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Overview

®* Genes/Chromosomes and DNA

® Genetics VS genomics

® Cancer and genetics, pathogenic variants and penetrance
® Germline and sporadic variants

®* What genes are relevant

®* Management implications

® Evolving field
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Genomics Health Facts

Cancer:i:is=,. ==
It is caused D N A
by changes to

that can occur over a
person’s lifetime, though around

5 0/ of cancers also have
O aninherited component
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Genomics VS Genetics

® The study of an ® The study of heredity
organism’s complete set

i : ® The study of the
of genetic information.

function and
The genome includes composition of

both genes (coding) and single genes.

faEcating DR ‘Gene’: specific

‘Genome’: the complete sequence of DNA
genetic information of that codes for a
an organism. functional molecule.




\"'AdlzR "I have the breast cancer gene.”

We all have the same genes.
FACT For example, every person has
the ‘breast cancer gene’ BRCAT. It doesn’t

=

cause breast cancer in itself; however,
individuals with certain rare variants in
the BRCAT gene have a much higher
chance of developing breast cancer.




The Genomic Test Directory

https://www.england.nhs.uk/publication/national-genomic-
test-directories/
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National genomic test directory

Document first 3 August 2018 The National genomic test directory specifies which genomic tests are commissioned by the NHS in

published: England, the technology by which they are available, and the patients who will be eligible to access to a
Page updated: 31 October 2022 test. The National genomic test directory for rare and inherited disorders and cancer can be accessed
Topic: Commissioning, below.

Genomics,

Specialised

If you have any questions about the genomic testing available in your area, please contact your local

commissionin -
9 genomic laboratory hub.

Publication type: Guidance

Document Summary

. . ) The National genomic test directory for rare and inherited diseases
National genomic test directory for ? W

: ) . specifies the genomic tests commissioned by the NHS in England
- rare and inherited disease for rare and inherited disorders, the technology by which they are
__ Microsoft Excel 179 KB available, and the patients who will be eligible to access to a test.
|

Version 4. Updated 31 October 2022.
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FagE upHarEt o 1 LI eles test. Ihe National genomic test directory tor rare and inherited disorders and cancer can be accessed
Topic: Commissioning, below
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Specialised If you have any questions about the genomic testing available in your area, please contact your local

commissionin .
9 genomic laboratory hub.

Publication type: Guidance

Document
National genomic test directory for
- rare and inherited disease
e Microsoft Excel 179 KB
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Document

Rare and inherited disease eligibility
- criteria

. PDF 4 MB 405 pages

Document

Summary

The National genomic test directory for rare and inherited diseases
specifies the genomic tests commissioned by the NHS in England
tor rare and inherited disorders, the technology by which they are
available, and the patients who will be eligible to access to a test.

Version 4. Updated 31 October 2022.

Summary

This eligibility criteria document supplements the National genomic
test directory by setting out which patients should be considered
for testing under that indication, and the requesting specialties is a
list of the clinical specialties who would be expected to request the
test.

Version 4. Updated 31 October 2022.

Summary

The National aenomic test directorv for cancer snecifies the

B>



What genes are relevant?

R208 inherited breast cancer genomic testing currently reports

pathogenic variants In
°* BRCA1

BRCA2

PALB2

CHEK?2

ATM

RAD51C

RAD51D

Expanding list




What genes are relevant?

BRCAl and BRCA2
High risk of breast/ovarian cancer

PALB2
® High risk of breast cancer

CHEK2 or ATM
® Moderate risk of breast cancer
® *Is one very high risk ATM variant

RAD51C and RAD51D
® Moderate risk of ovarian cancer

Assess risk in context of family history of cancer
® CanRisk assessment to create individualised risk estimates
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Genes and cancer risk

Normal function of cancer genes: tumour suppression
Role In regulating cell division and replication

Pathogenic variant alters cancer gene
Higher chance of cancer




Implications of a pathogenic variant

) - | , ' . -~

Functional protein Nonfunctional or missing protein

W @genomicsedu www.genomicseducation.hee.nhs.uk f /genomicsedu




Inherited (germline) genomics variants vs acquired (somatic) variants

o °
= =

present in absent in
gamete gamete

4 N
( \ . - *
Variation present Variation can occur during

; : fetal development or any
I
in every ceil In the time after birth in any cell

includi
th o?eog)f’.t':: ;e::fl’me of the body, except those
\ J of the germline
\ J
Variants can be Variants are not
passed on to passed on to
offspring offspring
Germline variants Somatic variants

Germline variants — present in gametes and can be passed onto
offspring (every cell in the entire organism will be affected)

Somatic variants — occur in a single body cell initially and cannot be
Inherited (only tissues derived from original altered cell are affected)



What Are Tumor Suppressor Genes?

Tumor
suppressor
genesin
normal cells
prevent cancer

DNA changes
that inactivate
tumor
suppressor
genes can lead
to uncontrolled
cell growth

Which cancer depends on which gene is involved
Cancer risk is affected by sex and age of person
Penetrance affected by other genetic and lifestyle factors

Inheritance of risk iIs dominant

https://www.genomicseducation.hee.nhs.uk/genotes/knowledge-hub/autosomal-dominant-
inheritance/ accessed 27.02.23

https://visualsonline.cancer.gov/details.cfm?imaqgeid=12495 accessed 05.12.22



https://www.genomicseducation.hee.nhs.uk/genotes/knowledge-hub/autosomal-dominant-inheritance/
https://visualsonline.cancer.gov/details.cfm?imageid=12495

Risk and disease penetrance
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Modifier genes » El Carcinogens

Response to DNA / \ Hormonal/reproductive

damage factors

Not everyone with an altered gene develops cancer

¥ @genomicsedu www.genomicseducation.hee.nhs.uk § /genomicsedu



Genes and their role

BRCA1 and BRCA2 (BReast CAncer genes 1 and 2) provide instructions for making a
protein involved in repairing damaged DNA, double stranded breaks, by homologous
recombination

PALB2 works with the BRCAZ2 protein, ‘Partner And Localiser of BRCA2’

CHEK?2 or checkpoint kinase 2, a protein kinase that is activated in response to DNA
damage, is involved in cell cycle arrest.

The ATM protein is a member of a family of proteins that respond to DNA damage by
phosphorylating key substrates involved in DNA repair and/or cell cycle control.

People with two pathogenic variants (both copies of the ATM gene) have Ataxia-
Telangiectasia. In the classic form this causes progressive cerebellar ataxia beginning
between ages one and four year.




Management implications

Significant
family history?
Life stage?
Family planning?

What
gene”?

Current cancer

Previous surgery?
Suitability for further
surgery?

histology? .
prognosis? Patlent’s
wishes?
Living relatives in Interest in
contact? research?




Management implications

Patient with current breast cancer
Does a genetic result influence surgical management?

consider contralateral risk (CanRisk can inform this calculation)
IS more extensive breast surgery suitable?

Does this affect treatment options?
PARP inhibitors?




Management implications

Genomic medicine service can discuss
* Family matters — testing other relatives
* Options for future cancer risk management

Research options
EMBRACE
https://ccge.medschl.cam.ac.uk/embrace/

PROTECTOR
http://protector.org.uk/information-for-participants/



https://ccge.medschl.cam.ac.uk/embrace/
http://protector.org.uk/information-for-participants/
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BRCA1 Germline Pathogenic Variant Carriers
Management Guidelines for Healthcare Professionals

Female 88CA1 Germline Pathogenic Variant [GRY) carrier age-
dependent cumulative cancer risks [95% confidence intervals)

Cumulative risk for contralateral breast
cancer by time since first breast cancer

Age [years) Breast cancer Owarian cancer €5 years 13 (10 to 16]
21-30 4% (2t ¥ - =5-10 years 23% (20 to 27)
31-40 24% [21 vo XA Falea d) =10-15 years 31X (18 to 36)
41-50 43% [30 to 48) E% (6 to 12) =15-20 years 40% (35 to 45)
51-50 S6% [51 ta G1) 0% |16 ko 26) =20-45 years 5I% (44 to 62)
61-70 BB 61 ta T2) 41% |33 o 50) Patient resources
-8 T2% 65 1o T4) 44% |36 1o 53) A Beginner's Guide to BACAT and BRECAZ
[ partieanti nfal Barary. rayal rmarsderin hs. wk)
LTV T T
ither cancers BRCAI GPV carrier risk Population coppafesl.org
195% confidence interval) lifetime risk hithps:/f wweat. macmillan org uk/cancer
information-aind -support fwoerried-about.
Male breast cancer 0.4% (0.1 ta 1.5) by age BO Rare cancercauses -and-risi-factors/broaspene
Prostate Mptamp 3OO | D93 (17 to 45) by age BS 18%
Tancer Motes
U Ma significant asociation
It i important to manage patkents inthe contest

Wyberg PCa risk estimate likedy incorporates effects of PSA soreening®

of thedr Bamily history of cancer.

Pancreatic Male

Indisiduadised risk estimates awailable from

3% [2to5) h'l"’-g':m I hetps:ffranrisk orgd shiowld be used instead of the

CEnCEr
Female

general risk estimates wherewer possible.

2% [ to &) by age 80 *Lee FAQ document for Purther Information and
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BRCAZ2 Germline Pathogenic Variant Carriers

Management Guidelines for Healthcare Professionals

Female BRCAZ Pathogenic Variant |GPV] carrier age-dependent Cumulative risk for contralateral breast
cumulative cancer risks [95% confidence intervals) * cancer by time since first breast cancer ®
Age (years) Breast cancer Ohvarian cancer <5 peary B {5-12%)
21-30 4% [2-9%] - =5-10 years 16% (12-21%)
31-40 13% [9-19%) <0 5% *10-15 years 1% (17-26%)
41-50 15% [20-41%) 1-2% >15-20 years D% (20-33%)
51-60 53% [46-59%) T [4-11%) >20-43 years B5% | 25-08%)
61-70 B1% [55-68%) 15% [10-23%) Patient resouroes
71-80 GO [61-T7%) 17% [11-X5%] * & Beginner's Guide to BRCAT and BACAZ

IRisk ol OC »70 & Bhely undanaslimated by nalerenced shaly, soé Managament below and FAQ

| partbesrit] nf ol B raany. raryad i sobern s i)
# breastcancemnow g “Somsone e me®

hittps:) oreastcancemnow.org infoomation

Otheer cancers ® BRCAZY GPV carrier risk Population
uppoet s uppart-youfsomesane-me-tele phone
195% confidence interval) lifetime risk support
¥ # coppafeclong
Male breast cancer 4% [2-B%] by age B0 Rare * httpeh Y w—
Prostate Fiylerg 2220 A1% | 22-54%) by age 85" 18% information-and-supportfwaried-about
r— cancer/causes-and-risk-factorsfbroa-gene
U ez

1T [21-35%) by age BO
MNotes

Nl Adjussted for screening effect, please see FAQ for unadjusted figures

It Is important to manage patients in the context

Pancreatic Male

af their family history of cancer. Individualised

I% | 2-5%) e BD 2%
e risk estimates awailable from hiips:/manrisk.ong

cancer

Female

showld be used instead of the general risk

2% [1-4%) by age 8D

references. ectimates wherever possible. *See FAQ documaent
Mo significant assodation consistently found for ather cancers. ho sigrificant asociation consisiantly fend fer sthar cancers o further Mifoaration and refersnoes.
|
Management recommendations Management recommendations
Screening Breast: Annual MR Breast from 30 years. Annual mammography from 40 years Screaning Breast: Annual MRl Breast from 30 years. Annual mammagraphy from 40 years.
Earlier commencement of annual MR breast from age 5 may be considered for women with an Eariler commancamant of anneml brast Ml from age 25 may be comsidened for women with an
P . . & individualised 10 year breast cancer risk of = B%~.
indrvidualised 10 year breast cancer rigk of = B3%*. Far s witie s et e 3 b 2 bt thase
Far wamen with previous breast cancer, a5 abowe if residual breast tissse. P ' _
Dwarian: Mot curmentl msnded. M idenie based SonsEnEng mrogr L
Owarian: Not currently recommended. Mo evidence based Streening programme. an - ¥ Mhcom oo n pE = amme
- - Prostate: Annual PSA from 40 with onward refesral if PS4 >3.0ng'mil
Prostate: Mo national sEreening programimse.
ben can discuss pros and cons of PSA screening with their GP. Pancreatic: Mot curtently recomemended outside of research. Congider the ELRDPAL stursy.
Pancreatic: Mot recommended. Ritsk:reducing sungery Breast DHsouss biaberad mastectomy. individualised® assessment recommended
Risk-reducing Breast: Discuss risk-reducing bilateral mastectomy. individualised” risk assesiment recommended Owarian: Disouss risk-reducing bilateral slpingo-oophorectomy (RAESD), offer when childbearing is complete
Surgery and no earker than age 40 - 45. Due to continued risk of ovarian cancer at older ages, RRESD shoald be
Owarian: Discuss risk-reducing bilateral salpingo-sopharectomy (RRBS0), offer when childbearing is discussed with all weemen, with consideration of general fitness/co -morbidities.
complete and nd earlier than age 35 — 40. Due to contineed risk of avarian cancer at older ages,
BRESD should be discussed with all women, with consideration of general fitness,\co-morbidities., HoamnonE replaos ment Women undergaing RRES0 with no previcus hisbory of breast cancer, should comsider taking HRT until 50. For
women with prewiows breast cancer, individualised disoession with Oncologist i advised.
Hormaone ‘Women undengaing RRESD wha have no previows history of breast cancer, should consider taking
. Chiemaprewentan Discuss the pros and cons of chemogresention. Can be offered if no contraindications. Mo shsdies have been
replacement HAT wnkil S0.
conducted to date cn efficacy of chemopresention in BRCAZ GPV casriers.
i ¥ ; Mok recommrugufied 98 orf high risk oftriple nagative: breast cancer. Cancer management ERCAZ GPV carmer status may influence management of current cancers — endure oncologist asare of carrier
Cancer ORCAT GPY carrier Status may influsnce mansgement of current cancers — ansure anoologist sware status and manage as part of 3 muttidisciplinary team.
management of carrier Status and manage as part of & multidisciplinary team. Consider long tenm prognosss / competing risks prior 1o considering nsi-reducing swgery.
Consider long term prognosis | competing risks prior to considering risk-reducing surgery. Lifestyle information Provide enformation about regutar self-breast examinaticn and avarian cancer symptom awareness.
Lifestyle Prowide information abowt regular self-breast examination and owarian cancer Syrmphom awanense s, :Iruuunb:ﬂ:trmt::c:;::d i ':'L::'E"B o, B 3% oy Rty e gl ity
infarmation Provide information an the benefits of smoking cestation, minimiging alcohol intake and maintaining I:nl'rI!rir.tNInn: i nrlln:un?r::t:-.?mr: pil 1.I:H:P| s not contraindicated,, bt requires infiormad disoussion
& healthy weight to loser the chanoe of getting cancer. and consideration of aternative forms of contracetion™.
Family matters Refer to clinical genetics to facilitate genetic testing in at-risk family members. Family matters Refer to clinical genetics ta facitate genetic testing n at-risk family members.
Befer to clinical genetics for discussions on reproductive options. Refer to dinical genetics for distussians on reproductive options.
Peychological Consider referral for dinical peychology suppart if appropriate. Frychological Comsider refesral to clinical peychalogy support serdces if appropriate.

"see FALD documssnt for further indormation and references.
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Management implications

Position statement

- - - L-

@ UK consensus recommendations for clinical F

- . . G)

management of cancer risk for women with germline &

OPEN ACCESS i 1 . y Ty Q
pathogenlc variants In cancer prEdISPOSItIOH genes: 2

©

RAD51C, RAD51D, BRIP1 and PALB2 5

3
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For numbered affiliations see ABSTRACT PALB2, RADS1D and RADS 1C as well as common, 2,°
end of article. Germline pathogenic variants (GPVs) in the cancer low-risk OC genetic susceptibility variants identi- %
S predisposition genes BRCA1, BRCA2, MLH1, MSH2, fied through genome-wide association studies.’ * 'Z‘
gfa’eﬁzg‘:{g‘:ﬁ:ﬁ? o MSH6, BRIP1, PALB2, RAD51D and RAD51C are While guidelines around clinical management S
helen hanson@stgeorges.nhs.uk  identified in approximately 15% of patients with of cancer risk in patients with GPV in BRCA1 and 2
_ ovarian cancer (OC). While there are clear guidelines BRCA2’ ® and the mismatch repair genes; MLH1, =
Received 26 August 2022 around clinical management of cancer risk in patients MSH2, MSH6 have been published, there are few R
Accepted 25 October 2022 with GPV in BRCA1, BRCA2, MLH1, MSH2 and MSHS, guidelines on how to manage patients with GPV in Q
there are few guidelines on how to manage the more genes associated with more moderate risks of OC: N

moderate OC risk in patients with GPV in BRIP1, BRIP1, PALB2, RADS 1D and RADS 1C. O

PALB2, RAD51D and RAD51C, with clinical questions Population-based studies of genetic testing %

Hanson H, Kulkarni A, Loong L, et al

UK consensus recommendations for clinical management of cancer risk for women with germline pathogenic variants in cancer
predisposition genes: RAD51C, RAD51D, BRIP1 and PALB2

Journal of Medical Genetics Published Online First: 21 November 2022. doi: 10.1136/jmg-2022-108898



Evolving field

Guidance changes over time

Cancer risk and management options will be influenced by genetic
results and family history

National guidance including:
NICE

Cancer Genetics Group (CGG)
Genomic Test Directory




