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Efficient management of human tissue samples is a critical issue; the supply of samples is
unable to satisfy the current demands for research. Lack of informed consent is also an
ethical problem. One of the goals of the 2012 revision of Korea's Bioethics and Safety Act
was to implement regulations that govern the management of human tissue samples. To
remain competitive, medical institutions must prepare for these future changes. In this
report, we review two tissue management models that are currently in use; model 1 is the
most common system utilized by hospitals in Korea and model 2 is implemented by some
of the larger institutions. We also propose three alternative models that offer advantages
over the systems currently in use. Model 3 is a multi-bank model that protects the
independence of physicians and pathologists. Model 4 utilizes a comprehensive single
bioresource bank; although in this case, the pathologists gain control of the samples,
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which may make it difficult to implement. Model 5, which employs a bioresource
utilization steering committee (BUSC), is viable to implement and still maintains the
advantages of Model 4. To comply with the upcoming law, we suggest that physicians and

pathologists in an institution should collaborate to choose one of the improved models of
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INTRODUCTION

The successful completion of the Human Genome Project led
modern medical science into a new era of personalized medi-
cine. Human tissue specimens are essential for translational re-
search in personalized medicine (1) and extremely large data
sets must be generated before investigators are able to proceed
with clinical trials. Because of the increasing demands for hu-
man tissue, efficient management of tissue specimens has be-
come a critical and important issue for pathology departments
(2-9).

Archived human tissue is in short supply and the current lev-
els cannot satisfy the demand for research. Although many hos-
pitals store vast amounts of tissue samples, informed consent
has not been collected in most cases (5); therefore, these sam-
ples cannot be used for research purposes. The paucity of high
quality tissue specimens and the lack of certified bioresource
banks are additional problems that contribute to the limited
supply of materials for modern research.
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tissue management system that best fits for their situation.
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One of the goals of the 2012 revision of Korea's Bioethics and
Safety Act was to design regulations that govern the manage-
ment of human biological material, including tissue samples.
This law stipulates physicians to obtain informed consent when
collecting human tissue samples for research and clarifies the
processes for proper collection, storage, and distribution of
specimens (6). Because this law requires clinicians to obtain in-
formed consent prior to collecting tissue samples, many of the
ethical issues surrounding the use of these samples for research
will be resolved and access to existing tissue samples for re-
search purposes will be enhanced. Many hospitals are expected
to implement changes to their tissue management systems in
order to take advantage of the benefits of the upcoming law.

Hospital pathology departments process every tissue sample
that is collected and store the vast majority of archived samples
(7,8). In addition, the pathology departments are legally respon-
sible for management of these samples (9). Therefore, it would
be impossible to implement any changes to the way in which
clinical tissue archives are tracked and managed without the
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enthusiastic support of the pathology departments themselves.

Here, we describe five different human tissue management
models. The purpose of this report is to highlight the advantag-
es and challenges associated with each model, which will be
useful for policymakers trying to determine the most appropri-
ate management model for specific hospitals. The first and sec-
ond models are currently used by hospitals in Korea; the third,
fourth, and fifth models are suggested improved systems for the
management of human tissue samples.

The scope of this paper is limited to human tissue samples
used for research; it does not include a description of manage-
ment models for tissues used for therapeutic transplantation,
or liquid human biological material, such as urine, blood, and
sweat.
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MANAGEMENT OF HUMAN TISSUE SAMPLES FOR
RESEARCH

Model 1: Human tissue sample archive managed by the
pathology department

In this model, which is operated by many pathology depart-
ments, the raw tissue samples are collected by clinicians and
sent to the pathology laboratory for processing or analysis. The
pathologist examines, selects, and processes the specimens
into formalin-fixed, paraffin-embedded (FFPE) tissue samples
and the FFPE samples are archived for future diagnosis and re-
search. Following approval by the hospital’s institutional review
board (IRB), the pathologist supplies the requested human tis-
sue samples to the researcher (Fig. 1A, Table 1).
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Fig. 1. Schematic drawings of models. (A) Model 1: Human tissue sample ar-
chive managed by the pathology department. (B) Model 2: Government-certified
bioresource bank managed by the hospital. (C) Model 3: Dual government-certi-
fied bioresource banks, managed independently by the hospital and the pathol-
ogy department. (D) Model 4: Single government-certified hospital bioresource
bank managed by the pathology department that stores both fresh and FFPE tis-
sue samples. (E) Model 5: Single government-certified comprehensive hospital
bioresource bank operated by the bioresource utilization steering committee.
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Table 1. Overview of human tissue management models for research

Certified bioresource bank

Models Pathology . Fresh tissue FFPE tissue
Hospital
department
Model 1: Human tissue sample archive managed by the pathology X X Unavailable Pathology FFPE archive
department
Model 2: Government-certified bioresource bank managed by the hospital X 0 Hospital bioresource bank Pathology FFPE archive
Model 3: Dual government-certified bioresource banks, managed 0 0 Hospital bioresource bank Bioresource bank at the
independently by the hospital and the pathology department pathology department
Model 4: Single government-certified bioresource bank managed by the 0 X Bioresource bank at the Bioresource bank at the
pathology department that stores both fresh and FFPE tissue samples pathology department pathology department
Model 5: Single government-certified comprehensive hospital bioresource X 0 Hospital bioresource bank Hospital bioresource bank &
bank operated by the bioresource utilization steering committee Pathology FFPE archive

FFPE, formalin-fixed paraffin-embedded.

Table 2. Advantages and disadvantages of each human tissue management model

Models Advantages Disadvantages & challenges
Model 1 - Additional maintenance costs - absent - Use of archived FFPE tissue - limited
- Amount of tissue - tremendous - Fresh tissue - unavailable
- Cell lines - unavailable
- Frozen tissue - unavailable
- High quality DNA, RNA, protein - unavailable
- Inform consent - low receiving rates
Model 2 - Fresh tissue - available - Use of archived FFPE tissue - limited
- Cell lines - available - Additional maintenance costs - necessary
- Frozen tissues - available - Single portal management system - unavailable
- High quality DNA, RNA, protein - available
Model 3 - Fresh tissue - available - Additional maintenance costs - necessary
- Cell lines - available - Single portal management system - unavailable
- Frozen tissues - available
- High quality DNA, RNA, protein - available
- Use of archived FFPE tissue - available
Model 4 - Fresh tissue - available - Physicians’ concerns with the idea of giving complete control over the
- Cell lines - available samples to the pathologists
- Frozen tissues - available
- High quality DNA, RNA, protein - available
- Use of archived FFPE tissue - available
- Single portal management system - available
Model 5 - Fresh tissue - available - Establishment and operation of the bioresource utilization steering committee

- Cell lines - available

- Frozen tissues - available

- High quality DNA, RNA, protein - available

- Use of archived FFPE tissue - available

- Single portal management system - available
- Individual independence - maintained

- Pathologists’ concerns with the idea of losing control over the samples

FFPE, formalin-fixed paraffin-embedded.

The advantages of this model are that it does not require the
use of a certified bioresource bank, and management of the pa-
thology FFPE archive for research purposes requires no addi-
tional maintenance costs (Table 2). However, this model has
many limitations. First, the pathologist can only supply research-
ers with FFPE tissue samples; the absence of a formal biore-
source bank makes it impossible to store fresh or frozen tissue,
cell lines, or high quality DNA or RNA samples, which can only
be obtained from fresh tissue (Table 2). Second, the use of ar-
chived FFPE tissue samples is ethically questionable because
informed consent is typically not obtained by the clinician. In
most cases, use of archived FFPE tissue samples for research
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purposes would require the researcher to obtain the informed
consent of the specific patient in compliance with the Bioethics
and Safety Act.

Model 2: Government-certified bioresource bank
managed by the hospital

In this model, the clinician obtains informed consent from the
patient to allow storage of the tissue in the hospital’s government-
certified bioresource bank. The sample is then sent to the pa-
thology laboratory, where a portion of the fresh tissue is pro-
cessed into FFPE samples and archived, and another portion is
sent to the bioresource bank by the pathologist (Fig. 1B, Table
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1). A technician at the bioresource bank extracts DNA, RNA,
and protein, or cultivates cell lines from the fresh tissue sample.
In this model, the use of specimens stored in the hospital’s bio-
resource bank for research purposes does not require IRB ap-
proval; therefore, researchers can easily obtain high quality DNA,
RNA, and protein samples, as well as isolated cell lines (Table
2). However, as in model 1, if a researcher requires access to the
FFPE tissue archive, the informed consent of the patient and
IRB approval must be obtained.

It should be noted that the revised Bioethics and Safety Act
will allow the use of fresh tissue samples to be exempted from
an IRB review (10). From a research perspective, model 2 has
an advantage over model 1 because it provides researchers with
convenient access to high quality DNA and RNA samples that
are essential to modern medical research. On the other hand,
model 2 would require hospitals to establish government-certi-
fied bioresource banks, which may not be economically or lo-
gistically feasible for smaller hospitals or those without suffi-
cient resources (Table 2).

Model 3: Dual government-certified bioresource banks,
managed independently by the hospital and the pathology
department
This model is similar to model 2 in that the clinician obtains in-
formed consent from the patient to allow storage of the tissue in
government-certified bioresource banks, and fresh tissue sam-
ples are processed into cell lines, nucleic acid and protein sam-
ples at the hospital’s bioresource bank. However, in this model,
the pathology department operates its own post-diagnosis FFPE
tissue bank; only tissue samples that have already been used for
diagnosis may be stored in the FFPE tissue bank (Fig. 1C, Table
1). The remaining tissue is archived so that it may be used for fu-
ture diagnosis. Access to FFPE tissue samples does not require
IRB approval and researchers can simply submit a request to the
pathology department itself. However, distribution of tissue from
the archive to the FFPE tissue bank remains a controversial ethi-
cal issue. For example, archived tissue samples may be required
in cases of cancer recurrence and when new medical break-
throughs occur; the type and number of samples that should be
archived is a question faced by pathologists on a daily basis.
Since informed consent has been obtained for the samples
in both bioresource banks, this model allows researchers to ac-
cess a large number of human tissue specimens without the
need for IRB approval. However, the costs associated with es-
tablishing and operating multiple bioresource banks may be a
burden that only a few hospitals can afford (Table 2).

Model 4: Single government-certified bioresource bank
managed by the pathology department that stores both
fresh and FFPE tissue samples

Model 4 combines the functions of the two bioresource banks
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described in model 3 into a single bank that stores and process-
es both FFPE and fresh tissue samples and is managed by the
pathology department (Fig. 1D, Table 1). Implementation of
this model would streamline the storage process, reduce opera-
tional costs, and simplify the application process when access-
ing samples for research purposes (Table 2).

Although this model is the most efficient method of manag-
ing tissue samples for research, physicians are likely to feel un-
comfortable with the idea of assigning complete control of the
samples to the pathology department. To alleviate these con-
cerns, a system could be established in which the physician
who obtained informed consent from the patient is given con-
trol of the samples. Although the initial opposition to model 4
by physicians may be strong, serious consideration should be
given to ideas that can accommodate a single bioresource bank.

Model 5: Single government-certified comprehensive
hospital bioresource bank operated by the bioresource
utilization steering committee (BUSC)

This model is an alternative to model 4; instead of providing
complete control of the FFPE and fresh tissue samples to the
pathology department, a hospital bioresource bank would be
established and its operation would be supervised by a BUSC
(Fig. 1E, Table 1). The advantage of this model is similar to that
of model 4, in that access to clinical samples for research pur-
poses would be simplified (Table 2). The disadvantages of mod-
el 5 include the costs and resources associated with establish-
ment of the BUSC, and pathologists’ concerns over loss of con-
trol of the samples (Table 2). However, if the BUSC is composed
of multiple individuals that balance the viewpoints of physi-
cians, pathologists, and researchers, these groups would be
more inclined to share their tissue sample archives. This bal-
ance would be essential for generating the trust that is neces-
sary for pathology departments to actively participate in the
system. Whereas the goal of model 4 was to alleviate the con-
cerns of physicians, the main objective of model 5 is to alleviate
the concerns of the pathology department. A system in which
the pathologists are given ample opportunities to collaborate
with various researchers could be established. Because most
pathology departments control over 90% of human clinical
samples, the success of model 5 is critically dependent on the
enthusiastic support of these departments.

DISCUSSION

Model 1 represents the most common system utilized by hos-
pitals in Korea. Its limitations are well known; it is inconvenient
for researchers to access existing samples, high quality samples
are scarce, and use of these samples for research purposes is
ethically questionable. Overall, this model is outdated and hos-
pitals using this model must implement changes to remain com-
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petitive. Model 2 represents a system that has now been imple-
mented by some of the larger hospitals in Korea. The certified
bioresource bank provides researchers with high quality tissue
samples that are essential to modern medical research. Howev-
er, this model fails to sufficiently utilize the vast FFPE archive of
the pathology department. Hospitals using this model must
find a way to distribute the FFPE samples into a certified biore-
source bank. Models 3, 4, and 5 represent proposals to modern-
ize tissue management processes.

Model 3 allows hospitals to create and maintain a large data-
base of tissue samples through the use of dual or multiple gov-
ernment-certified hospital bioresource banks. However, oper-
ating more than one bank would be inconvenient for research-
ers and expensive for the hospital. Despite these inefficiencies,
model 3 would be the most convenient system to implement in
medical institutions. Physicians and pathologists would be able
to retain control over their samples and hospital administrators
could avoid political friction. It is for these reasons that some
large medical institutions may be considering implementation
of this model.

Among the models described in this report, model 4 is the
most efficient. In this model, every sample is managed by a sin-
gle bioresource bank in a single department, which creates a
huge database and enables efficient and cost-effective manage-
ment of tissue samples. However, most physicians are unwilling
to relinquish control of the samples to the pathology depart-
ment. Attempts to implement this system would undoubtedly
face fierce opposition from physicians. Since it may be imprac-
tical to implement this model in a large medical institution, for-
mation of a feasible system that maintains the advantages of
model 4 is desirable.

Model 5 is proposed as a viable alternative to model 4. By re-
linquishing control over the hospital bioresource bank to the
BUSC, it may be possible to reach a political compromise while
still maintaining the benefits of model 4. For model 5 to suc-
ceed, physicians and pathologists must reach a compromise
that will ultimately benefit both themselves and the wider re-
search and clinical communities.

Transition from models 1 or 2 to models 3, 4, 5, or other in-
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novative models is an issue that every medical institution in Ko-
rea will face in the near future. Each medical institution faces
challenges that are unique to their situation. The physicians and
pathologists in these institutions are ultimately responsible for
conceptualizing and implementing the solutions.
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