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BABGFAAANMRE “REFTR BERR #REERY X+ (Ver2.1 20200215)
Founda T-only panel
Potentially Actionable SF Gene ion | pImsE | B2
NCC Oncopanel - .
List One HE Germline
CDx testD HE M4
Gene Major Phenotype =E3 tumor | germline | tumor | F 1 E 2
APC FAP @) O O AAA A
ATM Breast Ca O O A ©
BAP1 Malignant Mesothelioma etc. @) O B
BMPRI1A |Juvenile Polyposis AA
BRCA1 |HBOC O O O AAA ©
BRCAZ2 |HBOC @) O O AAA ©
BRIP1  |Ovarian Ca O A ©
CDH1 Diffuse Gastric Ca O AA O
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RAD51C |Ovarian Ca O O A ©
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Genetic mutations differ among the patients

Matched drugs

" K-ras = under development

® EGFR =) Erlotinib

; ¥ B.raf = Vemurafenib
Her2 m==) Herceptin

® pPIK3CA =) Evelorimus
ALK ms) Crizotinib

" MET == Tivatinib

® Unknown

Lung adenocarcinoma Genetic mutations
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Gene-based classification will be more important

Histological subtyping Molecular profile

New recommended
Breast personalized treatment
Ovarian ‘% ?M% ﬁ@ ﬁa q P‘q P!i ?‘b < Breast
Colon g %Q Pa @ *a P%
|3 Ovarian
Pre-clinical drug screening

Drug Molecular  Effective treatment
treatments aberrations

Nat Rev Clin Onc. 2014; 11: 167
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threat to health to individuals
carrying a clearly deleterious
allele?

Step6: Semi-Quantitative Metric (SQM)

ISEVERHY What is the nature of the 3 = Sudden death

2 = Death or major morbidity
1 = Modest morbidity
0 = Minimal or no morbidity

the intervention?

LIKELIHOOD What is the chance a serious |3 = > 40% chance
outcome will materialize 2 = 5-39% chance
given a deleterious variant? |1 = 1-4% chance A= Substantial evidence (Tier 1)
g5 % cance B = Moderate evidence (Tier 2)
EFFECTIVENESS |How effective is intervention |3 = Highly effective c f M:mmal_ewdence (T|_er .3 ord)
for preventing or significantly |2 = Moderately effective D 5 Poor evidence, or missing
diminishing the risk of harm? |1 = Minimally effective E = Expert contributions (Tier 5)
0 = Controversial/Unknown
IN = Ineffective/No intervention
INATURE OF How risky, medically 3 = Low risk, medically acceptable, and low intensity
INTERVENTION | burdensome or intensive is |2 = Moderate risk, moderately acceptable or intensive

1 = Greater risk, less acceptable and substantial

0 = High risk, poorly acceptable, or intensive

Hunter et al. Genet Med. 2016 Dec: 18(12): 1258-68
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AL
SE X - EFLEACMG SF v2, NCCN-Breast ovarian, NCCN-GI, &< H & #18-10,
Guidelines for reporting secondary findings of genome sequencing in cancer genes: the

SFMPP recommendations. Eur J Hum Genet. 2018 Dec;26(12):1732-1742.
https://www.nature.com/articles/s41431-018-0224-1.pdf

Germline-Focused Analysis of Tumour-Only Sequencing: Recommendations from the ESMO

Precision Medicine Working Group. Ann Oncol. 2019 May 3. pii: mdz136.
https://academic.oup.com/annonc/article/30/8/1221/5485244
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Abstract

In tumor-only next-generation sequencing (NGS), identified variants have the potential to be secondary findings (SFs), but
they require verification through additional germline testing. In the present study, 194 patients with advanced cancer who
underwent tumor-only NGS between April 2015 and March 2018 were enrolled, and the incidences of possible and true SFs
were evaluated. Among them, 120 patients (61.9%) harbored at least one possible SF. TP53 was the most frequent gene in
which 97 variants were found in 91 patients (49.5%). Nine patients provided informed consent to undergo additional
germline testing, and a total of 14 variants (BRCAI, n=1; BRCA2,n=2; PTEN,n=2; RBl,n=1; SMAD4,n=1; STKI1,
n=1; TP53, n = 6) were analyzed. Three variants (BRCAI, n = 1; BRCA2, n = 2) were confirmed to be SFs, whereas TP53
variants were confirmed to be somatic variants. To confirm the low prevalence of SFs in TP53, we analyzed 24 patients with
TP53 variants who underwent a paired tumor—normal NGS assay. As expected, all TP53 variants were confirmed to be
somatic variants. A total of 30 patients were tested for germline variants in 7P53, but none of them resulted in true SFs,
suggesting the low prevalence of SFs in this gene. Therefore, the significance of additional germline testing for 7P53
variants appears to be relatively low in daily clinical practice using a tumor-only NGS assay, unless patients have any
relevant medical or family history.

Introduction

Next-generation sequencing (NGS)-based multiplex gene
assays are utilized to identify variants that predict the
response or resistance to a specific drug in patients with
cancer, and its use is rapidly increasing in daily clinical
practice [1-6]. In addition, NGS assays can potentially
uncover pathogenic germline variants, referred to as inci-

Supplementary information The online version of this article (https:/
doi.org/10.1038/s10038-019-0681-6) contains supplementary
material, which is available to authorized users.

D4 Masashi Kanai

kanai @kuhp.kyoto-u.ac.jp
Department of Medical Oncology, Graduate School of Medicine,
Kyoto University, Kyoto, Japan

DSK Project, Medical Innovation Center, Graduate School of
Medicine, Kyoto University, Kyoto, Japan

Faculty of Core Research, Natural Science Division, Ochanomizu
University, Tokyo, Japan

Clinical Genetics Unit, Kyoto University Hospital, Kyoto, Japan

Department of Medical Ethics and Medical Genetics, Kyoto
University School of Public Health, Kyoto, Japan

Department of Human Health Sciences, School of Medicine,
Kyoto University, Kyoto, Japan

dental or secondary findings (SFs) [7, 8]. The American
College of Medical Genetics and Genomics (ACMG) has
issued recommendations for the reporting of SFs to patients
relating to 59 genes responsible for several hereditary
diseases [8, 9]. The French Society of Predictive and
Personalized Medicine has also published guidelines for the
reporting of SFs relating to 60 cancer-related genes [9].

In a paired tumor—normal NGS assay, germline variants
can be identified independently. Previous studies have
reported that the prevalence of SFs in paired tumor—normal
sequencing assays ranged between 3.3 and 17.5% [10-15].
NGS assays using only tumor DNA (tumor-only sequen-
cing) are more commonly used in clinical practice to search
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J Genet Counsel (2014) 23:679-688
DOI 10.1007/s10897-013-9677-0

NEXT GENERATION GENETIC COUNSELING

Assessing the Integration of Genomic Medicine in Genetic
Counseling Training Programs

Jessica Profato - Erynn S. Gordon + Shannan Dixon - J GC 2 36 7 9 - 6 8 8v 2 O 14

Andrea Kwan

n KREDEGHD S —EMEREDdirectorNdDy ) AEEICET 8B
DEREGAE (20115 H)

m . . . Inresponse to this anticipated growing demand, genetic
counselors must be knowledgeable about genomic
technologies and adequately prepared to interpret and discuss
genomic test results with patients and their family members,
since, as discussed by Weitzel et al. (2011), genetic counselors
are likely to be on the front lines of translating genomics into
clinical practice and are potential leaders in the field of
genomic medicine.

B 17&E/ERENEE (201 14E5EHE)
B(FEAETH ) AERICEATE NEYVIOREHZ TULD,
HDVIEETEH

Table 1 Integration of genomics into training program curricula of 17 genetic counseling training programs, based on survey data

Status in training programs, n (%)  Formal curriculum, n (%) Informal curriculum, n (%)

Currently  Under Willnot Course Required guest Optional guest Professional Clinical ~ Journal

taught development be taught lectures lectures lectures meetings rotations  clubs
Genomic technologies 15 (88 %) 2 (12 %) 0(0%) 17(100 %) 8 (47 %) 529 %) 11(65%)  8(47 %) 15(88 %)
GWAS 14.(82 %) 2 (12 %) 1(6%) 15(88%) 5(29 %) 529 %) 9(53%)  7(41 %) 11(65 %)
Complex disease genetics 15 (88 %) 1 (6 %) 1(6%) 15(88 %) 8 (47 %) 7 (41 %) 8(47 %) 10 (59 %) 11 (65 %)
DTC/SNP* 11(73 %) 4 (27 %) 0(0%) 10(59 %) 4(24 %) 529 %) 10(59 %) 424 %) 10(59 %)
Pharmacogenomics® 13 (81 %) 3 (19 %) 0(0%) 14(82%) 3(18%) 3 (18 %) 8(47%) 2(12%) 741 %)
Genomic counseling 12.(71 %) 5 (29 %) 0(0%) 13(76 %) 5(29 %) 3 (18 %) 11(65 %) 11 (65 %) 9 (53 %)

Topics are listed here in the order that they were listed on the survey

*Only 15 participants responded regarding DTC/SNP, therefore, the percentage is /15 for this topic
" Only 16 participants responded regarding pharmacogenomics, therefore, the percentage is n/16 for this topic

Genomic technologies (i.e. NextGen sequencing)

Genome wide associate studies (GWAS) interpretation

Complex disease genetics (i.e. genetics of conditions like diabetes)

Direct-to-consumer genetic testing and interpreting SNP results (i.e. 23andMe testing)
Pharmacogenomics (i.e. genotyping of CYP2C9 and VKORC1 and Warfarin dosage)
Genomic counseling techniques/strategies (i.e. navigating the uncertainty of SNP results)
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T Genet Counsel (2014) 23:445-451 JGC 23.445_45 1 , 201 4

DOI 10.1007/s10897-014-9689-4

NEXT GENERATION GENETIC COUNSELING

Teaching Genomic Counseling: Preparing the Genetic Counseling
Workforce for the Genomic Era

Gillian W. Hooker - Kelly E. Ormond - Kevin Sweet «
Barbara B. Biesecker

n REENIRT ) LR ET ) LER
o RERS—OTIH—TEHEEND/NIT> N, VUSDIEHE
o CGClF, EFEELISAIY bOWMEICEDTENSD/NIT> MIDWTE
BERRIDOEEMT BIHICHD

n HEFENNS LNERATODEREA SRR
n HEFERT LN OORESRIRA]
S>INSDEICEDK DR —Z2TNEN ?

4158 LBEHEZREE

1. Human and Medical Genetics Instruction

o  This includes not only familiarity with the specific genomics
concepts discussed earlier, but also conceptual and practical
experience with websites and resources for variant annotation.

2. Teaching Client Education

o More than ever, counselors will need to tailor information to meet
client needs and background understanding, and recognize that
more information conveyed does not always translate to more
information learned.

3. Ethics

o genetic counselors have exposure to: approaches to informed
consent, particularly in the face of uncertainty; patient preference;
duty to warn of medically actionable variants;-----

4. Counseling skill

o ---more extensive training around the psychology of uncertainty
and evidence-based methods of facilitated decision making.
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[ Eﬁa)b“} Aﬁg*ﬁ BSR6402: Practical Analysis of Your Personal Genome (2017)

September 7th - December 14, Thursday 10-1 PM Annenberg 10-74 (enter through Levy
Library)

Office hours are by appeintment, but there will be plenty of opportunity to address
questions during the practicum and open lab portion of the class.

Description:

Students in this course will analyze a human genome sequence starting with raw sequence
reads through identifying a list of sequence variants. Using public databases, literature and
other resources students will fermulate hypotheses about the phenotypic significance of
these variants. This is a hands-on, Ialmramry course in which students will choose to
analyze either their own genome or a reference genome after lectures and counseling to
make the consequences of personal genome analysis clear.

Course Team:
Eimear Kenny (director), Sabrina Suckiel (co-director) Gillian Belbin (TA), George Diaz,
Andrew Kasarskis, Randi Zinberg

Expectations:
This is small, hands-on laboratory-style course and students are expected to be active
participants and contributors to the class. Students will be evaluated according to:

30% Class Participation (including final group project)

30% Quizzes (4 randomly during the semester with the lowest score dropped)

40% Capstone Project

5 ) LAEEICIRDJ="genomic counseling” &W\S
Bl=hEEni=
Tl&, “Genomic counselor” EFERANEH ?

Molecular Genetics & Genomic Medicine

INVITED COMMENTARY

Genetic counselors and Genomic Counseling in the United
Kingdom
Anna Middleton', Georgina Hall?> & Christine Patch®*

"Wellcome Trust Sanger Institute, Cambridge, United Kingdom

2Manchester Centre for Genomic Medicine, Central Manchester University Hospitals NHS Foundation Trust, Manchester Academic Health Sciences
Centre (MAHSC), St. Mary’s Hospital, Manchester, United Kingdom

Guys and St Thomas' NHS Foundation Trust, London, United Kingdom

T Mol Genet Genomic Med. 2015 Mar:3 (2) :79-83

It is not clear whether genetic counselors internationally should lay
claim to the title “genomic counselor.” However, what is clear is that
genomic medicine is being mainstreamed on an enormous scale and
that health professionals who have no connection to clinical genetics and
who have no understanding of what genetic counselors do, will be
delivering information gleaned from genomic technology.
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Semi-quantitative Metric (SQM)
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T DHEST L 72 IRIRZ IR L CRIRM 2 rlREME DY B 5, stk Rb B3 963 A
EXNRE Lizatr— MRICX 2 &, ZREMEE O U 2 7 13U RIS (SIR:
22, 95%CI : 19~24) HBURHRIEHUEREE (SIR = 6.9, 95%CI : 4.1~11) Ik~
T35 (95%CI : 2~53 %) @I &Aphol, T HIC, 50 FEM D Xtk
HESS > RAETE R T, EHRIEIREEE T 21.0% (95%CI : 9.4~35.6%) TH >
7= DX LT, AR IBSEE T 38.2% (95%CI : 32.6~43.8%) TH - 7=, (Tier
2)
BE I RMFERIESE DO Y 27 BE W20, EHEYEED A7 53, ftio DNA
CHBEEE2 2 X5 b (Xova BHHA L) ~OEFLHIRI & TH 2,
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3. fEEfEE 234 U 5 nlRElE

JHH

e ET
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E = P EN

L= iy

H R OAREEEEE

BETFER (BR-Y Rb o XE#H1 15,000~20,000 H4E1C 1 ATH 5, 60%DAER] 1L Rb A3

V7 v ) OEE

FAHIMETH 325, 2D I b 15%205 RBI1E T 0 A GEfl i 2528 2ic X
%, 40%DHEHNIE Rb 2AMlETH 223, B b2l RBI BT D
ANEHIRE RN ERIC X 5, 2Dz, LM RIIZ R X 5 Ak
Rb & Wiflt: Rb 0 EMFEEFK I, £ £ h 3/500,000~9/2,000,000 &
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10% R DT, FBFEHIMET L7 HEEER| oRBM (0% 0 F
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HiIEEERORE | &ols, BV R I70#EIC LD, FUEERIETLD1T 12.3%, HJET
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ESPRER CREfR/AE
®)

BRE (EEA
YT IN—-TE
X U4/ IlE)

AT 2IC1E 28%TH D, JIEBAIT 14%HBFRIEL., 1% INEE TIHT T
5, TNHLDHES L CIEEOIERID 5> b 2 NZE N 3%E L U 10%5 BRCA
DIRNEREZHT 5,

GBRD) FUBZHEATA K 74 v &% - ZWi 2018, pl3 iIcEHN IO E
W CKOLELH 5,

EHNOFSEDIEH D 5> B, 2.71%72 BRCA2, 1.45%7%° BRCA1 DIRIIAER % H 3

% (Y. Momozawa, et al. Nature communication 2018),

[E N DINESE DREF D 5 B, 4.7%7% BRCA2,9.9%7%° BRCA1 OJRMIARE Y H 3

%, (Enomoto, et al. Int ] Gynecol Cancer 2019)

BRCA1 ¥ X O BRCA2 DJRIZ 513, LI, IS, IE R X V55
TEMEEEDO ) A 78 EBE#E L T3, b ORZERITE 2, BHETIEA
FEELCZNI D DD WEECHIV T LBIEL Tnwb, B bEED Y
A7 BEOHREMED S 5, BRCA OJFIMNZARIZ, FUES X CINEEORE K
EIEICBE L, Ty arFr—vRagdvY AEHIcEBTL W HEICR LN,

CEE)

HBOC &Z# D F5] % 2017 Fik pl6 23BHE, BECHIEHIZZ L,

BRCA B# o3 s X UNEYE X, X 0 FFE . #IICIE 50 #% X Y Ak
T FBR NI TIAARAT 4T (Thbb, TAMa s vBIU TR AT
n v 25k E L OCHER2 [21E) <5 2 ATREMEA X Y &, BRCA IRV R %
Fah0IJEEFE L L T, BRCA1ZR* ¥ V) 7o EEE clid, Eiis X
OCRHco2EFEHEIEEIE Y, L L7a2 s, BRCAZ RALRX ¥ ) T
IO WTRIBROBE M T A & b Ty,

GBFE)

& ICBR R L,

2. THIE N ADRIR

HH

T AP SR

1,2

1,3

1,3

E = TN

BEOEH

{LEFPRisE BlzaiE, 22Fv 72y, Juxe7zv) 3, MBREHICET S
) R UM DIIEDFRAERZE T IR B 2 LRI NT VB0, 2 DHEMIE
2 BRCA OJRINERZH 32 ANcBIL CTEAFHliE uTwZzevs,  (Tier 1)
GEFD)

B3 : HBOC 20 F5 % 2017 4ERK pl6 . BECHIEIZ 2 L,
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=4 TV R

Bt FUBHATA N 7 A v - 2R 2018, pl17 , [BRCA EIn 1285
EETALMICH L CXEF O T 2 VT K B PN WL 2 {TbR W &
g SRS 5, )

TR (B2 02, WEIFLEVIRRA £ 72 (ZONE IR ) kv, MY Rk
M5 X O BRCA JRIER* ¥ ) T O T, FIED 2 W IIIFED Y 2 7 % 2>
BYOVETIEOLNE I ERARINT WS, FFEY 227 I3FHLEVRMTC 85-
100%., JIEFE T T 37%~100% 84 L 72, SHESGHIMT CONSEE D U 2 7 13 69
~100%fEF L7z,  FUERF R R IZILUE VIR 81-100% 3 L, 25T
3 INEAE % 55-100% 384 L 72, (Tier 1)

GBFEES)

B : HBOC 2D F5] % 2017 4FEhK ¢

B : FUBZEAT A K 74 v J&% - BifE 2018 :

pl10 CQ3a FDARFIEH ICEH T i YV 2 7 {KIRILEVIERIT O 854
ANOBEEICH T EMT 2 2 L 255 CHERET 5,

pll3 HEDE., MEZEASTOFEL,

B FUmBWAA N T4 v &Y - 2R 2018 ¢
pl20 BRCA1 & % \»(Z BRCA2BIZTAR%Z b OERAHLED R PEIC) X7
{EIRDN BN E T (RRSO) 133D S0 3 2,
RRSO oD% fii % 58 < #EEE S 2,
KAETOT—X7% L,
HEOWME, ~VES T 74—, 252 bHMAT 2 MRI 72 £ @ X b 55D
EHP AR 2 Y —=v 7, LaL, EDR 2 Y —=v 7 )5ikd, BRCA KR
ZERX % ) 7T COARBELRLZETILIDICHEMTH S L IInINT A
v,  (Tier1)

GERLS)
Bii# : HBOC 20 F5| & 2017 4Rk :
25 %A o BRCA BB A H T 2 Licid, Fic 1 [mOFE DR MRI B2
I n 2,
R MRI A fifTCE 2AVERE FIcE TR, Fic 1o~y €27 7 4 RED
BRI CHERE I T 2 23, A TROUGEITRD b Ty,
B : FURZHEAA K74 v &% - iR 2018 ¢

PNEJED R 7 ) — = v 7575 BRCA DIENERZEH T3 LMEICHEN b DIt
IRENT WA, 72770, 14EIC 1 Bl ARICo 2%, RIEHEE e, i
125 (CA-125) TR Z Y —=v 7 %75 D30 CTH 35, (Tierl)

SlEO* ¥ VT3, BEOIFEOHMZE2ZT s tes@vLEd, A

BT 3 ERIZIRE I N o7z, (Tier 2)

CEEGSS))
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KIE O EEH

[B158E 3~ % HIH

B - HBOC 29D T5] & 2017 4ER : CQ20

RIS R 5 X O CA125 HHIE 2 V729 — <4 7 v 21 X 5 I
DO FHRYGENR I+ Tldr v,

T ) 7o R SRS PR A e NI CA125 I EIC X B —~ A T v R BB
%,

B A A K T4 v 5% - BWHRE 2018 :

BRCA ZERERZRE T 2 alEr d 2 Kiklx, B Y 227 % HET 2720
KB TFHREYZT5 & ThHsb (Tierl)

GEELS)

B : HBOC 2D F51 & 2017 £k : CQ1 icsWwT, HA HBOC =2 vV —
T LOBEMIMBE [ pAAF =y 27 BEENTEY, ZOHEHD S
—oIC [ ZKREDOHIC BRCA DEIRFERNPHERINLTTIT S o LT
22?7 EwIRWEH B,

B : IS A ¥ 74 v &% - 2R 2018 1 fime L CoRENH %
DHTH 5,

W TREEARZZ T T\ BRCA 2REROF v U 7O —%HKIE. * v
VT7ERIEY —RA TV 22T 5 LRI NS,  (Tier2)

GBFES)

B : HBOC 2D T-5] & 2017 4EfK :

CQ6(p6l) BBE L2,

B : HLDBABEESTA N 74 v &Y - 2Wife 2018 : BRCA IZ DWW T D ADR
I\, L L, BQUA KB W CHBRIGRELFUERIE) R 7 E K b &
IEETH 5,

RO DEIC X 0, IO RIEZ WP I E N LRI NTW S
L2L, 2OMBE—EL GEHINLTW iAW 22b 53, BRCA OJFH
BREAGT 2RMEICHCT, BOBTEREOFMIC XV FEY X7 2l ¢ 5
TERRBRT ML H D, (Tier2)

GEFES)

BHid# : HBOC Z2&D 51 & 2017 K ¢

CQI18 FlEAFIEH © BRCA ZRMARFFHICHL, 2EF 7 = VIC X 21L%
Tz S5 H?

BRCA ZRMEHEF IR L, 2EF T 7 = Vi X 2L¥ETH 21T 5 +0 AR ILAs
Tz ORI LR,

CQ21 BRCA ZHLRFE OUNEIRFIE V) R 7 K D 72 & 1K R AR ke
(00) H2VIHMEHELZA ey v - Furz5o vEdh3 (LEP) #5134
:I%ﬂé:;hé;bﬂ?

Cl BREJERIEY X 7K E HVE L7256, OCIRfidERE s,

Cl OC IRAICX VB Y 2 7 OBRE EFPMEI N T B 720, FFERIEY
27 DB, IE, OC IFEEICKET 3,

B : FUBZEATA K 74 v &% - ZilE 2018 :
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CQ4 BRCAL % % \» 13 BRCA2 {5 TR % b D&M Tl P4 b i 12 )

DoNDD?

#4E - BRCA B TARZA T 2RI L TxEF 7 2 /IT X 5 PRI

WRIEEITD R WS LRI HERT 3,

3. EEfEE 2 U 2 alRElE

HE TEF VRT3 EE PN
EILER WA O EEER
BETEERE BN BOALZDIBD 02~03%8, T arF—YFR2L¥ AT 1
YT7v) O 2.1%7% BRCA ORIAERZHEL T2 fEEINT 2,  (Tier1)
CEERT )
Bii# : HBOC 2D F51 % 2017 4Rk -
BE : FUER2EH A F 74 v s - 2R 2018 ¢
FE DA D FKIEED R wHAAN 11,241 AcoBEMHE T, 0.17%I1C
BRCA2 @, 0.04%1Z BRCAl OJREREZ A & o 7= (Y. Momozawa,
et al. Nature communication 2018),
RERL 72130 Y  BRCAL DEFKRINICHE ML X, 70 K E TICFIED 46~57% D 1,10
b4 YR27 & 40%DINEHED ) R 7 L BI# L T\ 5, BRCA2 DJpHyZ S
E. 70 B E TICHIED 50% D V) 2 27 LIIFHED 20%iE\Y 2 7 LB
L TWw3  (Tierl)
GBELA)
B : HBOC 290 F451 & 2017 4Ehi : ENT — 2 13517 L,
B : FUESIRA A 74 v 5 - 2l 2018 : EN T — &2 13511
=L,
MR Y 27 BT 2 HRIIATTE Rd o7,
CEEGE2))
B - HBOC 23 F5] % 2017 i : ENT — 2 1351 H 7% L,
B : U A 74 v Y - 2 2018 : EN T — &2 132511
2 Llo
HA A D FUJa BEHE 7,061 A3 X ORTHEHRE 11,241 A DNA ZHEL
7= FEBI B ZE 12 35 €, FUEAERT & BRCA2 @ Odds ratio (OR) 16.4
(95%CI 10.2-28.0) , BRCA1 OR 33.0(13.7-103.8) (Y. Momozawa,
et al. Nature communication 2018)
REE TAtar v Turarey L0 P REERRTFEZERDORE 1

2 Z OREE %2 & UIEE ORI B X OERIRFE L., R ERD £
AFICE>TELZEELH B, (Tier3)
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HH TEF v RICET B3 SE R
NADTT ZOWEETHSL I TN AICIE, ENEE 2 RET 5 TR,
BENYA 2 Y —=v 7w, BEFOREEED H 2 Bk r & n
%
5. HREI N7 TICEWT, FAERTD Y R 7 e ik X n 2 v Ret:

HE TEF Yy RICBT 35 SEIHR
BRIICARI NS FHN) R 27263 2 ZXMICBETDODNULTHEIRAZ ) —=v 7DD 1,4
AlREHE JiTiE, BT E 0 a o Es L OEEE RT3

ALREME IR, FUBRIERF O EENT 50 I X D ET. 2 X Y FHY 2
I EMA~OHMBI 2 —_ A TV ARMIR I N AR TH 5, UNEEIL
BRI X2 ICBRICHERS 2 2 LCw B 72, U R 2 {KIRm 1
YNE IR &2 3 5 2 & A3, BITE. JNEAE CHE L 3 5 fafdoid: & (I &
HoNsM—DFHMAEFiETHDL, (Tierl)
6. BIEFAMNRE~DT 7 & X
HH T F v RICET B3 SE R
BIRFHWRE  REBREREICINERE
RN EGEAaT
FER/ A HAEE | BEE AR NADRREL VR | 772 z2 a7y
7. %% (BRCA1)/ 2 3A 2A 3 A 10AA-A
Y=L 7 VR
7. %% (BRCA1)/ 2 3A 3A 1 C 9AA-C
FLE kR
i U 2 2A 3A 1 C 8AA-C
(BRCA1)/ JF B
i
7. %% (BRCA2)/ 2 3A 2A 3 A 10AA-A
B—f TR
7. %% (BRCA2)/ 2 3A 3A 1 C 9AA-C
LB IR
g B g 2 2A 3A 1 C 8AA-C
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<, 222 90% D BH CHIFRIFAL L 70 5. #IHIFITIE 20— 25 KOS FRIET 5.
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Bt 2 e 3% K, KO REEIEMECH 2 nlRetEnid b, X 0 BFICK
LCI$iETH 3. MEN1 ORI TR0,

2. THIRI ADIHR

HH

I b5 v RICET 550

1,2

1-3

1,3

E = TN

BEOEH

PR T YR

B JF S B F R BB BE TUESE 1o 3~ 2 SHERFATICER L <, Fric BE A RL
TEHTH Y, PRSP WIS O RIEHE D B 5 560X, TR R il %
EEITRXTHB., (Tier3)

HAAN MEN1 8% D 7 — & Tld, Bt o s & 2o b F8E L (B
ZE=18:1), 2 OBEL OREIIFED b L7z,

MEN1 8, BERE c3 2 MRR, AR, L UCHBRA 7 ) —=
VI RITIRETH S, BEIZEFRIES 0 L Cid 8 mid b olit 7
vy LRIV VIR ORIESHER XN 5, BT E 7, BN
WARES, T ERORIESS, MRRARREPN S S, SR SRR N o AR, B AR
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WIIFT AR D DTG E . b L3NG EICKEORERBLEI VBT —
DED X DI L TWA7 2018 42 11 H 226 2019 4F 3 HIZT . AT /) AE
D D KE OB T ' T —1T A Q%) D e T U v T E{ToT, fER. B
NTRE LAV, [RERIASCEZ MG L IR RS D 7 a — 255 L TV D
Lol BTV IR BREOIEEA X, EORRRTERI Y ET — M
OO~ L7 v —(3e <, FERASCEORT L E O THRERE Th o7,

HESSEARLR D F2 D D3 ATEAR T/ S R R E DO EIZ ED X 5 7o i b ZIRBOPT L& &
IMIZOWNTHIFHRIEE LT, BIn T4 Y T2 (BEEHORGE AN T F) T
BB FIERE - B R L. IRIFTAR SO E T B X A F LY
WrLcwnwasenZEThol,

NABEBF RNV E L 2T HBETITHRABRRIGENE L, BEOFFIIELEF
HTRY, o T, @b vrtTd—id RIFTANEDIEEERHRI IR L
ZOPHITTEDLETMRICL, FEEPWDEEZ R D > CTEELIITo TV 578
EOTREL TV, o, ZIRFTABSER SN, b LIRS Z & &2
DOERETIEZ D), BIBREFRHMA~OZZE EOBRBETEIDINE NI 2 b %
DBREZEDRELFES A FT IV ANLTEARA L T2 b7 ET—D
FEITHD EAE LI KEOELED 7T —N 5 AWz, “RIIFT R OBIRIZIF
BERELNTWZRWA FFEE IR EDOBRITMRIRIC KR O RERE I & - THER
AR T IZAEFEMR SN ORI SN 7 2 RIS O 725/, EO LD ITRIET D
NEHRTHAZEREREL TV Ol b b o7,

TRIIFTRADRD LA, B HE . WPhoEHAE Tho THEED ¥
YRV TR, TR L ARSI OE N E TEICH T L0 ) Z &R
HETHLHZ &, MEEICE S THRRIERERVELIZ L ERADOLERI Y
YET—OHEEE L TERETHAZ LA, ET7 VT 2T TN TOXREDER
T =038 L CEEL T,

PLEDG, ZIRPFTRADBRO b GmE ., bW G a il >WTERI Y &7
—MNEDIEERTED LS ICBD DD, TOMIGHIEIZZEHETHY . EDOMigkd <A
NFS7F 4 A RN TV Th TN, Byt —i3. 7/
Lo BIEOHFHEFFSTZHMARE L L THAABG T/ SRVREREEZ T A A b
L. BEBREFHZBSV ) v OEEZR-LTWAE W) AiFmL T\, F
7o TNETOR BRI 'Y VT TSN EIEN L, FZRXA 7
A% T B AA L N LN BREE & MLiEE OIS FHIRAEIZEA TV,
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Memorial Sloan Kettering Cancer Center (MSKCC) ¥} 3%
Biohvvre) v 7 BAT ) LER
PR SR, WINER, SEEET, FIIRRT, M ERE I ER

T - HW) 35, A 0BEERIIHASE R EZ(L2E T T2, AT/ LT7uT 74
Vv IBREEALTHERL TE T2, “RFTROXIG & B8R EF O R B i 23 28 0 3 &
o T3, EELIAMOBRERY — v ARRICE T 26 % 152 722, >K[E Memorial Sloan
Kettering Cancer Center (MSKCC) @ Clinical Genetics Service (CGS) % &AL 7=.

[77i£] 2018 % 2 H2>5 2019 4E 3 Hic 3T, @A v v v 7O, %6 Wc, CGS D#E(R
Ny veT—, HBFEHALZ v 7, genetic specialist GE{REL[E) < molecular pathologist ~® & 7 Y
v 7 RFERL 7.

[(#5F] Einh v ve ) v 7GEEHEME L o cftbih s 23, ERICEEED 7 v & 7 =03
B ZH > Tz, ZEHEREMCKRAXE web Y — AV TERK L, HBER X v 7 B THRIEHPLZA
T, BIEAY VR 7 —IZBIEA Y v ) v IR TR ZERESE S v, BIRFNRE
LEEHEMEOELDT, #EH Y vt 7 — 3 RESCHTEIE T 2 &R L, MSKCC WIS L <
IRBESICKIEL Tz, BEnAvvr) v 7 CoBEAY VR T —oxneRZeE (KiE) o
WeEZ L, PAORMARRLRINAEEE A v b eRX 2T 77 4 7 CHIME BB DVEHZ 5T —
ADIRETE o 7.

MSK-IMPACT (BXA7 7 57 w7 7 4 ) v Z78E) 1 matched pair testing T v, fEEHE 468 Ein

-, IEHAHER CEHEMERY)) 88 En T2 X —7 v P LTWwd, 3L AL DEEIENEMIERS D
HRFARDHLETL2L DL THo, N OEBIEAY V) VY IZBETYARATYT 4 v 7 75
BAEEINCTEY, BEA Y v ) v 7 PRRHICERE D L 72 W BE3E ~ 12 “Close out Letter” % B %
L, ZE&MET 2. “XNFTHROEEA Y v+ v 213 High £ 7212 Middle Y 2 7 B 7 D54 135
[T, Low U R 7B T DHAIZEIETITHN Tz, High %7213 Middle V 2 7 D& I IEE 2k
DEMEZ ST 2 AR S Tz, WEEMEEDE U O AREE R EG 056, BT omis
F o fi i % 5 2 “Genomics Advisory Panel” ICAERBIR O 2 T2 2 L 235 5.

(#&56] CGS IcBAb 2 A% v 7 DB IIMML I N, BEAY v 7 —ITBEEAITV VY v 7ITEB»
THONEEIZ R LTz, BEAT YR ) V23T 775 4 7O E R CHET L, IEE
BWIR I —_ A TV RICER o T, “RIFTRBHIE CH AT ~T 4 v 7k 7m—IcEonT
TN, LA Zy 7038bo T,

Informed Consent In House Lab .
RS REHT )

BEITREN Y LY TSR EADETFHNLTFEWE —ENM 3y 27
MehBOEREF v 2 I;Z‘)“,r?.?.‘i’ﬂ"’:f’bCIosngmLeﬂer&:&H
EFD SEENEOBERY DA > KA =L R
@ Part CPAT & il @9 — A 5 A
Oncologist Genetic Counselor Genetic Service Genetic | __ | Internal
(Research Assistant) Administration Counselor MD
L P T 1 B F#kwH
Scnmim'r: & Germline Eﬁ"h“ ®
ocns  [1Ereres Josume
oy R igh, Middle: High: 54 F 34 -
PT-F- Q2omRRHE Low: B TG Middle: BEGFa Pl
Low:Ht—~4 5201
D mane In house lab
& Part A (Somatic)
B Part € (Germline)

Patient

. MSK-IMAPCT ® —RIFFT HIEH 7 v —
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KE O BEIMEIEREERIC B DB Vo) v S OBREHET 720, 2018 4
NB 2019 FZTF, U 7 =7 ) Stanford University, University of California,
Davis, Ridley-Tree Cancer Center, 7 3 > | )l @ Seattle Cancer Care Alliance, = =—34
— 77 Il Memorial Sloan Kettering Cancer Center M &t 5 fiigk 2 sl L7-, #2427 4 D%
EREELEI T — (LT, BlahvrtvT—) EmkEITV, B 49 FlOEx
Y T ~OREETo T,

K [E Tix American Board of Genetic Counseling 3%t 2 R EE LI VT —
(Certified Genetic Counselor) D& f&IZAN 2, 2 < DINTIX, BEMIMB DT A & AR ME
272 %, B LIEINO S B, Y T3 =TI ET v R MNTIET A & A
SNLTEBY, BB U7 —OBMBENREO TS, £70, BEEEEER T
1@ < s&f=H 7 > & 7 —1% cancer genetic counselor & FEEIL TV 5,

FTRUNTHEPGED PRI LEZ DTV, Bl v oY o703, BRIOBMEOS &, Eish
v T =SB - FIEERS . AR, BRI ORI E A — 4 — KR
., 740 —7 v 7 E LB —EOER L EARICHM T To T, 4B ADF
ORI, EFEMRICL Y, ERAFEK T2 Z bbb ol BEFIMREIL X
MEENERTH Y, H—BE FREITIFIEER STV o 7z, FERHITESD

L <3 RizTiT o,

APRAE TIH iR OB BRI BT D Ean Cthk & i L 7= BR
WRH D) 7 OL I (R & BT B 7
( m&m% LI DTH ) = DARTRICIGT TN,
! | P % F o MRS, Y
( 954:L‘ylxlci§§élh§wﬁém%ﬁ'2ﬁ ) L H BT >
MR D) Y (4053~605)) — ¥ —zfEKL, 77
. i%:? ﬁ%mu:mm:ﬁwnﬁz.ra.?sewl S - A 2 R TR O
. :gééggflU!|ﬂ_|'tf?frf|533>l§j-!}':k—- b Hemge e W Blahhoortvl) o 7o
nunran w0 F o k5 EENSH
$ TU,
( WEEH B O TN ) [ GraoBs) mnw |
[l A EIFHR U7 hiak Tl
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=, sﬁfrﬁ\lﬂ%vv—va— 7= & e o TR
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( Fru—F 97 J FUDMEESL LTz,
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Sarah Lawrence College IZBIIABIBAI TV T —BBE 0/ T A
FE®ZE, BIIEET. IMEEA

(55 - HW] D2EKCEF BB Y V27 —0EMBE L, BEELRH Y v 7 —Hl
BREROFBEHY F 27 LI X o THEMEI L, 2005 FOREERA Y v+ 7 —HIER%
DARE, HFE 20 O RABEICERGIESFRE I N TS, 7/ LEEBEOHEE I, ZD%E
BaxMHIWEBBAY V27 —D MBS LV BEEHINLIES, SBROEIEAY vVt
T —HHBICOWTHETT 5 Z L & HMIC, Sarah Lawrence College % Zili L 72,

[7774] Sarah Lawrence College (AT, SLC) #%FAMIL. HESCHE~DLT Y v 7%
FEhi L 72,

(i3] SLC ik, KEHFE, —a—F—sM=a—a—2fivv "y ZvDX 4 LKA
72T H o) 25km BT ZFALZD Y RF V- T =V - ALy I TH D, 2FEMOBEL
2 (Master of Science) T& % Joan H. Marks Graduate Program in Human Genetics iC ¥
WCEBEAY v ) v VEHB 2 KETRD R ARB L. 60 & (1244 30 4) ORFPE
EATEREL, TN E T 900 AU LDOFEAZENL CTwd, Y FaTulF, a—RT—
7 R EE R L —= v I S TER I N TS, 1 FFHORH» OB Y v Y
VIDRENPIREY, n— T L AEHEB L BENICED O, 7 74 v b LEYNICE D
572D DAFNEEGT 5, SLC IZMHEMPE Z 7z e\ 72, s o PR I 5 CE
Lhvve) v 7EB]BIMTbNE, EEETIE, B2EELFL L LT 150 HLAEORREE
AT VT —=BRA—N=NfF—L LTl RE - B3 2, 22 Tlk Eohvve
T — ICRERHGERN7Z T T BN R - iRt T 5, 8BV v Y v I
FEITDOWTIE, FREAOPIRCHIE CIEET 2 720 OEBIE Y 2 AL 72 7 4 — v FIEIR
&, FHIBOERTCEIR A Y V2 7 —IC X 2N 2GF Tz, oI, HBIC X 287 7%
AL LT, EICEmLZY, #ilzm7 vy PcFryL vy Lz, SBREILTnS
RN 2 L BAEE AT X LT Tz,

(%2 - #i58] SLC Tld. 1 #FQANBHL . ZNEATREICT 2 Dlk, BFE L BB
L oFEFFOLRICE b Ebiviz, £/, ZO0HEBIRX, Blohvvei—%
Hi5 3 A2 0 BAGRE TR 2 F/ICZ2, 2%d, PO ARECHRNIZE 20
DT T LHBHERI N, VBT ANERVGELOEEANY Ve T —HBboTw
7o HERIZBOTIR, th2DUFE IR 2~ FABRREIH A S2H 2 53, &EBK
OB EBANBIIFTK L IE A RVORERTH S, AT, FitkoEEIY ) v 7
FEOZ T AN, BRGESKE SN T3 REME RO, BEE 3 2 ER it D
BHDH LK Lo T 2720, BRI CIREZHI BEh Y v ) v 7icfb s 2
2y 7 DMNIEARTH 2D, 2D, DHE L (THIECRIUT R 25, KFHIcHW
T, EHICHELIATHEEH Y VLT —IC Lk B ~DIEE - OB Y Fico Tk
L. 2oz 22 i3, 5%, AHEEZ %,
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BIL Y — LB/ R 7 LEITICE T 5 ZRIFT R~ OG- MRS R S -

iz~ s &L I ZR, & EET. DMEEA

2T V) — LENT (Whole exome sequence: WES) /47 / L fi##T(Whole genome
sequence: WGS) & DR et c R o2 2 A[EEMED B 2, MERTICIIHME LTw»
o 2BIE T ot (ZREFTR) 1cxt L Tid American College of Medical
Genetics and Genomics (ACMQG) 23[R TR Z W RIBE T 12D WT 2013 IR % .
RNT 2017 SFICEIREIR L Tw 3, [7 ) AERICE T 216 RmE 7 1 £ 2B
T2RE ] CTiE. ABcoEREEICE T 2 R R % [#REE 02K B X NGB D
7= DICEM I N 3 AR O 7 Y — LfEfT B X R T 7 LR ICE W T2l
HiE SN7-fERE 3RO BN LTHEE T 2B TFEEPABINE L JEEERLT
W5,

AR CIIEDREIEIC 31 2 EHEHII RS CRE T —RIATRICBI L <. G850 E
DGRBS TOXIGIC DT 2017 4F 12 A ~2018 4 3 A DRICHREE % Fha L 7=, s
ek - 7mY 7 FTREDMEY TH S, KE : Stanford University, Cincinnati
Children’s Hospital, Children’s Hospital of Philadelphia, #Z[E : 100K Genome Project
DZANNEFFE D — 2 TH % Sheffield Genetic Services (Sheffield Children's Hospital
NHS Foundation Trust), {A[E : Hopital de la Timone, Hopital Purpan, #%ifi#% |3 /iti %
NOWIEE D L < I3 E=E CHERE O EEMIRIIC N3 2 = 7 v — Lf#T %2
LTk, —HCldfixits o oRE S Zit L T\ 5, HEE 6 gk TOMR A DR
BUIFF 84 4. 9 b ZRINFTROBIR ST 4 A A1y v a vICHEHBEED S 2% v 713154

(O B#EEAY VT2 134) THoT,

HABRA Y v ) v 7R8I L7 EhinlkE N cld R~ xfIsic>
W COREFTRERG ORI, @ KT AA R 22 o 72O BN ICBE 3 2 AEHIRET
QWAL LCTHIRTREEET Y X b, @FRIRMICH T 2 TR, @ RIFT B
TR EOEIG, OMFRHE OBIZTHITERIC O THER/ Rz LT 5,

2L CEBICREZED 2RIV RICES L 72BEoxcicB L <&
K COREBRE D2 7 — L CHRETZED, X VBEYIRR D720 DT 4 271y v a v
WVBETHD LK U2, DT 4 ANy ¥ a vy DR T, ISR O Y, ER%ZBR
T 5 L DEANZYE FERZFR L 2RI L 72 7 4 v —T v T23A[HED &9 D>,
Fehti 1 72\ T 75  MAERE ~ O L SRR E S T IR S N a B TH D | DR
WRO-DERT 222y 7~DFERIRECHBN M ALIT) T L HMETL T L
VERHDLEEZLND,
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VLT REFBRRBE (A ZVT) LEAR R T AT ZAPFEHRGE (RARA) IZB 1T HRIBER
PNRR T RUBHET /M IR ]

WA OBIRIEFFRY —E AR T D720 AZVT DY =F K7 s
ANRAL L DEAR AT 47 A HFEBE &7 L7z, 355 1% European
Society of Human Genetics (ESHG) D =79 A M CHEL . R4 Y H L
DFHEH)2 T S oML i H A CRERI AN FEBIL T,

T FREBRBE (A ZVT) Tk, AT B 7SR Lz, RS
HARNDREENBIEIT BT 2088 % DT 5258 bIxH-
T2 ITAT MIRBETH 2 G LN TN E | IREEEME oy emmmoayy vzt m)
HITA TR IRSZ T AN TN, RIEBIXFHES T KAED  BXRR 747 R EFR (R 1>
KHLBLN LTI A ROR G RICAIL T, AAALDA

— T U THDLANGEZ T T, RO AR, BARTITEHLEE 2 HND LR A AN T,
FRICEREE 2 AL — RIE IS, A ST,

France [

EAXATAT AP % | spai287 (PGD) o Legal Criteria & Economic Criteria

W (AA) 13, Legal Criteria (EhE £ig) * Economic Criteria ({25 B E#&) =

PGD O HL 72 fii g% C 1. EETHS 1. BOEED 40 BEBETHS

HD, mE 8 EMDE 2. {aRERZV 2. PGD DEHEA 3 ELITF Th

Wikl 402 i, 355K R 3. —BABIVREHRETHDS | 3. F¥UTTRLFELERIERERFELSLZL

* Legal Criterla #7272 24, PCD B ORI S IEIEEILIVRESNS,

o
(32750 T D, 20174 #% PGD BInE /2o FEFI 23 1L T, Economic Criteria (2> TEENEENRESND,

[ZEfEL7= 70 BTk
1/3 D3E BHRJE I L DT I Cho T, PGD DR GIRBUARMER DD (37e<, PGD 2k 7 (Legal Criteria)
& PGD B H 257 (Economic Criteria) (246> TSR ESILD (FF 1),

F7°, Legal Criteria 23RS IVD, ZDOREDEE THY, 1BIFRIEN2, — A O XV RHIFIE THHEN)
FEEZG -3 O ThiUX, AL T PGD #iiE7ed, —M A A KV RWIFEIE THD HBOC X Lynch JEFERE
R EOFIEMIESS , PGD L7250, 12F R MR, FHIFIE TIERWE o7, BT Y LRWRBT
bt EOZEERICHEEL UKREIIUE, PGD OdifiliE7e5, RIZ, PGD i &72>7-fERFIIZ%HL T Economic
Criteria 2 MEFRSALD, FREOFMEDY 40 AT T, ZHVETO PGD OFEfiAS 3 [BILL T THY, ZDOEHEHEDF Y
T TROWFESHDLWIREFER FEB NN FEEA 72 L COUIE, PR &0, BEVEZ 721 C
WRWIGAIT, FLE TOFNEE72D, FRRIE X 20K 90% T, BHI3fE 3237 E O SKAIEFLE T
%, — T, BB TOFEREILIIL, 8,000~10,000 —ENNELLIRD,

A RO FH NI RERIZ S T2ICH 2D BT | K JREL UL TEBAHETV Y SHICAZ Y7 ~DfEF]
DAHE =280, B 2 DEBNEAFA~DOEBIZONTHRELAMDIENTE I, Mifitiak &I 7R
(BHTET—IZN DT, BEHER B R IC LD B 7 B 7 R E S, SR E R TN Tk
A — P — 2 B G TR ERES I TV, BB TR 212805794 =0 heDBIfRG
ZRFEO ALy 7 BOBRLIEF A — T Tata=r —var R FEEL ﬁ”f@ﬁb\ﬁ{il:ﬁﬁ%—t“xm%fﬁ
NEDRPBS TN, BIRERITEATZ TV /ay —2 WA RO FER Th A3, ZOREITITLOE-
Foata=f—Lar PEETHHIEZ U THERRLT,
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KEc 1} % Laboratory Genetic Counselor D% E] & Fik
FILZR 2 o IR, RREER. @By, PRSE. /MZER

AR BRIRIRES - TS5 & L Cogetffints, B ERAENERICTTON S X 51 Y,
ZF DR OER L R — + DFER D Certified Genetic Counselor (CGC) 25 2 R 73
D 1 >TH %, National Society of Genetic Counselors DFHFIC X 5 & 2019 X IERFIK
DG FEBBY & L Tw5 CGC D9 b, 1 26% B MFEECEIZENREPLREETO
ERICBEb o TR EfiFEIN TS, 2010 FFDOFFHE TIZZ DENAED 23% & 5 X,
BAR P HIRTL O S EEL OB I Laboratory Genetic Counselor (LGC) & L CTHE;
TEHT 5 CGC OBBEML T 5 T &89 BB A B o AEEETIELRHTERIT (BEA 7 )
% F O KEN D 4 fiiz% (Children’s Hospital of Philadelphia, Cincinnati Children’s Hospital,
Stanford University,) &1} % LGC OFENCOWTEHEF6 4D LGC It v A v 2 —% %K
ML 724 R A WS T 5, SIEMRIZ 2018 451 H~2019 3 HTH 5,

L 72BEN 7 R I1xBEIC CLIA §RAEE2Z T Cw3, b L IHEL RBEE2 % T 2 TE D
HCTH D, WMFED DMER RS HwE TN/, ZORBEMR - LA —F 2T 2 %T
D7u—FEHIT e, WRELTWEIBEI LD LT OBAE > Tn=2, WOk T
b S —LD—HE LT LGC AR - LA — FOfERKICED > Tz, 72, —HD
LGC BfEENTEFH T 2720 CTlra ., BRTDZ 74 2 FPHIGHIT-> Tz,

LGC ic oW THERINE S 2 T, 2017 4 22 X DRk CHIME & B IR B & 4
TLEa—LHWCASMETH 0% F =y 735 CGC BELL TE T2 LHEE
Dfigxd LGC Xk V1EHiRtrH 72, ZDix#l%iH 5 CGC (%, "Utilization Review” %
“Test Optimization” & FEIX N B ERBICTERE L C W02 2 L 3% WA, ZDOH/MRITMERRIC X Y
HarltozlThotz, 72, BN T RO LGC BT 0¥EBE N TWE b dHbL D
LTCHote TIVOBEDL L 2=V AT LNH B & T, RITHLEM, 2 LTl
A =KX= LERERTOEHEDPEY . WREDR VY AT LTH 5 L REEB~ T
5 CGC bz,

7. LGC ~D A v 2 2 — DO CHICE W 2 LT, BIEFEERE OB Tk R
fEflic o, CGC BRMBEFICHEANEZNRE L 2FEH L T W IEETH o 7,
— IR DERIE TIIIRNTRIERIER, NAF A v 7 r~T 4 7 RACBEET 2ERIEWGS
HH Y, LGC D% { IZ A& D on the job Training I B W THFED LGC LHEHY DE
i, SAFA VT4 =T 4 2% VP LDIEERERE L, LA — MEKT % 720 DHERL /
TN ELELTNEEDI L THoT,

AIBTEZD XS BIVROEKEEZIT>Td CGC L e HEZbNE, —/TT,
S8 ) LERO LA, RN & A GE T R 51 % RN ICHERE 3 2 M L IR RINGEGE (R
FIRRE DN, &L 7 Y — LT CRT 7 LETOE 2 X P KT icftEvy, BN T ER
LR OZEPHRICE D 2 CGCOFEENREHT 2 2 LN THINDS,
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BROKEEEICRIT DMBEAREDERY Ut ) v F L BIEFRIREDERIRD
e BRI R ME RA]

LA, BAGTEREIRZS ME D VR BRI 78 OB 7o AR T KA [ il
(BPEREBZE MR B DO BAR -2 W OERIRKICH 23 e ST b, Alal, 2017 45 12 A
735 2018 £F 3 HIZ T T, BAGVEMIRAENMER B D7 ) LER R L TWh 5L
T4 Mk 2R L, SRR B T R EEB N v T —, IRFHE, BEIR
BIRFMEZ SR, S OBEHEMIEEMREOER IV v ) V7B X
U“EE?E’JT&@@;—;M%%%%@ L 7=, 1) Manchester Center for Genomic Medicine
at Saint Mary’s Hospital (2<) 2) Genetics Services at Stanford Children’s Health (k)
3) Division of Genomic Medicine at University of California Davis Medical Center ()
4) Centre de référence pour les Affections Rares en Génétique Ophtalmologique (14)
BHisE TIPSR S L <IE— OB 2RO T TRERIEAI YV &
T—ZPLICIRBIEME, MRKEREMESHH L BRIV ) a3
il LTz, FIER ST 2 BIsFHA TIE 100 ML EOFIKER 2 &%
BTSNV REN FE Th o 7o, B8 - FARRERRRIZK VBBV ok
Vo 7ERBIOBREEHOBMAAHITIRE L WEERE o7, BEOE
RAMENR2NWEEE - (AEO 2 ik Tk, B rv ) v 7220 -RED
H 90% L EDR BT T2 AmE L TRV, BHEAENBEET L KED 2 Mg T
13K T0%RREDAHE L T\, KE - AETIE, B O/ SR /VIRAE TR
U7 v MWEE SR> T GA I35 o W ¢ X0 MR 72 i b 217> Tz,
# 1. S MiaR OBARFHIRR A IR

MCGM () GSSCH. UCDMC (k) CARGO ({L)
WA 176 B=F/IF I ZiEfEnteE (commercial 270 Bz F/R /L
RET E(-)>WES research or medical research lab) E(-)—>WES research
BEEHAHE AL MARETZ > IC& 3 L
BEFLEEES 0% U ENFE T0%EEAFZLE(UCDMC) 0B LUENFLE
RIEELUND  BEEDHARXD el gmamu
ZRAIE FAERIZBT =~

HARIEORT - B IRBIZET

WE - AAE O R TE MR A 2R A D —2 L LTV EU &
IR C B RPN 22 M B~ D 5t i D Ml A2 oM A 4 M < 37 H 0 M A e S 4
TEY ., KETIEIWHMER & b ECEMEEE MR R OB TILR o7 b O
D LR DB RIEMBEE OB R FIREEZ T o Tz, BERFHIHRAED
T RN EER IR TEA~DBINEN - BB b B2, A mEH Lg% <
X, BAMEREEEEBRE~OERYR—O—2L LTERIV R VT L
B FRRE LIRS D RHINEFITHEE I N O>ObH o 1o, ERHI ORI B
FMFEOERIRILOFENEBE L DD, AFIZBITHEHIORENRD BN D,
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XE - EEICBT BB YT —EBROH LWOBHEA

INER, MR, IMZET]

BIBEFEOERIZLY  BOBWBEDI VT —OFRITAE TR OME L
SNTNDOINESRE, BERE., BREELEOMKR EIES 2, ZA7RH,
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