testing for hereditary cancer risk focused on exploring
patient understanding and preferences [3]. These stud-
ies suggest that although patients are highly motivated
to pursue testing, gaps in patient understanding exist
and preferences surrounding return of results are vari-
able [10-12]. These findings have raised concerns about
the specific informational and support-based needs of
individuals undergoing panel testing and identified chal-
lenges to traditional genetic counselling approaches [3,
13, 14].

Research examining the psychological impact and
health behaviors of patients undergoing germline
BRCA1/2 testing described a cognitive process that fol-
lows result disclosure, where tested individuals must
interpret their own cancer genetic risk in the context of
their personal and/or familial cancer history [15]. The lit-
erature suggests that the type of genetic test result influ-
ences an individual’s risk perception [16—18]. Uncertain
genetic risk associated with uninformative test results
can negatively influence one’s cancer risk perceptions,
psychological functioning, and uptake of cancer screen-
ing and prevention options [15, 19]. Extrapolating from
the BRCA1/2 literature highlights how the new sources
of complexity and uncertainty associated with multi-gene
panel testing may impact how patients respond to panel-
based testing and underscores the need for research to be
focused in this area. The aim of this review is to evaluate
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the psychological and health behaviour outcomes associ-
ated with multi-gene panel testing for HBOC risk.

Methods

Search strategy

The search strategy was developed in consultation with
an Information Specialist at the University Health Net-
work Library (Toronto, ON), who has expertise in con-
ducting literature reviews, with a specialization in
oncology. The following research questions guided this
review: (i) How does multi-gene panel testing for HBOC
risk impact the level of psychological distress of tested
individuals? (ii) How does multi-gene panel testing for
HBOC risk inform the cancer screening and prevention
decisions of tested individuals? and (iii) Does the type of
test result influence one’s psychological distress and/or
uptake of cancer screening and prevention options? The
search was conducted in November 2019 in the follow-
ing databases: MEDLINE, EMBASE, EMCare, PsycINFO,
Epub Ahead of Publication. An updated search was per-
formed in March 2021. The following are examples of
Medical Subject Headings (and associated keywords)
used in this search: Neoplastic Syndromes, Hereditary/
(hereditary breast and ovarian cancer); Genetic Testing/
(multigene panel testing); Genetic Counseling/ (genetic
screening OR genetic risk); Early Detection of Cancer/
((prophylactic OR preventative) AND (mastectomy OR
oophorectomy)); and Stress, Psychological/ (distress OR
anxiety). Limitations were set in each database to ensure
studies were published in the English language between
January 2010 and March 2021 to align with the integra-
tion of panel testing into clinical care.

Literature review and data extraction

A total of 5469 unique articles were identified through
this search (Fig. 1). The titles and abstracts of these arti-
cles were manually screened by two independent review-
ers (LC, BG, and ET), excluding studies that included
any of the following criteria: (i) evaluating alternate
forms of genetic testing and/or non-HBOC syndromes;
(ii) evaluating clinical interventions and/or models of
care; (iii) examining the familial implications of heredi-
tary cancer genetic testing; (iv) pediatric and/or adoles-
cent malignancies; (v) in-vitro and biomarker-focused
studies; (vi) review articles or meta-analyses; (vii) clini-
cal case reports, expert opinion articles, and/or clinical
guidelines; and (viii) studies examining cancer screening
modalities and surgical strategies in high-risk cohorts.
A subset of 99 articles were then selected for full text
review referencing the same exclusion criteria, from
which a final set of 16 articles were selected for complete
review and data extraction. The following data points
were extracted: (i) study publication details; (ii) study
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Fig. 1 Literature search flowchart
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» Review Article (n=32)

« Alternate Form of Genetic Analysis
(n=4)

design; (iii) sample description (including sample size);
(iv) methods description (including survey tools and tim-
ing of assessments); (v) psychological outcomes and/or
cancer screening and prevention outcomes (Tables 1 and
2 — condensed versions).

Quality assessment

The Standard Quality Assessment Criteria for Evaluating
Primary Research Papers from a Variety of Fields devel-
oped by Kmet and colleagues (2004) was used to assess
the quality of articles [36]. This assessment involved
an evaluation of the key aspects of the research design,
analysis, and reported results for each of the final articles.
Quality assessments were completed by two reviewers
for each of the final 16 articles. Discordant quality assess-
ments were resolved by a third reviewer conducting a
quality assessment.

Results

Sixteen research studies met the eligibility criteria,
including 5 prospective, 2 cross-sectional, and 9 ret-
rospective cohort studies (Tables 1 and 2). Methodo-
logical differences between studies limited the findings
of this review to a descriptive analysis. Specifically,

inconsistent reporting of key participant and clini-
cal details (familial and clinical variables, and genetic
testing details) and variability in study methods and
the clinical populations. All articles met quality review
assessment thresholds by two independent reviewers
[36]. The median quality assessment for the final 16
articles was 0.90 (range =0.70-1.0).

Sample sizes ranged between 49 and 2000, with a
total of 7781 participants enrolled across the 16 stud-
ies. Participants were predominantly female (93%) and
Caucasian (61%). The mean age of participants ranged
between 47.7 to 55.3 years. Amongst the 8 studies that
reported education levels of study participants [20, 22—
27, 32], the majority of study participants (63%) were
college or university educated. Eight studies exclu-
sively evaluated panel testing [21, 23, 24, 26, 29, 34],
the remaining studies included participants who under-
went either targeted (e.g. BRCA1/2) or panel testing.
Five studies included individuals diagnosed with breast
cancer [26-28, 30, 32] and eleven studies included
affected and unaffected individuals [20-25, 29, 31,
33-35]. The majority of studies included in this review
were conducted in the United States (n = 14).



Page 4 of 13

(2022) 20:25

Carlsson et al. Hereditary Cancer in Clinical Practice

(1000 >d) sdnoibgns SNA pue aAIeHIU
33 01 pasedwlod dnoibgns Ad aya Ul 1aybiy Apuedyiubis
219M S|9A3)| [$9]BISgNS YYDIN] A1UlR1ISOUN pUR SSaNSI

(S0'0>d) (pa122yeUN pUR

pa103jJe Y10q) NS4 dA13eD3U 10 SNA Yim 350y 03 patedwod
SI2111ED P1DaYe AY3 Ul JaybIy sem [S3[] ssa.1sIp pue [9]easgns
$sa11SIP VHDIW] Bunsal dnauab jo 10edwl [ed1H0j0YdAS «
(Leoo=d)

2uab s YbIy e Ul Ad B YHm 35043 UBYI UISOUOD JO S|DAJ)
J1ayb1y panodas dnoibgns Ad dIN YL (SNA PUE ‘dAizebau ‘DA1
-1s0d) sdnoibgns uiyum (dn-mojjoj Lauow-¢ |) Ajjeuipniibuol
abueyd Jou pIp [S3|] SUIDUOD dYDads-Hbullsal dD13auUL) -
(Sco0=d pup gc0'0=d)

2INS0J2sIp-150d SYIUOW-7 | pue -¢ 1e auab ysu ybiy e ui Ad

e yum 25041 01 pasedwod dnoibgns Ad d 241 Ul paniodal
2JaM A1UIR1ISDUN JO S|9AS] JBYDIH "(3[NSal 1533 D1IUsb SNA pue
aAIEHU ‘DANIsod) sdnoibNs ulyam (dn-mojjof yiuow -7 |)
Ajjeutpniuibuo| abueyd 10u pIp [3]edsgns Y DIN] Autenadun «
(9c00=4d)

SYIUOWI-Z | 1B 9ub S1 ybIy e ul Ad B Yiim soy3 03 pated
-wod dnoibgns Ad dIN Y Ul pariodal a1am SSasIp JO S|aAJ)
19UBIH *(L0°0 > d) SyIuow 7| pue ‘syiuow € §am | 1e sdnoib
-gns SNA pue aAiebau sy 03 pasedwod dnolbgns Ad 24 Ul
13yb1y Apuedyiubis alam s|aAs| [91e2sgNS WYDIW] 554151
(£70°0=d) 24nS0J2sIP-150d ¥99M -| 18 U3 NSl

ybiy e ui Ad e yum asoy3 01 pasedwod dnoibans Ad dw oY1 Ul
payiodal 219m ALIOM JO S|9A3] JDYDIH *(3NSa1 1531 D112USB SNA
pue aanebau ‘aanisod) sdnoibans ulyum (dn-mojjoy yiuow

-2 1) Ajjeuipniibuo| abueyd 10U PIP (SAD) ALIOM Jadue)) -
2Insojosip-1sod pue -aid paseduwlod

USYM [S3[] ALIOM J9Dued 15830 1O ‘[|Y1S] A121XUE 9181S [SAVH]
uolssaidap pue A1a1xue [eJauab ul sebueyd JuedyIubIs O -

(000z =) (|]5ued suab-g¢

10 9U3H-G7 J12YUd) BuIS) |Dued SUSH-INW JUSMISPUN pue
Bu1Isa) 2139USH 40 SPIOYSDIYL 21RUIIS MSII JO SaulPpIND
[BDIUID 19U OYM SDIUIPD SD113USD 23143 W) SjenplAlpu|

(p=123yPUN IO

p3103jje) A101SIY Jadued [euosiad pue (SNA IO ‘2Anebau ‘9l
-1s0d) 3nsai 1591 213vURH J19Y1 Y1og uodn paseq sdnolbgns
9 0UI PAPIAIP Sem (¢eg = u) d|dwles Apnis 3y 'S 10c Ael
PUP €0 2UN[ U9aMm19q bulisal D11ausb Jusmisapun pue st
DOgH 01 aNp J1UI $53USb 19dURD B 0} Paliafal Sjudlied

(/81 = U) BUS1LID SWOIPUAS YdUA] epsayiag

10 50dH NDDN 494l [|4n} O1 pey so587 "G 10¢ 994 pue
107 AON U99M13q (S2uab-G7) bunsal |aued auab-njnw bul
-19|dWod YSOWYH Apnis 1ualed wiou) pa3inidal sjenplAlpu|

(LZ=U) parsawun ¢/1yoyg
pue (g7 =u) slenplalpul aAnebau z/1 yo4g Bulpnipul ‘bul
-153) |oued ausb -Gz 10y 9|qIbI|S S1eak g =/ < S|enpIAIpu|

Apnis jeupnybuoy andadsoud VSN [€C] (8L0T) 1V L3 soal
Apnis |euondas -sso1) vsn [c7] (£102) "IV LI HSIWN1
Apms [euipnibuol aAndadsold N3 [12l(£10T) 1V 13 NvE31s3

Apnis anndadsoud vsn [07] (9102) 1V 13 AHNEAvHE

S3WO1IN0 17395

uone|ndod

ubisap Apnis Anunod Apnis

S9WO0DINO [e2I60jOYIASd JO Alewwung | ajqeL



Page 5 of 13

(2022) 20:25

Carlsson et al. Hereditary Cancer in Clinical Practice

(1000 >d),sonss!

pa1e[21-UaIp|Iyd, pue (50°0 =d) Jadued [euostad, ‘(1000 > d)
Juonisodsipaid Aelpasay, :2jduies Apnis 919|dwod sy ul
Qul[95eq 0} pasedwod INSOPSIP-150d SYIUOW 7 1 95eaId9p
01 PAIDSCO UM [DHYJ] SUIDUOD [eID0SOYIASd dyi1dads

syauouwl 9 1e sdnoibgns (100 >d) SNA PUe (L0000 > d)
aAnebau pue (100 > d) ajdwes Apnis 113U Y3 Ul SYIUOW 7|
01 2UI|95eg WOJ ApuedyIubls paseaidap [yyDIN] Aulenadun -
(¥00=4d) syauow 9 1e dnoibans SNA Y1 Ul pue (00 =d)
a|dwes Apn1s 239|dW0d aY3 Ul SYIUOW 7| O3 auljaseq

wolj Apuedylubis pasealdul [S3(] $sa43sip dyidads Jaoue?) -
‘dnoibgns (100> d) SNA pue (L00'0>3)

o|dwes Apnis 219|dWOD Y3 Ul SYIUOW ¢ | O auljaseq

woij Apuesyiubis pasealoul [SgyH] uolssaidap [elauan) «
‘(9A1BHAU 10 SNA DAINISOd) 1 NSI 1591 D1IBUSD

uodn paseq sdnolb uiyam abueyd jeulpniibuo| |[eanal

10U pIP [IVLS] A12IXUP 31€1S pUR [SOYH] A19IXUE [RISUID)

(9r9=1u) 810 |udy pue 9107 J3GUINON
U99M13g Uledg pue ‘AUeuULIRD) ‘@duel4 Ul SDIUlD SDRaULb
wo1) paxnidal bunsal d3ausb HOgGH 404 2|q1b19 S|enpiAlpu|

(6%7=U) 10T Asenuer pue 107
Alenuer usamiag bunsal |aued auab-njnw pasayo pue bul
-1591 9AI1EDAU 7/[ /D4g Joud Yum plo s1eak /| < Ss|enplaipul

Apnis |eupnibuo| aAldadsold n3

Apnis [eulpniibuo| aAoadsold VSN

(571 (6107) 1V 13 14vA3¥g

[¥Z] (0T0T) 1V 13 AHNAAVYHg

S9W0D)NO0 }39|9§

uone|ndod

ubisap Apnis Anuno)

Apms

(PanupUOd) | 3jqey



Page 6 of 13

(2022) 20:25

Carlsson et al. Hereditary Cancer in Clinical Practice

(1000 > d ‘AjpAnDadsal ‘o417 PUB 9%¢°7) sdnoibgns
SNA PUB 9AIE63U 341 01 paiedwiod (99 1) Ad B YIM 9501 Ul
19yb1y aq 01 pariodal atem A1abins dndejlydold jo axerdn -

Awo1da15RW [RIDIR|I]

B PRy (7 =) %67 1INS31 SNA B LM S[enpIAIPU 1SBUoUY «
S|enpIAIpUl 95941

O (9%£°€8) 01 404 paBULYD SUOIePUSWIWOD3 JUSWbeuURW
[EDIP3W DY "3|gRUOIDE. A|[PIIPaLL PRSP NSl 1531
119Uab B PAAIRIAI (7| =U) %88 'S|eNPIAIPUI P1Sal Y1 4O +

c91vd 10 ¢/1VoHg

0] Pa1Wl| 1M 3JdLDS SIY1 Ul PaLIIUAPI Ad 241 210N sdnoibgns
SAIED3U PUB SN UDIMID] PA10U 3DURISHIP 1UedLIUBIS ON
(100°0>d) sdno1bans (%t 1 Z) SNA PUR (9% 1°07) dA11eDaU ay3
01 pasedwod (988) dnoibgns Ad Y Ul AdD JO sa1el JaybiH «

suoIsPap buluaaIDs JSdUED

PaWLIOJUI S3NS3J J19Y1 paliodal (€ =U) %ty | ¢ pUe SUOISIDOP
K196ins onoejAydoid pawioyul synsas a9yl pariodai (| =u)
9%L°Z (7L =U) SNA B YUM S[ENPIAIPUI PA1D34e 1SBUOWY *
suoIsPap buluaaIDs JSdUED

paWIojUl S} NSal 113y pariodal (/£ = U) 9%SGE puUe SUoISIDap
A196ins onoejAydoid pawioyul synsai a9yl paliodai (€ =u)
%G1 ‘(0T =U) SNA B YlMm S|enplAIpul pa1dajyeun 1sbuouy «
suolspap Alabins onoejAydoid pawioyul

(z=U) %'8| pue BuluaaIds J9OULD PALLIOJUl SHNSI JIBYY
payodal (L =U) %16 ‘(L | =U) SIa1l1eD pa1daye 1sbuouly
‘suolsipap A1abins ondejAydoid pawoyul (| =u)

91’/ PUB BUIUSSIDS JSDURD PIULIOJUI S1 NS JIBY) patiodal
(E1=U) %676 (71 = U) SIa111eD Pa1dayeun 1sbuowy «
(€sL016€D

956 '£/ YO) 3Nsa1 dAIeHAU B Y1im 350y 0 pasedwiod Aoy
-D915eWl [eI1|Iq JO S21RI USYDIY YUIM PI1BIDOSSE SI9M Ad *

(290 =d) S1211eD YDHg-UuoU pue siaiiied

7/1VDYg UaMIS( 3181 NdD) Ul 9DUDI31Ip 1uedyIubis ON
{(1000°0>d) SNA® Y1IM 35041 01 pa1edwod Ad YDYg

-UOU PUB 7/1 D44 © YUM S[eNPIAIPUL Ul D JO S318) JayBIH »

(000z =) (joued suab-g7 10

2UH-G7 JYd) Bl [purd BUSH-INW JUIMISPUN pUR
Bu11S31 2119USH 10§ SPIOYSIL] 91BUIISI S JO sauljepInb
[BIUID 19W OYM SDIUI|D SD119USD 931Y1 WO S|eNPIAIPU|

(8€1=U) 5107 1snbny pue g0 Arenuer
U29M13Q S3WOIPUAS J2DUED Alepaiay 1oy bunsal dnausb
PeY PUE I9DUED 15eaiq YLIM Pasoubelp AjJua3a) USWOA

(9g1 =)
¥10¢ KBl puUe €107 AINf U2am1Q 3sH DOFH 31eN|eAd 03
HulIsal [pued SUSB-[H N JUSMIDPUN OYM S|ENPIAIPU|

(9zz =u) bunsal |sued suab-njNW JUSMISPUN puUe
9107 J9qWadaQ pue €10z 19quwa1das uaamiaq (Al obe1s)
190UeD 15831q 9AIRRHAU 9|dIl Yum pasoubelp siusited

(P123yyEUN IO Pa1d3ye)

AJ03s1Y Jadued Jeuosiad pue (SNA 10 ‘Aiebau ‘aaiisod)
1Nsa1 1591 d12uUb JIvYl Ylog uodn paseq sdnoibgns g olul
PapIAIP sem (zez =) ajduies Apnis 8y 'S 10T Al pue
€107 aunf usamiaq bunssy d1ausb JuUsMISpUN pue st
DOgH 01 3NP DIUIP $5113U6 195URD B 0} PaLIayal SIUNed

(999 =) bunsa1 d=USL suob
-13puUn ay1 01 Pa110dal 2I9M OYM G |07 PUB 07 USaMIS]
J130UBD 15B31q || -0 961 Yaim pasoubelp (5/-07) sajeula

(L€ =U) SNAIO Ad B J3UI3 PIARI)
pue /107 Pue 10z usamiaq buiisa) [pued susb-inul
JUSMISPUN OYM J2DURD 15B3Ig YIIM Pasoubelp sjienpialpu)

Apnis [euipnibuo| aAldadsold VSN
ApPN1s 110Y0d dA3129ds0119Y ish!
ApPN1s 110Y0d dA3129ds011Y vSn
ApNis 110Y0d 2A1109dS0119Y SN

ApNis [eUOIID3S-55017) VSN
Apn1s [PUOIID3S-SS0ID) VSN
ApNis 110Yy0d 2A1109ds0119Y SN

[€cl(8L0T) TV 13 soal

[0€] (£102) "1V 13 AHdYNW

[6¢1(£102) "1V 13 T1ANNNY

[871(8102) "1V 13 NOSY3a3d

[¢7] (£102) "IV LI HSIWN1

[£21(£102) "1V 13 NVIINY

[9¢1(8L0T) TV 13 HD3AAVS 1A

S3WO02IN0 123|9S

uone|ndod

ubisap Apnis Ainuno>

Apmg

SSWODINO [RINOIARYSC JO AleWWNS g aqel



Page 7 of 13

(2022) 20:25

Carlsson et al. Hereditary Cancer in Clinical Practice

‘(z0'0=d) dnoibgns

}|nsal aAllebaU DY) Ul SYIUOW 7| O3 Ul[9Seq Wolj Ajjued
-YIubis pauldsp [y 1seaiq 0bispun 01 Uo[uaIUl ININ -
'sdnoibgns (0'0=d) 3nsal aAleH3U pue

(L0'0 > d) SNA @Y Ul Syruowl 7| 01 duljaseq woly Apuedyiubls
paulpap Aydeibouwwew obiapun 03 UORUSIUI 2ININ «

9DUR||I9AINS SAI1DE P3IRIIUIL (69 =U) %5'88

‘AWo3o315ewW dndejAydold Juamispun (6 =u) %S | | ‘uol
-UaAa1dowayd pajeniul (€ =U) 98¢ :Juswabeuew [ed1uld
Ul sabueyd BUIMO||04 BY3 01 P3| SHNS3 1531 dD1duUsb 3y -

0S84y Ue 9AeY O3 UORUSIUI 31NINy payiodal

(1=U) %] | ‘OSYY auobiapun Apealje pariodal (8 =u)

%68 :(6="U) OSgHY  9ABY O} PIPUSIWODII M pue
aLsayy1o/pup D15aYY “IdIMg Ul Ad & Yum asoy3 1sbuouly «
{|YIN 3SB21Q B 9ARY 0} UOIIUIUI 24NINY

pauiodal (£ 1 =U) %9z ‘l4N U pa19|dwod pey (/i =u) %1/
(99 =) |4\ 15821q OBISPUN O} PIPUSWILIODDI ISM pue
NEN 10/pub ‘ZYIHD WILY ‘ZdT¥d Ul Ad B Ylm 95041 1sbuowy -
SUOJIBPUSWIWODI

K12buns onoejAydoid paiedal sjenplAIpUl (8G = U) %7 /€ pue
(SZLVYD FSNAL) SUOIRPUSWILIODSI J9DUBD UBLIRAO PIAIRIRI
S|ENPIAIPUI (/G = U) 9%S°9¢ ‘suoiepuswwodal buibeuwll 1seaiq
PRAIDI3I (9 =U) %/ 6€ ‘S|ENPIAIPUI 3533 JO ‘Suoiepuaw
-W0oD3J JuswiabeurW [BIIUID Y1IM Pa1eId0sse aiam ajdwes
APNI1S 3Y1 JO (9G | = U) 9E"€7 10§ S} NS 1591 DU 3y »
(1000 > d) 3nS24 1591 9AIlRBAU

pUB SNA ‘IUBLIBA 7/[ /D4g-UOU B YlIM 3SOU3 UrYl 19BU0IS
sem Auo1da1sew d1oejAydoid e Bupajdwod pue Awoidal
-sew oj3oejAydoid e obiapun 03 UolEPUSWILIOIRI SU0IBINS
410q pUB SIUBLIBA 7/] 1/ DYg USS9MISC UOIIRIDOSSe Y] »

Aulo1d915eW d11oejAydold

4O S31el Pa1I0dal Ul PA10U S19M SDUIBYIP JURIYIUDIS ON
(S0'0=4d) (%9°7) 2y!dads J2Ued 1582IG-10U PAWISP

$9Uab 10 (95/") 2Uab 2oueIBUSd 31RISPOW B Ul 950Y1 0}
pa1edwod (9/°01) 2Uab sl ybiy & Ul Ad © Yim sjenpiaipu ul
panodas a1am Awoidaioydoo dnoedydoid Jo saiel saybiH -
(€00=10) (9%€7) Ynsa1 ubIUSG 10 (%E7) SNA

e UM 35043 0} pa1edulod (98°6) Ad B UM S|enplAipul 10y
panodal a1am Awoidaloydoo dnoeiAydoid Jo saies saybiH -

(677=U) 5107 Asenuer pue |0z Arenuer
us9aM1aq bulsal [aued susb-i N palayo pue bunssy
aAnebau 7/1yDyg Joud yim plo sieak /| < S|enplaipul

(8/=U) 6107 Y2IB PUB £007 AI1BNIGa4 UDMISQ UolieInul
olusboyied yOyg-uou e 1oj 9A1ISod Palsal pue Jadued
15ea1q Huldo|aAap Jo 3sU YOIy 18 USWOM paidayeun

(6%71 =U) (1J0Y0> |013UOD)
1nsas d1uaboyied Aoy 10 d1uaboyied e aA191 10U pIp
(1) (191 = Uu) }nsa1 1531 djuaboyied Aoyl Jo djusboyied

e PAAISD3I (1) :S1I0L0D OM] O1U| PIPIAIP 319M 80T YDIR
PUB 9|07 YDJBN U9aMIS] (Sauab-67) [aued Jadued Aley
-IpaJsy e yum Bunssl osushb Jusmispun oym sjenpialpul

(L/9=U) 9107 Jl2quiada(
pue G0z Alenuef UaMIag JadURD A1elIpaIaY J0j uone
-N[eA3 2112U3D 10§ SaUIRPIND NDDN 19W OYM S|enpIAIpU|

(91€1 =u) bunsal dnauab suobispun aney
01 pariodal a1am oym (S0 PuUe €107 U9aM1aq) Jaoued
158314 ||-0 9681 Y)M pasoubelp 6/-07 pabe ‘sajewa4

(€95 =) 810T 3snbny

pue G0z Alenuer usamiag Bunssl J112USH JUSMISPUN
pue (elI21D 9dURINSUL JO SaulldpIND NDDN uodn paseq)
192UeD 15B3Iq AJelipalay 1oy Sl ybly pawssp sjenplAipu|

Apnis [euipnibuo] aAldadsold VSN
MB3IASJ 11040 3AI1D3dS0IIRY VSN
1J0Y0D 9A1123d50.19Y VSN

MB3IA3J 110Y0D aAIDadsolRY vSN
ApNis 110Y0D 2A119ds0119Y VSN
ApN1s 1J0Yyod aA1129ds0119Y vSn

[¥¢l (020T) TV 13AYNEAvyg

(€1 (0Z0T) 1V 13 AINSVYD

[¥€] (020Z) TV 13 VIVISLOSAA

[€€1(8L0T) 1V 13 1SOYd

(€] (81L0T) 1V 13 NVIINX

[1€](610Z) "1V 13 DNVYHD

S9WI0d)IN0 139|9S

uone|ndogd

ubisap Apnis Anunod

Apnis

(panunuod) g ajqel



Carlsson et al. Hereditary Cancer in Clinical Practice (2022) 20:25

Psychological outcomes (Table 1)

Four prospective studies evaluated changes in psycho-
logical outcomes following multi-gene panel testing [20,
21, 24, 25], and two studies described psychological out-
comes of affected and unaffected individuals from clinical
cancer genetics programs at a single time point post-dis-
closure [22, 23]. Psychological outcomes included: anxi-
ety and depression (State Trait Anxiety Inventory [STAI]
[20, 24] and Hospital and Depression Scale [HADS] [20,
24]), cancer worry (Cancer Worry Scale [CWS]), cancer-
related distress (Impact of Event Scale [IES] [21, 22, 24]),
and genetic testing specific concerns (Multidimensional
Impact of Cancer Risk Assessment [MICRA] [21-24]
and Psychosocial Aspects of Hereditary Cancer [PHAC]
[25]). Prospective studies included pre- and post-test
evaluation [20, 25] and longitudinal follow-up (1-week to
12-months post-disclosure) [21, 24]. Study participants
were recruited from cancer genetics programs, only
three study explicitly stated that participants met NCCN
guidelines for HBOC testing [21, 28, 33].

Anxiety and depression

Two studies measured changes in anxiety and depres-
sion levels over time among all tested individuals in the
study sample and between subgroups based upon test
result (pathogenic variant (PV), VUS or negative result)
[20, 24]. No significant changes in state and general anxi-
ety or general depression were observed post-disclosure
compared to baseline levels [20]. In their follow-up study,
Bradbury and colleagues [24] observed a significant
increase in depression levels amongst all study partici-
pants at 12-months post-disclosure. Although the change
in depression levels was statistically significant (p <0.01)
at 12-months it did not reach clinical significance (HADS
score of<8/21). No between group differences based
upon variant pathogenicity were observed in anxiety and
depression levels across 12-month follow-up [24].

Cancer worry

A single study used the CWS to evaluate cancer worry
longitudinally [21]. No significant changes in cancer
worry were noted over 12-month follow-up and there
were no between group differences observed based upon
genetic test results (positive, negative, VUS). Levels of
cancer worry were higher at all post-disclosure time
points in the moderate penetrance variant subgroup
compared to high penetrance subgroup, however, was
only significant at 1-week post-disclosure (p=0.043)
[21].

Cancer related distress
Three studies used the IES tool to measure changes
in cancer-related distress levels over time [20, 21, 24].
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Pre- and post-disclosure comparison did not reveal
significant changes in cancer-related distress [20]. No
differences in cancer-related distress were observed lon-
gitudinally (3 time points) between groups classified by
test result (positive, VUS, and negative), but the mod-
erate penetrance variant subgroup was shown to have
higher mean IES scores compared to the high penetrance
subgroup at 12 months post-disclosure (30.67 vs 10.71,
p=0.031) [21]. Bradbury and colleagues [24] focused
on within group change over 12-month follow-up and
observed no changes in cancer-related distress levels in
the PV and negative test result subgroups. However, VUS
carriers reported significantly elevated cancer-related
distress levels at 6-months post-disclosure compared to
baseline (p =0.04).

One cross-sectional study found that PVs were associ-
ated with higher mean scores on the IES tool when meas-
ured 13 months post-disclosure compared to VUS and
negative result subgroups [22]. Lumish and colleagues
[22] considered the interaction between personal cancer
history and genetic test result in their analysis. Unaf-
fected carriers with a PV reported statistically elevated
levels of distress compared to affected individuals with a
PV, as well as when compared to unaffected and affected
individuals with a VUS or negative result (p <0.05).

Genetic testing specific concerns

Two studies [20, 21] used the MICRA tool to measure
changes in genetic testing specific concerns over time
among all tested individuals in the study sample and
between subgroups based upon both the test result (path-
ogenic, VUS or negative result) and gene penetrance. Pre-
and post-disclosure evaluation did not reveal significant
changes in testing concerns [20]. Between group differ-
ences in testing-specific distress (MICRA subscale) was
observed longitudinally when subgroups were classified
by type of test result and gene penetrance [21]. Higher
levels of distress were associated with a PV compared to
VUS and negative test result subgroups (p<0.01) at all
time points (1-week; 3- and 12-month post-disclosure).
Moderate penetrance PV were also observed to be asso-
ciated with higher reported levels of distress compared to
those with a high penetrance PV at the 12-month time
point (17.67 vs 6.59, p =0.026).

Two studies evaluated between group differences
on the MICRA tool based upon variant pathogenicity
at a single follow-up time point [22, 23]. Idos and col-
leagues [23] found that a PV was associated with higher
reported levels of testing concerns compared to negative
and VUS subgroups. The VUS subgroup was observed
to have higher levels of testing-related uncertainty
(MICRA subscale) compared to the negative result sub-
group (p=0.017). Similarly, Lumish et al. [22] observed
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higher genetic testing specific distress (MICRA distress
subscale) in the unaffected carrier subgroup compared
to affected carriers, as well as when compared to affected
and unaffected individuals with VUS or a negative test
result (p <0.05).

One study prospectively evaluated changes in PAHC
scores over time (pre- and 2 months post-disclosure)
among all tested individuals and between group differ-
ences based upon gene panel result (pathogenic BRCA1/2
variant; non-BRCAI1/2 pathogenic variant; VUS; and
negative result) [25]. Overall, concerns related to ‘heredi-
tary risk’ (p<0.001), ‘personal cancer risk’ (p <0.05), and
‘children-related considerations’ (p<0.001) decreased
over time in the study sample. Between group differences
based upon the genetic test result were observed pre- and
2-months post-disclosure in concerns related to ‘heredi-
tary risk’ and ‘familial and social issues!

Behavioral Outcomes (Table 2)

Five studies examined uptake of prophylactic surgery in
patients diagnosed with breast cancer [26-28, 30, 32],
and five studies evaluated the medical recommendations
and patient-reported uptake of prophylactic surgery of
patients reviewed in clinical genetics programs (affected
and unaffected individuals) [23, 29, 31, 33, 35]. Three
studies evaluated cancer screening uptake after result
disclosure in patients of a cancer genetics clinic, includ-
ing both affected and unaffected individuals [22, 24, 34].

Prophylactic surgery: breast cancer patient cohorts

Across studies, rates of contralateral prophylactic mas-
tectomy (CPM) in women with breast cancer was higher
in individuals with a PV compared to VUS and negative
test result subgroups [26—-28, 32]. Kurian et al. [27] found
that uptake of CPM is more likely in individuals with a
PV compared to a negative result (OR, 7.7; 95% CI, 3.9
to 15.3). In their 2018 study, Kurian and colleagues [32]
expanded their analysis to include a subgroup of indi-
viduals with PV in genes other than BRCA1/2. Similar to
their findings in 2017, a BRCA1/2 PV was more strongly
associated with both patient consideration of a CPM
(p<0.001), as well as a surgeon’s management recom-
mendation for a CPM (p< =0.001) when compared to
the remaining three categories (PV in a non-BRCA gene,
VUS, and negative result). This contrasts findings from
Elsayegh and colleagues [26] who reported that carriers
of a PV (BRCA1/2 and non-BRCA1/2) were more likely
than VUS carriers to undergo a CPM (p<0.0001), with
no statistical difference found between BRCA1/2 and
non-BRCA1/2 PVs. Observed rates of CPM in the VUS
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and negative subgroup ranged between 21.4%-30.2% and
20.1%-35.3%, respectively [28, 30, 32].

Prophylactic surgery: clinical genetics patient cohorts
(unaffected and affected)

Overall, higher rates of prophylactic mastectomy and
oophorectomy were associated with a PV compared to
those with a VUS or negative test result [23, 31]. This
association was found to be statistically significant at
13 months (p<0.001) and 27.1 months (p=0.03) post-
disclosure in two studies [23, 31]. Chang and colleagues
[31] found prophylactic oophorectomy rates were higher
with PV in high penetrance genes (10.7%) compared to
moderate penetrance (1.7%) and low risk (2.6%) genes
(p=0.05). This association was not observed in rates of
prophylactic mastectomy. Two studies reported rates of
prophylactic surgery in a cohort of individuals with non-
BRCA PV [34, 35], supporting patient adherence to med-
ical recommendations following result disclosure.

Two additional studies evaluated changes in clini-
cal management plans following multi-gene panel test-
ing. Frost and colleagues [33] observed a change to the
clinical management plan in 23.3% of patients who
underwent genetic testing. This included prophylactic
surgery in 37.1% of patients and chemoprevention in
0.1% of patients. Conversely, Bunnell et al. [29] identi-
fied an actionable variant in only 8.8% (n=12) of their
sample, and the recommendations for clinical manage-
ment (screening and/or prophylactic surgery) changed
for 10 of those individuals. Of interest, 8 of the 12 indi-
viduals had non-BRCA PVs which informed medical
recommendations.

Cancer screening

Three studies evaluated patient reported uptake and/
or intention regarding cancer screening and prevention
options in a cohort of affected and unaffected individuals
referred to a cancer genetics clinic [22, 24, 34]. Lumish
and colleagues [22] observed that a higher proportion of
unaffected individuals with a pathogenic variant (92.9%
vs 9.1%) or VUS (35% vs. 21.4%) reported that their test
result impacted their cancer screening activities com-
pared to affected individuals with a PV or VUS. Cau-
tion is warranted given the small number of individuals
in each group. Bradbury and colleagues [24] similarly
evaluated patient intention toward cancer screening and
prevention but looked at within group changes over a
12-month follow-up (baseline, 1 week, 6- and 12-months
post-disclosure). Individuals with a VUS and negative
panel test result reported a significantly reduced inten-
tion to undergo breast cancer screening at 12 months.
This trend over time was not observed in individuals with
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a PV. Finally, Vysotskaia et al. [34] evaluated changes in
medical recommendations following a genetic test result,
as well as patient adherence to those recommendations.
Recommendations for screening MRI increased (42% to
82% post-disclosure) in individuals with a PV in PALB2,
ATM, CHEK?2, and/or NBN, which was associated with
high rates of compliance (97%) [34].

Discussion

The findings in this review emphasize the need for stud-
ies examining psychological and health behavior out-
comes associated with panel testing to include between
group differences based upon both variant pathogenicity
and gene penetrance. Analyzing findings with both classi-
fication approaches will be critical in understanding how
the clinical uncertainty associated with specific types of
results impact psychological, screening and prevention
outcomes in this population. Similar to the BRCA1/2
literature, individuals with a PV reported higher lev-
els of testing-related concerns and cancer-specific dis-
tress, as well as higher uptake of prophylactic surgery
in both affected and unaffected individuals compared
to those with VUS or negative result. Interestingly, indi-
viduals with MP PVs had higher rates of cancer worry,
genetic testing concerns and cancer related distress when
compared to women with high penetrance PV [21, 23].
Analysis of health behavior outcomes based upon gene
penetrance was limited, with conflicting findings [26, 31,
32], and thus further research is needed.

Future studies designed to evaluate between group
differences based upon gene penetrance will require
large sample sizes to power such analyses given that the
observed frequency of PVs is low. Depending on the clin-
ical population and panel test used, PVs are observed in
only 7-12% of tested individuals, which limits the ability
to look at differences based upon penetrance due to the
small numbers in each subgroup [23, 24, 37, 38]. In this
review, the number of individuals carrying a MP PV was
variable across study samples, ranging from 4 ATM car-
riers (11% of pathogenic variants) [21] to 12 MP (ATM,
CDHI1, CHEK2, PALB2, NBN, NF1, and STK11I) carriers
(17% of pathogenic variants) [23]. In addition, classifica-
tion of MP variants was not consistent across studies. For
example, PALB2 was classified as both a MP and high
penetrance variant in different studies [21, 31]. Thus,
caution is warranted when interpreting these findings
given the small number of individuals in each subgroup
and the lack of uniform classification of variants.

Despite the low expected frequency of PVs with panel
testing, initial work by Kurian and colleagues [38] in a
BRCA1/2 negative cohort, found that of the 15 PVs iden-
tified, 14 were actionable and informed medical manage-
ment. This aligns with the observed changes in clinical
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management of individuals found to have a PV in this
review [29, 33]. In both studies [29, 33] challenges were
reported when formulating management plans for MP
PVs and newly identified genes (e.g. BARDI and NBN)
due to a lack of available medical management guidelines
[29, 33]. This supports the need for individualized genetic
counselling, as clinical expertise is required to provide
recommendations in the absence of guidelines, by draw-
ing on relevant literature in the context of the patient’s
personal and familial history. Given limited genetic
counseling resources and an increasing proportion of
panel-based testing offered by non-genetics healthcare
providers, post-test counseling with a certified genetic
counselor may provide the optimal setting for this discus-
sion [39].

Results from this review indicate that while more indi-
viduals with a PV undergo preventative surgery following
panel testing compared to those with a VUS or negative
result, a VUS result may inform cancer screening and
prevention decisions. Kurian and colleagues [32] found
rates of prophylactic surgery to be approximately 30%
in affected patients with VUS and negative test results.
These authors argued that the similar rates of prophy-
lactic surgery observed between VUS and negative
cohorts was suggestive that those with a VUS were not
overestimating their cancer risk. These findings may sup-
port this claim, but it is worth considering that 30.2% of
participants with a VUS opted to have prophylactic sur-
gery, when it was recommended by the surgeon in 14.1%
of cases [32]. Across studies in this review, VUS results
were found to inform cancer screening and preven-
tion decisions in approximately one-third of unaffected
patients [22, 28, 30, 32]. As such, further work is needed
to explore patient interpretation of cancer risk after
receiving a VUS result and the perceived utility of these
variants. Currently, there is limited data regarding other
factors that may contribute to a patient’s risk manage-
ment decision, such as current disease attributes, family
history of cancer, as well as cancer and genetic testing
related distress. Understanding patient decision-making
surrounding cancer screening and prevention is further
complicated by the inconsistent reporting of gene vari-
ants. Lumish and colleagues [22] noted that 62.5% of VUS
were in a high penetrance gene, which may have contrib-
uted to the perceived utility of these variants. Consistent
reporting of the gene where the VUS was identified may
illuminate differences in health behavior outcomes and
also reinforce the need for patient follow-up for variant
reclassification updates.

Finally, screening for heightened levels of distress
requires measuring these outcomes with tools that
include clinical thresholds, such that clinically significant
distress can be identified and appropriately managed.
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The BRCA1/2 literature suggests that the majority of
patients do not experience persistent psychological dis-
tress but estimates that 20-25% of tested individuals
report long-term negative affective outcomes [15, 19].
Thus, as we evaluate psychological outcomes in the con-
text of panel testing, it is important to question whether
these observed differences in psychological outcomes
actually translate into clinically meaningful differences.
Lumish and colleagues [22] found the mean IES score of
the unaffected carrier subgroup was significantly higher
than all remaining subgroups 13 months post-disclosure
(p=0.01), vet the level of distress was considered ‘mild’
(<25) on the IES tool, and not clinically significant. This
can be contrasted with the findings from Esteban et al.
[21], where the MP subgroup reported a mean score on
the IES-R tool at a level where symptoms of distress may
be present, suggesting clinical significance. Thus, it is
important that when between group differences are eval-
uated for statistical differences, that they are also evalu-
ated for clinical significance. Identifying subgroups at
increased risk of experiencing clinically meaningful dis-
tress may assist in providing tailored genetic counselling
and identifying supportive resources for those individu-
als that are at higher risk of experiencing negative psy-
chological outcomes.

Limitations

This literature review has several limitations. First, due
to variable reporting of participant details and methodo-
logical differences, this review was limited to a descrip-
tive analysis. Although, the authors followed a rigorous
and systematic approach when conducting this literature
search and synthesis of findings, this review was not pre-
registered for PROSPERO. Second, this review was lim-
ited to publications in the English language, with most
of the articles published by research teams in the USA
(n=14), which potential limits scope and relevance of
the findings. In addition, across the studies in this review,
the majority of participants were Caucasian women, who
were highly educated, which may limit the generalizabil-
ity of the findings. Finally, the conclusions drawn in this
review are based upon the classification of variant patho-
genicity and gene penetrance published in the included
articles, which reflects the knowledge and guidelines at
the time of each publication.

Conclusions

The findings in this review highlight the importance of
considering both variant pathogenicity and gene pen-
etrance when exploring the impact of panel testing on
psychological and health behavior outcomes. With the
growing trend towards multi-gene panel testing, health-
care providers should be cognizant of individuals who
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are at risk for increased cancer worry and distress, as
well as those who may overestimate their cancer risk and
undergo inappropriate risk reduction surgery. Further
research is needed to explore the factors that contribute
to heightened levels of cancer worry and distress, the dif-
ferent personal demographics and clinical variables that
inform cancer screening and prevention decisions, and
the impact of supportive resources and counselling.
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