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DENMARK: THE RIGHT CONSTELLATION

Universal tax-funded, income-independent healthcare
Extensive long-term record-keeping

Individual-level linkage, including primary data
collection

Lifetime follow-up
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The Epidemiologist's Dream: Denmark
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When an Entire Country
Is a Cohort

Denmark has gathered more data on its citizens than any other country. Now
scientists are pushing to make this vast array of statistics even more useful

For years, any woman who got an abortion
had to accept more than the loss of her fetus:
For some unknown reason. she also faced an
elevated risk for breast cancer. At least that
was what several small case-control studies
had suggested before Mads Melbye, an epi-
demiologist at the Statens Serum Institute in
Copenhagen, undertook the largest effort
ever to explore the link. He and his col=
leagues obtained records on 400,000 women
in Denmark’s national Abortion Register,
then checked how many of the same women
were listed in the Danish Cancer Register.
Their foray into the two databases led 10 a
surprising result: As they reported in The
New England Jowrnal of Medicine in 1997,
there appears to be no connection between
abortion and breast cancer.

Their success underscores the value of a
trove of data the Danish government has ac-
cumulated on its citizenry. which today totals
about 5 million people. Other Scandinavian
countries have created powerful database
systems, but Denmark has eamed a preemi-
nent reputation for possessing the most com-
plete and interwoven collection of statistics
touching on almost every aspect of life. The
Danish government has compiled nearly 200
databases, some begun in the 1930s, on ev-
erything from medical records to socio-
economic data on jobs and salarics. What
makes the databases a plum research tool is
the fact that they can all be linked by a 10-

METTE NORGAARD
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digit personal identification numbser, called
the CPR. that follows cach Dane from cradle
1o grave. According to Melbye, “our registers
allow for instant, large cohort studies that arc
impossible in most countries.”

Beauty In numbers. These Danish twins starred in a vari- . ) t
ety show at the turn of the 20th century; now it's their tapped the Danish Twin Register, £

medical records, part of a database, that are in demand.

But Melbye and other scientists think they
can extract even more from this data gold
mine. They argue that not enough money is
being spent on maintaining and expanding

by the Danish Board of Health and public
hospitals, their use of 120 demographic
databases overseen by the agency Statistics
Denmark is tightly restricted. Statistics Den-
mark won't allow researchers to remove from
its premises data coded by CPR, and the pro-
cedures for accessing information at all are
unwieldy and expensive.

AT % officials are rel
to release data tied to CPRs, citing privacy
concerns. “The public should have confi-
dence that information identifying them as
individuals does not reside outside of this in-
stitution,” says the agency’s Otto Andersen.
Last month, Danish research minis-
ter Birte Weiss formed a committee
to break the impasse. Denmark’s
databases are “a resource which
can be used more optimally.” she
told Science. “This should be a sci-
entific flagship.”

Working the health databases
can yield powerful results. For years #
the LS. National Institutes of Health
has supported a study following &
twins, hoping (o tease out the rela- £
tive contributions of genes and 2
lifestyle to aging. Led by University &
of Southern Denmark gerontologist £
Kaare Christensen, the project has §

which includes 110,000 pairs of #
twins bom since 1870. After follow- £
ing more than 2000 pairs of twins aged 70 or ¥
older, Christensen’s group has so far tied to
genes about a quarter of the variation in hu-
man Jongevity. “The project is made possible

existing databases, and they say that red tape
is hampering studies that require correlation
of health and d hic data. The probl

is that, while they have unfetterced access to
more than 80 medical datab intained

by the hed age and pl of
the Danish Tiin Register,” he says.

The health databases have proven invalu-
able for probing contradictions raised by

smaller studies and following disease pro-
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Danish Cancer
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Danish Cancer
Registry
(since 1943)

Danish Nationdl
Prescription

Database

Key variables
CPR NUMBER
Date of dispensation
Active substance
Amount dispensed
Route of administration
Defined daily dose

(Since 1995)

Registry of
Causes of
Death
(since 1943)

Danish Civil
Registration
System
(since 1968)

Danish
National
Patient
Registry
(since 1977)

Gince 1977)
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FULL PAPER

British Journal of Cancer (2016) 115, 895-900 | doi: 10.1038/bjc.2016.248

Keywords: melanoma; phosphodiesterase inhibitors; sildenafil; pharmacoepidemiology; cancer, Denmark; USA

Use of sildenafil or other phosphodiesterase
inhibitors and risk of melanoma

Anton Pottegard™', Sigrin Alba Johannesdottir Schmidt?, Anne Braae Olesen®, Ninah Achacoso?,
Stephen K Van Den Eeden®®, Jesper Hallas', Henrik Toft Serensen? Seren Friis® and Laurel A Habel*

'Clinical Pharmacology and Pharmacy, Department of Public Health, University of Southem Denmark, Odense, Denmark;
2Department of Clinical Epidemiology, Aarhus University Hospital, Aarhus, Denmark; 3Depanment of Dermmnato-Venerology,
Aarhus University Hospital, Aarhus, Denmark; Division of Research, Kaiser Permanente Northern California, Oakland, CA, USA;
5De;::z:artrnew*ut of Urology, UCSF, San Francisco, CA, USA and ®Danish Cancer Society Research Center, Danish Cancer Society,
Copenhagen, Denmark

Background: Phosphodiesterase 5A inhibitors (PDEls), a common treatment for erectile dysfunction, were recently linked to an
increased risk of melanoma.

QENTIN e,

Methods: We conducted two parallel case—control studies, using the Danish Nationwide Health Registries (DNHR) and the Kaiser & %
/ AARHUS Permanente Northern California (KPNC) electronic health records. Identifying men with histologically verified melanoma (cases) g g
NP UNIVERS matched on birth year to 10 cancer-free controls, we estimated odds ratios (OR) for melanoma associated with high use of PDEls B

e (=100 tablets filled), adjusting for available confounders.
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Use of prescription drugs and risk of @
postoperative red blood cell transfusion in
breast cancer patients: a Danish

The Vll—dby risk of transfusion was 3.5% among users of aspirin versus
1.1% among non-users (adjusted OR of 1.9 (95% CI: 1.4-2.7)
This difference was not explained by age stage and comorbidity level

~ ~

Abstract

Background: Several frequently used prescription drugs may affect bleeding risk. We investigated use of aspirin,
nonsteroidal anti-inflammatory drugs (NSAIDs), selective serotonin reuptake inhibitors (SSRIs), and statins and risk of
postoperative red blood cell transfusion in breast cancer patients.

Methods: Using Danish population-based registries, we identified a cohort of women who underwent surgery for
primary breast cancer (n= 22,238) during 2005-2012 and ascertained their use of aspirin, NSAIDs, SSRIs, and statins. For
each drug, patients were categorized as users if they filled 21 prescription in the 60 days prior to surgery. We calculated
the 14-day risk of red blood cell transfusion and relative risks (RRs) with 95% confidence intervals (Cls), comparing users
with nonusers for each drug and adjusting for age, cancer stage, and Charlson Comorbidity Index score.
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VOLUME 35 - NUMBER 29 - OCTOBER 10, 2017

JOURNAL OF CLINICAL ONCOLOGY ORIGINAL REPORT

Postdiagnosis Statin Use and Mortality in Danish Patients
With Prostate Cancer

Signe Benzon Larsen, Christian Dehlendorff, Charlotte Skriver, Susanne Oksbjerg Dalton, Christina Gade

Postdiagnosis statin use was associated with

adjusted HRs of

0.83 (95% ClI, 0.77 to 0.89) for prostate cancer mortality and
0.81(95% ClI, 0.76 to 0.85) for all-cause mortality.

Corresponding author: Signe Benzon
Larsen, PhD, Danish Cancer Society
Research Center, Strandboulevarden 49,
2100 Kebenhavn @, Denmark; e-mail:
benzon@cancer.dk.

© 2017 by American Society of Clinical
Oncology

0732-183X/17/3529w-3290w/$20.00
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work, we examined whether postdiagnosis statin use was associated with reduced cancer-specific
mortality or all-cause mortality among patients with prostate cancer in Denmark.

Material and Methods
From nationwide Danish registries, we identified all patients with incident prostate adenocarcinoma

from 1998 to 2011 and retrieved data on tumor and patient characteristics, drug use, and primary
treatment. We defined postdiagnosis use (two or more prescriptions) of statins as a time-varying
covariate with 1-year lag. Cox proportional hazards regression models used to compute hazard ratios
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Danish Cancer
Registry
(since 1943) Registry of
Causes of
Death
(since 1943)

Danish Civil
Registration

Danish National s
Pathology Registry

Key variables Danish
CPR NUMBER Natianal
. : atient
Dates of request, reception & sign out Registry
Specimen type (since 1977)
Procedures performed
Diagnoses as SNOMED codes

Conclusion/free text diagnoses

(Since 1995)
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Existing data sources for clinical epidemiology:
the Danish National Pathology Registry

and Data Bank

Rune Erichsen’

Timothy L Lash'

Stephen | Hamilton-Dutoit?
Beth Bjerregaard’

Mogens Vyberg®*

Lars Pedersen'

This article was published in the following Dove Press journal:
Clinical Epidemioclogy

27 March 2010

Mumber of times this article has been viewed

Abstract: Diagnostic histological and cytological specimens are routinely stored in pathology
department archives. These biobanks are a valuable research resource for many diseases,
particularly if they can be linked to high quality population-based health registries, allowing
large retrospective epidemiological studies to be carried out. Such studies are of significant
importance, for example in the search for novel prognostic and predictive biomarkers in the
era of personalized medicine. Denmark has a wealth of highly-regarded population-based
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THE NATIONAL PATHOLOGY REGISTRY

Among 40,526 patients with prostate cancer (1989-2011)
* 34,660 (86%) had adenocarcinoma

5,866 had nonadenocarcinomas, unspecified histology, or no histology
verification

* 16% had unknown gleason score

Among RCC patients who underwent nephrectomy or partial nephrectomy
in2016-17

* 88% had a leibovich score coded
» 96% had tumor size coded (versus 39% in 2010)

/ AARHUS ‘ METTE NORGAARD
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PARAFFIN BLOCK ARCHIVE, INSTITUTE OF PATHOLOGY
AARHUS UNIVERSITY HOSPITAL

,F—'—

; .-:_:-— , Part of Denmark’s largest biobank!

Routine diagnostic specimens from ~ 1960
Stored indefinitely
Millions of paraffin blocks

"A treasure chest for researchers”
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Retrospective analysis of KRAS status
in metastatic COIOFECt&I canhcer patien Table | KRAS mutations in metastatic colorectal cancer patients
a single-center feasibility study

Jonathan Montomoli’
Stephen Jacques
Hamilten-Dutoit?
Trine Fraslev'

Aliki Taylor?

Rune Erichsen'
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This article was published in the following Dove Press journal
Clinical and Experimental Gastroenterology

17 Seprember 2012

Mumber of times this article has been viewed

Background: The occurrence of KRAS mutations and t
metastatic colorectal cancer patients is not well documente
Objectives: To examine the feasibility of identifying arc
and through linkage with nationwide Danish population-
prevalence of KRAS mutations and their association with ¢
Metheds: We used the Danish Pathology Database to iden!

{ar in enme cazee ercnndare) timaor enecimens fram el

28. AUGUST 2018

included in this study

Female (%) Male (%) Al (%)
Total number of patients 38 (35.9) 68 (64.2) 106 (100}
KRAS
Vifild type I7 (44.7) 31 (45.6) 48 (45.3)
Mutations overall 21 (55.3) 37(544) 58 (547)
Gly | 2Asp 2(5.3) 13 (19.1) 15 (14.1)
Glyl12Ala 3(7.9) 3 (44) 6 (5.7)
Gly 1 2val 8 (Z1.1) a (11.8) 16 (15.1)
Gly | 25er 2(5.3) I (1.5} 3 (18)
Gly | 2Arg 0 (0.0} 3 (44) 3 (L8)
Gly | 2Cys 2(5.3) 2 (19) 4 (3.8)
Gly | 3Asp 2(5.3) 6 (8.8) 8 (7.6)
Gly12Ala/ | 2Ser 2(5.3) I (1.5) 3(28)
METTE N@RGAARD %%@5

PROFESSOR

&
S
SRS



Functional Polymorphisms in UDP-Glucuronosyl
Transferases and Recurrence in Tamoxifen-Treated

Breast Cancer Survivors

Thomas P. Ahern', Mariann Christensen®, Deirdre P. Cronin-Fenton®, Kathryn L. Lunetta®,
Havard Seiland®, Jennifer Gjerde®, Jens Peter Garne’, Carol L. Rosenberg®, Rebecca A. Silliman®*,
Henrik Toft Serensen®, Timothy L. Lash®*®, and Stephen Hamilton-Dutoit®

Abstract

/v

Background: Tamoxifen is oxidized by cytochrome-P450 enzymes (e.g., CYP2D6) to two active metabolites,
which are eliminated via glucuronidation by UDP-glucuronosyl transferases (UGT). We measured the
association between functional polymorphisms in key UGTs (UGT2B15*2, UGT2B7*2, and UGT1A8%3) and
the recurrence rate among breast cancer survivors.

Methods: We used the Danish Breast Cancer Cooperative Group registry to identify 541 cases of recurrent
breast cancer among women with estrogen receptor-positive tumors treated with tamoxifen for at least 1 year
(ER"/TAM™), and 300 cases of recurrent breast cancer among women with estrogen receptor-negative tumors
who were not treated with tamoxifen (ER™/TAM ). We matched one control to each case on ER status,
menopausal status, stage, calendar period, and county. UGT polvmorphisms were genotyped from archived
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UNIVERSITET 28. AUGUST 2018 ’ PROFESSOR
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Danish Cancer
Registry
(since 1943)

The clinical

laboratory
iInformation system

LABKA
Key variables

CPR NUMBER

Results of all analyzed blood samples
from patients at hospital departments
and medical practices

Standard classification (NPU codes)
Date of blood sample analysis

(Since mid 1990)

Registry of
Causes of
Death
(since 1943)

Danish Civil
Registration
System
(since 1968)

Danish
National
Patient
Registry
(since 1977)
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METHODOLOGY

Existing data sources for clinical epidemiology:
The clinical laboratory information system (LABKA)
research database at Aarhus University, Denmark

Anne Fia Grann

Rune Erichsen

Anders Gunnar Mielsen
Trine Froslev

Reimar YW Thomsen
Ceparoment of Clinical Epidemiclogy.

Aarhus University Hospizal.
HAarhus, Denmark

This ardce wis published in e following Dove Pres journak

Clinkcal Epidemiology
31 Harch 20l

Mumbar of timas chis articla has baan viawsd

Abstract: This paper provides an introdection to the clinical labomatory information system
(LABE A} research database in Morthern and Central Denmark. The database contains millions
of stored laboratory test results for patients living in the two Danish regions, encompassing
1 & million residents, or one-third of the country’s population. More than 1700 different types
of blood test analyses are available. Therefore, the LABE A research database represents an
incredible source for studies invelving blood fest analyses. By record linkage of different
Dranish registries with the LABE A research database, it is possible to examine a lange number
of biomarkers as predictors of disease risk and prognosis and as markers of disease severity,
and to evaluate medical treatments regarding effectiveness and possible side effects. Large
epidemiclogical studies using routingly stored blood test results for individual patients can be
performed because it is possible to link the laboratory data to high-quality individual clinical
patient data in Denmark.

Keywords: bicchemistry, labomtory procedures, diagnosis, therapeutic drug monitoring,
epidemiclogical methods, registries
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Bone metastasis-free survival (BMFS) among men in a castration-resistant prostate cancer (CRPC) cohort stratified by PSA
doubling time at CRPC index date.

PSA=prostate specific antigen
Cancer Epidemiol 2015
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3 CORIGIMAL RESEARCH
—  Validity of the recorded International
Classification of Diseases, | 0th edition diagnoses
codes of bone metastases and skeletal-related
events in breast and pmstate cancer PEltI ents
in the Danish National Registry of Patients
Thiz articls waa catbhed In the fcllowine Dovs Prsax lourml:
Cioiml Endaemis! cer
) dabr 2007
Annette @stergaard Jensen'  Objective: The clinical history of bone metastases and skeletal-related events (SREs)
Mette Mergaard’ socondary to cancers is not wiell undersiood. In suppon of studics of the natural history of bone
Mellizsa Tn::ngl mitzstases and S REs in Danish prostate and bresst cancer patients, wie estimated the semsitivity
Jon P Fryzek" and specificity of hospital diapnoses for bone metasiases and SEEs (ig, radiation therapy to
Henrik Toft Serensen’ the bane, pathelogical or csteoporotic fractures, spmal cord compression and surgery to the
. berese) i & mationwide medical registry in Denmark.
f;:r;:“ﬂ::;:sl:::;fﬁ'iﬂﬁ PE'  Study design and setting: In MWorth Jutland County, Denmark, we randomly sampled
Dummark; ‘Global Epidemiclogy, |00 paticnts with primary prostate cancer and 100 paticnts with primary breast cancer diap-
Amgan Inc_ Thousands Oaks, noses from the Mational Registry of Patients (NRP), during the period January 1st, 2000 to
CA LA Dcember 315t 2000 and followed them for up to five years after their cancer diagnosis. We
wsed information from medical chart reviews as the reference for estimating sensitivity, and R
spocificity of the NEF Intermational Classification of Diseases, 10th edition (MCO-10) coding §° k
/ AARHUS for bone metestases and SEE diagnosss. 2\ )
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VALIDITY OF DIAGNOSIS CODES OF
BONE METASTASES AND SRE’S

Bone metastases:
* Sensitivity: 44%
* Specifcity:100%
* Positive predictive value: 100%

Any SRE:
* Sensitivity: 55%
 Specifcity: 94%
* Positive predictive value: 80%
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Validation of algorithms to detect distant
metastases in men with prostate cancer
using routine registry data in Denmark

Vera Ehrenstein'

Rohini K Hernandez?
Merete Lund Maegbaek'
Johnny Kahlert'

Mary Nguyen-Nielsen'
Mette Norgaard'
Alexander Liede?

'Department of Clinical Epidemiology,

Aarhus University Hospital, Aarhus,
Denmark; 2Center for Observational

This article was published in the following Dove Press journal:
Clinical Epidemiclogy

10 April 2015

Number of times this article has been viewed

Objective: Among patients with prostate cancer, diagnostic codes for bone metastases in the
Danish National Registry of Patients have a sensitivity of 44%. In an attempt to improve the
sensitivity of registry-based identification of metastases from prostate cancer, we tested a series
of algorithms, combining elevated prostate-specific antigen (PSA) levels, use of antiresorptive
therapy, and performed bone scintigraphy.

Patients and methods: We randomly selected 212 men diagnosed with prostate cancer
in 2005-2010 in the Central Denmark Region with prespecified PSA values, antiresorptive
therapy, and bone scintigraphy who did not have a registry-based diagnostic code indicating
presence of distant metastases. We defined three candidate algorithms for bone metastases:
1) PSA =50 ug/L and bone scintigraphy. 2) PSA =50 ng/L and antiresorptive therapy. and

N

0
Wsis. S1aW

Research, Amgen, Thousand Oaks, 3) PSA =50 pg/L. with antiresorptive therapy or bone scintigraphy. An algorithm for distant R
5 6 metastasis site other than bone was defined as PSA =50 pg/L alone. Medical chart review was g @
/ W uN used as the reference standard to establish the presence or absence of metastases. Validity was B

INST expressed as a positive predictive value (PPV) or a negative predictive value, based on whether



RESULTS

/v

Table 2 Positive predictive values of the potential algorithms to identify presence of distant metastases

Sampling algorithm Total Presence confirmed by medical record
Bone metastases Nonbone metastases Any metastases
n PPV (95% CI) n PPV (95% CI) n PPV (95% CI)

30 days before or after the index date

PSA =50 pg/L in the absence of ART or bone scintigraphy 37 I 0.03 (0.0007-0.14) 0 - I 0.03 (0.0007-0.14)
PSA =50 pg/L and bone scintigraphy without ART 32 | 0.03 (0.0008-0.16) 3  0.09 (0.02-0.25) 4 0.12 (0.04-0.29)
PSA =50 pg/L and ART 4 0 - 0 - 0 -

PSA =50 ug/L and ART or bone scintigraphy 40 2 0.05 (0.006-0.17) 2 005 (0.006-0.17) 4 0.10(0.03-0.24)

L] L] L] L] T . . . . . . - o . o

Positive predictive values for bone metastases between 3% and 11% | 4. 0.1,
PSA =50 pg/L and bone scintigraphy without ART 32 3 0.09 (0.02-0.25) 6 0.19(0.07-0.36) 9 0.28 (0.14-0.47)
PSA =50 pg/L and ART 4 0 - 0 - 0 -

PSA =50 pg/L and ART or bone scintigraphy 40 2 0.05(0.01-0.17) 4 0.10(0.03-0.24) 6 0.15(0.06-0.30)

Abbreviations: ART, antiresorptive therapy; Cl, confidence interval; PPV, positive predictive value; PSA, prostate-specific antigen.
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Validity of the Danish National Registry of
Patients for chemotherapy reporting among
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colorectal cancer patients is high

This artidls wid pditibd s the following Dove Prii jourmd
o R

19 Augpast 2013

Humber of timsg chip grvicls bag bewn vigsyd

Background: The Danish National Registry of Patients (DNRP) 1= a potentially valuable
respurce for monitoring nationzl rends m the wse of chemotherapy and evaleating the benafits
and harms of alternative trestments among colorectal cancer (CRC) patients in Denmark.
However, the validity of chemotherapy reporting m the DNRP is unknown. In this study, we
evaluated the validity of the DNRP for identifying the receipt of chemotherapy and specific
treatments, and the tming and number of treatments among CR.C patients, using medical records.
and pharmacy data as the reference standard
Methods: We selected 2 andom sample of CRC patients with lymph node involvement who
were dizpnosed at Aarhus University Hospital (n= 25) or Aalborg University Hospital (n=15)
from 2009 to 2010, Admindstration dates, specific treatments, and number of treatment courses
were abstracted for the 180 days post diagnosis from the DNRP. medical records, and pharmacy
production datsbases. The prevalence of chemotherapy, timing of first administration, and
number of courses were described. DNRP data were compared with the reference standard for
each hospital, and the kappa, sensitivity, specificity, positive and negative predictive values,
and 95% confidence intervals were caloulatad for the receipt of any chemotherapy and specific
Irestments.
Resules: The prevalence of chemotherapy was 72% and 68% among CRC patients treated in
Aarhios and Aalborg, respactively, with =>00% of patients without distant metastasis receiving
trestment within 90 days from diagnosis. Patients received on average 4.6 and 4.7 treatment
courses in Aarhus and Aalborg, respectively. Kappa, sensitivity, and specificity of chemotherapy
reporting i the DNRP was high (=0.88), but the sensitivity of ndividual chemotherapies
varied by hospital.
Conclusion: The validity of chemotherapy reporting in the DMREP was high, although some
vanation by hospital exists. The DNRP represents a popalation-based nationwide resource
that can be used to provide timely and accurate evahmtions of chemotherapy use among CRC
patients in Denmeark.
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MULTIPLE MYELOMA DATA

Among 850 multiple myeloma patients who received Bortezomib based
treatment in 2010-2015 according to the clinical database

* /6 % had a bortezumid treatment coded in DNPR
* 38 % had at least 1 code stating complex cytostatic treatment

- it is difficult to identify treatment and particularly treatment lines
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