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Icelandic Cancer Registry (ICR)
Family data

Biological data

Ethical and legal aspects
Usage of the data

Role of the ICR



lcelandic Cancer Registry

e 1954: Established by Icelandic Cancer Society (ICS)

e 2007 Legislation...
...on Directorate of Health and Public Health
- Cancer registration compulsory
- Director of Health responsible for the registry
- A contract - ICS runs the registry
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Abstract

Introduction. The nationwide Icelandic Cancer Registry (ICR) was established in 1954 and has been extensively used for
research from the outset although formal quality assessment of the registry database has not previously been undertaken. In
this paper we report the first formal evaluation of the comparability, validity, timeliness and completeness of the ICR.
Material and mnethods. Data from the ICR for the period 1955-2009 (41 994 cancer diagnoses) were used, applying established
quantitative and semi-quantitative methods. In order to evaluate the completeness of the ICR, record linkage was performed
between the ICR and the population-based Hospital Discharge Registry to identify potential missing cases for tumour diag-
noses in 2000 and 2001. Results. The registration is in accordance with internationally accepted standards. It has high valid-
ity, but random variation in rates is prominent in this small population. Record linkage with the Hospital Discharge Registry
revealed that in addition to the 2459 cancers registered in 2000-2001, 21 cases were missing, indicating 99.15% complete-
ness. Tumours of the central nervous system constituted 71%, and haematological malignancies 19% of these missing entries.
Discussion. The ICR has high completeness, validity and timeliness and is comparable to the cancer registries of the other
Nordic Countries. As cancer registries have many important roles, it is of great importance that their data are at all times as
complete and valid as possible. Thus the ICR aims to constantly improve and update the data gathering process.



ICR

Overarching aim
To improve public health

Starting in 2017:
Implementation of Clincal Quality Registration
with University Hospital
Looking to Swedish INCA system

Since 2010: registration of TNM staging and other
histological variables according to INCA form
for main cancer types



Colorectal cancer in Iceland

78 males and 64 females diagnosed yearly
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Colorectal Cancer 1955-2015

2528 males & 2320 females -> 4848 individuals

IJ C International Journal of Cancer
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global cancer control

International Journal of Cancer

Colon cancer in Iceland—a nationwide comparative study on

various pathology parameters with respect to right and left
tumor location and patients age
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The Breast Cancer Family Database of
the Icelandic Cancer Society

Discovery of BRCA2 in 1994

Icelandic Cancer Society University Hospital




Localization of a breast cancer susceptibility gene, BRCA2,
Science; Sep 30, 1994; 265, 5181; ProQuest Central
pg. 2088
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variants. Furthermore, probe cyclization
reactions depend on an intramolecular
reaction as opposed to reaction between
pairs of independent probe molecules as
in amplification by the polymerase chain
reaction. Thus, there should be fewer prob-
lems with nonspecific reactions resulting
from interactions between noncognate pairs
of probe segments with cyclizable probes.
The present probe design should permit the
simultaneous analysis of multiple gene se-
quences in a DNA sample.

In conclusion, the nucleic acid probe pre-
sented here permits highly specific detection
of nucleotide sequences and, although the
target is not amplified, highly sensitive detec-
tion is possible through efficient reduction of
nonspecific signal. Circularizable probes
should be applicable in a number of other
contexts, including the detection of specific
RNA molecules expressed in tissue sections as
T4 DNA ligase can assist in ligation reactions
involving RNA strands (8). Moreover, immo-
bilizedpadlockpmb&couldbemeﬁ:lforpfe-

Localization of a Breast Cancer Susceptibility
Gene, BRCA2, to Chromosome 13q12-13
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A small proportion of breast cancer, in particular those cases arising at a young age, is
due to the inheritance of dominant susceptibility genes conferring a high risk of the
disease. A genomic linkage search was performed with 15 high-risk breast cancer families
that were unlinked to the BRCAT locus on chromosome 17g21. This analysis localized a
second breast cancer susceptibility locus, BRCA2, to a 6-centimorgan interval on chro-
mosome 13q12-13. Preliminary evidence suggests that BRCA2 confers a high risk of
breast cancer but, unlike BRCA1, does not confer a substantially elevated risk of ovarian
cancer.



THE LANCET

Linkage to BRCAZ2 region in hereditary male breast cancer

Steinunn Thorlacius Laufey Tryggvadottir Gudridur H Olafsdottir
Jon Gunnlaugur Jonasson Helga M Ogmundsdottir Hrafn Tulinius Jorunn E Eyfjord

: epnnt ed from THE LANCET Saturday 2% August 1995

@ © 1996 Nature Publishing Group http://www.nature.com/naturegenetics

letters

The complete BRCA2 gene
IMyriad Genetic: » .
ke, and mutations in

Utah USA -
Lawary Cromosome 13g-linked
Molecular .

Endocrinolog, KinAreds

CHUL Research

CenterandLaval .V, Tavtigian, . Simard?, ]. Rommens?, F. Couch?,
idens!, S. Neuhausen?®, S. Merajver®,

Urniversity, Quebec
City, Canada
-'Dgpanmenrq( K. Offit%, D. Stoppa-Lyonnet?,

Genetics, Haspital ge", R. Bell', S. Berry!, R. Bogden ,
for Sick Children, Q (‘hcn' T. Davu.' M. Dumont?, C. Frye!,

?Z',:::::'é:{am T. Hattier, S. Jammulapati!, T. Janecki', P. Jiang!,
Canada R. Kehrer!, ].-F. Leblanc?, J.T. Mitchell!,
*Deparment of J. McArthur-Morrison?, K. Nguyen?, Y. Peng?,
gm;?gy C. Samson?, M. Schroeder', S.C. Snyder!,
University of L. Steele®, M. Stringfellow!, C. Stroup],
Pennsylvania, B. Swedlund', ]. Swensen®, D. Teng!, A. Thomas!,

Philadelphia, USA T, Tran!, T, Tran’, M. Tranchant?,
(lfw

: 1 anel : 10
id ~ Weaver-Feddhaus’, A.K.C. Wong', H. Shizuya™,
gou;,";dhx)r‘rmmt l.E. Eyfjord’, ). Cannon-Albright®, E. Labrie?,
of Medical sitfick! >, B. Weber?, A. Kamb!

Informatics and 5,11
Department of & DF Goldgar™

trapping, cDNA library screening, genomic sequencing
and inter-clone PCR experiments using cDNA as tem-
plate for amplification (‘island hopping’; Fig. la). The
extreme 5' end of the mRNA, including the predicted
translational start site, was identified by a modified 5'
RACE protocal”. The first nucleotide in the sequence (nt
1) is a non-template G, an indication that the mRNA cap
is contained in the sequence. A portion of exon 11,
which is nearly 5 kilobases (kb) in length, was identified
by analysis of roughly 900 kb of genomic sequence in the
public domain (ftp://genome.wustl.edu/pub/gscl/brea).
This genomic sequence was condensed with our own
genomic sequence into a set of 160 sequence contigs,
When the condensed sequence was scanned for open
reading frames {ORFs), a contiguous stretch of nearly 5
kb was identified which was spanned by long ORFs. This
sequence was linked together by island hopping experi-
ments with two previously identified candidate gene
fragments (EC. et al, unpublished)®. Our composite
BRCA2 cDNA sequence consists of 11,385 bp but does
not include the polyadenylation signal or poly(A) tail.
Conceptual translation of the cDNA reveals an ORF
beginning at nt 229 and encoding a protein of 3,418
amino acids. The peptide bears no similarity to other
proteins apart from sequence composition. There is no

cional camence at tha N terminie and na nhuviane



, A single BRCA2 mutation in male and
Nature Genetics female breast cancer families from
Vol 13 May 1996 Iceland with varied cancer
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Advances in Brief
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Different Tumor Types from BRCA2 Carriers Show Wild-Type Chromosome
Deletions on 13q12-q13'
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Nationwide Family Databases

Icelandic Genealogy Database
Complete for all Icelanders born 1810+
Kept at the University Hospital, accessible to all scientists upon

ethical permission

deCODE Family Database — islendingabdk
Complete for all Icelanders born 1810+
Accessible for researchers affiliated with deCODE company



deCODE company founded in 1996
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Biobanks

CRC samples: University Hospital - Department of Pathology
>3000 paraffin embedded CRC samples
>500 fresh frozen CRC samples (starting year 2000)

DNA: deCODE company



deCODE 2015

Genotypes and medical data from 137,000 Icelandic volunteer
participants - over 50% of the adult population

Whole genome sequencing of >8,400 of those individuals
-> Imputation of genotypes for 200,000 close relatives — thus
family- and genotype information available for 337,000

Icelanders

Possible to search for associations between over 25 million
sequence variants and a broad range of phenotypes



Example of work in process
Colorectal cancer and Lynch syndrome

Sigurdis Haraldsdottir MD, MS
Assistant Professor of Medicine
Division of Oncology

Stanford University School of Medicine

PhD thesis will be defended early 2017
Paper accepted by Nature Communications

Co-operation with deCODE and University Hospital



Study design and results

All patients (n=1208) with
CRC 2000-2009 in Iceland

Patients excluded (2.2%) for:
11 insufficient material

v

All MMR variants in the

1182 patients
included (97.8%)

population (MAF <3%)
extracted from deCODE’s
genetic database

v

8 unknown primary
3 material not found
4 foreigners

IHC for MLH1, MSH2, MSH6 and PMS2 on all
(MSH6 and PMS2 for biopsies (n=270) with
reflexive partner testing™ if abnormal)

No further testing (n=229)

/

v

MSH2/MSH6, MSH6 or
PMS2 absent (n=32)

MLH1/PMS2 absent (n=100)

!

v

Blood genotyping for
known MMR variants

Negative ¢

LS (n=15)

Blood WGS (n=27)

MLH1-hm
pyroseguencing

and blood genotyping
for known MMR
variants

/’ 21.8% without available blood

All MMR proteins
present (n=1050)

l, 78.2% with available blood

Blood genotyping for known
MMR variants (n=821)

]

/Negative \L

v

LS (n=6)

Tumor ColoSeq (n=21)

MLH1-hypermethylation
positive CRC (n=90)

LS Normal
(n=6) (n=815)

P

™\

*Reflexive partner testing
was done for biopsies, i.e if
MSH6 was abnormal, MSH2
IHC was added; if PMS2 was

Double somatic (n=16)

1 hit to MSH2 (n=3)

—>| MSH2 hypermethylation negative

abnormal, MLH1 IHC was
added.




Summary

e Highest prevalence of Lynch syndrome so far — 1:226
* MSH6 and PMS2 mutations prevail — 3 founder mutations
e >1000 individuals carry these in the country

* Translocations can cause Lynch syndrome

e Submit variant data to InSiGHT
* MISH6 p.Leu585Pro class 3 variant is pathogenic
e Other class 3 variants found likely not pathogenic

* Initiate screening program for individuals with Lynch syndrome in
Iceland



DNA of all tumour samples being extracted

Planned to do WGS
Nordic co-operation would be very welcomed



Ethical and legal aspects

Permission for individual research projects:

* National Bioethics Committee (& Data Protection Agency)
* UH Pathology Biobank

* Cancer Registry

* Genealogy Database

* University Hospital



Role of the Icelandic Cancer Registry

Co-ordination and initiation of co-operation
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Oestrogen receptor status, treatment and
breast cancer prognosis in Icelandic BRCA2

mutation carriers
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