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CASE PRESENTATION

Testing for Genetic Risk: The Angelina Jolie Effect

In May 2013, the octiess and director Angeling Jolie
made a highly publicized announcement about o per-
sonol medicol decision. Wiiting in the New York Times,
she described her decision 1o have o prevendive double
masiectomy earfier that year. I tumed out 1hat Jolie
hod fested positive for o dongerous dedect in the BRCAT
gene, o rare mutation thot gives women, 00 overage, o
60 percent fisk of devaloping breos! cancer. Dué 10 the
specific form of Joia's BRCAT mutafion, her physicions
estimoded that she actually hod an 87 pescent chonce
of developing breast cancer and o 50 percent chance
of develaping ovorion cancer. Jolie’s decision 1o undergo
preemptive surgery was also influenced by 1he foct thot
hor mother hod died of ovarion concer of oge 56 ond her
ount hod died of beeost cancer.

“Onoe | knew Ihot this wos my realidy, | decided
10 be peooctive ond 1o minimize the risk 0s much 03
1 could.” Jofe wrote. She soid she wos moking het
surgesy public to help other women fight the sense of
powedessness offen associated with concer. As o resulf
of her surgery, Jolie’s estimated chance of developing
beeas! concer fell below 5 percent. ond she said Ihot
she could now confidently assura her children thot
they would not Jose har 1o 1he disease. While acknowl:
edging thot only o fraction of cancers are coused by
inheriled genatic mulotons, Jole expressed hepe that
mare women wouki ge! genelic 1esting. os a woy 10
“foke on ond foke control” of the choflenges posad by
serious fliness,

In the weeks ond months ofter Joka's high-profile
announcement, genede counseiots ond festing canters
around the world reported sharply increasad demond for
their services. The influential medicol weiter and cordi-
ologist Eric Topol went $o0 for 03 10 coll Jobe’s announce-
ment 0 “Hipping point in medicine” tho! would inspire
palients fo foke chorge of their heolth core decsions
through direct-fo-consumer genelic festing. A resurgence
of this “Jolie effect” was widely @xpecied following the
ociress’s subsequent onnouncement, in March 2015,
that she hod her ovaries ond fallopion tubes surgically
removed, as o further slep 1o oddress her geneticolly
clevosed rigk of daveloping ovarian cancer,

It may bo sempling 10 dismiss the public’s response
10 thete ennouncements o5 itfle more thon “recre-
ationol genatics” driven by prurient inferest in the pri-
vate lide of o celebeity, Certainly, some of the public’s
incracsed inferes! in genelic disease tisks appeored
to be bosed on misconceptions about BRCA mutations
ond genetic testing in general. But two retrospactive
studies of the “Jolie effect” found that it hod roughly
doubled the number of referols for women who wera
genuinedy of high risk for hereditory breast conce. |t
aiso oppeored 1o hove decreased stigmo associated
with prophylactic surgery.

Despite its Hollywood backdeop, the story of An-
gelina Jolie Pilt (0s she is now known) exempifies
many of the challenges foced by those who choose
1o be tested for genetic disense risks. As Jokie Pitt
discoverad, such lesting con provice polients with
empowering knowledge thot allows them 1o take
sacisive ocfion 10 protect their heolth. But it con also
present patients with difficult life-ond-decth choices,
which mus! be made on the bosis of probabilities and
mated information, Moking sense of genetic test-

Ing results con be even more chollenging if they ore
obloined through a direct1o-consumer festing samvice
such as 23ondMe, which do not provide foce-1o-face
peneto counseling. As these services offer on increas-
Ing number of FDA-opproved madico! tests, I is more
impoetant 1han ever for patients ond physicions 1o
toke stock of whot genetic lesting con and cannol el
us about our risk of diseose,

Genetic Disease:

A Blurred Concept?

Since the 1990s, the discovery of hundreds of diseose-
pradisposing genes has been accompanied by fhe
development of dozens of new genstic fests. Given Ihe
incraasing sophisticalion of biosachnalogy, fests thot
were complén ond expenshve Just a few yaors 0go hove
become Simpie and cheop. Automaled processes using
infricate oreoys of genetic probes can etiicently fes! 0
saliva ot blood somple for the presance of hundmds of
ganefic voriolons.




Researchess hove identified on exponding coto-
logue of genalic onomalies ond ossociated diseases,
but the concept of o genatic disease is nol os cieor-cul
0s ¥ moy seem. Although single-gene disordess such
as sicide-cell onemin, cystic fibrosis, ond Hunlinglon's
drsease have been of the focus of much resedech,
they eccount for anly about 2 percent of genetically
influenced sorders, Most diseases resull from o
multiplicity of cond@ions. including (1) tha porticulor
foem of o gene (mony genes can hove hundreds, even
thousands, of patential mutotions), (2) the simuliane-
ous presence of obsence of other specilic genes; ond
(3) the peesence ot cbsence of specilic environmental
foctoes. Thise comphcations con raise o number of
chollenging questions aboul the benafits and draw-
bocks of genelic testing.

Individual Choice

Recent studies have indicaled that roughily 60 percent of
Amencans soy they would be intesgsted in genetic best-

Ing lo deferming if fhey or thei children ore of fisk for se-
Tious disegses. While this figure reflects an incregse over
polls from two decodes ago, which showed on éven spiif
on the question, many Amencans are cloorly still ombivo-
lent about testing foe genetic predispasitions, particularly
if they feed There is nothing they can do aboul the resulis.
Potients such 03 Angeling Joke Pif1, by contos!, bebeve

that “knowledge is power” and aergue thot *it i possibie

1o fake conliol and tockie hoad-on oy health ssue” by

leaming obout the options and making “chosces that ore
tight for you”

There is no question thal indormation about genetic
diseose predisposifions can ba powetully benaficiol,
It con prompt patients 1o seek medical evoluation $0
thot they can receive appropriate ond early freatment
for o diseoss, should It develop. Furthes, such informo-
fion can help potients avord enwirgnmentol faciors thot
may tigher the expression of a genelic conditon. For
exomple, those with the genetic mutation tho! couses
xroderma pigmentosum ore extremaly sensitive 0 ub-
traviolet rodiation, ond exposure 10 I is likely 1o leod 1o
o form of skin cancer (mekinoma) that i offen incut-
obke. However, If those with the gene ovaid prolonged
expasure 1o sunlight, thay have a better chonce of
avolding melonoma,
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By confrost, in 1he cose of some single-gene
diseoses such as Huntinglon's, the knowledge thot
one is 0 corrier of INe gane opens up few oplicos for
olfering the oulcome of the diseose. Huntington's
is cumently not preventoble ond treciment optioas
are imited 10 the temporary mitigation of symploms,
Athough some pafients might want to know whether
they are carriers of the gene in ceder 1o make in-
lormed plans obout such matters os childbearing,
marrioge. ond careers, others might prefer 1o live their
lives withou! knowing. (See Case Presentation: Hun-
fington's Diseose in this chapler.)

Even The dongerous ganetic musation that prompled
Jolie PAI's prophyloctic surgeries con leave patients un-
certain oboul what course of action 10 Yoke—ao problem
1hat is exacerboted by the compléxty of the treotmen!
optons and undarlying genefics.

The mutaled gane BRCA, locoted on chromosome 17,
w3 identifiad in 1994 os responsibie for breast and
ovorian cancer suscepiibiiity in fomilies with multiple
ncidences of those diseases. A second gens, BRCAZ,
located on chromosome 13, was ienfiied in 1995 os
cousing increosed susceplibdity o breast concer and was
lerter also linked Yo overian concer,

When funchoning peoperly, #hit BRCA1 and BRCA2
genes produce lumor suppressoe peoteins that repoir
domaged DNA. But when ports of ihese genes are mu-
Toted or deleted In such o woy thot they fol o produce
effective proteins, DNA domage con run rampont in cefts.
While thousands of mutalions have been identified on
BRCA genes. many of which have no negotive effects,
reseorchers hove identified 0 number of mutohons, par-
ficularty those an BRCA, which are strongly essocioted
with concer in youngss women. Some studies hove
indicoted thot women who carry these mutosed BRCAT
genes ore estimoted % have an 85 parcent chance of
developing breast cancer ond a 60 percent chance of
davedoping ovarian concer by age 65, (This may ocoount
foe the 87 percent risk of breos! concer estimated by Jolie
Pitt's phyysicions.)

While BRCA mutations ore likely respoasible for the
majority of heredifary breos! ond ovarian concers, they
60 not appedr fo play a rolé in the 85 1o 90 percent of
htse cancers thol are “sporadic,” with no known link
to inherited susceplibilities, In oddition, even the mos!
dongetous BRCA mutations do not guorantee thol o
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A Sample of DNA Tests Currentty Avaliable
Huntington's diseose Progressve neurciogicol disorder, onset in forties of Afbes
Polycystic kidney disecse Muhtiple tidney cysts leading 10 loss of kidrey function
Cystic fbrosis Mucus clogs lungs and pancreas: deofh in thirtes s common
Sickie-cell diseose Hemoglobin defect; anemio. sisokes, ond heart domage
Familiol odenomatous polyposis Colon polyps by age thirty-five. offen leading fo concer
Musculor dystrophy Progressive muscle celeriomtion
Hemaphyia Blood folis ko clot peopatly
Toy-Sochs diseose gﬁmmmmnwmnmm
Phenyietonyrio Enzyme defciency peoducing mentol disobilifies
Retinitis pigmentoso Progressive refinal degeneration leoding % blndngss
Hereditory breost and ovarian cancer (HBOC) 10 fo 15 percent of braost ond ovarian cancers
Fomil ypercholesteralemioboc ‘ High evels of cholestesol leading % early heor diseose
Spinocaredellor olawa Neurological disoeder producing lack of mustie control

patient will develop cancer. Other faciors, including
del, exgrcise, alcohol consumption, and ofber bodily
systems may play a significan! roda in whether above-
overoge odds fronsiole indo disease.

Nevertheless, about a third of women diognosed
with dengesous BRCAT mulafions opl for prophylachic
doutie mostecsomies and even more start wills surgery
30 remove thiwr ovories ond faflopion tubes. As Joke Pilt
hos noled, these surgical Interventions have been shown
10 bring concer risks for women with BRCA mutations
bock info the singie digits—ciose fo overoge levels of
tisk. Bu ihey also come with serious consequences and
side effects,

Maostectomies. os Jolie Pitt has noted, ore usu-
olty long and complicated surgeries, particularly
when they iwolve lechniques oimed of arlificiolly
reconstructing Ihe breasts, But the long-teem physical
ond mentol side effects ore relatively minoe. Breasis
serve na biokgical funclion apart from breosteed-
ing. and most women who ge! mestectomies repor
high satistoction with the decision years lofer. By
contrast, cophoreciomigs, of removal of the ovaries,
ore naw refalively simpie loporoscopic procadures,
but can come with substontial side etfects. In oddition
10 eliminating the copacity fo conceive chifdren, co-
photectomy forces a womon’s body info menopause.

The abrupt shiff can increase risk of heeet diseose,
high biood pressure, and siroke, while intertering with
sleep, cognition, and libido. While these side effects
can be mitigated by hormone treotments, they shoukd
not be taken Rightly.

Getting tested for BRCA mutalions con thus
present women with ¢ set of complicaled dllemmas.
If they test positive for one of The riskior mutosions,
Ihedr best freatment oplion moy nvolve a surgery
tho! couses serility and long-term side effects. If
they decide 1o forégo surgery, they moy hove o
live with decodes of expensive, ombiguous, and
onxiely-provoking tests oimed o detecting early onsa!
cancers. Thus, even Though the COC recommends
that women with a strong family hisfory of breas! and
ovarion cancer be tested foc BRCA1 ond BRCAZ. some
may choose nod #o. The high cost of BRCA screening
may olso pose on obstocle for these patients. (See
Cose Presentolion: Genoe Girard ond Gene Polents
for more on this topic.)

Other women, such as Jolia Pitl, see the
knowiedge that comes with genetic screening os
Inherently useful ond empowering. Even if they hove
ruled cut surgery, whot they learn from the les! con
help them make infarmed choices cboul coreer,
tamily, ond lifestyle—somathing which 1hey s0¢ 05




voluoble in its own right, if they fest negative for BRCA
defects, knowing that 1hey ore no moee likedy thon
othar women 1o develop breas! or ovorian cancer
can provide peace of mind ond o chonce o focus

on stondard concer prevention strotegies. If they
Test positive, They are in o pasition fo reevoluote the
full range of oggressive prevention procedures ond
screening peolocols.

Direct-to-Consumer

Genetic Testing

Pabients such os Angeling Jolie PiYt believe that
“knowledge is power” when it comes to obsaining ond
loking action besed on genedic information. Some
propenents of patient-driven medicine see direct-fo-
consumer genalic tesling componies os the ullimale
woy of empowering patkents, allowing them occess
1o their genetic informotion withoul Interference from
(potentially poternalistic) gusckeepers such os physi-
cians ond insurers.

From thé time of their rollout in The mil-2000s,
however, direct-10-corsumet genelic testing com-
ponies such as 23andMe. deCODE Genetics. and
Novigenics foced questions about their scientilic oo
curacy ond legolity. The companies typicolly provided
non-gisease-relotid genetic analysis of oncestry and
potemity, olong with choracieristics such os mose-
patiemn boldness, “superosting” abwity, ond eor wox
consistency. But they ¢iso clalmed 10 provide mformo-
Hion abou! genelic “risk factors” for diseoses. which
teought chorges from state and faderal regulators thot
ey were peoviding madicol odvice without meeting
the stendords raquited for clinicol lobarotories. Their
methods of 0ssessing diseose risk were olso chak
lenged by sciendists,

SNPs and Risks. Unkxe the genetic tes! hat
revenlod Jofie Pilt's BRCA defect, mos! direct-fo-
consumer genelic jests have not generally tested for
Individual genes, nor sequenced 1he billions of DNA
bosa poirs in on individuol's enfire genome—a more
cxpansive process lypically carried out in gcodemic
lnboratories, Instead, direct-to-consumer lests

hove offen focused on he hundreds of thousands
of segments of DNA known os single-nucieotide
polymodphisms, or SNPs (pronounced “snips”)

D |

Chaptor3  Gemetic Confrol 281

PERSONAL GENOMICS AT BERKELEY

The Univarsity of Californio, mmmmm
2010 that it will mail o DNA-collecting ¥, consist-
ing of o cotlon swab and o plastic ube. fo oll
mamibess of incoming freshmen closses,

Retuening the DNA sompbs is voluntary, but
those retuned will be tested for three genetic
markers assockited with the obilily to melabo-
lize olcobol. lactose. and folates The thres
genes were selocted becouss the students who
lest posidive for them could use the informa:
fion 10 five heolthier lives by consuming less
oicohol. avoxling dairy products, and ecting
more leofy green vegetobles, The privacy of
students will be profected using an anonymous
bor code system.

Josper Rine, ihe geneticist heoding the project,
$ees il 05 on oppanunity for students to leom
obout pessonalized madicing and Melr own
genelic raits. “The history of genetics is the history
of finding bod things.” be Is quoted s saying. “Bul
in the fulure, nutritioncl genatics i probably going
% be the sweet spot”

Critics worry 1hat becouse genetic infoe-
matian can be couse distrass, it ought 1o be
provided oaly by physicions ond in o selting in
which counseling is offered. Defenders consider
stch 0 view paternalistic ond orgue that people
should be oble 10 fearn about their own genes.

SNPs are vorietions in nuckeotides (Ihe adenine.
cybosing, guaning, of fyrosine on a DNA strond} thot
cccur jogethes in o genome. (For o more detofied
discussion, see Sociol Context: The Humon Genome
Project.) These vorlations may be harmiess, simply
reflecting oncestrol ond reglonal ditferences. But
becouss SNPs con be Idenlified in gene mutations
(03 well 03 in nongens segments of DNA), they
also have been associoted with problems in gene
expression—such os the foilure to produce cerain
ENZymes Of peoteins

In this sense, SNPs have been said Yo function
¢s genatic mackers. Whethers or not they ore
responsible for o diseose or troid, porficulor SNPs
have been shown o be ossocicled with diseases like
breast concet, osthma, bipolor disorder, mocubar
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degenaration, clusfer headoches, Crohn's disease,
omyotrophic loterol sclesosis (ALS), diobetes, and
colon concar,

To moke use of these associahons between
spacific SNPs and specific diseases, direct-io-
consumer companies have fypically used biochips
programmed 10 detect common SNP variotions along
o DNA strand. The chip creates, in elfoct, o catalogue
of an individuol’s SNPs, which are then compored
with those in o dotobosa Bnking potticular SNPs with
particulor giseoses, (The some process is used fo
pssociate SNPs with porticular froits, such o3 hair color
ond kacicse intolecance.) Combining the occumuloted
disease risk associated with mulfiple SNPs, the
componies then typicolly provided customers with
o risk percentoge for specific diseoses—such 0s 0
65 percent chance of developing orteriosclerosis

belore oge sevenly.
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estimotes of specific diseose risks for
1he same individuol, A deepor problem Is that many
scientists question the reliobility of SNPs os disease
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fot the odvice of a personal physician.

Regulation and Renewal. Based on these and
other concems. state ond federol regulolors begon
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warning fo the companies that any health-reioted les-
ing would require the ogency’s opprovol betore they
could be morketed.

Portly in response % the threot of beng pul out of
business by federal ond stote reguiotion, thi mojor
genetic-lesting componies cgread 10 stop performing
sease-fisk ossessments, They olso made o commit-
mnmmmwmw
shared guidalines ta reduce e mconsistency in Thelr
tesults. in Februory of 2015, 23cndMe received aporoval
trom 1he FDA to market #s first medicol dest since 2013,
for o tore genetic condilion cofied Bloom syndrome,
which couses shan ssature, red skin, and concer sus
ceplibdity. Unlile its peavious “risk fockor” screening, the
23andMe Bloom syndromi sest Is 0 “corne test” that
seats to identify the presance of on abnoemal gene in

porents. in this i resembles othes medically
pchotighed carmies Yesls for oy fitross and sickie-cel
dme.wndwwuﬁuemfwsmwmm\\dn
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mmomwmmmmm.

Genetic Knowledge
and Patient Autonomy
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particulorly now fhot GINA (Genetks Information Noo-
discrimination Act) and the ACA (Atfordobie Care Acl)
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consumer genatic testing will survive now thot potients
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from thelr physiciuns. Another group of patients will
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it is better not 10 know.




