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Linking investigators

A centralized linking-facility for data sharing and coordination of samples in tissue banks

Neil R. Smalheiser

any multifactorial diseases, such

as various forms of cancer, dia-

betes, coronary heart disease
and schizophrenia, still pose a consider-
able challenge for those researchers intent
on understanding their causes. Some
progress has been made in identifying the
genes that contribute to such diseases and
the availability of the sequence of the
human genome holds further potential.
However, scientists are still far from pin-
pointing the exact genetic causes of most
major diseases that now plague humans in
the developed world. Clinicians and epi-
demiologists have amassed a wealth of
non-genetic information, notably lifestyle
and environmental factors, and with the
rise of genomics, proteomics and imaging
methods, banks holding tissue samples
from patients have become an increasing-
ly important and precious resource in
medical research. However, the full value
of all these efforts can only be realized by
data sharing.

A major problem is the fact that the
data generated by researchers around the
world are not easily available to those
working in a related area. Although it has
become considerably easier to identify rel-
evant scientific publications, and to access
gene or protein sequence data and analyti-
cal software, this unfortunately does not
extend to primary data from studies and
tissue banks. Indeed, scientists could gain
valuable information if they had access to
these primary data or to samples from their
colleagues’ studies. Current approaches,
namely the pooling of diverse data in cen-
tral databases and the formation of consor-
tia between investigators, are fraught with
the practical problems of data manage-
ment, ownership of data and confidentiali-
ty. An alternative, as proposed in this
Viewpoint, would be a centralized linking
facility to issue anonymous ‘linking num-
bers’. These would allow independent and
autonomous research groups studying
samples from the same subjects
to be aware of each other, and to form
voluntary and temporary collaborations
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for research on a specific problem.
Without incurring any confidentiality
problems, such a facility could enhance
progress, as it would allow scientists to
identify related studies and to pool and
analyse their data.

Scientists could gain valuable
information if they had access to
these primary data or to samples
from their colleagues’ studies

learly, this need to pool data from
genetic and epidemiological studies
has become increasingly important
for research into human diseases. Moreover,
the relevant variables for a multifactorial dis-
ease include demographic, clinical, devel-
opmental, psychosocial, environmental,
genetic, epigenetic, anatomical, physiologi-
cal and molecular factors, and are too
numerous to be considered by any one
investigator or to be controlled within any
one study. To overcome these limitations,
investigators have already established con-
sortia to achieve adequate statistical power,
as well as economy of scale (Torrey et al.,
2000; Geschwind et al., 2001). However,
there are practical problems with this ap-
proach. First, investigators are often reluctant
to deposit data that they have not fully
analysed into databanks shared with other
scientists. Second, a central database must
have access to patient identifiers, which rais-
es problems of confidentiality. Third, a cen-
tral database cannot be easily scaled-up to
large numbers of investigators, and becomes
increasingly difficult to maintain as more sci-
entists submit their data. Furthermore, there
are also strong arguments for investigators to
remain autonomous and independent.
A major challenge for informatics is thus
to link independent research groups in a
manner that facilitates data sharing, data
coordination and mining of pooled primary
data. Here, | consider one particular aspect
of this problem—the situation that occurs
when different research groups obtain sam-
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ples from tissue banks and perform studies
on samples taken from the same individuals.
Examples of such tissue banks include
repositories of DNA and tumour specimens
and post-mortem brain banks, as well as
banks of plasma, serum and other blood
components. In the past, such tissue banks
have been primarily used for biochemical
and histological studies, but have now
attained even more importance with the
development of genomic and proteomic
methods. Tissue banks permit investigators
to test hypotheses on a set of well-character-
ized subjects, and have the potential to
accelerate research by allowing researchers
to combine primary data from the same
individuals, but from different studies. In
addition, imaging archives (Van Horn et al.,
2001) can also be regarded as equivalent to
tissue banks, as they provide investigators
with raw data for further study.

As outlined above, a centralized database
where investigators could deposit their pri-
mary data would have several practical limi-
tations. An alternative would be to link the
data across numerous databases belonging
to individual investigators. To facilitate this, |
propose establishing a centralized linking
facility that assigns a unique ‘linking num-
ber’ to each subject at the time of sample
deposition. Let us suppose that such a facility
is established for the benefit of any re-
searcher who would like to donate samples
to tissue banks or to carry out studies on such
samples. At the time that an investigator
donates a sample from a research subject to
one or more cooperating tissue banks, the
linking facility would issue a linking number
both to the tissue banks and to the donating
investigator. This number would be attached
to all data relating to the individual, in both
the tissue banks and the donating investiga-
tor’s own database, including any new data
that may be generated from that individual. In
short, the linking number becomes an arbi-
trary and limited ID number for the subject,
and is different from the notion of a universal
identifier, which has received much attention
in recent years (White & Messler, 1997).
Although a tissue bank could use its own
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Tissue banks have the promise of
accelerating research by allowing
researchers to combine primary
data from the same individuals
but from different studies

sample-coding numbers for the purpose of
linking investigators, a separate linking facili-
ty is preferred if investigators donate material
from the same subject to multiple tissue
banks and/or data repositories; for instance, if
lymphocytes are donated to a DNA bank and
functional magnetic resonance imaging data
from the same individual are donated to an
image bank.

When other investigators receive samples
from these linked tissue banks, they will also
get the linking number that they are obliged
to attach to all data they generate from the
sample. The centralized linking facility will
not have any identifying information, so
there is no loss of confidentiality (Lavori et
al., 2002). Moreover, there is no central data-
base, so there is no need for investigators to
deposit their research data. The linking facili-
ty will just keep track of which investigators
have donated or received which samples,
regardless of the tissue bank from which they
were obtained, together with a brief descrip-
tion of their planned studies. This will allow
different groups that have studied samples
from the same individuals to locate one
another, pool their results, and analyse them
collaboratively, without giving up their data
or their autonomy, and without needing to
share confidential identifiers.

or example, imagine that Dr Smith in the

USA studies the relationship between

P50 brain-evoked potential amplitude
and hippocampal volume in a population of
chronic schizophrenic outpatients. Smith is
not personally interested in genetics, but rec-
ognizes the potential value of data sharing,
and so collects lymphocytes from each sub-
ject and submits these to a DNA repository.
Professor Jones in France wants to learn
whether polymorphisms in gene X play a role
in schizophrenia; so he obtains DNA from
this repository and finds that 20% of patients
have a particular variant allele as compared
to 15% of control subjects—a difference that
is not statistically significant. In the present
climate, in which tissue banks generally pro-
vide only simple information such as age, sex
and diagnosis, the analysis might end there
with a negative result. However, the linking
facility allows Smith and Jones to be aware of

each other, and when they perform a pooled
analysis of their combined primary data, an
entirely different result emerges: Jones finds
that hippocampal volume is significantly
decreased in schizophrenic individuals with
the variant allele.

One of the major advantages of such a
facility is that it links different investigators
directly, and thus allows independence
from the nature or organization of patient
data. Although tissue banks have complex
data-management systems and databases
with idiosyncratic features, the linking
facility does not need to be concerned
with this level of data organization once
researchers have become aware of each
other and decide to collaborate. Similarly,
if two investigators pool their data for
analysis, they are likely to consider only a
very small subset of this information,
which may be transferred to a simple
spreadsheet. To link investigators does not
in general require that they automatically
link their entire databases. In essence, the
linking facility is merely a registry of sam-
ples, with each sample from an individual
given the same code, together with infor-
mation on who is using them for what
studies.
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A potential pitfall of this approach is
the possibility that if the same individual
enrols in two different research studies, he
or she may be assigned two different link-
ing numbers. To minimize this risk, investi-
gators need to routinely ascertain whether
subjects have participated in prior studies.
In addition, quality control procedures
would need to be implemented to detect
possible duplications when two investiga-
tors pool their data, for example if two dif-
ferent linking numbers share the same
name or address. Alternatively, because
names and addresses may be written in
different ways and may change over time,
non-identifying information could also be
used, such as date of birth, medication his-
tory, ventricular volume or genotype. This
issue is a specific example of the record-
linkage problem, which has been exten-
sively analysed in other contexts (Winkler,
1995). Nevertheless, the problem is rather
minor from the standpoint of analysing
pooled data: in the example given above,
even if the data from one subject were
mistakenly thought to come from two dif-
ferent subjects, this would not alter the
inferred relationship between hippocam-
pal volume and allele type.
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he ability to link databases on

demand would greatly assist collabo-

rative data-mining. The NeuroSys
project in the USA (Pittendrigh & Jacobs,
2002) and the Axiope project in Europe
(Cannon et al., 2002) are both developing
tools to help scientists record their experi-
ments directly in a semi-structured format
and to publish their data—or at least a
description of it—on the web. In the Axiope
scheme, each person putting information
onto the web retains ownership of their
data, but would register at a central cata-
logue site that can be searched by others
looking for studies of a particular type
(Cannon et al., 2002). Although this web-
based approach is elegant, generally
applicable and powerful, scientists will
need to substantially alter their habits of
record-keeping and publishing for peer-to-
peer data sharing to succeed. In contrast,
the linking facility for banked samples
would not require any effort on the part of
the scientists involved, other than attaching
an additional ID number to the data they
already provide. Furthermore, scientists
would not need to disclose the nature of
their studies beyond the very small commu-
nity of scientists using the same samples.

At present, many tissue banks are popu-
lated by a small number of donating investi-
gators—often only by the group responsible
for maintaining the bank. In part, this reflects
the specialized nature of certain tissue col-
lections (for instance, tumour tissue removed
at the time of surgery) and the need to main-
tain uniform protocols on tissue handling.
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However, as it is relatively easy for clinical
investigators to obtain and process blood
samples, so an enormous increase in the
number of banked DNA and plasma sam-
ples could be achieved if the following crite-
ria were met: first, repositories would have to
be available to handle a large number of
samples; second, funding would need to be
available to defray the costs of shipping sam-
ples to the banks; third, subject consent
forms for clinical studies would have to be
expanded to allow banking of samples
(Malone et al., 2002); last, and most impor-
tant, researchers would have to be con-
vinced that it is to their own direct advantage
to allow others to perform studies on their
samples. Having a centralized linking facility
would particularly help in achieving this last
criterion. It would also remove the need to
make a single international tissue bank or
series of national banks, which would be
expensive and cumbersome to operate, and
perhaps politically difficult to establish.
Instead, the linking facility could coordinate
efforts across any number and type of coop-
erating regional or disease-specific banks,
and in this way could truly maximize our
potential to understand the underlying caus-
es of multifactorial diseases.
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