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Next generation sequencing, NGS -
Mojligheter och utmaningar

(

WS"l'HEWALL STREET JOURNAL.

THE SATURDAY ESSAY

The Future of Medicine

Updat

nber 3

s Now

From cancer treatments to new devices to gene therapy, a look at six medical innovations that are poised to

transform the way we fight disease

Reporter Ron Winslow talks to WSJ weekend Review e¢
advances that are finally moving from research and prot:

In our era of instant gratification, the world
promising discovery to an effective treatme

Amaong the 15,086 pregnancies evaluated, 36 were positive for trisomy 21, First
trimester screening detected just under 80 percent of those (28 cases), while the
Harmony test identified all 36, "even in young women and women who were first-
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More from Fergus

DNA mapping for cancer patients
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Up to 100,000 patients with cancer and rare
diseases in England are to have their entire
genetic code sequenced.

The Prime Minister will announce £100m has
been set aside for the project over the next
three to five years.

The aim is to give doctors a better
understanding of patients' genetic make-up,
condition and treatment needs, and help
develop new cancer treatments.

One human genome contains three billion base pz

blocks of DNA.

Sequencing the code produces a huge amount of
price is falling fast, it currently costs £5,000 to £10
why no country in the world has embarked on mas

scale.

When it will start - who will do the genome sequen
not been worked out - nor which patients will be el

testing.

trimester-screen negative,” Wapner said.
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Genome Advance of the Month
Circulating tumor DNA: A new generation of cancer biomarkers

By Elizabeth Burke, Ph.D.
Intramural Postdoctoral Fellow, NHGRI

For many years, scientists have been on a quest to identify a non-invasive
cancer biomarker - a biological molecule found in the blood that indicates the

presence of disease. Their hope was that it would provide a more effective and
patient-friendly method for the detection, monitoring and treatment of cancer.
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On Wednesday night the New England Journal of Medicine published a study
showing that a new, DNA-sequencing based blood test provides a dramatic
improvement in at ing for Down d and a second,
deadly disorder. That could open up a $6 billion market to the biotechnology
companies that are already marketing these tests.




Hur fungerar NGS? — identifiering av varianter

NGS: Individuella lasningar Sanger:
Alla lasningar bidrar till en
gemensam signal
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Vilka genetiska forandringar kan upptackas med NGS?
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Cost per Human Genome

$100,000,000

$10,000,000

Moore’s Law

$1,000,000

$100,000

$10,000

N I H National Human Genome
Research Institute

genome.gov/sequencingcosts

$100
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Arbetsflode for diagnostik med NGS

Sjukvarden
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Hur helgenomsekvenering tagit klivet in i diagnostik av sallsynta diagnoser

Det finns ca 7000 séllsynta diagnoser, men
sammantaget blir dom manga

Gemensamma problem for individer med
sallsynta diagnoser ar:

Tillgang till korrekt diagnostik

Tillgang till korrekt sjukvard

Bristande information om sjukdomen
samt om var du kan fa hjalp

Blir inte remitterad till experter

Far inte individbaserade behandlingar
och vard

De odiagnostiserade har det
svarast!




Stranneheim et al. Genome Medicine (2021) 13:40
https://doi.org/10.1186/513073-021-00855-5

Genome Medicine

Integration of whole genome sequencing
into a healthcare setting: high diagnostic
rates across multiple clinical entities in
3219 rare disease patients

Henrik Stranneheim’#?", Kristina Lagerstedt-Robinson’*', Mans Magnusson', Malin Kvarnung'#, Daniel Nilsson'#,
Nicole Lesko'?, Martin Engvall'?, Britt-Marie Anderlid"*, Henrik Amell®, Carolina Backman Johansson?,

Michela Barbaro’, Erik Bjérck', Helene Bruhn?®, Jesper Eisfeldt', Christoph Freyer™®, Giedre Grigelioniene'”,

Peter Gustavsson', Anna Hammarsjo'*, Maritta Hellstrom-Pigg'#, Erik lwarsson'*, Anders Jemt',

Mikael Laaksonen’, Sara Lind Enoksson®, Helena x‘v'.almqrm”, Karin \Jaoss"', Magnus Nardcnsk;ofd'“’,

Mikael Oscarson?, Maria Pettersson'#, Chiara Rasi®, Adam Rosenbaum’, Ellika Sahlin'*, Eliane Sardh'?,

Tommy Stodberg™, Bianca Tesi'*, Emma Tham'#, Hakan Thonberg'#, Virpi Téhénen', Ulrika von Débeln?,
Daphne Vassiliou'?, Sofie Vonlanthen®, Ann-Charlotte Wikstrém®, Josephine Wincent'*, Ola Winguist®,

Anna Wredenberg?®, Sofia Ygberg™, Rolf H. Zetterstrom'?, Per Marits®, Maria Johansson Soller™, Ann Nordgren'#,
Valtteri Wirta®’, Anna Lindstrand'*" and Anna Wedell'*""'@®

M AREAR AR

Precisions-
medicin

Patogena varianter
identifierade | 718 olika gener
(1207 individer)
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Prenatal GS - hog diagnostisk nytta hos foster med
iIcke-immun hydrops fetalis

PTPN11  go)
4%

FOXP3
4%

Normal
48%

5 cas

HRAS
22%

In silico filtrering mot 281 gener
*  Diagnostiskt fynd hos 52%

Westenius et al., Ultrasound Obstet Gynecol 2022 Oct;60(4):487-493



FOrdelar med nytt flode

Effektivare arbetsflode, snabbare diagnos

Nu/Framtid Tids- och kostnadseffektivt
Patiem En analys, alla typer av varianter kan upptackas
Genom

sekveiserlng ng g:%g fr)t
Diagnos

*Ek et al., submitted; Lindstrand A, Ek M et al., Genetics in Medicine 2022 Sep 5



Genome Sequencing is a sensitive first-line test
to diagnose individuals with intellectual disability

Cohorts Methods Results x
Q Diagnosed
O Intellectual disability m s ’
ogeurodevelopmental delay Genome-first Sequencing ®
[ oy R
Time- & m f t Undiagnosed
Cost effective Secondary test Chromosomal
Genome miFroarraY (CMA) Only 10% of
‘ with or without the undiagnosed
z;;;gg ;Z;z]g EMR1itesting were referred for
Sensitive — secondary test with
method Standard screening Genome Sequencing

» Kostnad per diagnostiserad patient som var 38 % lagre med GS
 Kostnaden for uppfoljande analys av foraldrar var 36 % lagre

Lindstrand A, Ek M et al: Genome sequencing is a sensitive first-line test to diagnose
individuals with intellectual disability. Genetics in Medicine 2022 Sep 5,51098-3600(22)00874-7.



Halsoekonomisk utvardering av GS

2013 2015 2017 2020

O " v 0 + ¥ v VAL databases
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t Starlims
N=89 I

Diagnosis

%) Kostnader som samlades in under tva ar fran remissdatum

VAL-databaserna: Information om konsumtion av
oppenvard och slutenvard (kostnader, typ, datum)

Kostnader som samlades in under tre ar fran remissdatum

o @\M StarLims: Information om genetiska tester (kostnader,
resultat)



Totala kostnader

Cohort SOC Cohort GS
‘i m:gxz:
g N=418  N=89 ;94%
30,000
25,000

Mean patient costs ($)

20,000 l 8 5%
15.000 l 25%
10,000 134%
***
0,000

Clinical Genetics  Outpatient care Inpatient care Total




Andel diagnostiserade individer

Cohort SOC
nn _mwx /

1l

(c6a), 35% 30.3%
@ 25%
20% S
15%
10%
5%

] 0%
Hj 0 2 4 6 8 10121416 18 20 22 24 26 28 30 32 34 36

Months after referral

Cohort GS

)@ |

v
Proportion
with diagnosis




Sammanfattning: Halsoekonomisk utvardering av GS

% 9,4 % lagre totala sjukvardskostnader observeras efter
2 ars uppfoljning

TTTTT _ Hogre andel diagnostiserade individer uppnas med
““G@{A“ GS-first flode (30,3 % vs 20,8 % 3 ar efter forsta
remiss)

= Efter 5 ar hade endast 8% av de odiagnostiserade
H remitterats till GS 1 SOC-gruppen



Kliniska WGS resultat pa KS 2015-2021 (n=7,657)

Metabolic/mitochondrial

30%
NMD and Ataxia
HPO/OMIM 25%
Epilepsy
PID
Intellectual Disability Solved

Connective Tissue Disease
Skeletal Dysplasia . Unsolved
Inherited cancer ~

DSD

Pediatric hepatology
Neurodegenerative disorders
Other |
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Diagnostisk genomsekvensering for séllsynta diagnoser pa K*
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Hur helgenomsekvenering tagit klivet in i cancerdiagnostik

Cytogenetik FISH PCR Microarray Next-generation
sequencing
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t(9;22)/BCR-ABL Philadelphia kromosom




Barn ALL

Good [~“60%]
t(12;21)/ETV6-RUNX1
High Hyperdiploidy

Intermediate [~30%]
B-other ALL
t(1;19)/TCF3-PBX1

High [~10%]
t(9;22)/BCR-ABL1
MILL translocation

Mear haploidy
Low hypodiploidy
iAMP21
+(17;19)/TCF3-HLF
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Moorman et al (2010) Lancet Oncology 11(5):429-438



FLT3 and NPM1 in AML

100 No. No. Events
= |TD -ve/ NPM -ve
Patients Obs. Exp. | T L St i
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Gale et al., Blood, 2008



Genetiska forandringar vid AML

Chromatin modifiers (30.5%) Transcription factor fusions
MLL fusions, MLL PTD, ( Spliceosome (13.5%)) (18%) PML-RARA,

NUP98-NSD1, ASXL1, EZ112, MYH11-CBFB, RUNX1-RUNX1T1,
KDMBG6A, other modifiers PICALM-MLLT10

“Myeloid transcription

factors (22%) RUNX1,
CEBPA, other myeloid

_transcription factors

NPM1 (27%) )

7

Tumor
suppressors (16.5%)
TP53, WT1, PHF6

DNA methylation (46%)
TETT, TET2,1DH1,
IDH2, DNMT3B, DNMTT,
DNMT3A

( Cohesin complex (13%)

Activated signaling (59%)
FLT3, KIT, KRAS, NRAS, PTPs,
Ser/Thr kinases, other Tyr kinases

Chen et al, Nature Genetics 2013




Solida tumorer och genetiska forandringar

W. Walter et al. Seminars in Cancer Biology 84 (2022) 3-15
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Fig. 2. Overview on currently established biomarkers and corresponding diagnostic modalities in solid tumours. MSI: Microsatellite instability. ISH: In-situ hybridi-
zation. gPCR: quantitative PCR. HRD: homologous recombination deficiency. IHC: Immumnohistochemistry. TMB: Tumour mutational burden. EBV: Epstein Barr virus. HPV:
Human Papilloma Virus. All other abbreviations are gene names.
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None

Utveckling av genetisk diagnostik vid lungcancer

PIK3CA
3%—4%

2%—3%

J Genotype

Molecular
Phenotype

.

Percent mutated
~
(=}

Patients

Subtype specific treatment combination and
related biomarkers based on proteogenomics

e
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: Protein network analysis of phenotypic clusters

Bild: Janne Lehti6, Karolinska Institutet



Diagnostik och ~ Val av Uppfoljning av
prognostik behandling behandling

4 )

Molekylar > Registrering av
stratifiering respons

Innovation

Forskning

Snabb Klinisk implementering
Kompetensutveckling
Datadelning

Bild: Janne Lehti6, Karolinska Institutet



BARM MED TURMOR

Flodesschema GMS barn, KS
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ALK mutation; tumor can be treated with new ALK inhibitors




Solida
tumorer
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Genetisk vagledning

Diagnostiska utredningar

Presymptomatiska
utredningar

- Etiska fragestallningar
* Riskberakningar

« Uppfoljningar

« Upprepningsrisker
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CSD i samverkan

C3D i samwerkan drivs av Natonellt system for
kunskapsstyming hlso- och sjukvird g=nom
Natione programomrade silisynts sjukdomar
och i samarbate med de sjukvardsregionala
Centrum for s3lsynts disgnossr.

.83. Socialstyrelsen

Salisynta halsotillstand

Socalstyrelsens kunskapsdataoas om sallsynta
halsctilist3nd innehaller information om fler 3n
300 s3lisynta sjukdomar och tillstand.

Stod till anhoriga

Utver det =t6d som halss- och sjukvarden och

CSD i Sverige

Sjukvardsregionala Centrum fér sallsynta
diagnoser finns vid univarsitetssjukhusen. Vid
centrumen finns expent=am for ofka diagnoser
och diagnosgrupper.

Kunskapsdatabaser

Dzt finns flera kunskaps- och
informationsdatzoaser s3mt portaler med
information som ror omradet s3lisynts diagnoser.

Riksforbund

Dzt finnz flars intrzzzeorgznisationar zom vander

Expertteam

Centrum fér sallsynta diagnoser vid
universitetssjukhusen samyerkar med expentsam
och expanresurser.

orphanet

Orphanet

En europeisk databas som tland annat innehdller
en fértackning dver 6 700 salisynta diagnoser och
=1t uppslagsverk mad cirks 2 300 diagnoser.

Om oss

\Webbpiatsen CE0 1 samwerkan fungerar som 2t

Pa hemsidan fér CSD i
samverkan finns en
sammanstallning av

relevanta och anvandbara
resurser

Information och lankar till:

«  Expertteam inom de olika
universitetssjukhusen

«  Kunskapsdatabaser sasom
GeneReviews, Orphanet,
PubMed och OMIM

*  Riksférbund och
intresseorganisationer

«  Stdd for anhdriga, bland annat
Anhorigas Riksférbund, Our
Normal och Agrenska
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