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Abstract
The Nordic countries have a long tradition of providing comparable and high quality cancer data through the national 
population-based cancer registries and the capability to link the diverse large-scale biobanks currently in operation. The 
joining of these two infrastructural resources can provide a study base for large-scale studies of etiology, treatment and early 
detection of cancer. Research projects based on combined data from cancer registries and biobanks provides great oppor-
tunities, but also presents major challenges. Biorepositories have become an important resource in molecular epidemiology, 
and the increased interest in performing etiological, clinical and gene-environment-interaction studies, involving information 
from biological samples linked to population-based cancer registries, warrants a joint evaluation of the quality aspects of the 
two resources, as well as an assessment of whether the resources can be successfully combined into a high quality study.

While the quality of biospecimen handling and analysis is commonly considered in different studies, the logistics of data 
handling including the linkage of the biobank with the cancer registry is an overlooked aspect of a biobank-based study. It is 
thus the aim of this paper to describe recommendations on data handling, in particular the linkage of biobank material to 
cancer registry data and the quality aspects thereof, based on the experience of Nordic collaborative projects combining data 
from cancer registries and biobanks. 

We propose a standard documentation with respect to the following topics: the quality control aspects of cancer registra-
tion, the identifi cation of cases and controls, the identifi cation and use of data confounders, the stability of serum components, 
historical storage conditions, aliquoting history, the number of freeze/thaw cycles and available volumes. 
The Nordic countries have a long tradition in cancer 
registration as well as the collection of biological 
samples from both healthy and diseased individuals. 
More than 50 years of experience in the registration, 
storage and analyses of cancer data provides an 
unparalleled platform for cancer research in the Nor-
dic countries. Linking the cancer registry and biobank 
material together provides detailed information on 
cancer diagnoses among persons who have donated 
samples to a biobank.

The traditional function of population-based cancer 
registries – as producers predominantly of descrip-
tive information on cancer incidence has changed 
markedly over the course of several decades, particu-
larly in higher-resource countries. In the Nordic coun-
tries, the Registries have continued to develop their 
research programmes, and have been involved in 
many collaborative molecular epidemiologic studies 
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that link biological samples to case records held at 
the Registries. Evidently, results derived from such a 
combination of registry and biological material will 
only be of optimal scientifi c value if the quality of 
both sources can jointly be assured, although at present 
there are few examples of such an evaluation. One 
recent study was able to report a high degree of com-
pleteness of cervix cancer registrations at the Cancer 
Registry of Norway as well as for the biological samples 
(paraffi n blocks) stored in selected laboratories [1].

Certainly the principles and methods for the eval-
uation of data quality at a Cancer Registry are well-
established, for which there are four quality indicators: 
comparability, completeness, validity and timeliness 
of the data. A two-part review examining the practical 
aspects and techniques for addressing these aspects 
was recently published [2,3]. The quality and complete-
ness of cancer registration in the Nordic countries 
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has been evaluated in a number of studies over the 
years and the Nordic Cancer Registries are considered 
reasonably complete for most cancer sites [4–7]. 

The potential for Nordic biological specimen banks 
as the basis for research studies in the domains of can-
cer aetiology and cancer control has been reviewed 
previously [8]. More than 100 000 malignant neoplasms 
have occurred among two million sample donors con-
tributing approximately 25 million person years. 

The linkages of cancer registry data and biobank 
material create a study base with long-term follow-up 
and an increasing number of cancer cases among the 
donors. The personal identifi cation number established 
in the 1960s, or earlier, in the Nordic countries allows 
one to link data from different sources and to follow 
a person from early life until a cancer diagnosis, survival, 
death or in rare cases loss to follow-up. Pre-diagnostic 
samples are valuable in identifying biomarkers for 
early detection of cancer and to investigate possible 
associations between life course exposures and risk 
of cancer, as illustrated in Figure 1. The time between 
the initiation of disease and cancer diagnosis is the 
time window where novel markers of early diagnosis 
can be used. Biobank-based epidemiological studies 
typically aim to estimate the strength of association 
of the hypothesised causes of a given cancer, to dis-
tinguish between the determinants of disease and 
confounders or mere correla tes, and to report the spe-
cifi c interactions between different causes and/or 
confounders. The parameter of interest of these etio-
logical studies is thus biologically meaningful risk 
estimates.

In biobank-based studies, data quality concerns 
are present in each phase of the study - from the dona-
tion of the biological specimen, to the long-term stor-
age of study fi les. The following overview deals mainly 
with study logistics in interfaces between biobanks 
and cancer registries, rather than quality assurance 
of the biobank material itself. The description of sam-
ple handling, storage protocols and quality indicators 
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for the collection, processing and archiving has been 
reviewed elsewhere [9–13]. 

The aim of this paper is thus to describe the link-
age of biobank material and cancer registry data and 
quality aspects thereof, and give an overview of study 
design and logistical considerations, based on experi-
ences from joint collaborative studies between the 
Nordic cancer registries and biobanks.

Design and methods in biobank- and 
registry-based studies

The choice of study design depends on the proposed 
outcome of interest. The most widely used and rec-
ommended study design in biobank-based epidemio-
logical research is the nested case-control design. A 
case-control study is an epidemiological study in 
which, rather than measuring the experience of an 
entire population to obtain rates, controls are sam-
pled from the source population of cases, and risk 
ratios or odds ratios can be estimated. In the nested 
case-control design controls are selected from the 
cohort members who are still disease-free at the time 
a case occurs (insidence density sampling).The con-
trol group provides an estimate of the exposure dis-
tribution in the source population for cases and is a 
substitute for the denominators of rates or risks [14]. 
An effi cient case-control study design enables the 
calculation of risk estimates of not only common but 
also rare diseases, as well as diseases with a long induc-
tion phase, as is the case for most cancer forms.

When case-control studies are nested within the 
prospectively-followed cohorts, the study design pre-
serves the validity of a cohort study. The nested case-
control design is superior for the study of biomarkers 
where the measurements may be infl uenced by analytic 
batch, long-term storage and/or freeze-thaw cycles. 

The case-cohort sampling design allows controls 
to be selected from a random sample of the whole 
cohort at the start of the follow-up. The sub-cohort 
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Figure 1. Illustration of potential risk factor exposures during life course and intermittent donation of biospecimens to biorepositories.
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is representative of the full cohort and not only non-
cases, in that a person ascertained as a case may also 
be selected as a control, and vice versa. Every person 
in the source population has the same chance of 
being included as a control, regardless of how much 
time that person has contributed to the person-time 
of the cohort. All subcohort members at risk at the 
time of the cases’ diagnoses serve as controls. In can-
cer epidemiology studies, sampling may have to be 
stratifi ed by important confounders such as age at 
serum sampling. This is a commonly-used design for 
the purpose of biobank studies in the Nordic coun-
tries [8,16,17]. Some laboratory analysis may be very 
expensive and necessitate keeping the number of 
controls to a minimum. In the case-cohort study design 
the same controls can be used for more than one case. 
The drawback is multiple use of non-renewable mate-
rial. The case-cohort design is particularly suitable 
when there are several outcomes of interest, given that 
the measurements on stored materials remain suffi -
ciently stable during the study.

Identifi cation of cases 

Biobank studies deal with non-renewable resources, 
and thus it is critical to select appropriate groups of 
cases as fi tting for the specifi c aims of the study. All 
the donors of eligible cohorts, who were diagnosed 
with the disease of interest with relevant lagtime 
between specimen donation and cancer diagnosis are 
included as cases. In most Nordic biobank studies the 
cases are identifi ed restricted to fi rst cancer diagnosis. 
Case identifi cation by second or third cancer is rare. 
The cases are identifi ed by linking the personal iden-
tifi cation number in the biobank to the cancer registry. 
This linkage has to be performed in every new study 
since the cancer registry is a dynamic database and the 
number of new cases among the donors will increase 
over time. Case ascertainment will be incomplete if not 
all specimens are recorded, or cannot be identifi ed for 
other reasons. This may cause selection biases and 
reduces precision.

In some research projects it may be feasible to 
select samples from one specifi c point in time when 
the exposure of interest was highest and samples from 
all other time periods are not relevant due to lack of 
desired serum component. Samples from a specifi c 
point in time may be particularly relevant in studies 
on environmental, dietary or medication exposures.

However, the most typical approach is to include 
all cancer cases of a specifi c site during the follow-up 
period and select either the fi rst available pre-diag-
nostic sample of the cases or the sample closest in time 
to the diagnosis. One criterion in choosing relevant 
lag time is that the disease of interest should not have 
any major effect on the exposures to be measured. 
If the purpose of the study is to investigate early 
detection of cancer one will benefi t from using the 
sample closest in time to diagnosis. If the purpose is 
to investigate lifetime exposures it will be better to 
use samples with a long time between sample collec-
tion and cancer diagnosis. Another approach is to 
select serial samples from each case, where the aim 
of the study is to investigate changes in biomarkers at 
different time points before the cases are diagnosed.

In every research project it is important to be in 
close dialogue with the principle investigator (PI) of 
the study when defi ning the selection criteria. 
The fi rst selection of cases is made using the specifi c 
criteria in the study protocol. For quality assurance 
purposes the PI can be given the opportunity 
to check that the fi rst selection seems reasonable. 
They may, for example, wish to check that all cases 
have the cancer of interest registered as the fi rst 
diagnosis. In this case, the fi les are thereafter returned 
to the responsible registry that completes the 
selection. 

Selection of controls

The selection of controls should be by random sam-
pling among all those eligible at the time of the diag-
nosis of the case, not just those that appear suitable 
for matching. The practice of selecting ”best fi tting 
controls” (the controls that among eligibles have val-
ues of matching variables closest to those of cases) 
and/or convenience sampling (selecting the controls 
that are stored adjacent to the cases and/or listed next 
to the cases on sample inventories) [15] is not recom-
mended. When using such a sample of controls, it is 
not possible to make generalizations about the total 
cohort as the samples are not drawn at random from 
the eligable samples in the cohort. A person selected 
as a control that remains in the study population at 
risk after selection should remain eligible for further 
selection as a control. Moreover, a person selected as 
a control that later develops the disease, and then 
selected as a case, should be included in the study 
both as a control and as a case. Sampling with 
replacement, which allows a control specimen to 
occur more than once as a control, is in harmony 
with the incidence density sampling for matched 
case-control studies [14]. In biobank studies it is 
common to identify 1-2 substitutes for each control 
that fulfi l the same matching criteria as all controls. 
Those will be used in case the control specimen can-
not be located or the serum volume is too low. 

The controls have to be at risk for the outcome, 
in other words, alive at the time of diagnosis. There-
fore vital status is an important variable. Follow-up 
should include cancer occurrence, death and emigra-
tion keeping the loss to follow-up to a minimum. 
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Most biobanks are followed up through national 
population-based registries, but some are currently 
followed up within a region. Follow-up should not 
continue beyond the date of emigration even if the 
subjects immigrate again later; follow-up is not valid 
because events occurring outside of the country will 
not have been captured. If a project is set up as a 
multicentre study it is recommendable that equal 
sampling principles are followed at all study centres.

In some cases it might be adequate to reuse the 
controls from earlier studies. Reusing an existing con-
trol group as reference subjects for cases of another 
disease is reasonable only if the necessary risk fac-
tors, confounders, and modifi ers have been measured 
both on the old controls and the new cases, and when 
similar quality assessments have been made [18]. This 
requires a high degree of stability of the analyte in 
the sample and high reproducibility of assays. If re-use 
of controls is considered, a new control group should 
also be selected, and data from the old and new con-
trol groups tested for homogeneity.

Matching 

Matching refers to the selection of control series with 
respect to the distribution of potentially confounding 
factors. Matching is a procedure whereby controls 
are selected in such a way that the distribution of 
potential confounders among them will be identical 
to those of the cases. It is usually chosen as a means 
of increasing effi ciency, although it does not neces-
sarily do so. Increased effi ciency will be the 
case only if the matching factors are strong risk fac-
tors and related to the exposure. Matching on a non-
confounder associated with exposure status but not 
disease, reduces effi ciency. Matching may introduce 
selection biases unless the matching variables are 
stratifi ed on (the strength of the association is mea-
sured separately within each well defi ned and homo-
geneous category (stratum) of the confounding variable). 
Common matching variables are sex, age, date of 
diagnosis, date of blood collection and batch type. 
Other relevant matching variables may be storage 
time and thawing status. Studies with a high number 
of matching variables may reduce substantively the 
number of eligible controls. For example, in studies 
utilizing serial samples, it may be impossible to fi nd 
a control with the same number of samples, so that 
the other variables are satisfactorily matched on. In 
such instances a categorized number of serum sam-
ples are preferable in the study protocol to limit the 
length of the time window. Matching for a limited 
number of variables has been recommended in a 
recent paper reviewing Nordic biobank studies [8]. 
Actual sampling dates at the level year-month-date 
(yymmdd) instead of approximate ones are favourable. 
For instance seasonal matching may be important in 
micronutrient studies where detailed information on 
date is essential in evaluating seasonal variations of 
vitamin levels [19,20].

When matching controls, special concern should 
be placed on defi ning eligibility. In a cohort in use, 
there is always a trade-off between the need for sav-
ing rare cases for future use and the need to match 
controls from the entire cohort to avoid selection 
bias. Historically, two main strategies have been used. 
The fi rst is to use the whole cohort, pick out extra 
controls and then exclude controls not eligible. In 
the second approach, non-eligible controls are 
excluded before the matching of controls; for instance 
if healthy controls developed relatively rare diseases 
such as liver cancer or multiple myeloma at a later 
point in time, it seems reasonable to not select those 
samples, because they probably are valuable for future 
studies. The exclusion, from the reference group, of 
subjects who develop other diseases, which may be 
relevant to the exposure of interest, have been reported 
to involve quite small bias [21]. In Nordic biobank 
studies this is assumed to cause only a negligible the-
oretical error, since the number of eligible controls is 
large [8]. We assume that this issue has hitherto not 
been a scientifi c problem, as the selection of such valu-
able samples has been probalistically unlikely, on 
account of their rarity. However, with the number of 
studies nested in biobanks greatly increasing, the phe-
nomenon has become suffi ciently common to have 
epidemiological implications: controls saved for future 
use as cases may have different risk factor profi les than 
the controls used. The biobank will therefore need to 
prioritize between the validity of the controls in one 
study against feasibility of certain future studies. Irre-
spective of how the prioritization is done, it should 
be documented and the possible epidemiological 
implications of the decision evaluated and discussed. 
Computing an estimate of the proportion of saved 
cases, and how this may have infl uenced on the risk 
estimates in different studies would be valuable infor-
mation to give the magnitude of this problem.

If the aim of the study is to elaborate upon the 
disease risk related to exposure in the general popu-
lation, biobanks selected by health behaviour and/or 
risk factors and/or sickness, should be avoided. As 
population representativeness in practice commonly 
differs from that intended, the use of estimating stan-
dardized incidence ratios for a number of different 
cancer sites as a proxy for estimating population rep-
resentativeness is highly recommended [8]. An example 
of donors not representative of the general population 
are the healthy Red Cross blood donors that constitute 
10% of the Janus Serum Bank of Norway [13]. How-
ever, it should be noted that for many etiological stud-
ies, population representativeness is not necessary for 
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unbiased results. As prospectively-followed biobanks 
have a high within-cohort validity of studies, highly 
selected cohorts may also be highly informative. As 
long as the biobank holds a relatively large number 
of disease cases and eligible controls, they are in any 
case valuable in research projects. Biobanks often con-
tains different sample collections with different selec-
tion and sampling criteria, and in such instances, matching 
on sample collection (sub-biobanks with the same 
selection and sampling criteria) is recommended. One 
should, for example, always match population-based 
cases to population-based controls, blood donor cases 
to blood donor controls and so on. Since blood donors 
are supposed to be selected from the healthiest fraction 
of the population, their use as controls for population-
based cases is likely to result in an overestimation of risk.

Quality aspects of historical repositories

Pre-analytical sample handling is very important for 
the quality of the biological samples. A study that aimed 
to evaluate the frequency and types of mistakes in a 
laboratory found that pre-analytic mistakes consti-
tuted 68% of all errors [22]. 

Specimens in a biobank are commonly used several 
times for new studies and analyses. In more elderly 
biobanks, the samples are often not aliquoted and 
the same samples may need to be thawed several 
times for different studies. Some have tried to assess 
the impact of thawing status on the samples, and 
found this of minor importance for specifi c compo-
nents [23,24]. The extent to which repeated thawing 
affects the quality of the specimens depends both on 
the analyte under study and on the thawing proce-
dure. One commonly-used procedure for thawing 
samples (thawing at +4°C) gives adequate results for 
most analytes, but was found to give gross errors in 
the analysis of a specifi c analyte (von Willebrand fac-
tor) that cryoprecipitated under these conditions 
(Göran Hallmans, pers. comm.) and procedures had 
to be changed. We recommend that the number of 
thawings should not differ markedly and must not 
differ systematically between the cases and the con-
trols. Matching for the number of freeze-thaw cycles 
is an option that should be considered if this infor-
mation is recorded in the biobank of interest. How-
ever, the best way to prevent the effect of freeze-thaw 
cycle is to ensure a high degree of standardization 
due to biological samples from both cases and con-
trols in a given study [25]. 

Stability studies are very important in assessing 
the quality of biobanks, especially in older samples. 
Long-term storage may introduce a considerable bias 
for valuable components due to degradation, and the 
ability to measure the effect of the storage time is thus 
of great importance. Careful matching on storage 
time might be essential for the comparison of biobank 
material, and large variations in the stability between 
selected proteins have been reported. Immunoglobu-
lins seem to be relatively stable while some enzymes 
are particularly vulnerable [26]. Also, differences in 
sample handling before freezing may introduce bias 
on vulnerable components in serum. When an analy-
sis of components with unknown stability is intended, 
we advise that this should only be done when there 
is evidence that the variability is suffi ciently limited 
that the study can be informative. Measurements of 
analytes with substantial variability (either biological 
variability and/or instability on handling, storage and 
measurement) is scientifi cally meaningless, because 
studies will give null results (because of regression dilu-
tion bias), regardless of whether an association truly 
exists or not. Analyte stability studies can therefore 
be said to be the “biological equivalent to a statistical 
power calculation” as they will determine whether a 
study can answer the question or not. Pilot studies 
measuring the analyte of interest in serial samples 
from the same subjects are particularly informative 
since they measure both the biological variability and 
stability on handling, storage and measurement. Pilot 
studies to measure the level of components in sam-
ples with different storage time, and exploration of 
their distribution are also informative [27]. Such 
studies support the adoption of matching cases and 
controls with respect to storage time as routine prac-
tice in epidemiological studies where biobank mate-
rial is used. An example of this is a study from the 
Finnish Maternity Cohort that showed that serum 
samples, stored long-term, can be used to study hor-
mone-disease associations, and provided a close match-
ing on storage time [28]. 

The PIs of studies often want to exclude possible 
false diagnoses and confi rm the histology of cases which 
may have been diagnosed decades ago. Paraffi n blocks 
are identifi ed using data at the cancer registry, searched 
for in the pathological laboratory archives and diagno-
ses are verifi ed or otherwise by pathologists on re-
review. Such histological verifi cation may sometimes 
lead to a change in the diagnosis registered in the can-
cer registry database, and is a good example of the 
principle that an active scientifi c research programme 
at a cancer registry itself promotes and enhances the 
quality of the stored data. 

Linkages and logistics

In most biobank studies, several data sources are 
involved. It is therefore necessary that all the col-
laborators have a joint understanding of the logistics 
concerning them and that it is possible to monitor 
the logistics and the quality indicators over the entire 
project period of the study. All studies should have a 
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simple “Logistics Scheme” that outlines exactly who 
does what and specifi es the required documentation 
and quality indicators at each step of the study. There 
has to be a very good co-operation between the PI 
and the investigators from the different cancer regis-
tries (potentially with different coding practices) and 
biobanks, in order that unwanted material from unsuit-
able cases will not be sent for analyses. The Logistic 
Scheme should name a Coordinator who should coor-
dinate and monitor project progress. The Coordina-
tor is sometimes the same person as the person 
charged with the scientifi c responsibility (the Princi-
pal Investigator), but experience indicates that the 
appointment of a Coordinator at the postdoctoral or 
postgraduate student level tends to provide more 
rapid progress in research projects. The Logistics 
Schemes must name the number of aliquots, the ali-
quot volumes and the analyzing laboratories who 
should receive the sample aliquots. The Logistics 
Schemes must also give a description of the unique 
study code to be used on each individual case and 
control. The defi nition of this code is essential and is 
the responsibility of the PI. The study code must not 
contain patient numbers or identities, running num-
bers or numbers revealing case-control sets. Design 
of study code numbers must be coordinated and 
must not be the responsibility of the biobanks par-
ticipating in joint studies as there is a defi nite risk that 
codes assigned by different biobanks may overlap, 
resulting in non-unique IDs (e.g. if running numbers 
without a biobank ID are used). Study codes should 
not reveal any information with respect to identity or 
case-control status to the analyzing laboratories; – 
this is an essential quality criterion for ethical, high-
quality and credible studies. The codes should, 
however, contain information enabling the identifying 
as to which study subjects belong to and to which 
biobank they originate from. Also linkage to the per-
sonal identity code is necessary for control purposes 
and for future use. Biobanks must follow the Logis-
tics Schemes when assigning study codes and should 
send a fi le with the list of assigned study codes to the 
analyzing laboratories, hence minimising the risk of 
typing errors. 

In all biobank research projects an essential aspect 
of quality is that the laboratory analysis is carried out 
blinded to avoid potential biases. In the Janus serum 
bank of Norway a code-keeping system has been in 
routine practice for many decades. The code of the 
case-control status is revealed only after completion of 
all the laboratory analyses. After the case-control status 
is revealed, no additional analysis of the samples is 
allowed. The laboratory data is deposited with the 
biobank before the case-control status is revealed. This 
is an important procedure to prevent any data manipu-
lation, as it is possible to check whether the scientifi c 
papers only contain the data obtained by the analysis 
of coded samples. The code-keeping system also ensures 
a high degree of confi dentiality and patients’ names and 
personal identifi cation numbers are never disclosed. 

The fi rst step in the research study is to link the 
biobank to the cancer registry to identify cases and 
controls. This gives information on the cancer diag-
nosis, sample collection date and the location of the 
sample at the storage facility. Before retrieving the 
samples a pathologist should verify all cancer diag-
nosis, since cases may have been diagnosed over a 
wide time period with different diagnostic routines 
and coding practices. After retrieval of all samples, a 
complete list of study codes and the coded biological 
samples are sent to the laboratories. When analyses 
are completed, the code list and the data from the 
analyses of the samples are returned to the biobank. 
The biobank is then tasked with adding all the infor-
mation required for the study (e.g. the case-control 
status) and forwarding the fi le with the study data to 
the PI, or to a statistical analysis centre specifi ed in 
the Logistics Scheme. It is important to ensure that 
the data fi le released to the PI does not contain acces-
sory information on subjects at a detail that identifi -
cation of individual subjects would be possible. While 
we recommend use of exact dates of diagnosis, birth 
date, sampling date etc. in study design and case-control 
selection, it is sometimes prudent to release only year 
and month data in the study fi le to the PI. 

In some biobank projects, it is necessary to link 
data from different data sources to get information 
on confounding variables such as occupation, diet 
and smoking habits. In such circumstances, it is rec-
ommended that the list of personal identifi cation 
numbers is sent to those institutions whom have the 
required data and that they themselves do the linkage 
to obtain the necessary additional information. For 
instance National Bureaus of Statistics or Public 
Health are used commonly as external institutions 
that store and give access to these type of data. If the 
unique study code is sent from the biobank together 
with the personal identifi ers, the external institutions 
can then release the coded data (without identifi ers) 
directly to the PI. As this means that not only the 
biobank but also an external institute has access to 
the code. An alternative approach is one that includes 
one extra administrative step, but avoid ever releasing 
the code to reveal personal identities from the 
biobank. The approach involves having the external 
institute return the study-specifi c data to the biobank 
that can then send this on to the PI in a single deliv-
ery. During the linkages it is important that each 
person in the study population should be assigned a 
unique code. A fl owchart of the study logistics and 
data sources normally applied in Nordic biobank 
studies is illustrated in Figure 2.
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Biobank (code-keeping)
Information on:

• personal identification number (PID)
• sample collection date

• localization at the storage
• long-term archiving of data files

Cancer Registry
Information on:

• personal identification number (PID)
• cancer diagnosis
• date of diagnosis
• histological data

Linkage to identify cases and
controls

Research laboratories
Results from:

• serum analysis

Data analysis center or Principal
investigators

Group coded output:
• QA  individual data from all sources

• statistical analysis
• publication

National Bureau of Statistics
Information on:

• personal identification number (PID)
•  occupation

• industry
• parity

• place of residence
Health examination data

Information on:
• personal identification number (PID)

• body mass index
• smoking habits

• diet
(with code if
forwarding to
PI intended)

Coded data

Blinded and code data

Blinded and
coded data

Identifiable
data
Laboratory methods

Appointing a coordinating laboratory, which takes 
care of well organised storage, aliquoting, labeling 
and distribution of the samples, is recommended. 
This is particularly important in multi-centre studies. 
The coordinating laboratory has to ensure that spec-
imen boxes or single specimens will not be lost, that 
specimens’ exposure to light, heat and other deleteri-
ous physical conditions are minimised. To avoid the 
possibility for differential errors in handling between 
potential cases and controls, the coordinating labora-
tory should be blinded to the identity of samples and 
they should not be sorted in any systematic order. 
The laboratories should be accredited and as few as 
possible. The biobanks should aliquote the samples, 
if there is not a coordinating laboratory. It is particu-
larly important to organize the samples in analytical 
batches so that all samples of the matched sets are 
on the same panel in a randomized order. 

To minimise potential biases due to any changes 
over time in handling or analytic procedures, the order 
of the sample batches should be randomized. Preci-
sion and power can be increased by ensuring that a 
case and its matched control are handled and analy-
sed closely together. It is recommended to organize 
the samples in analytical batches where all samples 
of the matched case-control sets are in the same 
batch. The order of the samples in such batches must 
be randomized. Each batch of samples sent out 
should contain coded quality control samples as well 
as blinded repeat samples to estimate intra-assay 
variability. The blinded repeat samples often use 
other materials than the unique biobank material 
(e.g. routine blood donor samples), which is only 
valid if the repeat samples are comparable to the 
study samples (e.g. they have similar levels of the 
substance analysed). Files with laboratory analysis 
results must clearly distinguish between data below 
detection limit and missing data, so that results on 
empty tubes will not be interpreted as negative fi nd-
ings. It should be recommended that any sample 
residues from research projects are to be returned to 
the respective biobank or destructed.

Data management and statistical analyses

The data providers should send fi les of the requested, 
or at least convertible, fi le type. The data fi le should 
follow the fi le specifi cation in the Logistic Scheme 
where possible, but as some deviation is often neces-
sary, specifi cations should always be enclosed when 
Figure 2. Flowchart providing an example of the study logistics and data sources in a joint Nordic Cancer Registry-Biobank study.
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data is sent. Study codes other than those of the 
requested type cause delays and increase the likeli-
hood of errors in the data management phase. Keys 
to data coding systems, e.g. histology codes, should 
be attached. 

The writing of an explicit “Data Management Report” 
should become common practice and an important 
element of the study protocol, as this is essential for 
ensuring accuracy in describing the procedures under-
taken, particularly when writing the scientifi c papers. 
The person responsible for data handling should 
write the report, especially if statistical analyses are 
conducted elsewhere. The report should contain infor-
mation on i) identifi cation of cases; ii) cases loss to 
follow-up; iii) matching criteria; iv) identifi cation of 
controls; v) controls loss to follow-up; vi) fi nal num-
bers of cases and controls; vii) dates of serum sample 
thawing (data on exposure to light, temperature); 
viii) missing data stratifi ed by variable and by biobank 
and ix) any data errors found. The fi le record speci-
fi cation should be enclosed as an appendix.

A statistician must be involved in the study design 
phase in order to avoid errors, which may be impossible 
to correct for in later statistical analyses. Specifi c 
requests for data analyses should be made a priori, i.e. 
they should be formulated before the data is obtained 
and be a part of the study protocol/ Logistics Scheme 
describing which statistical methods and how they 
will be applied. Exploratory analyses are subjective. 

Laboratory methods often have imperfect sensitiv-
ity and specifi city. Statistical analyses should be run 
both with and without correction for misclassifi cation. 
It must be emphasized that misclassifi cation correction 
rests on assumptions and should never be interpreted 
as having removed bias due to misclassifi cation. Such 
analyses are useful mostly to explore whether the con-
clusion would have been materially affected by mea-
surement errors [29].

Historical data base system for biobank samples

There are still many biobanks where recorded speci-
men information is, at least partly, paper-based. High 
priority should be given to build data-base systems for 
recording identifi able specimen data. The computer-
ization of available volumes is of benefi t to the research-
ers and to the quality of samples themselves. In 
biobank studies it is common that the number of 
study subjects is smaller than originally planned 
because of inadequate serum volumes, which may 
jeopardise the power of the study. Tracking of the vol-
umes not only ensures more realistic study sizes but 
also decreases wasted searches in the freezer.

The Alpha-Tocopherol-Beta-Carotene (ATBC) 
cancer prevention study and the Janus Serum Bank 
records information on serum volume, but have older 
specimens without volume information, and there is 
a clear need for more complete data-bases for many 
biobanks. In old repositories with a large number of 
samples it is of signifi cant costs to register the spec-
imens’ volume all at a time. One alternative then is to 
index the volume at time of sample retrieval in differ-
ent projects. Software for increasing biobank docu-
mentation and protection for biobank-based studies 
are available. The Laboratory Information Manage-
ment System (LIMS) is a computer software that is 
used in the laboratory for the management of samples, 
laboratory users, instruments, standards and other 
laboratory functions such as invoicing and work fl ow 
automation. Systems that are even more tailor-made 
for biobanks (Biobank Information Management 
Systems (BIMS)) are in development.

Long-term archiving of the study fi les

Long-term archiving of the entire study fi le contain-
ing information from all participating biobanks 
should be organized. The institute responsible for the 
long-term storage should be stated on the logistics 
scheme. The long-term archive fi le should be based 
on the unique study code and should not contain any 
personal identifi ers. The code(s) that may be used to 
link the unique study code to the personal identifi ers 
should be archived at each biobank that originated 
the samples. It is common that there may be requests 
for actual crude data for clarifi cations, new research 
hypotheses that require further laboratory analyses 
adjusting for the previously-analyzed exposures, or 
requests from collaborators involved in pooling stud-
ies that require information from a study published 
many years earlier prevents fraud as personal identi-
fi ers allows rechecking. It should be possible to respond 
to such requests in an effi cient manner. Because of 
the lengthy time spans involved and the requirement 
for unifi ed data storage formats, it is recommended 
that the custody of the long-term archive is the respon-
sibility of the host institution, and that they should 
continue storing the data after the study is completed. 
In contrast, requests for stored data that are linked 
to identifi able individuals are exceptionally rare, and 
are mostly restricted to follow-up (longitudinal) inves-
tigations of the same study and to specifi c fraud 
investigations. It is therefore suffi cient from a practi-
cal and ethical point of view that codes enabling link-
ing to personal identifi ers remains in the biobank. 
Permissions to use data collected in previous studies 
for new purposes, should be given by the institu-
tion owning the data, and by the national Ethical 
Committees.  

The person responsible for data handling should, 
at the end of the study, stratify the study fi le accord-
ing to biobank and should then send these lists to 
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the biobanks for long-term storage. The offi cial, valid 
and correct study fi le, is the one stored at the datacentre, 
and contains the relevant information on all biobanks 
collaborating in the specifi c study. The biobanks who 
provided the samples are formally responsible for block-
ing further use of records of donors who may retract 
informed consent (clear guidelines on this issue are 
needed via legislation in some countries) and can do 
linkage to the same subject in follow-up studies. It is 
therefore necessary in future studies that a fi le listing the 
personal identifi ers, specimen codes, and study codes of 
the study subjects are retained at the biobank. 

Summary and concluding remarks

The present paper has underlined the value of research 
projects based on combining data from cancer reg-
istries and biobanks. While such linkages offer unique 
study opportunities, they also create substantial logis-
tical challenges. The paper gives recommendations 
on important quality aspects like matching proce-
dures. Matching on confounders should be avoided, 
while matching on variables known to affect the mea-
surement of the specimens are recommended. In 
general, the number of matching variables should be 
kept at a minimum. Biorepositories have become an 
important resource in molecular epidemiology and 
have led to an increased interest in etiological, clini-
cal and gene-environment-interaction studies [30]. 
In linking information from biological samples to 
population-based cancer registries, we have empha-
sised the need to jointly evaluate the quality of the 
sources and to adhere to documented logistic pro-
cesses that optimise their value in cancer research. 

Use of biological material and the data attached 
to them are subjects to strict ethical and legal restric-
tions. This paper has focused on procedures required 
to obtain high quality scientifi c data (maximizing 
usefulness), but it must be emphasized that proce-
dures must also consider the ethico-legal and societal 
aspects involved. An ethical framework for previ-
ously-collected biobank samples and data has been 
elaborated on in previous articles [31,32]. 

It is well established that generations of excellent 
biobank-based studies require the involvement of 
re searchers qualifi ed to respond to chemical, medical, 
biological, statistical, genetic as well as ethical ques-
tions. Expertise in data handling and quality assurance 
systems is increasingly emerging as key requirements 
for scientists involved in biobanking. Explicit docu-
mentation of good practice is required to ensure the high 
quality of scientifi c output, and to make it possible to 
compare results from different biobanks. The peer-
reviewed publication of scientifi c studies, and the shar-
ing of experiences and common practices in biobanking 
are the drivers that will enable the research community 
to achieve this goal.
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