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Nordic Biological Specimen Bank Cohorts as Basis

for Studies of Cancer Causes and Control: Quality Control
Tools for Study Gohorts with More than Two Million Sample
Donors and 130,000 Prospective Gancers

Eero Pukkala

Abstract

The Nordic countries have a long tradition of large-scale biobanking and comprehensive, population-based
health data registries linkable on unique personal identifiers, enabling follow-up studies spanning many
decades. Joint Nordic biobank-based studies provide unique opportunities for longitudinal molecular
epidemiological research. The Nordic Biological Specimen Banks working group on Cancer Causes and
Control (NBSBCCC) has worked out very precise quality assurance principles for handling of the samples,
based on the tradition in biobank culture. The aim of this paper is to demonstrate how high standards of
quality assurance can also be developed for the data related to the subjects and samples in the biobanks.
Some of the practices adopted from the strong Nordic cohort study experience evidently improve quality
of nested case-control studies nested in biobank cohorts. The data quality requirements for the stan-
dardised incidence ratio calculation offer a good way to check and improve accuracy of person identifiers
and completeness of follow-up for vital status, which are crucial in case-control studies for picking up
right controls for the cases. The nested case-control design applying incidence-density sampling is
recommended as an optimal design for most biobank-based studies. It is demonstrated how some types
of biobanks have a period immediately after sampling, when the cancer risk is not comparable with the
cancer risk in the base population, and how many of the biobanks never represent the normal average
population of the region. The estimates on the population-representativeness of the biobanks assist
in interpretation of generalisability of results of the studies based on these samples, and the systematic
tabulations of numbers of cancer cases will serve in study power estimations. The well over 130,000
prospective cancer cases registered among subjects in the NBSBCCC biobank cohorts have already
offered unique possibilities for tens of strong studies, but for rare exposure-outcome combinations
predictions on future numbers of cases improve the chance to select the right moment when the study
will have accurate statistical power.
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1. Introduction

Table 1
Use of serum samples in studies published by the Nordic Biological Specimen Banks
for Cancer Causes and Control (NBSBCCC) network. Update 21 Nov 2006

In the Nordic countries, there exists a series of established
biological specimen banks with many decades of follow-up
that enable performing prospective epidemiological studies
with adequate statistical power even for diseases and exposures
that are not common. Between 1995 and 2006, more than
30 joint articles ((1-33); Table 1) were published by the Nordic
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1 | Dillner et al. [1] X
2 | Lehtinen et al. [2] X
3 | Lehtinen et al. [3] X
4 | Dillner et al. [4] X
5 | Bjorge etal. [5] X X | X
6 | Dillner et al. [6] X X X X
7 | Bjorge etal. [7] X | X
8 | Dillner et al. [8] X
9 |af Geijersstam et al. [9] [ X
10 | Luostarinen et al. [10] [ X X X | X
11 | Lehtinen et al. [11] X X | X
12 |Kiburetal. [12] X
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13 | Koskela et al. [13] X X X | X
14 | Sigstad et al. [ 14] X X X
15 | Mork et al. [15] X |[X X X
16 | Anttila et al. [16] X X X | x
17 | Stattin et al. [17] X X |X X |[X
18 | Bjorge et al. [18] X X | X
19 | Stattin et al. [19] X X | X X [X
20 | Lehtinen et al. [20] X X X [ X
21 |Lehtinen etal. [21] X X X [ X
22 |Youngman etal. [22] |X X X | X
23 | Paavonen et al. [23] X X X | X
24 | Lehtinen et al. [24] X X
25 | Tuohimaa et al. [25] . X X | X X [ X
26 | Luostarinen et al. [26] |X X X [ X
27 | Lehtinen et al. [27] X [ | | |X
28 | Anttila et al. [28] X . X [|X|. [x]|x
29 |Stolt et al. [29] X
30 | Hakama et al. [30] X |.. |. X X [ X
31 | Tedeschietal. [31] X
32 | Tedeschi et al. [32] X |X |X X X X
33 | Korodi et al. [33] D¢ . X[x|. |x|x

Participating serum banks marked with X and those which do not include sera from relevant persons with two
dots (..). Columns shaded with gray indicate that sera from these serum banks have not been used in any
NBSBCCC study so far. The table includes only studies that have got the internal NBSBCCC study number,
i.e., officially accepted as network studies
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Biological Specimen Banks working group on Cancer Causes and
Control (NBSBCCC). The majority of studies so far were aimed
at elucidating infections such as Human Papillomavirus (HPV)
as causes of cancer. In addition to the joint Nordic studies, the
biobanks operate independently with several hundred publications
based on one or several of the biobanks described in this paper.
Major subject areas for study have been hormones, nutrition,
smoking, organochlorine compounds and genetic polymorphisms
as causes of cancer in addition to a number of studies evaluating
tumour markers. Still, the first systematic evaluation of characte-
ristics and quality of the biobank cohorts or features of cancer risk
pattern among the donors was done just recently and published
in 2007 (34). This book chapter borrows much of the text of that
publication, modified to give practical insight of thinking and
methodology normally used in quality assurance (QA) of other
types of epidemiological study cohorts than biobank cohorts.

This paper includes systematic descriptions of the participating
biobanks: background, organisation, size, years of sample collection
and administrative aspects. Numbers of cancer cases found among
persons in the serum banks after serum drawing are given, adver-
tising the unique possibilities of the national cancer registration
systems in the Nordic countries. Population representativeness of
the serum bank cohorts is estimated by comparing cancer incidence
in the biobank cohorts with the respective national rates. Finally,
issues to be taken into account in designing case-control studies
nested in the Nordic biobanks are discussed.

In their classical assessment of the quantitative importance of
avoidable causes of cancer, Doll and Peto estimated that a majority
of human cancer was attributable to avoidable causes (35). They
concluded that most of these avoidable causes remained unidenti-
fied. For risk factor identification and causality inference as well as
for studies searching for mechanisms behind increases or decreases
in cancer incidence, they recommended the use of prospective
studies nested in cohorts of stored biological specimens.

This paper introduces the Nordic biobank network NBSBCCC
to new potentially interested partners and serves as a general
reference for specific studies based on these biobanks. NBSBCCC
is a network of excellence that contains 17 independent biobank
cohorts, five cancer registries and numerous expert user groups.
The purpose of the network is to provide a concerted resource for
etiologic studies of cancer, with a focus on longitudinal studies
addressing unexplained causes and trends over time.

People who have donated samples to a biobank can also be
considered as classical study cohort that is in most aspects techni-
cally comparable with, e.g., cohorts of occupationally exposed persons.
Therefore, methods used in quality assurance and evaluation of
accuracy of other types of cohorts can be adapted to biobank
cohorts as well. Because that kind of approach has not been tradition
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in biobank culture — most principles of quality assurance have their
roots in laboratory sciences — this paper describes some of the
practices typical to cohort studies that evidently also improve qual-
ity of nested case-control studies in biobank cohorts.

2. Participating
Biobanks

The first crucial characteristic of any cohort study is to under-
stand the bistory of the cohort collection:

definition of the cohort; which type of persons were included
(in the following I use the term “being exposed” to mean
people who fulfil the inclusion criteria, although in biobank
context the “exposure” simply means donation of sample),

region of coverage; this can be a geographical area, or one
institution (such as a factory in occupational studies, or a hos-
pital in clinical cohorts),

years of coverage; the cohort can be cross-sectional (includ-
ing everyone under exposure at a point of time), or dynamic
one (including everyone being exposed during a given period,
no matter if the exposure started before that period or ended
after that period),

exclusions; there may be exclusion by purpose (defined in
study protocol) or by accident (e.g., exclusion of deceased
persons from the cohort because of lack of storage base; this
would totally ruin the possibilities to use the cohort in any
study on disease risk),

other selection mechanisms; in biobank context one of the
most important ones is selective participation that may
decrease the population-representativeness of the cohort meant
to be random sample of a population,

variables collected, with full descriptions of principles in coding
and input into the database; in the context of biobank samples
such data may have existed but they have not always (e.g. if
the samples are taken for clinical purposes) been collected sys-
tematically into databases in such format that they can be used
afterwards in a scientific studies together with the sample,

accuracy check-ups of the data in the context of storing them
at the baseline; most importantly were the identification
information of the person (in the Nordic countries: person
ID codes) confirmed,

collection of follow-up information; how were the data on pos-
sible deaths, migration out of the follow-up region and out-
come events achieved; was the linkage procedure (key) fully
complete, where there temporal or spatial holes in follow-up.
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Fig. 1. Map of Nordic countries indicating the coverage areas of the serum banks.

In the following, some key characteristics of the background
of the Nordic biobanks belonging to the NBSBCCC programme
are described in a systematical way. The network so far consists
of 12 biobanks in Finland, Iceland, Norway and Sweden, three of
which are split into two to three independent subcohorts (Fig. 1,
Table 2). Participating biobanks are independent entities that
make their own decisions, but are committed to facilitate joint
studies by working towards similar policies for quality assurance,
logistics and study designs as well as for permission and terms of
collaboration. NBSBCCC is funded by the Nordic Council of
Ministries and as a European Union sixth framework programme
Network of Excellence.

Research projects using the biobanks need appropriate per-
missions from the national Data Protection Authorities, National
or Local Ethical Committees and from the boards of the biobanks.
Informed consent is obtained from all persons donating samples,
making it clear to the donors that the material will be used for
future research purposes. Details of the permission procedure can
be obtained via contact email addresses given in Table 2.

All samples have been stored at -20°C to -25°C except
those of the Alpha-Tocopherol, Beta-Carotene Cancer (ATBC)
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2.1. Finnish Maternity
Cohort

2.2. Helsinki Heart
Study

Prevention Study, the Northern Sweden Health and Disease
Study, the Malmo Diet and Cancer study and FINRISK Study
(since 1997), which are stored at -70°C. Malmé Diet and
Cancer biobank also has aliquots stored at —135°C.

Every resident of the Nordic countries has a unique personal
identification code (PID) that is used in all main registers in these
countries. The PID allows automatic and precise linkage of regis-
ters, without the need to use names. For meaningful research use,
the PIDs have to be available for each person in the biobanks.
Biobank cohorts are typically linked with the population-based
cancer registries shortly before a new case-control set will be
extracted for a specific study.

Sera collected during the first trimester of pregnancy (two-thirds
at 8-12 weeks) for screening of congenital infections and rubella
immunity have been stored since late 1983 by the National
Institute for Health and Welfare (THL). The biobank covers
more than 98% of all pregnant women in Finland. So far, basic
data for the sera up to 21 August 2005 have been transferred to
Finnish Cancer Registry to be used in case-control studies.

Up to about 2005, The Finnish Cancer Registry took care of
quality control of the data and also developed programs for pre-
cise random case-control selection within the FMC cohort.
Record linkages for both incident cancers with cancer registry
data and causes of death through Statistics Finland were adminis-
tered from the Finnish Cancer Registry. This biobank has been
used in more NBSBCCC studies than any other (Table 1). In the
latest years, necessary quality assurance and record linkage rou-
tines have been developed at THL and no external consultancy is
needed any more.

The sera were collected during 1980-1982 for a trial to test the
hypothesis that lowering serum LDL-cholesterol and triglyceride
levels and elevating serum HDL-cholesterol levels with gemfibro-
zil (a fibric acid derivative) reduces the incidence of coronary
heart disease (CHD) in middle-aged dyslipidaemic men (34).
The volunteers for the trial were selected from men aged 40
through 55 years, employed by two government agencies and five
industrial companies and living in different parts of Finland.
Approximately 19,000 men participated in the first screening,
and to be selected for the trial the participants (N=4,081) had to
have their non-HDL cholesterol >5.2 mmol /1 and no evidence of
CHD or other major diseases.

Serum samples were collected from the participants at the
first screening and from the participants in the trial at each follow-
up visit during the trial. As the participants were followed up four
times per year during the 5-year trial and twice a year during a
subsequent extension of the trial, there are 28 serial samples from
about 3,500 of those 4,081 who initially attended the trial. Also
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2.3. Alpha-Tocopherol-
Beta-Carotene Cancer
Prevention Study

2.4. Finnish Mobile
Clinic Health
Examination Survey

2.5. FINRISK

from the last trial follow-up visit, blood samples were stored. This
biobank has participated in numerous NBSBCCC studies since
1999 (Table 1).

The Alpha-Tocopherol-Beta-Carotene (ATBC) study was a ran-
domised, double-blind, placebo-controlled, primary prevention
trial conducted in Finland by the National Institute for Health
and Welfare in collaboration with the U.S. National Cancer
Institute. The main aim of the study was to evaluate whether daily
supplementation with alpha-tocopherol or beta-carotene would
reduce the incidence of lung cancer and other cancers (35).

In 1985-1988, a questionnaire on current smoking and
willingness to participate in the trial was sent to the total male
population of 50-69 years living in south-western Finland
(n=290,000). Of them, 43,000 men smoked at least five ciga-
rettes per day and were willing to participate. Men with prior
cancer (except non-melanoma skin cancer and carcinoma-in-situ),
severe angina pectoris, chronic renal insufficiency, alcoholism, or
liver cirrhosis as well as those taking anticoagulants, beta-carotene,
or vitamin A/E supplements in excess of defined doses were
excluded. After exclusions and written informed consent, 29,133
eligible men were randomly assigned to receive either alpha-
tocopherol 50 mg per day, or beta-carotene 20 mg per day, or
both alpha-tocopherol and beta-carotene, or placebo.

At baseline, serum samples were collected. New serum samples
were collected from all participants at the 3-year follow-up visit, and
from about 800 randomly selected men a serum sample was col-
lected annually throughout the trial. A whole blood sample was
collected from the participants at the end of the trial between August
1992 and April 1993. This biobank was used for the first time in an
NBSBCCC study just lately (33).

The Mobile Clinic Health Examination Survey was carried out by
the Social Insurance Institution during 1966-1972 in 34 rural,
industrial or semiurban subpopulations (Fig. 1). Total populations
aged 15 years or older or random samples of them were invited to
participate in the study. On average 83% (57,400 men and women)
participated in the health examination. Blood samples have been
stored from 40,200 individuals in the baseline examination and
from all 19,500 individuals in the re-examination survey of 12 sub-
populations four to seven years later (1973-1976). This biobank
participated particularly in early NBSBCCC studies (Table 1).

The National FINRISK Study has been conducted in Finland
every 5 years since 1972. At the beginning, the Study was done
only in eastern Finland as part of the North Karelia Project. The
study area was expanded gradually. The serum samples are system-
atically available since 1992. In 1992, the Study was carried out in
four areas: North Karelia and Kuopio Provinces in Eastern Finland,
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2.6. Icelandic
Maternity Gohort

2.7. Icelandic Heart
Association,
the Reykjavik Study

2.8. Janus Project
(Norway)

Turku-Loimaa region in Southwest Finland, and cities of Helsinki
and Vantaa in Southern Finland (Fig. 1). Oulu province in
Northern Finland was included in 1997 and Lapland province in
2002. In each study year, a random sample of 2,000 individuals
aged 25-64 years (stratified by sex and 10-year age group) has
been taken in each study area according to the WHO MONICA
protocol. Since 1997, a sub-sample of 1,500 men and women
aged 65-74 years was included. Total cumulative sample size since
1992 is 33,000 and of them 22,900 (69%) have participated in
the Study. DNA samples are available for most participants.

Study cohorts have been followed up through computerised
register linkage of the National Causes of Death Register, the
Hospital Discharge Register and the Finnish Cancer Register.
The samples of the FINRISK Study have not been used in any
NBSBCCC studies so far, but the general principle of the Study
is that the collected samples can be utilised in large-scale collab-
orative studies that according to the FINRISK Steering Group
are scientifically important.

Sera generally collected at 12-14 weeks of pregnancy for rubella
screening from all of Iceland have been stored since 1980 in the
centralised Department of Medical Virology, Landspitali
University Hospital. About 6% of the cohort members cannot be
used in studies because they have moved out of the country,
but the date of emigration is not registered. This biobank has
participated in two NBSBCCC studies (Table 1).

The Reykjavik Study by the Heart Preventive Clinic and Research
Institute of the Icelandic Heart Association is a prospective car-
diovascular cohort study carried out in the Reykjavik capital area
in 1967-1996. Selected birth cohorts of 14,923 men and 15,872
women in the Reykjavik area born in 1907-1935 were divided
into six equally sized subgroups according to the date of birth
and recruited systematically for collection of sera. The first sub-
group was recruited in 1967-1969 and has attended altogether
six times. The second one (first invited in 1970-1972) has
attended twice. The later birth cohorts have been invited once
(1974-1996) or never. Altogether 19,300 persons actually pro-
vided samples (annual participation rates between 71% and 76%),
but about 200 of them cannot be used in analyses because of lack-
ing dates of emigration. This biobank has not yet been used in
any of the published NBSBCCC studies.

A project to collect and store blood samples from healthy persons
for later scientific use was initiated in the 1960s and named Janus
after the Roman god with two faces, one looking backward, and
the other one looking forward (symbolising the retrospective and
prospective directions of epidemiological research). The first col-
lection, related to a survey of risk factors for cardiovascular disease
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2.9. The Northern
Sweden Health and
Disease Study Cohort

in ages of 3549 years, covered four counties (Oslo 1972-1973,
Finmark 1974-1975, Sogn og Fjordane 1975-1976 and Oppland
1976-1978; see Fig. 1). More subjects were added during 1985-
1992 in the context of cardiovascular health examination of 40—42
years old Norwegians from all of the country except two counties
(Hordaland and Buskerud; Fig. 1).

Red Cross blood donors in capital Oslo and surrounding
areas were enrolled in 1973-1991 and 1999-2000. Every second
year, these Janus donors donated 20 ml of extra blood to the
biobank. Collection of later samples from these individuals ended
in spring 2005.

The Janus bank consists of serum samples from 331,801 per-
sons, 10% of them Red Cross donors. The average is two to three
samples per donor, but some donors have given samples more
than ten times. The Janus biobank is also collecting follow-up
samples from cohort members who develop cancer. Before any
treatment, a sample is collected when the donor is hospitalised at
the Radium Hospital in Oslo (a nationally centralised cancer
treatment hospital).

The Janus Project is funded by the Norwegian Cancer
Registry which is also responsible for the data handling. This also
allows frequent updates for incident cancer cases; several thou-
sands of new prospective cancer cases have been registered after
the closing date used in this study, and the addition in 2004
exceeded 3,000. Samples of the Janus health examination cohort
have been used in 20 NBSBCCC publications, and the blood
donors’ sera in eight studies (Table 1).

The Northern Sweden Health and Disease Study (NSHDS)
Cohort contains three subcohorts: the Visterbotten Intervention
Program (VIP), the MONICA (Monitoring Trends and
Determinants in Cardiovascular Disease) and the Mammography
Screening in Visterbotten. The cohorts represent a population-
based sample of the county of Visterbotten in Northern Sweden
(254,000 inhabitants). The Monica study also contains a popula-
tion-based sample from the adjacent county of Norrbotten.

The VIP is a long-term project intended for health promo-
tion. Since 1985, all individuals of 40, 50 and 60 years of age are
invited for screening. They are also asked to donate a blood sam-
ple for later research purposes. In June 2004, the cohort included
74,000 individuals, of whom 70,000 had donated blood. A sec-
ond sample is taken after 10 years; this has produced 13,000 re-
sampling occasions.

Samples taken in the context of the population-based mam-
mography screening have been stored since 1995. Screening is
done every second year among all women in the age group
50-69 years in the county. There have been 48,000 sampling
occasions from 27,500 women. About 50% of the women in the
mammography cohort have also attended VIP.
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2.10. Northern Sweden
Maternity Gohort

2.11. Preventive
Medicine in Malmé,
Sweden

2.12. Malmé Diet and
Cancer Study, Sweden

2.13. Malmo
Microbiology
Biobank, Sweden

The Northern Sweden MONICA project contains material
from population-based screenings for risk factors of cardiovascu-
lar diseases that were carried out in 1986, 1990, 1994, 1999 and
2004. There are 14,000 sampling occasions of 9,000 individuals,
50% of whom are also included in VIP. Samples from 1986 have
not been used in NBSBCCC studies and they are not included in
this standardised incidence ratio (SIR) analysis, either.

The VIP cohort has been used most frequently out of the
numerous Swedish biobanks in NBSBCCC studies, and also
MONICA cohort in 15 studies (Table 1).

Northern Sweden Maternity cohort consists of sera collected
since 1975 from pregnant women screened for rubella immunity
during week 14 of pregnancy in the Visterbotten county and
especially in the 1980s also for some of the adjacent counties in
Northern Sweden. So far, almost 120,000 samples from 86,000
women have been stored at the virus laboratory of Umed
University. This biobank has not yet been used in any of the pub-
lished NBSBCCC studies.

The prospective, population-based Preventive Medicine study,
with main focus on cardiovascular disease, diabetes and cancer,
includes sera from a population-based sample of 33,400 persons
40-60 years of age, resident in the city of Malmo. The samples
were donated at baseline examination in 1974-1991. The biobank
is owned by Lund University.

The prospective population-based Malmo Diet and Cancer study
started with a baseline examination in 1991-1996. Main focus is on
cancer and cardiovascular diseases. All men born between 1923 and
1945 and all women born between 1923 and 1950 living at the
time in the city of Malmo were invited to participate. The participa-
tion rate was 40% (28,100 participants). Mean age at enrolment was
58.2 years. The biobank is owned by Lund University.

The Malmo6 Microbiology Biobank is owned by the County
Council of Skine and contains samples submitted for clinical
microbiological analyses to the University Hospital in Malmo that
today serves the entire county of Skane in southernmost Sweden.
Samples have been saved for clinical diagnostic and documenta-
tion purposes, the majority of them taken for diagnosis of blood-
borne viral infections, such as hepatitis viruses. The oldest samples
are from 1969 and were submitted from the city of Malmo. The
annual number of samples increased in 1986 when HIV testing
started and the catchment area extended to cover most of the
Skéane county (Fig. 1). Since 1990, also the samples submitted for
virus serology (typically because of clinical suspicion of virus infec-
tion or desire to investigate viral immunity) have been stored.
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2.14. Swedish Institute
for Infectious Disease
Control Biobank

In recent years, a large number of samples have been submitted
from the microbiology laboratories of adjacent counties in south-
ern Sweden (Blekinge and Halland), raising the annual number of
samples added to the biobank to about 60,000.

The Malmo6 Microbiology Biobank also includes samples of
the population-based serological screening for virus infections and
rubella immunity during pregnancy scheduled to be taken during
week 14 of pregnancy (Malmo Maternity Cohort). The maternity
cohort contains all samples from 1986 and from 1989 onwards,
altogether more than 100,000 samples from 74,000 mothers.

Malmo Microbiology Biobank was computerised in 1997.
NBSBCCC studies with MMB participation have as yet not been
published.

The Swedish Institute for Infectious Disease Control (SIIDC) has
performed a series of population-based, nationwide investigations
on the immunity against infections in the Swedish population.

A small fraction of the biobank consists of randomly selected
persons sampled in 1968 (3,000 subjects), 1977-1978 (1,845),
1990-1991 (4,800) and 1997 (2,400) and analysed to estimate
age-specific population immunity rates of, e.g., polio, parotitis,
measles, rubella, diphtheria and tetanus.

Most of the about 900,000 biological samples in the SIIDC
biobank are diagnostic ones, submitted for microbiological analy-
ses from all over Sweden. The oldest stored samples are from
1957, and complete series exist since 1977.

The information on the samples has been transferred from
paper documentation to computerised files for about 629,000
samples. The biobank has recently been linked with the Swedish
Cancer Registry, and the quality control of the result of the linkage
is on-going. Samples of the Swedish Institute for Infectious Disease
Control have been utilised in one NBSBCCC study (Table 1).

3. Some Quality
Control Tools
for Study Cohorts

3.1. Irregularities
in the Entry?

The same methods that are used to check accuracy of any new
study cohort, e.g., in occupational cancer epidemiology, can and
should also be used for biobank cohorts. The following types of
evaluations — presented below as a cookbook type list — were made
for the NBCBCCC biobanks systematically in the context of a
specific quality assurance study (34). For some of the biobank
that kind was never done before and numerous gaps in the quality
were revealed (and corrected).

The first tabulation to control completeness of any study cohort
is to count numbers of cohort members by gender, year of entry
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3.2. Are the End-of-
Follow-Up Data
Complete?
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Fig. 2. Annual numbers of first-time donors in the Malmé Microbiology Biobank 1975—
1999, by subcohort.

and similar simple classifiers. The numbers should correspond
to the known facts about the size of the subjects. Any irregular-
ity in the time series should be documented in the history of
cohort formation.

For instance, the distribution of the number of pregnant
women in Malmoé Maternity Cohort (Fig. 2) reveals that the sam-
ples from 1987 and 1988 have been destroyed to save storage
space. It has been quite common that such tabulations reveal dif-
ferences between what has been believed to be the historical cov-
erage of a biobank and what is the actual one. It is better to know
this type of discrepancies before designing a biobank-based study
than after the laboratory analyses have been done.

It is crucial to know for how long the cohort members are at risk.
Therefore, information on vital status and emigration should also
have been obtained for every cohort member. The simplest tabu-
lation to control completeness of follow-up data is to count the
annual numbers of deaths (and emigrations) of the cohort mem-
bers by year of death (or emigration). Figure 3 demonstrates two
such trends for real biobank cohorts and two artificial situations
demonstrating problems in follow-up of vital status.

Annual numbers of deaths among the 722,500 women in the
Finnish Maternity Cohort (FMC) are very small in the 1980s but
increase heavily during the present millennium. This is expected
because the women who were pregnant in the beginning of the
biobank collection in the 1980s now gradually reach ages when
the mortality among women starts to increase. The dynamic
nature of the FMC (new women join the cohort every year) also
increases the number of annual deaths.
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3.3. Are the Person
Identification Data
Accurate?
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Fig. 3. Annual numbers of deaths among the 722,500 women in the Finnish Maternity
Cohort (FMC), and the 50,400 persons in the Finnish Mobile Clinic Health Examination
Survey, and two artificial situations demonstrating problems in follow-up of vital status
(See text).

The trend of the annual numbers of deaths among the 50,400
persons who were 15+ years old when they participated in the
Finnish Mobile Clinic Health Examination Survey in 1966-1972
is quite stable over the years. This is a correct trend in a cohort
with large amount of old people. The number of persons alive in
the cohort simply decreases so quickly that despite the strongly
increasing relative mortality rate of the remaining cohort members
the absolute numbers of annual deaths start to decrease.

In numerous newly collected study cohorts, we see a mortality
trend demonstrated as “Problem A” in Fig. 3: there is a very small
mortality in the beginning of follow-up. The reason for this prob-
lem is that some old samples (or their records) have been
destroyed, if the person had died, to save space. Often this type of
deletion is not documented and may (or may not) be revealed as
too low mortality rates in the first years of follow-up.

Trend curve “Problem B” in Fig. 3 demonstrates another
common problem in follow-up of vital status: the number of
deaths decreases in the most recent years. This happens when the
systematical follow-up for vital status via national death register
files has not been done.

Every resident of the Nordic countries has a unique personal iden-
tification (PID) code that is used in all main registers and makes
computerised linkages accurate and effective (36). The identifica-
tion data of each biobank cohort member should have been
compared with the national Population Register data to check that



78 Pukkala

2,0

1000

—— Error 0%

1,6

184 N\
’ \ Error 2%

1.4

\ —— Error5% |
Error 10%

100

\ —— Error 20% | |

1,2
1,0

SIR

08

SIR

\ — Error 0%

Error 2%
10 1~ )

0,6
04

—— Error 5%
Error 10%

0,2

Error 20%

0,0 T
40-49

1 T T T T
' 60-69 7079 80+ 40-49 50-59 60-69 7079 80+

Age Age

Fig. 4. Example of the effect of error in the identifier (link key) to the relative risk estimate. Standardised incidence ratio
(SIR) for cancer (all sites combined) during 1953-2005 among 750 male workers of an anthophyllite asbestos mine, by
age. The correct SIRs are indicated with “Error 0%” line; the other lines demonstrate situations when part of the cancer
cases and deaths of the cohort members are missed because of failure in the person identifier data randomly produced

in the cohort.

the personal identifiers are the correct ones and persons really exist in
the population. In the same occasion, information on vital status
and emigration can be obtained for every cohort member, but this
information needs to be updated regularly (see Subheading 3.2).

The bias related to failures in record linkage with vital status
and cancer very much increases along with increasing age at
follow-up. Because the biobank cohorts are still quite young, the
example is taken from another type of cohort, namely workers of
an old asbestos mine in Finland (36). Figure 4 illustrates effect of
error in the identifier (link key) to the SIR for cancer among
male anthophyllite asbestos miners. The true SIR (all ages com-
bined) during 1953-2005 is 1.35 (95% confidence interval
1.17-1.55). If there would be an error in 2% of the identifiers
(at random), the observed number of the cases would decrease
by 2% but the expected number would increase by 8% because of
missing death information and subsequent addition of person-
years at risk in the oldest age groups. The SIR related to 2% link-
age error would be 1.23 (1.06-1.41), to 5% linkage error 1.06
(0.91-1.22), to 10% linkage error 0.87 (0.75-1.01) and to 20%
linkage error 0.62 (0.52-0.72). Hence, a highly significant cancer
risk related to asbestos mining would look like a significant pro-
tective effect if about 10% of the person IDs would be incorrect.
In some of the older biobanks originally collected for non-scientific
use, the proportion of incomplete IDs may have been several
percentages. If these errors would not have been corrected, they
would in long run have had serious effects on the results based
on those samples.
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3.4. Standardised
Incidence Ratios

as Tools of Cohort
Quality and
Representativeness

3.4.1. Selection Related
to the Indication
of the Sampling?

The possibility of such linkage errors when the events of a
different persons are linked together would be connected is not a
major issue in the Nordic countries where all linkages nowadays are
based on the unique PIDs. Although it is possible that a registered
person may get a PID of another person, this event is so rare that it
hardly aftects conclusions of any study. There are examples of older
times when the linkage was done manually based, e.g., on name,
date and place of birth, place of residence. The linkage failures were
much more common than in the later automatic linkages based
on PIDs (37).

The SIR is a useful tool to reveal occasions when the cohort
members do not represent typical risk situation of the base popu-
lations. Although in nested case-control studies, it is not required
that the cases and controls are selected from a population with
average population risk level, understanding of the baseline risk
level is important if the relative risk estimates are generalised to
population attributable risk fractions. There are also situations
when cohort members have temporally very special conditions
that modify their risk level in a way that is not be easy to take into
account in the RR analyses (see examples below).

The cancer cases among the serum donors included in the
NBSBCCC serum banks have been traced through automatic
record linkages with the national Cancer Registries.

In the person-year calculation needed for calculation of
expected numbers of cancer cases, the follow-up starts at the date
of first serum donation and ends at death, emigration or on the
general closing date (depending on the lag of national cancer reg-
istration ), whichever is first. Because the dates of emigration are not
known in the Icelandic biobanks, about 4,000 emigrated persons
of the Icelandic biobanks have to be excluded.

The numbers of observed cases and person-years at risk are
counted for each calendar year, by gender and five-year age group.
Sometimes it is useful to make further stratification according to
the time elapsed since the sample donation. The expected numbers
of cases for total cancer and for selected specific cancer types in the
following examples were calculated by multiplying the number of
person-years in each stratum by the corresponding cancer incidence
rate in the national population, but sometimes regional cancer inci-
dence rates may be a more informative reference.

The SIR was defined as the ratio of the observed to expected
number of cases. The 95% confidence intervals (CI) for the SIR
were based on the assumption that the number of observed cases
followed a Poisson distribution.

Sometimes factors related to the reason of the serum donation
may make the cohort temporally quite different from average of the
baseline population it presents. In screenings of random samples
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3.4.2. What Does Cancer
Incidence Pattern Reveal
of the Biobank Cohort?
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Fig. 5. Examples of biases related to the indication of serum donation that can be studied
via trends of the standardszed incidence ratio (SIR) stratified by time elapsed since
serum donation.

of population, incidence and mortality of chronic diseases tends
to be decreased during the first months or years after the baseline
study. This bias, illustrated with the “healthy screence effect”
curve in Fig. 5, is related to the selective participation: those who
have severe early symptoms of a disease participate less frequently
than the other people.

In the biobanks including samples of symptomatic persons,
part of the symptoms may actually reveal to be symptoms of the
outcome disease and therefore the SIR of that disease is very high
soon after the serum donation. In the situation illustrated by the
“sick attendee” curve in Fig. 5, the risk level is stabilised to the
normal level of the base population of the cohort after about
5 years. If one would design a study within that cohort, it would
be safest to exclude cases diagnosed during the five first years.
If these cases would be included, there would be a risk of “reverse
causality bias” (see Chapter 5): the hidden disease may have
affected the values of biological parameters at baseline.

The third curve in Fig. 5 describes another atypical risk pat-
tern, namely the “dual effect” of the pregnancy to the risk of breast
cancer (38). The real-data example is taken from the Finnish
Maternity Cohort. The SIR for breast cancer is first low but there
is peak of increased risk some years after the pregnancy before the
protective effect of the pregnancy starts to decrease the risk.

The following observed and expected numbers of cancers are
based on altogether 1.95 million subjects under follow-up in the
17 biobank cohorts, which were ready to produce person-years
at risk calculations. The accumulated number of person-years
from the date of first donation until the closing date (1999-2006,
depending on the biobank) was 29.3 million (Table 2). The
mean length of follow-up of a person was 13.4 years and the
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3.4.2.1. Biobanks Based
on Invitation of the General
Population

longest follow-times almost 40 years. The number of malignant
cancer cases diagnosed between sampling and closing date exceeds
130,000.

The above numbers exclude the subjects from the Swedish
Institute for Infectious Disease Control biobanks and those
donors from other biobanks who donated their first sample after
the closing date, altogether more than one million donors.

The specific cancer types selected a priori for the analysis
(see Table 3) included cancer sites with known risk factors that
reveal deviating risk behaviour among the cohort members, and other
common cancer types selected to give a representative picture of
the cancer situation among the cohorts.

The observed number of malignant neoplasms among persons
(6,219)in the prospective cardiovascular Reykjavik Studyexceeded
slightly the expected rates based on Icelandic national rate, simi-
larly in both genders, yielding an SIR of 1.06 (95% CI 1.03-1.08)
(Table 3). Men had significantly elevated incidence of cancers of
the prostate (SIR 1.13; 1.06-1.19) and kidney (1.23; 1.04-1.43)
and significantly low risk of lip cancer (SIR 0.59; 0.35-0.94).
Women had significant excess risk of ductal carcinoma of the
breasts (SIR 1.17; 1.06-1.27) and leukaemia (1.29; 1.02-1.61).
Incidence of malignancies of unknown primary was lower than in
the general population of Iceland (SIR 0.82; 0.68-0.98). From
the malignancies not included above, basal cell carcinoma of the
skin showed elevated incidence (SIR 1.26; 1.18-1.34). The low
lip cancer rate indicates a low proportion of high-risk categories,
namely farmers and fishermen (39) that was expected because the
cohort represents city people. All elevated SIRs are in cancers that
are most common among urban populations.

There were 7,754 malignant neoplasms diagnosed between
serum donation (1966-1972) and 31 December 2005 among the
50,448 subjects of the Finnish Mobile Clinic Henlth Examination
Survey tor whom serum sample is available. The SIR for all cancers
combined was 0.94 (95% CI 0.92-0.95), similarly in both genders.
Incidence of cancers of the genital organs is significantly below
the national average: prostate (0.93; 0.88-0.98), penis 0.50 (0.21-
0.97), breast (0.90; 0.84-0.95), cervix uteri (0.75; 0.57-0.97) and
Fallopian tube (0.33; 0.07-0.97). Only penile cancer showed an
SIR above 1.0 (1.98;1.17-3.12). From the other cancers low SIRs
were seen in adenocarcinoma in lungs (0.80; 0.68-0.93), liver
cancer (0.78; 0.62-0.95). In males but not in females, there was a
low SIR in non-Hodgkin lymphoma (0.81; 0.68-0.95) and cancer
with unknown primary site (0.74; 0.58-0.92).

The total number of cancer cases among the FINRISK study
members who have donated serum in 1992, 1997 or 2002 was
1,104 (SIR 0.97; 0.92-1.03). There was an excess of prostate
cancer of localised stage (SIR 1.26; 1.05-1.48) but no excess
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Table 3

Numbers of observed (0) and expected (E) cancer cases diagnosed between first
serum donation (1,967+) and 31 December 2005 among the 19,257 participants of
the cardiovascular Reykjavik Study. Expected numbers based on national population;
standardised incidence ratios (SIR=0/E) given with 95% confidence intervals (Cl).
Statistically significant SIRs are in bold

ICD-7 Cancer site 0 E SIR 95% Cl

140-207 All malignant neoplasms 6,219 5874.45 1.06 1.03-1.08
140 Lip 20 33.18 0.60 0.37-0.93
143-144 Oral cavity 14 13.13 1.07 0.58-1.78
145-148 Pharynx 31 34.03 091 0.62-1.29
150 Oesophagus 81 90.25 0.90 0.71-1.11
151 Stomach 347 349.52 0.99 0.89-1.10
153 Colon 523 494.65 1.06 0.97-1.14
154 Rectum 184 170.57 1.08 0.93-1.24
155 Primary liver 46 46.19 1.00 0.73-1.32
155.1 Gall-bladder, biliary tract 45 44.29 1.02 0.74-1.35
157 Pancreas 188 180.37 1.04 0.90-1.19
161 Larynx 34 41.55 0.82 0.57-1.14
162-163 Lung 790 757.58 1.04 0.97-1.11
170 Breast 714 635.16 1.12 1.04-1.20
171 Cervix uteri 41 51.46 0.80 0.57-1.08
172 Corpus uteri 149 139.12 1.07 0.91-1.24
175 Ovary 101 120.06 0.84 0.69-1.01
177 Prostate 1,013 900.18 1.13 1.06-1.19
180 Kidney 221 201.39 1.10 0.96-1.24
181 Bladder 353 315.92 1.12 1.00-1.23
190 Melanoma of the skin 83 79.16 1.05 0.84-1.29
191 Non-melanoma skin 206 202.07 1.02 0.88-1.16
193 Brain and nervous system 165 151.71 1.09 0.93-1.25
194 Thyroid 123 107.61 1.14 0.95-1.35
200,202 Non-Hodgkin lymphoma 141 139.51 1.01 0.85-1.18
204 Leukaemia 164 136.20 1.20 1.03-1.39
199 Unknown site 116 140.77 0.82 0.68-0.98

Not included above

Basal cell carcinoma of the skin 824 653.77 1.26 1.18-1.34
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of non-localised prostate cancer. Also diagnosis of basal cell
carcinoma of the skin was more common than in the general pop-
ulation (SIR 1.18; 1.05-1.32). Cancer of gallbladder was rare
(SIR 0.33; 0.07-0.97).

Persons participating in health examinations in Norway (and
allowing use of their sera for anonymous cancer research) in the
Janus biobank cohort had less incidence of cancer than the general
Norwegian population (21,889 cases observed by the end of 2001
vs. 24,086 expected). Significantly decreased SIRs were observed
for cancers of the oral cavity (0.84; 95% CI 0.70-1.00), pharynx
(0.77; 0.65-0.92), oesophagus (0.83; 0.70-0.97), primary liver
(0.7750.61-0.95), lung (0.87; 0.83-0.90) and cervix uteri (0.82;
0.75-0.90), i.e., cancers related to high alcohol consumption and
generally way of life not directed to healthy habits. None of the
SIRs was significantly elevated.

In the Malmo Diet and Cancer Study cohort, there were 1,852
cancer cases, while the expected number based on incidence rates
of'the entire Swedish population was 1,568 (SIR 1.18; 1.13-1.24).
This significant excess was mainly attributable to excesses in pros-
tate cancer (84 excess cases, SIR 1.40; 1.25-1.57), breast cancer
(59 excess cases, SIR 1.22; 1.09-1.38), skin melanoma (39 excess
cases, SIR 1.72; 1.39-2.11) and bladder cancer (30 excess cases,
SIR 1.42;1.16-1.72). There were no significantly decreased SIRs
in the cohort. This cancer incidence pattern is typical to a cohort
representing population from southernmost Sweden with rates
often more similar to the Danish cancer incidence rates than the
Swedish average (Fig. 6).

The other invitational Southern Swedish cohort, that of the
Preventive Medicine in Malmi project, produced more cancers
(4,343), but the SIR was similar (1.17; 1.13-1.20). The pattern of
cancer sites with increased incidence was partly similar to that of
Malmo Diet and Cancer Study — breast cancer (SIR 1.24; 1.13-
1.36), bladder cancer (1.46; 1.30-1.63), and skin melanoma (1.33;
1.16-1.53) — but some other cancers also had increased SIRs: lung
cancer 1.48 (1.36-1.61), laryngeal cancer 1.41 (1.02-1.89), pha-
ryngeal cancer 1.56 (1.14-2.08) and pancreatic cancer 1.23 (1.02—
1.48). Despite the large numbers of cases, none of the 22 primary
sites studied separately showed an SIR significantly below unity.

The Northern Sweden Health and Disease Study consists of three
cohorts randomly selected from the population of given ages in that
region. The largest number of cancer cases (2,426) was found
among members of the Visterbotten Intervention Program (VIP).
The expected number was slightly higher (2,531). The SIR was
significantly decreased for lung cancer (0.82; 95% CI 0.68-0.98);
otherwise, there were no major aberrations from 1.0.

There were 289 cancer cases in the smaller MONICA cohort
as compared to 310 cases expected. The difference is not signifi-
cant, and none of the site-specific SIRs was significantly different
from unity.
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Fig. 6. Spatial variation of age-adjusted incidence rates per 100,000 of cancer (all sites,
excluding non-melanoma skin cancer) in the Nordic countries, 1994-2003. For
mapping method, see (57).
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3.4.2.2. Maternity Cohorts

The mammography screening cohort (also part of Northern
Sweden Health and Disease Study) showed an SIR of 0.99 (1,159
observed cases vs. 1,174 observed). These women — age range
50-69 years — had a significantly lowered SIR for lung cancer
(0.75; 0.56-0.98), while none of the other sites showed an
SIR significantly different from unity. Incidence of breast cancer
was significantly increased during the first year after mammogra-
phy and serum sampling date (SIR 1.89; 1.58-2.24), but this
excess was compensated by a significantly decreased incidence in
the later years (SIR 0.88; 0.78-0.98).

There were 14,973 cancer cases observed after sampling (from 1983
until August 2005) and before 31 December 2005 in the Finnish
Maternity Cobort, which is the biggest one of the four Nordic
biobanks based on the population screening of pregnant women.
The expected number based on average Finnish female population
was 15,770 and the SIR was 0.95 (95% CI 0.93-0.96).

There were 6,861 cases of breast cancer, equal to the expected
number. The SIR for lobular type of breast cancer (15% of breast
cancers) was 1.12 (1.05-1.18). The incidence of breast cancer
was above the national average after sera drawn in the context of
the first pregnancy (SIR 1.08; 1.04-1.11) but the SIR gradually
declined along with the subsequent pregnancies and was after
fitth pregnancy 0.62 (0.38-0.94). The SIR for endometrial can-
cer among all pregnant women was 0.64 (0.57-0.70) and
decreased after the third pregnancy to only 0.30 (0.15-0.56).

There was an excess of the rare placental choriocarcinoma
during the first year after sampling (11 cases; SIR 6.06; 3.03—
10.84), which is by definition related to pregnancy. Borderline
tumours of the ovary were less frequent than in the population on
average (SIR 0.85; 0.76-0.94) and invasive ovarian tumours even
more rare (SIR 0.73; 0.67-0.79). The SIR for lung cancer was
0.79 (0.69-0.89), with the strongest decrease in adenocarcinoma
(SIR 0.60; 0.48-0.74). The SIR for stomach cancer was 0.88
(0.77-0.99), for soft tissue sarcoma 0.84 (0.69-0.99) and for
cancer with unknown primary site 0.82 (0.68-0.96).

In the Icelandic Maternity Cobort, there were 1,453 malig-
nant neoplasms observed versus 1,466 expected (SIR 0.99; 0.94-
1.04). The SIRs for single cancer sites were similar as those
reported above for the Finnish Maternity cohort but none of them
reached statistical significance in this ten times smaller data set

Women in the Malmi Maternity Cobort (part of Malmo
Microbiology biobank) also had overall cancer incidence similar to
the national population (493 observed cases vs. 498 expected, SIR
0.99; 0.91-1.08), but there was a tendency for higher lung cancer
incidence than the reference population (SIR 1.28; 0.68-2.18).
None of the other cancer sites deviated significantly from the
expected incidence.
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3.4.2.3. Specific Cohorts
with Clearly Defined
Enrolment Criteria

In the Northern Sweden Maternity Cobort, there were 1,625
cancer cases observed after sampling and before end of follow-up.
The expected number was 1,717 and the SIR 0.95 (0.90-0.99).
Significantly decreased SIRs were seen for lung cancer (0.59;
0.40-0.83) and endometrial cancer (0.69; 0.49-0.94).

Men in the Helsinki Heart Study had 3,638 cancer cases, less than
expected (SIR 0.92, 95% CI 0.89-0.94). The SIRs were signifi-
cantly decreased for cancers of the pharynx (SIR 0.55; 0.28-0.99),
stomach (0.78; 0.65-0.91), pancreas (0.81;0.66-0.96), nose (0.14;
0.00-0.77) and unspecified sites (0.69; 0.52-0.90). SIR for lung
cancer was below the national average in all main histological types:
in squamous cell carcinoma 0.72 (0.61-0.83), adenocarcinoma
0.71 (0.57-0.88), and small cell carcinoma 0.63 (0.49-0.78).

Incidence of non-melanoma skin cancer (SIR 1.37; 95% CI
1.15-1.59) and basal cell carcinoma of the skin (1.24;1.16-1.31)
was significantly above the national average. Also meningiomas of
the brain were in excess (SIR 1.59;95% CI 1.05-2.29).

The incidence pattern of the health-interested volunteers of
Helsinki Heart Study is very different from that of the cohort of
smoking men in the Alpha-Tocopherol-Beta-Carotene (ATBC)
study (Fig. 7). The latter cohort has been utilised in studies aim-
ing to confirm whether various diseases are related to smoking or
not (40).

In the ATBC cohort, there is an excess risk of cancer in most
sites. The observed number of cancers in the end of 2005 was

Pharynx ' & i ; I——O—l
Oesophagus I-—é—i I—-O—E :
Stomach H-O—l H"* :
Pancreas F—0— e
Larynx I—-—O——-I H—l
Lung I W
Kidney ! N S VRPN f
Bladder L ok el
All sites KA !01

T T T — i

0.3 0.5 0.7 1.0 1.5 20 3.0

SIR

¢ Helsinki Heart Study & ATBC Study

Fig. 7. Standardised incidence ratios (SIR) of selected cancers 1984—2003 among the
19,000 Finnish men in Helsinki Heart Study, and the 29,000 men in Alpha-Tocopherol-
Beta-Carotene (ATBC) Study, with 95% confidence interval bars.
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3.4.2.4.Viral Screening
and Clinical Testing
Biobanks

3.5. Accuracy
of Variables
Associated

to Persons and
Samples

9,420, i.c., 3,202 more than the expected number calculated on
the basis of incidence rate of average Finnish same-aged men (SIR
1.52; 1.48-1.54). The SIRs were significantly increased for
cancers of the tongue (SIR 1.77; 95% CI 1.23-2.46), other oral
cavity (1.86; 1.31-2.54), pharynx (2.22; 1.68-2.88), oesopha-
gus (1.64; 1.36-1.95), stomach (1.36; 1.23-1.50), colon (1.14;
1.02-1.25), liver (1.61; 1.36-1.87), pancreas (1.76; 1.58-1.94),
larynx (2.50; 2.13-2.89), lung (2.71; 2.62-2.80), prostate (1.11;
1.06-1.15; for non-localised prostate cancers 1.22; 1.10-1.34),
kidney (1.36; 1.22-1.50; includes renal pelvis 2.41; 1.69-3.33),
bladder (invasive 1.77; 1.64-1.91, and for papilloma 2.22; 1.32-
3.51), and unspecified sites (1.79; 1.57-2.03). Excess risk was
seen in acute myeloid leukaemia (SIR 1.37; 1.00-1.83) —accord-
ing to literature that seems to be related to smoking (41) — but
not in other types of leukaemia. The only sites with an SIR below
1.0 were the skin melanoma (0.69; 0.56-0.84) and the basal cell
carcinoma of the skin (0.89; 0.84-0.94).

The Red Cross blood donors in capital Oslo and surrounding
areas (the smaller part of Janus biobank) had lower than average
overall cancer incidence (2,286 cases observed vs. 2,399 expected;
SIR 0.95;95% CI10.91-0.99). The SIRs of cancers of the stomach,
primary liver and larynx are as low as 0.36-0.46, all significantly
decreased. The SIR for lung cancer was 0.76 (95% CI 0.65-0.88).
The SIR for breast cancer was significantly elevated (1.29; 1.17—
1.42), and so was the SIR for skin melanoma (1.24, 1.07-1.42).

In the part of the Malmi Microbiology cobort including samples
submitted for testing because of clinical suspicion of infection
with blood-borne viruses (e.g. jaundice or impaired liver func-
tion, drug addicts, haemophiliacs and dialysis patients), there
were 2,055 cancer cases more than the expected number 4,455
(SIR 1.46;95% CI 1.43-1.50). All SIRs were above 1.0, except
those for breast cancer and endometrial cancer. The highest
SIRs were seen for primary liver cancer (5.58; 4.87-6.36), pan-
creatic cancer (3.28, 2.93-3.67) and gall-bladder cancer (2.52;
1.94-3.22).

The Malmo Microbiology subcohort consisting of sera submit-
ted for other virus serology had even higher relative overall cancer
risk (SIR 2.08; 95% CI 1.97-2.20; 1,328 cases observed vs. 638
expected). Very high SIRs were seen in primary liver cancer (4.15;
2.63-6.22), pancreatic cancer (2.71, 1.91-3.74), lung cancer
(2.95; 2.46-3.53) and cancers of the brain and nervous system
(3.05;2.37-3.88).

Most samples of the biobanks include variables related to the
sample itself, to the sampling occasion, or to the person who
donated the sample. If these variables were in major role in the
original setting of a study — such as the questionnaire data related
to study persons’ health habits (for example smoking, diet,
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physical exercise, body mass index) — they are normally stored
and documented systematically. If such data has been asked in a
context of clinical practice, these data may be kept non-system-
atically, possibly on paper format only, or even lost.

A high-quality biobank database should include some variables
directly related to the sample that are crucial for nested case-control
studies based on the biobank:

1. date of sampling,
. indication of sampling (in biobanks with mixed origin of sampling),
. number of freeze—thaw cycles,

. amount of sample left,

[S2 WY NV )

. indicator of damaged sample.

All of these variables may be used as matching criteria in control
selection. If they are missing, the quality of the study will not be
as good as it could be. If these factors can only be confirmed after
search the samples from the fridge, the logistics of any such study
becomes clumsy and laborious.

4. Prospective
Cancers: Basis
for Nested Case
Control Studies

4.1. Numbers
of Prospective
Cancer Cases

Maybe the most important tool for quality assurance of a big
biobank network is a simple tabulation of numbers of persons in
the biobank cohorts and numbers of cancer cases. The NBSBCCC
network has agreed to collect such data — stratified by biobank,
year, gender, age and cancer type — in a centralised database,
which will be automatically updated after each new linkage of the
records of any biobank and cancer registry data.

Even though the number of new donors to the NBSBCCC
has been decreasing in the latest years (Fig. 8), the number of
prospective cancer cases increases year by year (Fig. 9). The annual
number seems to drop in the very latest years in some of the
regions. This is an artefact related to technical reasons. For
instance, the biobanks in Malmo6 have had to wait for a new
update because of slow progress in getting permission from pri-
vacy issue officials to link cancer data with their cohort; this prob-
lem is now solved and very soon the closing date for the Malmo
cohorts will be moved from 1999 to 2005. In Norway, the Janus
cohort has been linked with cancer data until about 2005, but
there have been problems and principle issues to tabulate the
numbers for the NBSBCCC quality assurance database.

The numbers of cancer cases diagnosed after serum donation
among persons in each serum bank are given in Table 4, for all
cancers combined and for 64 subcategories. These numbers are
based on the routine linkages between the serum banks and cancer



Number of first-time donors

120000

100000

80000

60000

40000

Nordic Biological Specimen Bank Cohorts as Basis for Studies of Cancer

Annual numbers of new donors in the Nordic biobanks

O Sweden(SIIDC)

B Norway
& Iceland
M Finland

@ Sweden(Umea)
O Sweden(Malmo)

N
©
[=2]
2

1969
1971
1973
1975
1977

1983

v N~
xR R
(=2
- -

Year

1989
1991
1993
1995
1997
1999
2001
2003
2005

89
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Table 4

(continued)

Number of cancer cases*

Cancer site/type

Total

Norway Sweden

Iceland

Finland

nordic

Malmo Microbiology

Biobank

Northern Sweden Health
and Disease Study

Janus
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Vagina

176.1

0 0694 128 14,886

0 740 100 0 1985 292 606

266

0 1,013 4,632

0 1,076 227 1,127 2,000

Prostate
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prostate,
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Table 4

(continued)

Number of cancer cases*

Cancer site/type

Total

Norway Sweden

Iceland

Finland

nordic

Malmd Microbiology

Biobank

Northern Sweden Health
and Disease Study

Janus
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Bone

196
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193
755

17 24

18
53

27 10 16

21

118

Soft tissue

197

11 40 2921

2

103

37

94 16 62

29

116 760

19

54 230

Other/unknown 133 16

199

site

4,953

111

271

138 13

69

59 1,429

29 167 226 43 141 1,266 72 58 138 17

249

Non-Hodgkin’s

200.202

lymphoma

40 941

52

15

340

14 19 14 112 12 22 10

12

41

Hodgkin’s 216

201

disease

17 1,494

83

308 28 57

30

464 12 11 80

91

47 60

68 106 15

Multiple

203

myeloma
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4.2. Simple Cross-
Tabulations:

A Powerful Quality
Assurance Tool

registries (status in June 2007). There were altogether 110,217
cases traditionally counted as real cancers, and 15,428 basal cell
carcinomas of the skin, precancerous cervical lesions, borderline
tumours of the ovaries and cancers of low malignant potential of
the bladder. The registration of the latter outcome categories
varies over the Nordic cancer registries, and the same is true for
in situ cancers and several other cancer-like lesions not included
in Table 4.

After update of the biobanks in Malm6 and taking into
account the cancer cases for Janus biobank missing from the
above tabulation, the numbers of subsequent cancer cases exceed
30,000 in Sweden, Finland and Norway (27,000), giving a bal-
anced three-country setting in the future studies. The Icelandic
number (7,700) is smaller but very large as compared to the small
population size in Iceland (less than 300,000).

There are several ways how simple tabulations of numbers of
persons and prospective cancer cases may improve the quality of
network activity.

When designing a case-control study nested in the biobank
cohorts, it is good to know how many eligible cases there will be to
be sure that the study power will be satistactory. The number of
cancer-free individuals makes it easy to select matching criteria in
such a way that required number of eligible controls will be found
but there will not be unnecessary large variation in matching criteria
such as storage time of the sample or age of the individual.

Once the cases and controls have been selected in each partici-
pating biobank, it is always good to check whether the numbers
match with those to be found from the NBSBCCC tabulation.
If the numbers do not match, there are two possibilities:

1. There has been an error in the case-control selection. In this
case, the error can be corrected before sending the samples to
laboratory analyses.

2. There are good explanations for the drop of the case number,
such as additional exclusion criteria whose prevalence was
wrongly estimated. If this happens, the design may be modi-
fied to replace the missed cases from other biobanks or by
extending the period of case recruitment.

This gives the principle investigator of any network-based study
tools to control for accuracy of the study materials, and also elimi-
nate attempts of fraud, such as fabrication of data. Although the
scientific moral in the NBSBCCC network has been high and
traud would never been expected in this research society, there are
examples from the latest years from other research groups that
makes it important to be able to demonstrate that even such
extreme possibilities can be controlled. Those research institutes
whose studies have never been linked to any scientific miscarriage
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4.3. Future Numbers
of Prospective Cancer
Cases

are most eager to offer materials to any quality assurance operation
that would improve possibilities to external evaluation of the accu-
racy of the data, such as the simple tabulations described above.

The tabulations of numbers of prospective cancer cases indicate
that the annual number of new prospective cancer cases in the
NBSBCCC biobank cohorts will be about 10,000 cancer cases in
the next few years. The basic data readily collected to the joint
database allow predictions based on age-period-cohort analyses,
and a project to predict numbers of cancer cases up to the year
2015 has been started. In short, this requires estimation of future
incidence rates of selected cancers, and prediction of future person-
years at risk.

Even when the total number of prospective cancer cases is
huge, there are rare cancer types, special subcategories and rare
exposures where the current study power may not be satisfactory.
Therefore, in a situation when we anyway have to set priorities
on what to do first, an optimally coordinated research cluster
should postpone underpowered studies to the future. Predictions
on the future numbers of case help in long-term planning of
study schedules.

5. Discussion

5.1. Strengths
of Biobank-Based
Study Designs

The infrastructure described allows multi-national and multi-dis-
ciplinary networking for comprehensive prospective epidemio-
logical studies nested in several biological specimen banks. There
are several strengths in studies based on samples readily collected
in biobanks to the alternative situation that there is no biobank,
i.e., samples from cases and controls have to be collected after the
disease of the case has been diagnosed:

(a) Use of biobank data offers proper time order of exposure data
collection and outcome and decreases the possibility of
“reverse causality bias”, i.e. the mixing up of cause and effect.
For instance, herpes viruses are frequently reactivated by
severe diseases, such as cancer, and may indeed induce cellular
genes related to cellular proliferation (4, 21). If the virus is
measured from a sample taken at the time of cancer diagnosis,
it is difficult to assess whether associations between reactivat-
able viruses and cancer are causal or mere secondary associa-
tions with opportunistic infectious agents. In the prospective
design, we have been able to show that cancer reactivates herpes
simplex virus type 2 and not vice versa (21,42, 43).

(b) A related type of bias is the differentinl measurvement bias,
i.e., situations where the fact that the patient has disease
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(c)

(¢)

influences measurements. Even existent (pre)cancer may
influence both antibody levels and cellular immunity because
of the immune dysfunctions seen in cancer (11,25, 27). Also,
it may be easier to obtain cancer tissue than control tissue.
When measurement biases are related to case status, their
effect is particularly unpredictable. Studies using samples
taken from individuals long time before the cancer diagnosis
suffer only from misclassification bias that is non-differential
with regard to case status, which may result in a conservative
and readily quantifiable bias.

Many exposures are associated with non-attendance in retro-
spective case-control studies, biasing results. In biobank-
based studies, there may be baseline selection in the
tormulation of the study base (that makes the study base dif-
ferent as compared to the population from which it was origi-
nally drawn), but after that all samples from the study base are
available for testing, and there is no selection related to later
case-control status.

Studies based on readily collected biosamples are time-effec-
tive and — if the biobank is used in many studies —cost-effective.
The classical prospective cohort study, where samples are not
stored but analysed immediately after sampling, requires very
long follow-up, often decades. Study hypotheses and mea-
surement assays may be outdated when the outcomes are
finally obtained. The establishment and maintenance of pop-
ulation-based biological specimen banks is costly, but when
such banks are established they can be used for a variety of
prospective studies on the actiology of several reasonably
common diseases, e.g., association of HPV infections with
various human cancers (2, 3, 6-9, 16, 19). The marginal cost
for a prospective study can be reduced to the level where also
rather unlikely, innovative hypotheses (that may result in
breakthroughs) can be reliably evaluated., e.g., the role of
Chiamydia trachomatis in cervical cancer causation (14, 17,
44). Since biological specimen banks are already established,
the time required for completion of a reliable prospective
study with decade-long follow-up of a recently emerged epi-
demiological problem is short.

The Nordic biological sample banks contain a very high pro-
portion of serial samples, the mean number of samples per
person is two to three (Table 2). For instance, the maternity
cohorts includes complete sets of serial samples related to
pregnancies of majority of the parous women (13), and some
specific research cohorts may include very tight set of sam-
ples, e.g. there are up to 28 samples from part of the Helsinki
Heart Study subjects. For studies of chronic diseases, such as
cancer, that develop over a very long time span, a considerably



Nordic Biological Specimen Bank Cohorts as Basis for Studies of Cancer 99

5.2. Stability
and Validity of Old
Samples

more reliable and complete assessment of the importance of
various exposures can be obtained by studying multiple serial
measurements of the same person (10, 13). Furthermore, the
unavoidable variability of measurements in a single sample
will cause a systematic underestimation of the importance of
a risk factor (regression dilution towards the mean) (45),
which can be corrected for using serial measurements. Serial
samples can also be used to pin point the time-point of expo-
sure (13). There are many examples of disease causation by an
exposure that occurs only if the exposure occurs at a certain
time-point. Poliomyelitis as a result of delayed exposure to
poliovirus is a well-known example. Only if samples taken at
many different time-points preceding development of disease
have been stored, one can attempt to study time-point of
exposure by biochemical and molecular assays.

Biobank samples may sometimes offer objective measurements
for variables that are hard to be accurately registered via ques-
tionnaire surveys. The extent of misclassification of self-reported
exposures can be considerable, especially for sensitive questions,
such as addictions. Even a very modest amount of misclassifica-
tion may lead to very misleading conclusions. There now exist an
increasing arsenal of biochemical measurements that can be used
for objective measurement of exposures in stored biological
specimens, e.g. serum cotinine measurements for assessment of
smoking habits (46). The accuracy of extensive questionnaires
on environmental exposures, diet and life style that most of the
NBSBCCC banks contain may be validated with biochemical
measurements in a relatively small amount of samples derived
from the biobank.

A potential weakness of studies based on historical biobank sam-
ples is the stability and validity of the old samples. The oldest
samples in the Nordic biobanks are more than 30 years old and
many are stored at —25°C. Validations of the Janus biobank have
shown that most of the substances commonly analysed in epide-
miological studies, for instance proteins (in particular antibodies),
organic acids, carbohydrates, trace metals, inorganic salts and
polyunsaturated fatty acids are stabile when they are stored at
-25°C. However, not all enzymes and vitamins are stabile under
these conditions (46).

Genotyping from archival serum and plasma samples is, fol-
lowing the development of efficient whole genome amplification
methods, a fairly routine method also from very old samples
stored at -25°C (47). However, investigators contemplating
amplification-based methods such as PCR should be aware that in
the 1960s and 1970s disposable pipettes and tips may not always
have been used in all biobanks.
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5.3. Follow-Up
Procedures

Possible deterioration of the oldest sera is commonly out-
weighed by consideration of increased statistical power, reduced
reverse causality biases with longer follow-up and possibility to
detect causative exposures that occur many years before diagnosis
of disease and may not be detectable in samples taken at or close
to diagnosis.

Initial calculations of SIRs in some of the biobanks did not include
follow-up for vital status, which produced erroneous, markedly
lowered SIRs in older ages. As demonstrated above for cohort
analyses, the problem with missing data on vital status slowly
becomes a serious problem also in case-control settings: a control
subject that is registered as being alive may actually have had died
before the respective case is diagnosed with cancer. For the qual-
ity assurance tabulations presented in this paper, all NBSBCCC
biobanks were linked with national population registers to get
dates of death up-to-date, and the procedure will from now on
become a regular routine procedure.

Follow-up for emigration has not been considered very impor-
tant because its magnitude has been rather small. However, in
younger cohorts of modern Europeans emigration really has an
effect. For instance, almost 4,000 women (6%) of the Icelandic
maternity cohort had emigrated after serum sampling. Because the
Icelandic registration system did not give the dates of emigrations,
there was no information on how long the persons had been at
reach of Icelandic follow-up possibilities, and all emigrated persons
have to be excluded from all studies. In this type of situation, addi-
tional effort in seecking the missing dates of emigration would
return several thousands of readily collected and carefully stored
samples back to useful study materials and might be worth doing.

Incorrect PIDs is another source of errors on cancer risk
estimates as demonstrated for cohort analyses in Fig. 4. The prac-
tice to check all PIDs against the population registries was not in
routine use by all biobanks before the NBSBCCC quality assur-
ance evaluation, but the procedure will from now on become a
regular routine procedure.

The data quality requirement for the standardised incidence
ratio calculation was a good way to improve accuracy of identi-
fiers and completeness of follow-up for vital status, which is cru-
cial in case-control studies for picking up controls that really are
at risk of getting the cancer. Lack of follow-up for vital status
and presence of some incorrect identifiers are likely to have
caused minor errors in control selection in previous studies
(Table 1): controls might have died or got cancer which was not
known to the researchers. This type of errors would have reduced
the risk estimates towards unity, i.e., any excess risks published so
farare rather under- than overestimates of the true risk. Computerised
record linkage procedures based on the unique PIDs are
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5.4. Follow-Up
for Gancer Incidence

5.5. Cancer Incidence
Rates in Cohorts in
Relation to National
Cancer Incidence
Rates

unambiguous (48). Therefore, linking failures do not bias cancer
risk estimates.

The nationwide Nordic cancer registries have been in operation
since 1950s and have virtually complete coverage for cancer inci-
dence (49). The tabulation of observed numbers of cancer cases
given in Table 4 demonstrate that the cancer registries are able to
produce data also by cancer classifications based on variables other
than the topography alone (such as subtypes of leukaemia, histol-
ogy and stage-specific categories) and tabulations of certain pre-
cancerous lesions. These specific categories are often useful for
focused hypotheses testing. The data collection procedures pre-
pared for the NBSBCC must be made to be able to design nested
case-control studies, as knowledge of the number of cases is
required to estimate statistical power. The predicted numbers for
the years to come, further help in deciding the optimal time to
start a given study.

The numbers of cancer cases diagnosed after sample donation
and accumulated to Table 4 are based on the latest linkages
between the biobanks and cancer registries: 10,000-20,000 of
newly diagnosed cases are missing due to the normal delay of
cancer registration and about 10,000 are missing because some
biobanks are not linked with cancer registry very often. In some
countries, each linkage for a specific research purpose requires a
new ethical permission.

None of the biobank cohorts had exactly the incidence pattern
of the national general population. Some of them were known to
deviate from the general population by enrolment design. For
instance, the maternity cohorts included only pregnant women
who are known to have lower risk of cancers of breast, corpus
uteri and ovary than nulliparous women. Information on parity
and age at first pregnancy is available from the databases and can
be taken into account when designing studies on diseases related
to reproductive parameters.

Studies on samples taken during pregnancy are not necessarily
generalisable to non-pregnant women. On the other hand, these
samples offer a unique possibility to study the eftect of in utero
exposures to the health of the children (25, 28). The large Nordic
Maternity cohorts are the main source of prospective cancer cases
diagnosed in ages before the age of 50 (Fig. 10).

The most extreme example of an a priori known selection was
the ATBC cohort which included only smoking men, who have a
more than twofold excess incidence of numerous cancer types
than the average male population (Fig. 7). Clinical biobanks also
deviated from population averages due to the clinical diagnostics
selection process, the impact of which could not have been esti-
mated in advance.
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Fig. 10. Numbers of registered cancer cases among subjects in the Nordic biobanks diag-
nosed after serum donation, by sex, age and type of biobank. The numbers refer to cancer
update status in March 2008, when coverage was complete only until 1999-2006.

The overall cancer incidence among men increases and among
women decreases towards the lower socio-economic position
(37, 39, 50). Typical cancers associated with low socio-economic
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Fig. 11. Standardised incidence ratio (SIR) of selected cancers according to social class in Finland, 1971-1995. Social
classes: |=managers, higher administrative; Il=lower administrative/clerical; Ill=skilled/specialised blue-collar;
IV=labourers (for details, see 51). Cancers of the /eft are related to high and on the right to low socioeconomic position.

status or educational level are cancers of the lip, oesophagus,
stomach, larynx and nose, and multiple myeloma in both sexes,
cancers of cervix uteri and vagina in women and lung cancer in men
(Fig. 11). Cancers of the colon, breast, testis and soft tissue, and
skin melanoma (especially in the trunk and limbs) are most com-
mon in high social strata. A person who knows the variation of
cancer incidence over socio-economic or health habit strata can
estimate from the cancer pattern whether a cohort is representative
of the general population in terms of these factors.

Most biobank cohorts showed slightly lower than average
cancer risk. The biobanks that were based on population regis-
try-based invitations presumably contain a representativity bias
related to better participation rate among health-conscious sub-
jects. Participation rate seems not to be a especially strong indi-
cator of this selection; e.g., the cancer pattern for the Malmo
Diet and Cancer Study, with participation rate of only 40%, was
rather typical for the entire population in Southern Sweden, and
similar to the population samples with higher participation rates,
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suggesting that selection is commonly related to a never-attending
non-health-conscious population.

Some serum banks contain clearly discernible subcohorts with
obviously different cancer incidence patterns. In nested case-con-
trol studies, it is therefore recommended to consistently match
tor such subcohorts. Malmé Microbiology Biobank is the best
example of a biobank technically collected in same place by the
same organisation, but that contains clearly discernible subco-
horts enrolled for different reasons. As described in this paper,
these subcohorts have clearly different background cancer risks.
Matching for subcohort in case-control selection is important to
maintain validity in the rate ratio estimation.

The fact that symptoms related to the outcome disease of the
study may increase the likelihood for sampling will increase the
likelihood to encounter reverse causality biases (mix-up of cause
and effect). In Malmo Microbiology Biobank, the SIRs for liver,
gallbladder and pancreatic cancer were extremely high during
the first year after serum sampling. Symptoms from these cancers
(such as jaundice) are likely to cause testing for hepatitis viruses.
While the risk for gallbladder and pancreatic cancers were not
clevated after the first year after sampling, the risk for liver cancer
remained elevated, presumably reflecting a true etiologic link
(such as infections with hepatitis B and C viruses being causes of
liver cancer). When using clinical biobanks for prospective stud-
ies, we therefore suggest excluding samples that do have shorter
follow-up between sampling and diagnosis of the endpoint dis-
ease than the length of the “sick attendee effect” as demonstrated
in Fig. 4.

In the cohort collected in association of mammography
screenings in Northern Sweden, there was an almost twofold
incidence of breast cancer during the first year after sampling.
Mammography screening is indeed expected to find non-symp-
tomatic breast cancer cases that will have a diagnosis date shortly
after the screening visit. The cobort formation principle therefore
produces an atypical collection of breast cancers in terms of tim-
ing of diagnosis and stage distribution that must be considered if
these cases are used, e.g., in studies on natural latency times.

While calculation of observed and expected rates is very help-
tul for characterising cohorts and estimating generalisability, it
should be pointed out that the main focus of biobank-based stud-
ies is more on studies of new aetiologies than on generalising to
total cancer occurrence in national populations. When cases and
controls are selected from the same prospectively followed cohort
(strictly defined using personal identifiers and enrolment date)
representing relatively homogeneous baseline population there
is internal validity and possibility to make valid aetiologic infer-
ences regardless of the degree of population representativeness of
the cohort.
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5.6. Recommended
Study Design

for Biobank-Based
Studies

The nested case-control design and the case-cohort design are
commonly used in molecular epidemiological studies within
cohorts. They are methods of sampling from an assembled cohort
study (51).

In the nested case-control design, for each case controls are
randomly sampled from those eligible to be controls. In the classical
case-cohort design, a simple random sample of the cohort, a sub-
cohort, is used as a comparison group for all cases in the cohort.
In the stratified case-cohort design, the subcohort is selected
applying stratified random sampling.

The controls for nested case-control studies are appropriately
selected applying incidence-density sampling. For each case con-
trols are randomly sampled from all control candidates alive and
free of cancer at the time of case’s diagnosis. A subject is eligible to
be selected as a control for more than one case and a case can serve
as a control for cases with earlier date of diagnosis (52). This is
called sampling with replacement. The odds ratio will then be an
estimate of the incidence rate ratio in the source population between
those exposed and not exposed. This holds true regardless of a
disease rarity assumption, provided that the control sampling is
independent of the exposure given the factors used in matching
(53). In sampling with replacement, there is a small probability of
multiple use of the same sample, and therefore more complicated
statistical pseudo-likelihood approach is usually not necessary.

In case-cohort studies, the subcohort is selected without
regard to disease status. The subcohort provides information
about the person-time experience in the random sample. The
case-cohort design allows direct estimation of risk ratio.

Among the advantages of the nested case-control design is
that there is no need to follow up the controls beyond case’s diag-
nosis. Effects of analytic batch, storage time and freeze—thaw
cycles can be removed by matching (54). The major advantage of
the case-cohort design is that the subcohort can be used for sev-
eral diseases and for extended follow-up.

Among the drawbacks of the nested case-control design is
that the controls are not a representative sample of the cohort and
thus cannot necessarily be used as controls for future cases.
Control for batch and storage effects and freeze—thaw cycles is
cumbersome in case-cohort design compared to nested case-con-
trol design. Batch effect will cause bias when subsequent case
series are studied in case-cohort design (55).

The case-cohort design might be preferable if the biomarkers
would not suffer from storage length, batch effects and freeze—
thaw cycles. The nested case-control design provides tools for
dealing with such issues in principle, and is therefore more appro-
priate design for the NBSBCCC studies. Hence, the optimal
design is the nested case-control design applying incidence-density
sampling with replacement.
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5.6.1. Matching in Nested
Case-Control Design

Matching is restriction on selection of control series. The goal of
matching is to balance the ratio of cases to controls within matched
sets, and to make controls’ distributions of the potentially con-
founding matching variables more like those of cases’.

The network of Nordic biobanks has attempted to use uni-
Sform control selection algorithms in all biobanks participating in a
given joint study. For each cancer case of interest, typically one to
four control donors of same sex are randomly selected among
persons who were alive at the time of case’s diagnosis have donated
a sample around the same time as the case and were born within
two years of the case’s date of birth. As pointed out above, in the
case of heterogeneous biobanks, matching for subcohort (e.g. Malmo
Maternity Cohort and Blood-borne virus screening within
Malmo Microbiology Bank) is essential. Rather exact matching
for sampling date has been considered important, because differ-
ent length of storage time in the bank can have profound influ-
ence on some biological markers. For some markers, seasonal
variation is so large that it is also therefore important to select the
control samples from same time of the year as the sample of the
case. In NBSBCCC studies typically only a difference of 1-2
months in sampling date is accepted. As freezing and thawing can
affect a number of biomarkers, it is also highly recommended to
match on the number of freeze-thawing cycles a sample has been
subjected to. The biobanks have not necessarily recorded the
numbers of freeze—thaw cycles. The effect freeze—thaw cycles
should be in any case prevented by sufficient aliquoting or
other suitable methods, for example the straws in the EPIC study
(55). Samples of the matched set are typically pipeted in random
order on same panel to minimise the effects of analytic batch.

While matching is a means of reducing bias due to confound-
ers, matching on variables intermediate in the causal pathway
between exposure and disease will bias estimates (56). This is also
true for matching on variables affected by exposure and disease.
Therefore, matching on other variables than those mentioned
above is generally not allowed in NBSBCCC studies. Matching
may increase the random error, e.g., matching on a non-con-
founder associated with exposure but not disease reduces effi-
ciency. Hence, matching for only a limited number of variables,
typically sex, age, storage time and subcohort, is preferable.

There are certain practices in control selection that are bound
to specific features of the unique sample materials. First, because
most biobank databases do not include variables indicating how
many times a sample has been used as a control and how much
serum is left, it is often necessary to pick up one or two extra control
candidates that will be used if the actual controls are missing or do
not contain enough materials. Second, persons who have been
diagnosed with other cancers have in some studies in some biobanks
not been accepted as controls (to save these valuable samples),
although formally they would be eligible at least until the date of
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5.7. Quality Assurance

cancer diagnosis of the respective case. This causes only a negligible
theoretical error, because the pool of eligible controls for each case
normally includes hundreds of subjects.

To assure protection of integrity and ensuring equal analyses
of cases and controls, the samples must be blinded before they are
sent to the analysing laboratory. After the laboratory analyses are
ready, the researchers receive the code key that tells them which
samples are cancer cases and which are controls.

Since 2001, a system of Quality Assurance (QA) for Good
Biobanking Practice is used on a routine basis at the Medical
Biobank in Umed. Quality control and auditing by an external
expert or organisation is performed at regular intervals. QA is a
process that aims at measuring, evaluating and continuously re-
evaluating the quality and when required, improving the quality.
The QA work should have a plan of activity and schedule for work,
and all employees of a biobank should be involved in the QA sys-
tem. The QA system is supposed to guarantee that the biological
samples, questionnaires and data have the quality that corresponds
to the intended use. Database systems that document historical
storage conditions, aliquoting history, number of thawings /freezings
and amounts available are highly recommended.

The QA system should include procedures for how the com-
pleteness and accuracy of the attached database (non-material
part of the biobank) should be maintained, kept up-to-date and
how the pitfalls of selection and follow-up biases should be
traced. Many biobanks have no instruments to make basic per-
son-year at risk calculation from their cohorts or other means to
control the coverage and population representativeness of their
data. We suggest that calculation of cancer incidences and SIRs
should be included as a basic QA practice of essential importance
in biobanking QA, which should be asked for in reviews of
biobank-based studies.

Many clinical biobanks do not give high priority to such
check-ups of registered data that are absolutely necessary for epi-
demiological follow-up studies. The system described in this
paper, where the data management of clinical biobanks was
entrusted to cancer registries or experienced epidemiological
biobanks, is likely to be essential for valid use of clinical biobanks
for epidemiological studies.

6. Gonclusions

The high internal validity of internal comparisons within a defined
biobank cohort make prospective biobank-based study designs pref-
erable for actiological studies. Limited population-representativeness
implies that generalisation of results to entire national populations
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should be made with caution. Because the described biobanks are
committed to work towards joint Quality Assurance standards,
including defined accessibility to external requests for samples
and as the biobanks together contain a huge numbers of prospec-
tively occurring cases of cancer, the Nordic biobank cohorts
provide a solid basis for prospective studies on cancer causes
and control.

In practical terms, each biobank cohort should at least once be
checked using the best quality assurance methods traditionally used
for many other types of study cohorts, including calculations of
standardised incidence ratios and correction of any erroneous data.
After that, regular simple cross-tabulations such as those described
in this chapter may well be enough to keep the quality high. A real
quality biobank also takes care of the future of its materials; future
predictions of outcome events belong to this vision.
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