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Abstract

Hereditary cancer predisposition syndromes comprise approximately 10% of diagnosed cancers; however, familial
forms are believed to account for up to 30% of some cancers. In Hispanics, the most commonly diagnosed
hereditary cancers include colorectal cancer syndromes such as, Lynch Syndrome, Familial Adenomatous Polyposis,
and hereditary breast and ovarian cancer syndromes. Although the incidence of hereditary cancers is low, patients
diagnosed with hereditary cancer syndromes are at high-risk for developing secondary cancers. Furthermore, the
productivity loss that occurs after cancer diagnosis in these high-risk patients has a negative socio-economic
impact. This review summarizes the genetic basis, phenotype characteristics, and the National Comprehensive
Cancer Network’s screening, testing, and surveillance guidelines for the leading hereditary cancer syndromes. The
aim of this review is to promote a better understanding of cancer genetics and genetic testing in Hispanic patients.
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Background

Hereditary cancer overview

According to the 2010 census, Hispanics comprise
16.3% of the population in the United States (US) [1]. By
2050, the Hispanic population is estimated to become
25% of the US population. Hispanics are a mixed group
of individuals from across Latin America and the Carib-
bean and are defined as individuals that share a culture
and language that is linked to the historic migrations
that started from Spain that led to the discovery of the
Americas. In the year 1492, Christopher Columbus
crossed the Atlantic Ocean and reached the Americas.
The arrival of Columbus to the Americas led to the start
of the “Colonization of Americas”, where language, cul-
ture and religion was instituted by the Spaniards, but
also other European countries such as Portugal.
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Spaniards introduced new diseases to the Americas
leading to the death of most of the Indigenous population
of the Americas. Due to the high mortality of Indigenous
population, Africans (mostly from West Africa) were intro-
duced in the Americas. Through these historic migrations,
the Hispanic population was created. These populations
had great levels of genetic and cultural admixture from the
three major racial ancestral populations: Europeans,
Africans, and Indigenous. However, the variability ob-
served in Hispanic admixture, is concordant with the
local history of the country of origin [2]. For instance,
Hispanics from the Caribbean (including Puerto Ricans)
have a higher proportions of West African compared to
Hispanics from South America, which have higher
European and Amerindian ancestry [2].

Cancer is a major public health problem and the lead-
ing cause of death among Hispanics worldwide [3]. Ma-
lignancies, such as breast and colorectal cancers, when
diagnosed in individuals younger than 50 years, are likely
caused by inherited mutations and often are aggressive
leading to a worse prognosis [4]. With the availability of
efficient screening methods for both breast and
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colorectal cancer, these cancers may be prevented or di-
agnosed at early, more treatable stages in Hispanics,
minimizing the burden of these diseases in this popula-
tion [5]. By identifying individuals at high-risk and estab-
lishing tailored early detection and preventive strategies,
the economic productivity loss, morbidity, and mortality
may be significantly reduced.

In this article, we provide a summary of the genetic
basis for three of the leading cancers in Hispanics
(breast, ovarian, and colorectal cancer), which have
known hereditary contributions. We will discuss the
clinical presentation of these cancers in Hispanics and
how it differs from other populations. Furthermore, we
will discuss the role of multigene testing in advancing
genetic testing services in Latino populations.

Hereditary breast cancer and ovarian cancer (HBOC)
Breast cancer (BC) represents approximately 29% of all
cancer cases in US Hispanic women [3]. Ovarian cancer
(OQ) is the 8" cancer with the highest incidence and
the 5" leading cause of cancer death among US
Hispanic women [3]. Approximately, 5-10% of all BC
are caused by mutations in highly penetrant susceptibil-
ity genes [6]. Mutations in the BRCA1 and BRCA2 genes
account for approximately 25% of hereditary BC and
15% of all OC [7]. Women with mutations in these
genes have up to an 87% lifetime risk of developing BC
by age 70 and up to a 44% risk of OC [4, 8].

Mutation spectrum

In Hispanics, deleterious BRCA mutations have been
found in approximately 25% of women with BC [9]. The
majority of the studies reporting the prevalence of BRCA
mutations in Hispanics have been performed on hetero-
geneous groups of Hispanic women from different coun-
tries, including: Mexico [9-11], Brazil [12-14], Costa
Rica [15], Chile [16, 17], Argentina [18], Peru [19],
Colombia [20, 21], Venezuela [22], Bahamas [23], Cuba
[24], and Puerto Rico [25] (Table 1). Recently, BRCA
mutations in Latin American countries was published,
which detailed the mutations found and how the preva-
lence changed from country to country [26]. All of these
studies have shown that the BRCA mutation spectrum
varies according to the country of origin. For example,
women from Argentina, Mexico, and Brazil have a
higher prevalence of BRCAI mutations [13, 18, 27],
whereas in women from the Caribbean (Cuba and
Puerto Rico), BRCA2 is more frequently mutated [24,
25]. Studies of women with BC from Spain showed a lar-
ger number of rearrangements in both BRCA genes
when compared to Hispanic women [28-30]. Addition-
ally, several mutations for both BRCA genes were found
in Hispanic subpopulations, especially in Argentina
where there is a higher proportion European admixture.
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Furthermore, a mutation (BRCA2 ¢.156_157insAlu) from
Portugal was identified in the Northern/Central region
and accounted for one-fourth of the BRCA1/2 mutations
[31]. This same mutation was identified in several fam-
ilies of Brazil [31, 32].

Several populations have shown the presence of
founder mutations, which include some Ashkenazi Jew
mutations (BRCAI 185delGA; BRCAI 5382insC) ob-
served in Mexico [33], Peru [19], and Brazil [13]. These
founder mutations have also been reported in Spain
[28-30]. Therefore, these Ashkenazi Jew mutations are
thought to come from areas of Spain where Jews com-
munities settled during the early Common Era. The
BRCA1I ex9-12 deletion found in Mexican women is also
a founder mutation. This mutation has not observed in
Spain or South American populations, and was found to
pre-date Spanish colonization since it is estimated to
have arisen approximately 1,480 years ago [10, 34, 35]
(Table 1). Furthermore, two additional founder muta-
tions of Galician and Spanish origin were found in Spain
[28]. Of these, the BRCAI c¢.211A > G Galician founder
mutation was found in the groups of a US Hispanic and
the Argentinian cohort [11, 18]. Three additional founder
mutations: 2 in BRCA1 (BRCAI c¢.3331_3334delCAAG
and BRCAI1 c¢5123C>A) and 1 in BRCA2 (BRCA2
¢.2806_2809delACAA) where described in Hispanics from
Colombia [21]. These Colombian founder mutations were
found in individuals that share the same haplotype, and
therefore share a common ancestor [21]. The BRCA2
¢3922G >T mutation has only been identified in the
Puerto Rican cohort, and in US Hispanic studies that in-
clude Puerto Ricans and not in other Latin American
countries [26]. In Portugal, the BRCA2 c.156_157insAlu
mutation seen in families of Portuguese descent was
also identified as a founder mutation that occurred
around 558 years ago [31, 32, 36]. Moreover, the
BRCA1 c.5266dup mutation was identified as a founder
Brazilian mutation of Eastern European origin [37].
The presence of these founder mutations in Latin
America is tightly linked to migration patterns that
shaped the genetic background of each Hispanic sub-
population up to present-day.

Several studies suggest that the prevalence of BRCA
mutations in Hispanic women is higher than the preva-
lence of BRCA mutations among Ashkenazi Jews and
non-Hispanic Whites [9, 11]. However, these observa-
tions are based on the predictability of BRCA genetic
risk models that use non-Hispanic White women as ref-
erence to determine risk, thus the prevalence of BRCA
mutations might differ from what has been reported [9].
Differences observed in the BRCA mutation spectrum of
Hispanic populations could be due to variations in the
contribution of each ancestral population to the genetic
background of the Hispanic subgroups. In addition,



Page 3 of 15

Cruz-Correa et al. Hereditary Cancer in Clinical Practice (2017) 15:3

L1S)lepggnod OVI9PL9 99 4 2]
palpnis SUON 9€,54ely8ES LU d OSUIZLOY L L9YD SL LT seweyeg 0L0Z ‘e 12 | Bisquauoq
+542Ud0697[eAd 1912P6908789080 8L 64545195 LuDd OYVIPP690F 990%2 Ll
£+5}01dz60enaTd L1PP9LT976LT92 Ll 0Ts4bavosrLIesd OVOLI9PL98E 858ED Ll
8xS4sK1i9L/ 1IAd LVIDPRPSYLS SPISD LI SeSpusyLLLLued OVVIIPPrEEE LEEED Ll 911 0107
£€,5)dsv 1851 d DISUIER/Y Th/yD LI L1sSylenggniod OVI9PE9 892 T 19e ues|iyd ‘e 19 [eGeZeWIOH-Z3|PZUOD)
\A_O EQ(Q Awmcmmm:\cv C@UCDO% Cﬁu__mg O<VYLLCD q
CSpAL6/9LNOTd LYVIDISP6E0S™ G052 7l
OLxsysATsseLusyd YVDL1I19P890% 59012 L
CLSnoyseLsitd V1I9P09/E 65LED Ll
£:5iB1v010101dd 1DI9P0OE0E 620€2 Ll
L1sSylenggniod OVI9PL9 ™99 ¢ g6e  sowedsiH sn [01] £00T 'fe 32 W3 uyor
£566495d V¥ < D987 Ll
x00z1ud 1<D865€2 L
«Eb 1 Biyd L<D/Terd €l
AD1/bayd (3sUSsSIW) (19pUNO) UBDIED) D < V117D S
Naalble L<95pLD € 8lsSyeveslAod (Uon3Ip UOX3) [9p; + S8LY i-8¥S D 716
0LxS}956801U|Od 1dnpyoged 1L LLsSylencgnod OVIPPL9 99 ¢ 9y sowedsiH sn (6] €LOT "[e 39 NI 192119\
$4x99/195d (ODIX3N) DVI9PL62T 967C 2 Ll
(1openes [3)
£xS4195600€IA 1 d LYDLVISPOE06 92060 €T «Ebp1Biyd (N19d/0DIXN) | < DLTEYD €l
L:SYALISL LT d (lopenjes [9) [SUIEZE] CZESD 8L TxSpasEggusyd (O21X3N) [9PLY L9801 Ll
ECSJUDOPILNIDD  (BleWRRND)YYYORPEEGY 9E6rD LI 00z Lud (0DIX3N) 1 < DBESED Ll
0LxSH956801U[Dd (ODIX3) [SUISOZE ¥OZED  LL 9:S)A1D0r€leAd (eqnD) dnpgLoLd Ll
CLSNP901I95d  (BIQWIOIOD) YDLIDPRPZELE 68LED Ll SJi95649S §56195d (ureds/odIX3N) v < D¥98C Ll
x985¢di|d (02IXOW) ¥ <D/G//D> 9L (021X3N) OLSUIERED L
LS§sK1epeusyd (02IX3N) LYOLIPPTEL 6CL2 6 «#GosATd (021X3N) L < V09612 LL
< ud (02IXeW) L<Dbeee>  LL LLS)epsgnod (uteds/0dIXaN) DV[9P/9 99 T 0Ll sowuedsiHSn 9] SO0T ‘[e 33 NI [9ZH9M
8L,SyelvEgLADd (UonBfep UOX?) [8p; + S8LY ¢-8¥SD  Zl-6  OLL  SdluedsiH SN (6] £00T '[e 32 NI 92319\
Gx54B1vg9/ LnaTd LLIPPPOES €0€SD  LL 1] 2107
«09/1195d 9<26/5> LI «SeLLued L<De0keD Ll LLL ey 150D ‘[e 39 e19jads3-zasaning
wmcmcu Ul=101d YNd2 SADH UO0X3 mmcmLU ul=104d YNd2 SADH uox3y u Co_um_jQOn_ \A_u_dm
V244G ol VOHg

suone|ndod djuedsiH Ul winidads uoneINW ZiDYg pue [vOyg L dlqeL



Page 4 of 15

Cruz-Correa et al. Hereditary Cancer in Clinical Practice (2017) 15:3

«F6rebivd
GaSjusyZ9LzsATd
O,sjusy L LzsATd

62Sy5h1E€6 L USY d

#80€LNDd

LZxS§0idge6RlY d
ST.S45A155814Ld
«C6/IA1°d
«950Lud

6xS4BIY6002U[Dd
SxSJUSYZ9LTsATd

«lzgluod
Sesjusye9Leshtd
0L«Sp95680LUDSd
LZxSj01d8e6ely d
665195
x0€91495d
6xS§eI¥6002U[Dd
€:S)5ATp8/ LUsy'd

1 <208v/L2
YVOVISPE8Y9 98792
[POPE6ETD
VVDDISPT08S 66/52

(4d
Ul PAISSO AJUO) | < ©ZZ6ED

YVYOVISP L 18780872
VDIPPSIST #9572

¥ <D9/€CD

1<D991€2

(I9punoy) NjysulZS1 951

(Iapuno4) N|ysulZG17951D

DsUISTO9 70972
VVOVI[eP6e8y9 98792

L<DLLLY
VVOVI[ePe8y9 98792
1SUIS9ZE $9CED
VVOVI[ePL18C 808C?2
LV1LLI9P008L 96£17
9 <2688

OsUISZ09 ¥2092
VSUIZGES 1GESD

Gl
41l

ElN

oLl

ZLSINOYSTLSATd
L7535y 59sATd
LlsSyleasenod

€.515419¢/ 1 Bayd

«Eb | Biyd
LL:SHeAgznod
ZLSnorseLsATd
€9x5p1959¢6dsyd
AD1/Biyd
OLySisAIsSE LuUsyd
0¢xs4b1v98z LIS d
8.sjelvegLAnd
«Eb1Biyd
£00zLud
0LxSJdsy 16961v°d
$4x99/495d
9SjAD0ovEleAd
8,SelvegLADd

GeSJUSYLLL LU d
¥958IA1d

(Uonajep UOXa) [9p(L-187L +08) (8% ¢)2 4!
V1I9P09/E 65/€D Ll
VI9PL9612 Ll
OVI9PLY 99 4
YYVOIPPO8LS £/15D 6l
(uonajep
uoxa) [9P(L-G£0S L +¥£05) (L-£86% L +986v)>  L1-9L
L<D/Terd €l
OVI9PLY 99 4
V1I9P09/E65/€D Ll
V1¥OI9P608T 908¢ 2 Ll
Awmcwmm_rcv C@UCSQ Cﬁu__mg O<VYLLIZD q
YVDLI9P890Y™ 590t Ll
OVOLI9PL98E 858 Ll
(UonaBp UOX3) |9Pi +G8LY i8S D L6
L<D/zerd €l
1<D865€2 Ll
VI9PLL0TD Ll
OVI9PL6CT 967C? Ll
dnpolol> Ll

(UO3ISP UOX) [9P; + S8 LY (-85 -6

OVVIlPPYEEE LECED L
9 <1895¢° L

€C

99¢

L0€
80¢

Sl

881

018

001
Ll

021y ouang [yl zloz e 12 1 1ang

nied  [81] ¥107 '[e 19 [ senebnqy

[ed]
eqno 8007 '[e 19 DY zanbupoy

[ebniiod [1€] 6007 ‘[e 19 ¥ 0lOXIad

lebnuiod [2€1 9107 '[e 3@ dI plem3
[ov]

ODIXaN GLOT "B 12 eZIRD)-|RBIB||IA
uedxs\  [£/] #10T '[e 39 elfopy-sauo]
6Ll

eIquiojoD 210 " 33 OV zenbupoy
Aenbrin  [9/] 1107 e 38 7 opeblag

(panujpuo)) suopendod djuedsiH Ul wnidads UoRRINW ZDYg PuUe [vO4g L d|qeL



Page 5 of 15

Cruz-Correa et al. Hereditary Cancer in Clinical Practice (2017) 15:3

x£107sA7d
1Z+5401d8¢e6elyd

Noalble
vLeSyD0L e d
1:S4b1v86 1195 d

61779 d
2:S401v806 LNoTd

€x54sh15e Lzusyd
SxSjuDLcginaTd
LZ«S§01dge6Ry d
/+5§01dz60enaTd
LLisidiLLselLie5d
LZ4Sj01d8¢68)y d

Biyeo/AiDd

1 <VLE092
YVOVI[SPL18C 808C>

1 <DF1D
VVI9P0E99 62992
119Por6s 2

9 <29599°
[PPE€TLS CTLSD

YV LLDISP60Y9 50792
DLIPP189¢e 089€2
VODVISPLL8Z 808C2
L1I9P9/296/T92
VLIDepYyS8s 16852

(I9puUnoy) YVIVISPLL8T 808C2

(9SUBSSIW) Y < DH//E]D

L
411
all
all

6l

[@SEIVVLIPEIRe
«EGT 195 d
8:401v0LzINDd
«€0¢1bly d
«0leuo d
70L«SHEA968ISd
L LeSjdsyo/ LBay'd
§ZS4dsyy /0561y d
6CxSHaSZ05NaTd
61x5J5K7/97495d
«EpLno d
Ao1/B1yd
L1sSylencgniod
SuSjusyLLL LU d
«SeLued
45J01d95/ LuS'd
L1sSylencgnod
TxSPRNY9sAd
«€Lz1ued
75401495/ LN|od
L1sS)lepgenod

75401495/ LN|od
¥xS§01495/ LNjod
8,S4e|v//01Ad
XSesLned
9,SiD0relend

nogo/ Lelyd
GySjusy L1 LU d

YY1DIPPEE0ST0£05?
1DIPP6S/E785L€2
YSUILZ9E
1<D/09€2
1<282£T
V[2P989T

VVIP80S L0572
JlPp6LSLD

[9P£0S 1051
1118P86L L6/
1<ty

(Ssuassiw) (I9punoy uenleD) <y 117D
OV[2PL9 799
OVVDIBPYEEE LEEED
1<Dg0vEm

(1apunoy) >dnpegzsa
OV[9P/9799
dnpegl1

1<D/1882

(19punoy) Ddnpegrs
OVI9P/9799

(19punoy) Hdnpegzso
(4apunoj) >dnpggzs>
OVI9P6TTE 8TLED

1 <DE09%2
dnpoloLa

(SSUISSIW) (JOPUNO)) ¥ < DETLGD

(I9puUNoy) DYYDIRPKEEE LEEED

datl
datlt
0¢

att
0¢

0¢
0¢
DLl
145

8l
att

el

A4

LL
e
LEL

404

85

LS

[44

eunusbiy

lizeig

YD
lizeig

lizeig

lizeig

lizeig

B[oNZaUsA

eIqUIO|0D

uedIXs|\

[£1]1 TLOT |2 32 Yy oue|0S

[€1] +00T [e 18 [ OduUINOT

(5119007 '[E 33 W OpJe|leD
[8€] 5007 ‘[2 32 WY Yiopng
[£€] L10Z e 32 dI plem3

[L¥]
800C e 12 gD3 rISOD) ep

[21] £00T '[e 13 I SaWoD

[12) Z10Z e 32 ) ese

[07] 00T e 1@ g sauo].

[Sc] sooC
‘|e 19 SEUSNPIDIEND-UOISP[eD

(panujpuo)) suopendod djuedsiH Ul wnidads UoRRINW ZDYg PuUe [vO4g L d|qeL



Page 6 of 15

Cruz-Correa et al. Hereditary Cancer in Clinical Practice (2017) 15:3

LS00 LN d
SxSjusyzoLeshTd
/+5401de60enaTd

€.5454165813|1d
<01/ 1A d
€2:SUID9P9 LN
x80€LN|d
tSshieseLiend
0LxSH9S680 LU
8.SHYL/S0LSATd
LZsSjoldge6elyd
CeSPIILEYSATd
ZLSdipziiswd
1xSjelvggnaTd
«6vNord

9:S)leAyOLEsATd
LxS1195600€IA L d
LLxSpaS189zy1d
€.54sK165819|1d
GxSyN9790/ Lusy'd
«6sA1d

C1«SyelyggnaTd

VVI9P0E99 62992
VVOVI[ePe8y9 98792
L1I9P9LT9 /292
YVLLISP6/5S 94552
1OLVISPEELS 0ELS™
VYVYVDISP6E6Y 9E6v
1 <DHceee™
19[°p8Y8e™ /i8¢
1SuIS9ZE $92€D
VYVYVOVIePY/LE 0L1ED
VVOVI[SPL 18T 808C2
VOVVISPELEL OLELD
VISPOLE™

1DI9PE9T €972

1 <DL

VVISPLLEE 0LE6D
1VDLVISPOE06 92062
YDI9PEY08™ ¢i082
VVLLIPP6/SS 94552
VIVVISP6LLS 9LLS?D
1 <V0e8C2

1DI9PEIT 9T

NYSUlZG179G1D

6:5401v01Z LN d
SLxSpIIS6LLSIH
ZLSnD0oTLLeAd
SxSjusyLLLLuDd
x9801na7d
7.Spa5668/eAd
[¥x54a5£69sATd
«E95ud
ZsSyelveosnad
«8reshyd
Ap1/bayd
LLsSjlepggniod

0Lssjsh1sse Lusyd
6:SADLSTLNDd
«0€zLnaTd
GuSJUsYLLLLUDd
€€45JN378960.d'd
«E95ud
«/G1195d
AD1/Biyd

LLsSieaseno d
x0gcLneTd
AD1£Bayd

dnpzzoged

DIPPERSED

LLIPP09EE 65E€D

OVVYDIPPREEE LEEED

D <1 /5CED

dnpy692>

YYVORPPIS6L €561

1<D/8912

YYVYLLISP8OSL #0512

LVI9pT86 1862

Awmcwmm_rcv A\_wUCDOw CQU__@UV O<VYLLCD

OVI9PE9 892

(UOnSjep UOX9) |SUlIBPC8LE + /£S5 €152
(Uonajap UoX3) [3P(I€8E Ly (L-61 L +07—
P(L-1871 +08)(8F

v

Aco_yw_mU UOXa v V
L-8GEY L +£GEh) (8F )2
(4]

V

Acozm_w_u COxwv A
(Uonssp UoXa) [9P(¢ €8ELL) (L-61- L +0C
(Uonajep UoXad) 19p(1-18™ L +08) (8%
(Uonajap UOX3) 1SUIIPPZ8LE + £/7S €175
(UOn3Jap UOX3) [2P(L-8SEY L +/SEP) (8P ¢)D
(Uonsep UOX3) [9P(; €8€E Lx) (L-61-" L +07-)2
YVYDLIPP890Y ™ 5902
OVISPLLLE 0LLED
D <1 689€2
OVVIPPrEEE™ LEEED
1DdNnpLO6T 0062
(1apunoy ureds) | <D/891
1DRPLLY 0/t
(2SUSSSIW) (J9puUnoy uepleD) D <YL LZD

OVI9PLYT99
D <1689¢2
(48pUNOY) (18PUNOY UBIIED) O < V17D

0¢
IZal!

el-l
=1
[
0¢
el-l

€9/1

1S9

9s¢

uleds

(e1jeo) ureds

(seunisy)
uleds

|ebnuod

(o€l €10C
‘|B 19 | ZRUBWI[ UBN[ 3P

[6¢] ¥10T 2 12 7 [Yde

[87] €107 "2 3@ d Aeig

aseqeied Dig

(panujpuo)) suopendod djuedsiH Ul wnidads UoRRINW ZDYg PuUe [vO4g L d|qeL



Page 7 of 15

*(/Wod"aRNAUISRIAUID//:A11Y) SRUAU| PUE (/1BAUID/ACE YIU WU IGIUMMM//:sd11Y) JeAUl]D :sasegeiep Buimol|oy oyl Ag dlusboyied Aoy 1o d1usboyed se paiyuaA sem snieis Aidiusboyied suoneinw asusssi,
"UOI1BWLIOJUI DIOW IO DDUDPINS-AIBWWINSH/T /61T /UONBLIEA/IBAUID/AOB UIU WIWICOUMMM//:SA1IY 995 95B3]d "UONBINW SWES U} J0j SNOWAUOUAS ale saweu
4109 ‘TL—6 UOII[3P UOX3 S PIDUBIDJ31 SBM PISIASI 3INJRIBY| 3Y3 Ul JSASMOH “| L -8 SUOXD Ul UOKI|IP B SB 0} PIUI9J31 OS[e S| UORRINW [3P; + S8LY ¢-8Y'S™D L¥DYg SIYl 104 2UspIAg Alewwins JeAul)) 03 Buipiody,

LGxSpaSL// Loidd |9PEEESTLLESD K

LyxS45A7682 Lely'd DSUK9ESTE9ESD 14

zSPILL9LYLd VYIDIPPEEDS 0€05 Ll

091U d L<D0L8y> 9l

«8L5Luod 1<2Tss2 Sl

«6Gy1sATd L<VS/EYD Pl

€SJUIDEST ey OPPLSEYD €l

145J9Ud9er 1195d 1DIBP8OEY £0€HD €l

zSnogse Lud DLIPPZOLY L9LYD zl

0LxSJSA155€ Lusyd VYDLIBP890Y S0 Ll

x960€n/o°d 1<99826° ST «C97 L1e5d V¥ <D$8/ED Ll
L+$P95600€IA1d LV¥DLVISPOS06 92062 €7 6XSMD/SZINDd OVISPLL/E 0/ Ll
£900€IA1d V¥ <28l06D  €C «SeLshrd dnpes/em L
LLsSHas 18971y 1 d VOIBPEY0S TH08D 8L 8ySJUIDPETI[eAd [2PP0LE700£E2 Ll

Cruz-Correa et al. Hereditary Cancer in Clinical Practice (2017) 15:3

(panujpuo)) suopendod djuedsiH Ul wnNidads UoRRINW ZDYg PuUe [vO4g L d|qeL


https://www.ncbi.nlm.nih.gov/clinvar/variation/219772/#summary-evidence
https://www.ncbi.nlm.nih.gov/clinvar/
http://clinvitae.invitae.com/

Cruz-Correa et al. Hereditary Cancer in Clinical Practice (2017) 15:3

there is very limited information on the mutation
spectrum in some countries, such as Costa Rica,
Bahama, and Cuba, among others. Therefore, the muta-
tion spectrum of BRCA among Hispanic women is still
understudied, which may our knowledge on the true
percentage of BC in Hispanic populations that may be
attributable to hereditary changes.

Clinical phenotype

The clinical presentation of HBOC among Hispanic sub-
populations is very similar to non-Hispanic cohorts [12,
17, 19, 21, 25, 36-40]. Most studies reported that the ma-
jority of women that met inclusion criteria had BC diag-
nosed before age 50 (67.5%; range: 50.4—81.4%).
Additionally, family history of BC was found on an aver-
age of 16.1% (range: 5.2-27%) of Hispanic women
recruited in the studies described in this review. Compari-
sons of the age at BC diagnosis among the Hispanic sub-
populations described above showed that Caribbean
Hispanics (Bahamas, Puerto Rico and Cuba) were diag-
nosed at later ages (mean: 45.9 years; range: 40—51.8 years)
than their South American (mean: 44 vyears), Central
American (mean: 41.6 years) and US Hispanic (mean:
38.5 years) counterparts [17, 19, 21, 25, 28-30, 32, 36—41].

Clinical guidelines

The National Comprehensive Cancer Network (NCCN)
established guidelines for physicians to evaluate potential
candidates for genetic counseling and testing [42]. The
evaluation criteria for HBOC genetic testing include: per-
sonal history of BC before 50 years of age, one or more 1*
degree relatives with BC, family history of a BRCA1/2
mutation, and personal history of OC, among others. The
information obtained from the genetic tests is used by
physicians to guide the patient’s medical/surgical manage-
ment. This management may include chemoprevention
therapy, prophylactic surgery (double mastectomy, oo-
phorectomy, and/or hysterectomy), and increased surveil-
lance by mammography and breast MRI. Even though
these guidelines have been established, underutilization of
these guidelines for Hispanic patients that meet the cri-
teria has been reported [43]. The reason for the low ad-
herence to these guidelines is yet to be addressed, but it is
believed that a combination of factors such as, socioeco-
nomic, belief systems, and access to care contribute to this
health disparity. Furthermore, the benefits of utilizing
these guidelines in other countries, where prevalence of
BRCA mutations is high, is still to be determined. For ex-
ample, the high prevalence of BRCA mutations in the
Bahamas supports the implementation of universal test-
ing. However, countries such as Puerto Rico, that have a
small number of mutations, could benefit even more from
implementing these guidelines. Additionally, it is import-
ant to note that these guidelines where developed using
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studies mainly performed in non-Hispanic White women.
Further studies are needed to elucidate whether NCCN
guidelines are useful in Hispanic women or if the differ-
ences observed in the prevalence of BRCA mutations and
clinical presentation, warrants changes to accommodate
these differences.

Colorectal cancer syndromes

Colorectal cancer (CRC) accounts for 11 and 8% of can-
cers in US Hispanic males and females, respectively [3].
Hereditary CRC accounts for approximately 5-10% of all
CRC cases. There are two major types of inherited CRC
syndromes: 1) Familial Adenomatous Polyposis (FAP) and
2) Lynch Syndrome (LS). In this section, we will discuss
the clinical presentation, genetic basis, and guidelines for
testing for these two forms of inherited CRC syndromes.

Familial adenomatous polyposis

FAP is characterized by the presence of hundreds to
thousands of adenomatous polyps in the colon and rec-
tum. These polyps appear during adolescence and, if left
untreated, can develop into CRC by age 40. Affected in-
dividuals without a colectomy have close to 100% life-
time risk of developing CRC [44]. By age 20, most
patients have at least 1 adenomatous polyp; by age 50,
most have developed adenocarcinoma [44]. Thus, the
recommended treatment for FAP is prophylactic colec-
tomy in young adulthood [45].

Classic FAP has an incidence ranging from 1 in 8300
people to 1 in 22,000 people, depending on the country
of origin [46]. FAP is caused by mutations in the APC
gene [47]. Most cases have a family history of FAP, but
close to 25% of cases are diagnosed as de novo mutations
[48]. Identifying the specific APC mutation in a family
can be used for targeted sequencing testing for pre-
symptomatic, at-risk family members.

Mutation spectrum The FAP mutation spectrum has
been studied in a limited number of Hispanic countries,
including Brazil [49], Argentina [50], Peru [51], Mexico
[44], Puerto Rico [52], Portugal, and Spain [53] (Table 2).
Most mutations identified in Hispanic patients from
both Latin America, Portugal, and Spain have been in
exon 15 of the APC gene (Table 2). This exon comprises
more than 75% of the coding sequence and is the most
commonly mutated region of the APC gene [54].

Clinical phenotype The data available on the clinical
manifestation of FAP in Hispanic is limited. Of the stud-
ies discussed, only studies from Puerto Rico [52], US
Hispanics (from Mexico, Guatemala and Honduras) [51]
and Brazil [49] had phenotype information for Hispanic
FAP patients. Puerto Rican individuals with FAP had a
mean age of diagnosis of 27.6 years (range: 9-71 years),
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Table 2 APC mutation spectrum in Hispanic patients
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APC?
Study Population n Exons Mutation Protein Change
Cruz-Correa et al. 2013 [43] Puerto Rico 31 15 €.3183_3187delACAAA p.GIn1062*

15 C4612_4613delGA p.Glu1538llefs*5

15 €3149delC p.Ala1050Glufs*6

15 €.3927_3931delAAAGA p.Glu1309Aspfs*4

14 c1873C>T p.GIn625*

15 c4012C>T p.GIn1338*
Tardin-Torrezan G et al. 2013 [40] Brazil 23 del 5g21.3-g22.3

8 €.856_859dupCATG p.Glu287Alafs*2

4 c447dupC p.Lys150GInfs*18

15 €4097dupC p.GIn1367Serfs*8

8 c904C>T p.Arg302*

15 c4348C>T p.Arg1450*

15 €.3880-3881delCA p.GIn1294Glyfs*6

8 c847C>T p.Arg283*

15 c4099C>T p.GIn1367*

15 €.3050-3053delATGA p.Asn1017Metfs*4

15 €.3927-3931delAAAGA p.Glu1309Aspfs*4

15 €4393-4394delAG p.Ser1465Trpfs*3
Zeichner S et al. 2012 [41] Hispanic 1 15 €.3927_3931delAAAGA p.Glu1309Aspfs*4
Ricker C et al. 2010 [42] Mexico, Guatemala, Honduras 9 15 c3184C>T p.GIn1062*

15 €.3709delCA (MX) p.GIn1237Glufs*2

9.89926-7_141606 + ?del (GU)

15 €.3927_3931delAAAGA (MX) p.Glu1309Aspfs*4

15 €.3803_3815del1 (HO) p.Pro1268Glufs*16

15 €3183_3187delACAAA (MX) p.GIn1062*
INSIGHT [53] Argentina 15 €.3920 T > A (missense) p.lle1307Lys

Portugal 15 c4687dup p.Leu1563Profs*4
15 €.5826_5829delCAGA p.Asp1942Glufs*27
Spain 5 c637C>T p.Arg213*

6 c.707delA p.GIn236Argfs*57

7 ¢.730_731delAG p.Arg244Valfs*7

7 802G >T p.Glu268*

8 c.858delT p.His286GlInfs*7

8 c904C>T p.Arg302*

11 c.1412delG p.Gly471Aspfs*27

13 €.1682dupA p.Thr562Aspfs*19

13 c1690C>T p.Arg564*

14 c1787C>G p.Ser596*

14 C.1946_1947insG p.Asn649Lysfs*2

15A €.1993_1994delTT p.Leu665llefs*9

15 c2310delA p.Glu771Lysfs*6

15B c2413C>T p.Arg805*

15C €.2496delC p.Ser833Alafs*9
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Table 2 APC mutation spectrum in Hispanic patients (Continued)
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15D €.2838_2839delAT p.Cys947Phefs*15
15D c2977A>T p.Lys993*

15D €.2980_2990del11 p.Phe994Trpfs*10
15E €.3224dupA p.Tyr1075*

15E €3251_3252dupAT p.Lys1085llefs*42
15G €.3921_3924delAAAA p.lle1307Metfs*13
15G €.3927_3931delAAAGA p.Glu1309Aspfs*4
15 €4260_4261delCA p.Ser1421*

“Missense mutations pathogenicity status was verified as pathogenic or likely pathogenic by the following databases: ClinVar (https://www.ncbi.nlm.nih.gov/

clinvar/) and Invitae (http://clinvitae.invitae.com/)

the majority were male (51.6%), and had > 100 polyps in
their colon (67.7%) [52]. In addition, upper gastrointes-
tinal polyps and desmoid tumors were observed in 41.9
and 9.7% of the study subjects, respectively. Ricker et al.
described 9 Hispanic women from different regions with
FAP with a mean age of diagnosis of 37.2 years. Among
these women the most common extracolonic manifest-
ation as upper gastric polyps [51]. The study describing
Brazilian FAP patients reported that subjects had a mean
age of 32.6 years (7-67 years), 79% had upper gastro-
intestinal polyps, and 54% had desmoid tumors [49].
The prevalence of extracolonic manifestations in the
FAP patients of the Brazilian cohort was higher than in
other Hispanic subpopulations. In summary, the clinical
manifestations of FAP in Hispanics are similar to the
one presented by non-Hispanic US Whites.

Clinical guidelines To guide genetic testing for FAP in
individuals at high-risk, both the NCCN and the Ameri-
can Gastroenterology Association (AGA) have developed
guidelines for physicians. The NCCN guidelines recom-
mend genetic counseling for individuals with a personal
history of =20 colorectal adenomas, known APC dele-
terious mutation in the family, and personal manifest-
ation of a desmoid tumor, cribriformular variant of
papillary thyroid cancer, or hepatoblastoma [55]. Guide-
lines from the AGA for genetic counseling and testing
include, personal history of >10 cumulative colorectal
adenomas, family history of FAP, and family history of
FAP-type extracolonic manifestations [56].

Lynch Syndrome (LS)

LS accounts for 2—4% of all CRC cases [44]. This syn-
drome is characterized by CRC at an early age and a
high risk for a number of additional primary cancers,
including endometrial and gastric cancer [57]. Ap-
proximately 1 in 35 individuals diagnosed with CRC
has LS [58]. During their lifetime, individuals with LS
will have up to a 70% risk of developing CRC [58];
women will have up to a 45% risk of developing endo-
metrial cancer [59].

Mutation spectrum Germline mutations in the DNA
mismatch repair (MMR) genes, MLHI1, MSH2, MSH6,
PMS2 and EPCAM, causing the absence of MMR pro-
tein expression result in LS [60]. The most common
genes mutated in LS are MLHI and MSH2; close to 50%
of LS individuals have a mutation in MLHI [61]. In a re-
view published by Dominguez-Valentin et al, the LS
mutation spectrum in South American countries was de-
scribed [62]. Pathogenic mutations in the MMR genes
were identified in patients from Brazil [53], Argentina
[63], Uruguay [64], and Colombia [65] (Table 3). Fur-
thermore, the InSIGHT database contains additional in-
formation on MMR mutations in additional Hispanic
subpopulations, Portugal, and Spain [53]. As seen in non
Hispanic Whites, mutations in the MLHI gene are more
common in Hispanic, Portuguese and Spanish popula-
tions, with the exception of Uruguay [64] and Caribbean
Hispanics (Puerto Rico) [66] (Table 3). Data from Carib-
bean Hispanic patients showed that the mutation
spectrum consisted mostly of MSH2 mutations (66.7%),
followed by MLHI mutations (25.0%) [66]. Mutations in
the MSH6 gene have only been identified in the Carib-
bean Hispanics [66], Brazilians [53], Chileans [67], and
Cubans [53]. There are no published mutations in the
EPCAM gene among Hispanics cohorts. The mutation
spectrum of MMR genes in Hispanic subgroups could
be more varied, thus, additional studies in Hispanic sub-
populations are needed.

Clinical presentation For AMLHI mutation carriers,
the CRC lifetime risk has been shown to be as high
as 68% [68]. The prevalence of MSH2 mutations in
families with LS has been reported to range from 38
to 54%, with a CRC lifetime risk of up to 68% [69].
The clinical presentation of LS in the Hispanic sub-
groups, is similar to what has been observed in NHW
with a mean age of diagnosis of 30-44 years of age,
endometrial cancer being the 2" most common LS-
associated cancer, and colorectal tumor predominantly
in the right colon [62].
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Clinical guidelines The identification of at-risk individ-
uals for LS includes the clinical profile of the patient and
molecular testing. The NCCN has published clinical
guidelines to determine a patient’s risk of having LS [55].
The Amsterdam and Bethesda criteria were established
to help identify individuals that may harbor germline
mutations in the MMR genes based on personal and
family history of CRC [70]. The American Gastroenter-
ology Association (AGA) also provides guidelines for the
identifying at risk individuals and additionally guidelines
for the screening of CRC among these LS individuals
[71]. The AGA guidelines for LS testing are: to test
MMR deficiency in newly diagnosed CRC cases, and to
test individuals with CRC diagnosed at age <70 or individ-
uals older than 70 years of age who have a family history
of LS [71]. Moreover, the AGA guidelines for screening
for LS in these high-risk individuals or those affected by
LS suggest colonoscopies every 1 to 2 years starting at age
20-25 or starting 2 years younger than the youngest age
at CRC diagnosis in the family [71]. Additional studies are
needed to determine the utilization of established guide-
lines for Lynch Syndrome in Hispanics.

In addition, assessment of molecular markers in tu-
mors, such as microsatellite instability (MSI) or loss of
MMR protein expression, are used as molecular screen-
ing tools for identifying LS patients. Loss of MMR pro-
tein expression correlates with the presence of MSI and
is indicative of a possible germline MMR gene mutation
[72]. Genetic testing for LS is considered the “gold
standard” for diagnosis. However, lack of detection of
MMR protein expression by immunohistochemistry
(IHC) can be a surrogate marker to diagnose LS when
genetic testing is not available, due to limited accessibil-
ity to this type of test (lack of insurance coverage, eco-
nomic hardships, limited infrastructure). Current NCCN
and AGA guidelines recommend that genetic testing be
offered to at-risk patients if the test influences the med-
ical management of their condition or that of their at-
risk relatives. However, an important concern is that
these criteria may miss LS patients who do not meet cri-
teria. LS screening of all CRC tumors has been shown to
be cost-effective and is currently recommended by mul-
tiple professional societies [55, 71]. As many as 1/3 of
women with LS may initially present with endometrial
cancer without a history of CRC, thus universal screening
for LS in endometrial cancer has also been proposed [73].
Currently, there are no reports in the literature on univer-
sal testing of Lynch Syndrome in Hispanic subgroups
using IHC detection of MMR proteins, in contrast with
non-Hispanic whites for which data is abundant.

Multi-gene panel testing
The Supreme Court of the US invalidated the patents
made by Myriad Genetics© that gave them the right to
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exclusively offer BRCA genetic testing. This ruling per-
mitted additional methods to sequence the BRCA gene,
as well as other genes, thus significantly reducing costs
for genetic testing. Furthermore, major breakthroughs in
next-generation sequencing (NGS) and a more compre-
hensive understanding of the genetic basis underlying
hereditary cancers are shifting genetic testing for heredi-
tary cancer from single gene testing to multiple gene
panels. Several of the commercial companies offering
cancer genetic screening are offering panels comprised
of dozens of genes, including BRCA1/2 and the MMR
genes, among others. Multi-gene testing would be espe-
cially beneficial to families who present a spectrum of
different cancer types. Furthermore, the current reduced
cost of NGS technology will allow laboratories across
Latin America to perform studies on patients with the
cancer syndromes discussed above to continue under-
standing the mutation spectrum and prevalence of mu-
tations of Hispanic populations.

Although the future of hereditary cancer testing will
undoubtedly reside in multi-gene panel testing, it pre-
sents some important challenges. Multi-gene panels in-
clude moderate penetrance genes with limited clinical
utility. Furthermore, for many of the known hereditary
cancer genes, is not clear whether the identification of a
deleterious mutation warrants clinical measures beyond
increased surveillance, particularly among understudied
ethnic groups such as Hispanics [74]. In addition, multi-
gene panel testing is likely to result in the identification
of a higher number of variants of uncertain significance
(VUS) and mutations with an undetermined clinical
value. Currently, a lack of standardization across genetic
laboratories regarding the analysis of the data as well as
the clinical interpretation of results may lead to errone-
ous medical advice [75]. As research, education, and
health policy development advances, these issues are
likely to be resolved.

Conclusion

Over the last 10 years, the scientific community has con-
ducted research to determine the prevalence and muta-
tion spectrum of the genes associated with hereditary
cancer syndromes in Hispanic populations. Genetic test-
ing is an integral part of the treatment for cancer pa-
tients. As the standard of care in hereditary cancer
testing shifts from single gene testing to multi-gene
panel testing, it will be essential that ongoing research
efforts focus on determining mutation penetrance and
associated genetic risks. This information will ensure
that the standard-of-care genetic testing is provided to
all patients in need and that patients will have access to
the latest advances in prevention and treatment of her-
editary cancers. Examination of barriers to genetic
testing and implementation of culturally sensitive
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educational programs will be essential to increase adher-
ence. Moreover, integration of clinical genetic guidelines
to health policy will enable implementation and sustain-
ability of genetic medicine across Hispanic populations.
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