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Angglina Jolie’s double mastectomy puts genetic
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testing in the spotlight. What her choice reveals 9 WAS THERIGH HARRY
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Angelina Jolie Pitt: Diary of a Surgery
LOS ANGELES

By ANGELINA JOLIE PITT  MARCH 24, 2015
®, Enlarge This mage LOS ANGELES — TWO years ago I wrote about my
choice to have a preventive double mastectomy. A
simple blood test had revealed that I carried a
mutation in the BRCA1 gene. It gave me an
estimated 87 percent risk of breast cancer and a 50

percent risk of ovarian cancer. I lost my mother,
grandmother and aunt to cancer.

I wanted other women at risk to know about the
A More options. I promised to follow up with any
information that could be useful, including about my

FAR FROM THE next preventive surgery, the removal of my ovaries
MADDING CROWD

and fallopian tubes.

NOW PLAYING
I had been planning this for some time. It is a less
d | complex surgery than the mastectomy, but its effects

4 are more severe. It puts a woman into forced
e menopause. So I was readying myself physically and
- This story is emotionally, discussing options with doctors,
o § included with an researching alternative medicine, and mapping my
NYT Opinion

hormones for estrogen or progesterone replacement.
But I felt I still had months to make the date.

Related subscription.

e . .. - . Learn more »

Jolie's Disclosure of Preventive g

Mastectomy Highlights Then two weeks ago I got a call from my doctor with

Dilemma (Mav 15, 201 blood-test results. “Your CA-125 is normal,” he said.
¥ 1o, 3 5







Classic BRCA1 Pedigree
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esTimaTED CANCER 2013

717 =5k o4 - life time risk: 1/8 (13%)

USA INCIDENCE v w. KOREA

Estimated New Cases 123610 124122
Males  Females (%) (%)
Prostate 238,590  26% - IBreast 220 W% | Stomach 182 35.4 Thyroid  43.973/8.512
Lung&bronchus 118,080 14% B Lung& bronchus 110 14% Colon and rectum ~ 16.8 137 | Breast __17,037/67 |
Cobrecm 73680 % T Coorecum B0 % Lung 13.3 105 Colonand rectum 13,044 /20,745
Urinary bladder 54610 6% _ ‘ Ulerine corpus 49560 6% ‘ Liver 10.1 8.6 Stomach 10,623/22,495
Welnomaoffesn 45060 5% ' Thyreld BM0 % Frostate 49 57 Lung  7,064/16,479
Kidney & renal pelvis 40,430 5% || Nan-Hadgkin lymphoma 32,140 4 Thyroid 6.9 15 Liver 4,389 /12,456
NoHodgkinlymghome 7600 4% 1 Velanomaof theskin B0 % Bladder Zb 26 | Cemvixuter 3240
Onlcaviy&phayx 260 3% B fney & renal petis 2w W Pancreas 24 2.3 Gallbladder
lekemia 27880 3% B panceess 240 W Kidney £5 2.1 Pancreas
paess 20 W ¥ o 20 % | BGallbladder 23 18 | Ovary 2,199 |
MiSites  BS4700  100% Lo AISites 805500  100% All sites 1000 1000 All sitas
Endometrium 2,174
Estimated Deaths Males Females
................................................................. MORTALITY & "
Males  Females (%) (%)
Lung & bronchus 87260  28% - Lung & bronchus 72220 26% Lung 257 16.3 Lung
Pusise %720 1f% L IBreast (17%) 9620 4% I Liver 17.2 13.1  Colon and rectum
Cobecm 25200 9% A Coorectm L Colon and rectum 121 107 Stomach
Pancreas 19,480 6% | Pancreas 18,980 % Stomach 115 99 Liver
Liver & infrahepatic bile duct 14,890 5% fI Ovary (63%) 14,030 5% I Pancreas 59 g4 Pancreas
Leukemia 13,660 4% | Leukemia 10,060 4 Gallbladder 4.1 7.9 I Breast (13%) 2,207 I
Esophagus 12220 % [ | Non-Hodgkin lymphoma 8430 3 Prostate 35 73 allbladder
Urary badder 10820 4% N | vemeoms (17%) e | Esophagus 25 36 | ovary_ (46%) 1,003
Non-Hodgkin lymphoma 10,580 % - Liver & intrahepatic bile duct 6,780 % Leukemia 2.1 30 | Cervix uteri (26%) 825 |
Kidney & renal pelvis 8,780 3% I; ' Brain & oiher nervous system 6,150 ra MNon-Hodgkin lymphoma 1.9 26 Leukemia
AISites 306820 100% [ AlSites W40 0% All sites 100.0 1000 All sites

Endometrium (129 262

CA Cancer | Clin 2013 Can Res Treat 2013
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BRCAmM Bl &

T ; 1/400 (~0.25%)
2tXt: 1/ 50 (2%)

|9t S EtorstR} 1 1/10 (10%)
&= 24t 1720 (5%)
SR} : 1/8 ~ 1/10 (10%-15%)

(http://www.cancer.gov/cancertopics/pdqg/genetics/breast-and-
ovarian/HealthProfessional)
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KOHBRA, Korean Hereditary Breast Cancer Study), 2013
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BRCAI and BRCA?2 germline mutations in Korean ovarian cancer
patients

Myong Cheol Lim - Sokbom Kang - Sang-Soo Seo
Sun-Young Kong - Bo-Yon Lee - Seon-Kyung Lee -
Sang-Yoon Park

Received: 11 February 2009 / Accepted: 18 May 2009 / Published online: 5 June 2009
© Springer-Verlag 2009

« 2009 =m HYUE AL 2HA}
« O MM Z4F 16% (54/337)

o
» QERE ZAF S|, 74% (40/54)
- BRCAM, 33% (13/40)



Table 5 Prevalence of BRCA | and BRCA2 mutations in ovarian

cancer patients with significant family histories

Authors (year) Population Prevalence of
BRCA mutation
Martin et al. (2001) USA? 55% (55/100)
Sekine et al. (2001) Japaneseb 55% (45/82)
de la Hoya et al. (2002) Spain® 43% (16/37)
Lim et al. (this study) Korean 33% (13/40)
Menkiszak et al. (2003) Poland® 33% (58/177)
Meindl (2002) Germany* 26% (130/500)
Rashid et al. (2006) Pakistan® 17% (30/176)
Rashid et al. (2006) Pakistan® 12% (3/25)

* Breast/ovarian cancer family
® Ovarian cancer family

14
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e S| E romaLsE
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24 exon, 1,863 a.a., m>500 27 exon, 3,418 a.a, m>250
(Full sequencing, Miki, et al., 1994) (Full sequencing, Wooster, et al., 1996)
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The Development of Cancer
SPORADIC CANCER

2 normal genes

1 damaged gene 2 damaged genes
1 normal gene develops
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1 dama gene 2 damaged genes Tumor
1 normal gene develops



kA QF 35% ~ 60% (70M|77}X])

(e HEdyY S 37t

s L

Strewing et al 1997 N Eng J Med
Easton et al 1993 Lancet
Nelson CL et al 1993 Genet Epidemiol




BRCAZ—Assoiiated Cancers - Lifetime Risk
-

S HFOF 50% ~ 85%

LEAOF 10% ~ 27%

CHEQ MEMY, HTLY, LY, A4
SME, BEY 5o HME

Strewing et al 1997 N Eng J Med
Easton et al 1993 Lancet

Nelson CL et al 1993 Genet Epidemiol
Br Ca Linkage Consortium, JNCI 1999
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oyt 87 84 (43-95) (&)
72.1(korea) 6.3 (1.4-25.6) (&4) 10
66.3 (korea)
= 44 22 (0-47)
24.6(korea) 11.1(korea) 1
CHEet - -
38 3.57 (3.16-4.04) -
=2 LHered 2.47 (2.02-3.04) -
MES 1.2 (0.7-1.9) Males : 2.1 (1.2-3.0)
Female : 1.5 (0.9-2.1)
Ml 2.64 (1.95-3.57) (Europe) 7.5 (5.7-9.3)

7.67 (4.77-12.20) (USA)
16.89 (14.52-19.81)

23.27 (21.73-24.89)
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(WHO Classification Tumours of the Breast and Female Genital Organs, 339p, 348p)



Mutations: Somatic and Germline

HAMZ SOl X7 Hi A & 01 0|; =k
Somatic mutations Germline mutations

B Occur in nongermline tissues B Present in egg or sperm

B Are nonheritable W Are hentable

B Cause cancer family syndrome

@ @

g M

. L__D Nonheritable
| |

Somatic mutation Mutation in All cells

(e.g., breast) egg or sperm  affected in
offspring




BRCA 1/2
mutation
reports

BRCA 1&2 S@Wo] AA} (Direct Full Sequencing %)

AAR 8 AR 3 2 3a AAL

1. BRCA1 & BRCAZ §rAAe] EQRolE R $402 fHH= F44 89 2 o)
(hereditary breast and ovarian cancer) & A5 o] A §3 3ape] 7%, AA Fadd ghape]
10%°1 A4 4= 3 dHYh

2. BRCAI & BRCA2 %A EAMo| & BAFo 2N AA WY& o5 4 3lo
SHrek 93l B Edo] f33) 7HE o) wEA] AolE RY 5 Ay

3. BRCAI & BRCA2 4AA Sdwo] F U¥ (10-15%) ol 4= large genomic rearrangements °l|
93ty ol E AAMTo R E AEH

fr =}

AAH PCR-Sequencing
BRCAI - OMIM:113705; GDB:126611; GenBank:U14680; LRG_292t1
BRCAI19] 2270¢] exon ¥} exon-intron boundaries <l
BRCAZ - OMIM:600185; GDB:387848: GenBank:U43746; LRG_293t1
BRCAZ29] 267112] exon # exon-intron boundaries <!

Arr2 s} 2= : Breast Cancer Information Core (BIC database; http://research.nhgri.nih.gov/bic)
Human Genome Mutation Database (http://www.hgmd.org)
Mutation nomenclature £ HGVS & w-&4t}. (http://www.hgvs.org)

A ghor e QaF 27 weh F/HEAAE (] MLPAY) &

o Exon Nucleotide Amino acid - *Mutation *Mutation
Change Change Type Effect
BRCA1 11 2082C>T Ser694Ser Hetero Syn P
11 231L1T>C Leu771Leu Hetero Syn P
11 2612C>T Pro871Leu Hetero MS P
11 3113A>G Glul038Gly Hetero MS P
11 3548A>G Lys1183Arg Hetero MS P
13 4308T>C Ser1436Ser Hetero Syn P
- 16 4837A>G ~ Serl613Gly Hetero MS P
BRCAZ 10 1114C>A His372Asn Hetero MS P
10 1399A>T Lys467* Hetero NS NS
11 3807T>C Vall269Val Hetero Syn P
22(Int21) 8755-2A>G Hetero S S

* FS = Frameshift Mutation, NS = Nonsense Mutation, MS = Missense Mutation, P = Polymorphism,
S = Splice, IFI = In Frame Insertion, IFD = In Frame Deletion, IVS = Intervening Sequence,
UV = Unclassified variant, Syn = Synonymous and NR = Not Reported

AAtaZ 1. 22435t BRCAI M e FAAEY fod Edwel 7L BASA FRFUth

2. AAVAT BRCAZ AAE §A449] 018 EQ¥ol 7 BADAE T

+ Exon 102¢] 1399¥ A d7]1x1 <ol A ¢ T ¢ o] 87 & A (heterozygote)=
o}u] =4k lysine # stop codon(TAG)o ]3] truncated protein 0] F&E3}=
nonsense mutation &2 7)8.318 deleterious mutation YT}
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RRSO (risk reducing salpingo-oophorectomy)
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Risks/Benefits/Limitations

of genetic testing _

Positive test result |
4 | 3

Potential Benefits: Potential Risks:

Adverse psychological

-

 (Clinical intervention may

Improve outcome reaction
« Family members at risk  « Family issues/distress

can be identified » Uncertainty -incomplete
 Positive health behaviour penetrance

can be reinforced  Insurance/job discrimination

* Reduction of uncertainty . Confidentiality issues
 Intervention carries risk



Memorial Sloan Kettering
Cancer Center

Locations | FindaDoctor | Appointments | ContactUs | PatientLog

¥ Patients & Caregivers ¥

Hereditary Cancer & Genetics

Hereditary Cancer & Genetics

Genetic Testing & Counseling at
Memorial Sloan Kettering +

Our Team of Experts
Our Clinical Trials

Research on Hereditary Cancer
Genetics

Videos




Genetic Counselors )

Kimberly Amoroso

Janice Berliner

Emily Glogowski

Vanessa Marcell

Genetic Counselor

Neha Sekhri

Angela G. Arnold

Megan Harlan Fleischut

Jennifer Kennedy

Erin E. Salo-Mullen

Meg Sheehan
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MYGN Myriad Garetics, e Nasdaq 05 « BATS
Opon 31 50 Mgh 3380 Low 3302 Last 5120 Volume 1 1m Chg 027 (081%) %

WMy 2013 3 280
MNEI(24) TH T8

| Angelina Jolie's
. announcement of BRCA1
} gene risk scare story

“NVO") (Dady) 33,26

—MAL%0]
-=MAL200)
ke 1, l.t 14)

lha ﬁkﬁhﬁmﬁﬂmﬁmhqﬂ,. N

10 17 2437 14 22 fed 1 W 25
-NACD(I}N”le‘l 5.344. 0.502

9 20 Dec 10 17 23 M7 14 22 20Feb 11 1o s Ma 11 10 AN § 15 22 Mayo

+40%

In May of 2013, Angelina Jolie announced she had the BRCAL gene mutaton

greatly increasing her risk of breast and ovarian cancer. Following a preventive doulde

mastectomy, Jolie published har story in The New York Times
Increase in BRCA 10sting and aware

reveals that this so-called “Jolie Effect”
womaen and those without 3 history of cancar

+ After Article

Her article led 10 § dramatic
New research from AARP's Public Policy Institute
Influenced the haalth behavions of younger

o ,+40%

Testing rate for BRCA Mutations

2X

Google Search Rates for "BRCA

+44% +43% ]

+43%

"23/. +16%
+33‘V. G

Whise Hlmml: By Aiun

Without a previous
cancer diagnosis

+53%

With a previous
ovarian, breast or
pancreatic cancer
diagnosis

+26%




Evans et ol Breast Cancer Research 2014, 16:442

httpe//breast=cancer-research.comycontent/1 6/5/442 F:? Bfeast CanCEI‘
» W
] ]

RESEARCH ARTICLE Open Access

The Angelina Jolie effect: how high celebrity
profile can have a major impact on provision of
cancer related services

D Gareth R Evans*"""" _Julian Barwell*', Diana M Eccles®, Amanda Collins®, Louise Izatt®, Chris Jacobs®,
Alan Dunaldsunﬁ, Angela F ErEIdj.-'?, Andrew Cuthbert‘g, Rachel H.—:lrris.«::ngJ Sue Thﬂmaﬂm, Anthony HDWEI|1,
The FHO2 Study Group, RGC teams, Zosia Miedz}rbrudzka”'u and Alex I"u'1urraj,.r13

e 20123 19814 -> 20134 4847 (2.5H))

Results: Data from 12 family history clinics and 9 regional genetics services showed a rise in referrals from May

2013 onwards. Referrals were nearly 2.5 fold in June and July 2013 from 1,981 (2012) to 4,847 (2013) and remained
at around two-fold to October 2013. Demand for BRCAT/2 testing almost doubled and there were also many more
enquiries for risk reducing mastectomy. Internal review shows that there was no increase in inappropriate referrals.

Conclusions: The Angelina Jolie effect has been long lasting and global, and appears 1o have increased referrals to
centres appropriately.
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welcome ancestry research how itworks
—_—

buy help Q

Find out what

welcome your DNA says
toyou \ about you

and your family.

l
\
23andMe 1‘. « Learn what percent of your DNA is from populations
' around the world

» Contact your DNA relatives across continents or
across the street

« Build your family tree and enhance your experience
with relatives

$99



%% 23andMe Research Discoveries were made possible by 23andMe members who took surveys.

SHOW RESULTS FOR | Marek Vacha |= | SEE NEW AND RECENTLY UPDATED REPORTS =

NAME Got Neanderthal DNA?

Alcohaol Flush Reaction

pitter Taste Ferception An estimated 2.4% of your DNA is from Neanderthals.

Earwax Type

Eye Color Marek Vacha (you) 14th percentile
Hair Curl ¥

Average BEuropean user
Lactose Intalerance 9 P

Malaria Resistance (Duffy Antige

MODERN HUMANS NEANDERTHALS
Male Pattern Baldness & "
Higher brow I Heavy eyebrow ridge
Muscle Performance Narrower shoulders g Long, low, bigger skull
Non-ABO Blood Groups Slightly taller Prominent nose with developed nasal
i i chambers for cold-air protection
Morovirus Resistance
Resistance to HIV/AIDS FririrRr Mot Resistant
Smoking Behavior Trirdrdr If a Smoker, Likely to Smoke More
Adiponectin Levels ok See Report
Asparagus Metabolite Detection %% ik Higher Odds of Detecting
Biological Aging ek See Report
Birth Weight Hdd See Report
Blood Glucose ik 5.18 mmol/L on Average
Breastfeeding and 1Q ok See Report

C-reactive Protein Level ik See Report



Search the Help Cel
23andMe

23andMe Customer Care >Health =Specific Reports

Does the 23andMe service include
analysis of the BRCA gene?

37}X| E}Q(185delAG BRCA1 mutation, 5382insC BRCA1 mutation,
6174delT BRCA2 mutation)?| tHO0| 0] CHst Z4ADF ~3H



MYRIAD:s

=  Patients and Families

Myriad Sites + | Myriad Worldwide | Investors | Products & Services «

Healthcare Professionals Research Partnerships News Center

Myriad myRisk™ Hereditary Cancer

Share this page Q

All Products v

Companion
Diagnostics v

Hereditary
Cancers A

Myriad myRisk™
Hereditary Cancer

BRACAnalysis ®
COLARIS®
COLARIS AP®
MELARIS®

PANEXIA®

Lung Cancer v

MyRisk

Hereditary Cancer

ContactUs

Myriad Cares

Myriad myRisk™ Hereditary Cancer panel is a 25-gene panel that identifies an elevated risk for eight

important cancers:

BREAST

OVARIAN

PROSTATE

GASTRIC

MELANOMA COLORECTAL

PANCREATIC

Myriad myRisk™ captures more mutation carriers than BRACAnalysis® and COLARIS® combined.

Studies have shown that testing with Myriad myRisk increases mutation detection between 40 and 50

nAr~cAnt

0000

About Myriad

Careers at Myriad

Related Information
Hereditary Breast Cancer »
Hereditary Colon Cancer >

Hereditary Ovarian Cancer »

(7 HEREDITARY

CANCER QUIZ™
by MYRIAD GENETICS .
Find out your hereditary
cancer risk today! ;\\ aiadl
" 3-:1 x—?gf ¥
s ;‘ §re
Hereditary Cancer Quiz

Take a 30-second quiz to help you find
out if you're at risk of hereditary cancer.>

KO SOUR HISTORS; KNOW SOUS RISKS @ —
S AR [ R GRR TN
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What Is My Cancer Genome? )
Letter from the Editors

Cevelopment Team

Contributors

Legal Policies

GENETICALLY [NFORMED CANCER MEDICIMNE

%,’ MY CANCER GENOME..

Home DIRECT
Find a Cancer Mutation
Disease (required). = Select Disease v
Gene (optional). | Select Disease First v
Wanant (optional). | Select Disease First v

=0

Find Clinical Trials

Lists trials by Disease or Gene for all national and international
trials registered within PDQ and clinicaltrials gov.

Disease (optional):

Gene (optional ):

=0

Go

About Us
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In the family
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