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PREFACE 

About This Document 
The National Cancer Institute (NCI) Office of Biorepositories and 
Biospecimen Research (OBBR), established in 2005 to address the issues 
associated with the need for high-quality, well-annotated biospecimens 
for biomedical research, asked the RAND Corporation to identify and 
analyze existing data on the effects of preanalytical variables (i.e., 
environmental and biological variables introduced by acquisition, 
processing, storage, and distribution) on biospecimens used to study 
genetic and proteomic changes in cancer. The full implementation of this 
project was envisioned as a multiyear project consisting of three 
objectives: (1) to identify and analyze existing data on the effects of 
preanalytical variables on biospecimens used to study genetic and 
proteomic changes in cancer; (2) to create an interactive, searchable Web 
site that scientists, pathologists, repositories, and others can visit to learn 
about and contribute data, methods, and other relevant information on 
how biospecimens used to study genetic and proteomic changes in cancer 
are affected by preanalytical variables; and (3) to provide information to 
the research community and other interested parties about the effects of 
preanalytical variables on the quality of biospecimens used to study 
genetic and proteomic changes in cancer. The project was broken down 
into three phases. This documented briefing, which focuses on work 
conducted during the first year of this project, describes the process used 
to identify and analyze data on the effects of preanalytical variables on 
biospecimens used to study genetic and proteomic changes in cancer. It 
provides details on the development of the Biospecimen Research 
Database, a data-curation tool developed to provide a standardized way 
of consistently recording data on the effects of preanalytical variables, and 
summarizes the findings of the first phase of the study. 

This documented briefing is based on the briefing given to OBBR on 
September 27, 2007, and is the final reporting requirement of the 
subcontract between BioReliance, Invitrogen Bioservices, and the RAND 
Corporation in support of the prime contract with NCI . This document 
provides OBBR with a framework for analyzing the effects of 
preanalytical variables on various biospecimen types, research questions, 
and analytic methods. This document should also be of interest to 
investigators, pathologists, and biorepositories that collect, store, 
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distribute, or use biospecimens for research purposes. The ultimate goal of 
the database is to provide information to OBBR and the scientific 
community that will optimize the quality, accessibility, and utility of 
biospecimens for research purposes. 

The RAND Transportation, Space, and Technology Program 
This research was conducted under the auspices of the Transportation, 
Space, and Technology (TST) Program within RAND Infrastructure, 
Safety, and Environment (ISE). The mission of RAND Infrastructure, 
Safety, and Environment is to improve the development, operation, use, 
and protection of society’s essential physical assets and natural resources 
and to enhance the related social assets of safety and security of 
individuals in transit and in their workplaces and communities. The TST 
research portfolio encompasses policy areas including transportation 
systems, space exploration, information and telecommunication 
technologies, nano- and biotechnologies, and other aspects of science and 
technology policy. 

Questions or comments about this briefing should be sent to the project 
leader, Elisa Eiseman (Elisa_Eiseman@rand.org). Information about the 
Transportation, Space, and Technology Program is available online 
(http://www.rand.org/ise/tech). Inquiries about TST research should be 
sent to the following address: 

Martin Wachs, Director 
Transportation, Space, and Technology Program, ISE 
RAND Corporation 
1776 Main Street 
P. O. Box 2138 
Santa Monica, CA 90401-2138 
310-393-0411, x7720 
Martin_Wachs@rand.org 

mailto:Elisa_Eiseman@rand.org
http://www.rand.org/ise/tech
mailto:Martin_Wachs@rand.org
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SUMMARY 

Human biospecimens1 are valuable research tools because they reflect the 
state of the biospecimen at the time it was collected. That is, the expression 
pattern of genes and proteins depends on both the biological state of the 
biospecimen (e.g., whether it is lung or colon tissue; whether it is diseased 
or normal) and the environmental and biological stresses the biospecimen 
experiences prior to analysis (i.e., preanalytical variables). Examples of 
preanalytical variables include  

• medical or surgical procedures conducted before and during the 
removal of the biospecimen from the patient (e.g., administration of 
antibiotics, anesthesia, and other drugs; disruption of blood supply 
to the tissue; or intraoperative administration of blood, blood 
products or other fluids) 

• biospecimen-processing methods (e.g., type of fixative, time in 
fixative, method and rate of freezing) 

• duration and conditions of biospecimen transport and storage (e.g., 
storage and transport temperature, duration of storage).  

Molecular analyses of biospecimens from cancers and other diseases have 
revealed changes in gene and protein expression (e.g., either over- or 
underexpression of specific genes). It is interesting to note that many of 
the same genes reported to have altered expression in diseases have also 
been shown to change expression in response to environmental changes 
and biological stresses. For example, it is clear from studies on yeast, 
plants, and animals that changes in temperature, pH, and nutrient 
availability; oxygen deprivation; and other environmental stresses can 
cause major changes in gene expression (Storey and Storey, 2001; 
Steinberg, Stürzenbaum, and Menzel, 2008; Kenneth and Rocha, 2008; Van 
Elzen, Moens, and Dewilde, 2008). Significant changes in gene expression 
can occur as early as 15 minutes after exposure to a stimulus or stress, 
while posttranslational changes in proteins, such as methylation and 

____________ 
1 Human biospecimens include everything from subcellular structures (e.g., DNA, 
mRNA, proteins) to cells, tissue (bone, muscle, connective tissue, and skin), organs (e.g., 
liver, bladder, heart, kidney), blood, gametes (sperm and ova), embryos, fetal tissue, and 
waste (urine, feces, sweat, hair and nail clippings, shed epithelial cells, placenta). 
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phosphorylation, can occur within seconds (Eastmond and Nelson, 2006; 
Kawasaki et al., 2001; Eiseman and Bolen, 1992). Since the value of a 
biospecimen to a researcher is the information it contains about the actual 
biological state of the specimen as it existed in the person from whom it 
was derived, determining which changes are disease-related and which 
are artifacts caused by preanalytical variables is of utmost importance. 

The scientific community has repeatedly identified the limited availability 
of carefully collected and controlled, high-quality human biospecimens 
annotated with essential clinical data and properly consented for broad 
investigational use as the leading obstacle to progress in postgenomics 
cancer research (OBBR, undated [c]). The National Cancer Institute (NCI) 
is leading a national initiative to systematically address and resolve this 
problem. Since 2002, when NCI leadership identified biorepositories as an 
area of critical importance, NCI has been involved in several efforts to 
determine best practices for biospecimen collection and management. In 
support of this effort, NCI established the Office of Biorepositories and 
Biospecimen Research (OBBR) in 2005 to address the issues associated 
with the need for high-quality, well-annotated biospecimens for 
biomedical research.  

OBBR’s mission is “to ensure that human specimens available for cancer 
research are of the highest quality” (OBBR, undated [a]). To accomplish its 
mission, OBBR has established biobanking as a new area of research and 
conducts and funds research on the effects of preanalytical variables on 
the usefulness of biospecimens in genomic and proteomic studies (OBBR, 
undated [c]). The results of the research sponsored by OBBR will support 
the development of guidelines and evidence-based standards for 
biospecimens and biorepositories that will optimize the quality and 
accessibility of biospecimens for the cancer and broader biomedical 
research communities.  

One of the questions in which OBBR was interested was what, if any, data 
exist on the effects of preanalytical variables on biospecimens. To begin to 
answer this question, OBBR asked RAND to identify and analyze existing 
data on the effects of these variables on biospecimens used to study 
genetic and proteomic changes in cancer. The full implementation of this 
project was envisioned as a multiyear project consisting of three 
objectives: (1) to identify and analyze existing data on the effects of 
preanalytical variable on biospecimens used to study genetic and 
proteomic changes in cancer; (2) to create an interactive, searchable Web 
site that scientists, pathologists, repositories, and others can visit to learn 
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about and contribute data, methods, and other relevant information on 
how biospecimens used to study genetic and proteomic changes in cancer 
are affected by preanalytical variables; and (3) to provide information to 
the research community and other interested parties about the effects of 
preanalytical variables on the quality of biospecimens used to study 
genetic and proteomic changes in cancer. The information generated by this 
project was intended to provide OBBR with insight into the molecular 
impacts of different preanalytical variables on different biospecimen types, 
research questions, and analysis methods.  

This documented briefing, which focuses on work conducted during the 
first year of this multiphase project, describes the process used to identify 
and analyze data on the effects of preanalytical variables on biospecimens 
used to study genetic and proteomic changes in cancer. It provides details 
on the development of the Biospecimen Research Database, a data-
curation tool developed to provide a standardized way of consistently 
recording data on the effects of preanalytical variables, and summarizes 
the findings of the first phase of the study. 

Developing the Data-Curation Tool 
To make the findings of this project useful to the scientific community, it 
was necessary to develop a systematic way of capturing the wealth of data 
collected through the review of the scientific literature. A data-curation 
tool, called the Biospecimen Research Database, was developed to provide 
a standardized way of consistently recording data obtained through the 
literature review. Developing the data-curation tool involved several 
activities. First, the major subject-area headings and specific fields for data 
collection had to be defined. Next, a data-accession tool needed to be 
designed. A preliminary template was designed using a Microsoft Excel 
spreadsheet, which was pilot tested to determine whether the appropriate 
data-collection fields had been selected. A more user-friendly, interactive 
data-accession tool was then designed using a Microsoft Access database, 
which was also pilot tested to assess its usability and robustness. 

The first step in developing the data-curation tool was to determine the 
types of data that would be collected from the literature review. The types 
of data to be collected were grouped into six major subject areas of 
interest: biospecimen type, tissue type, diagnosis, biomolecule type, 
technology platform, and experimental factors. Next, specific fields for 
data collection within each major subject-area heading were identified. 
The major subject-area headings and associated specific data-entry fields 
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went through several revisions during the development of the Excel and 
Access data-curation tools. 

A preliminary data-collection template was developed using an Excel 
spreadsheet. The Excel data-collection template was pilot tested to assess 
its usability and robustness. The template was refined by the addition and 
deletion of data-entry fields based on the type and importance of 
information found during the pilot test. 

The Access database curation tool was developed in collaboration with 
OBBR. The fields defined in the Excel data-collection template formed the 
basis of the Access database curation tool. Data-entry forms with drop-
down menus and free-text boxes were developed to improve the ease of 
data entry. Two different forms were developed: one to capture general 
information about the paper and one to capture specific data about the 
studies within the paper. The Access database curation tool was pilot 
tested to provide a direct comparison to the Excel template, confirm its 
usability and robustness, and provide indications of where revisions of 
data-entry fields were necessary. 

The Access database curation tool formed the basis for the development of 
an online data-collection Web site. The online data-collection Web site, 
which is still under development, was designed in such a way that, as 
data are entered, they directly populate an online, searchable database. 
The data-collection Web site and the searchable Biospecimen Research 
Database, which contains data on the effects of preanalytical variables on 
the quality of biospecimens, is being built by OBBR with input from 
RAND and hosted on the OBBR external Web site. A prototype version is 
available online as a Web-based, searchable database that provides 
information about the effects of preanalytical variables on biospecimens 
(see OBBR, undated [d]). 

Literature-Search Strategies 
A comprehensive search of the scientific literature was performed to 
identify studies conducted specifically to determine the effects of 
preanalytical variables on the quality of biospecimens used to study 
genetic and proteomic changes in cancer. To accomplish this, RAND 
developed a literature-search strategy designed to find studies of interest. 
Papers were selected to populate the database using several literature-
search strategies, including keyword searches, MeSH® term searches, and 
author searches. 
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Keyword and MeSH term searches of PubMed were conducted using a 
targeted set of search terms to find relevant articles. Searches ranged from 
very specific (such as the keyword search for preanalytical variable and 
variations thereof and the MeSH term search for tissue fixation) to very 
broad, general searches (such as those using variations of the terms 
human, specimen, acquisition, processing, storage, effect, gene, protein, DNA, 
RNA, and analysis). Other relevant Web sites were also searched, including 
journals that feature biological methods (e.g., BioTechniques, Cell 
Preservation Technology [now Biopreservation and Biobanking]). Searches for 
relevant studies also included the examination of the reference lists of articles 
already retrieved. In addition, a search of PubMed was performed to 
identify relevant papers authored by a target list of investigators who are 
active in the field of biospecimen research. Of all the searches, the search 
using the MeSH term tissue fixation yielded the highest percentage of 
relevant papers. Virtually all of the papers identified by this search were 
relevant, and almost 30 percent of the papers were analyzed and included 
in the database. 

The time period specified for the searches covered the past 20 years (i.e., from 
1987 through 2007). While many relevant studies were found in papers 
published more than 10 years ago (i.e., papers published before 1997), it was 
decided that more recent papers (i.e., papers published between 1997 and 
2007) would be of most relevance to the research community and were 
selected as a place to start to populate the database. Search results were also 
limited to English-language publications. Only studies that used human 
biospecimens were included in the database; studies using biospecimens 
from other animal sources were not analyzed. Also, only original research 
articles were included in the database; review articles were not included. 

Data Analysis and Study Results 
The effects of preanalytical variables on the molecular profile of 
biospecimens will differ depending on the specimen type (e.g., blood, 
urine, normal tissue, cancerous tissue), the biomolecule being analyzed 
(e.g., DNA, RNA, protein), the analysis method being used (e.g., Southern 
blot, polymerase chain reaction [PCR], fluorescent in situ hybridization 
[FISH], cDNA microarrays), and the research question being asked. One 
way to conceptualize these preanalytical variables and their potential 
effects is to array them according to the biospecimen type, the analysis 
method, and the research question being asked (Figure S.1) (Barker et al., 
2005). The three-dimensional array has the biospecimen types along the x-
axis, the biomolecule types and associated analysis methods along the y-
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axis, and the research questions along the z-axis (the blue, red, and off-
white colors depict different research questions). This array, developed by 
OBBR, provides a useful framework for the analysis of the effects of 
preanalytical variables on biospecimens. By systematically filling in the 
boxes in the array for each biospecimen type with information about the 
effects of preanalytical variables on the technology platform used and the 
research question asked, insight can be gained into the specific impact of 
different preanalytical variables on the molecular profile of the 
biospecimen. 

At the time of the briefing to OBBR, 145 studies from 65 papers had been 
analyzed and entered into the database. The number of studies per paper 
ranged from one to eight, with most papers containing two to three 
studies. Of the 145 studies, 45 studies analyzed DNA as the biomolecule, 
 

Figure S.1. Framework for Analysis of Effects of Preanalytical Variables 
on Biospecimens 
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46 analyzed RNA, 53 analyzed proteins, and 10 analyzed morphology2 
(note that each study may include more than one biomolecule type). 
Currently, there are data from 193 studies from 80 papers in the database. 

The studies used 22 different technology platforms and reported on 15 
preanalytical variables. The most commonly used technology platforms 
were reverse transcription PCR (RT-PCR) to analyze RNA, 
immunohistochemistry to analyze proteins, and PCR to analyze DNA. 
The most commonly investigated preanalytical variables were type of 
fixative, biomolecule extraction method, time at room temperature/pre-
fixation time, and time in fixative. Most preanalytical variables had 
several associated values. The number of associated values ranged from 
one to eight, with most preanalytical variables having two associated 
values. For example, time in fixative typically had several associated 
values, since each time point in an experiment using a time course would 
be a new value (e.g., 15 minutes, 30 minutes, 1 hour, 2 hours, 3 hours, 4 
hours, 5 hours). 

Challenges and Next Steps 
There are some challenges when it comes to analyzing the data in the 
Biospecimen Research Database. Data on the effects of preanalytical 
variables on biospecimens are not reported consistently in the literature, a 
fact that may make comparisons between studies and analyses across 
studies difficult (i.e., meta-analysis). For example, one study may report 
time in weeks (e.g., 4 weeks), while another may report it in months (e.g., 
0 to 1 month). It is important to determine whether these different 
measures of time are comparable when performing meta-analyses. The 
database may be most useful as a tool to identify gaps in research on the 
effects of preanalytical variables on biospecimens in which additional 
studies may be valuable. 

Consistency in recording data in the database is also crucial to be able to 
make comparisons between studies and perform meta-analyses. Drop-
down menus with controlled vocabularies were used to help prevent 

____________ 
2 Morphology is the study of the size, shape, and structure of a particular organism, organ, 
tissue, or cell. For the purposes of this briefing, the term morphology refers to the 
examination of the detailed structure of cells and tissues (sometimes called cellular 
morphology). Techniques used to study the morphology of cells and tissues include 
histology, immunohistochemistry, in situ hybridization, electron microscopy, and light, 
fluorescent, and confocal microscopy. 
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variation from being introduced into the database by the curation process. 
Limiting or even eliminating the use of free-text boxes to record important 
findings would also be helpful. Another way in which variation was 
controlled was by using a second reviewer to check the accuracy of the 
entries in the database and ensure consistency across data entered by 
different curators. 

Another challenge in analyzing the data is the way in which the effects of 
preanalytical variables (i.e., the results of the studies) are recorded. 
Currently, preanalytical variables are selected from a drop-down menu in 
the data-curation tool, allowing researchers using the Biospecimen 
Research Database to easily identify which preanalytical variables were 
investigated in the study. In contrast, the results of the study are recorded 
in a free-text box (i.e., “Summary of Findings”), making it more difficult to 
identify what effect, if any, the preanalytical variable had on the 
biospecimen used, the biomolecule analyzed, or the research question 
asked. A more systematic way is needed to record and easily identify 
which preanalytical variables had an effect and what those effects were.  

The next steps for the Biospecimen Research Database include expanding 
the information in the database with data from additional studies that 
focus directly on the effects of preanalytical variables on biospecimens, as 
well as adding information from clinical laboratory testing procedures 
relevant to research on genetic and proteomic changes in cancer (e.g., 
genetic testing, cytogenetics, molecular pathology). Information may also 
be obtained from studies that address preanalytical effects as part of the 
methodology section of the paper. In addition, information may be 
available from technical-support documents that accompany products 
used to collect, process, store, transport, or analyze biospecimens (e.g., 
DNA and RNA purification kits, DNA sequencers, real-time PCR 
machines). Eventually, it may be feasible to obtain unpublished data on 
the effects of preanalytical variables on biospecimens from investigators 
who are active in the field of biospecimen research. 

As the database grows, it will be possible to fill in more boxes in the array 
and to fill each box with sufficient information to be able to start 
performing analyses of the effects of preanalytical variables on the 
biospecimens. These data could be used to identify gaps in knowledge 
about the effects of preanalytical variables and to support the 
development of guidelines and evidence-based standards for the 
collection, processing, and storage of biospecimens. The ultimate goal of 
the database is to provide information to OBBR and the scientific 
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community that will optimize the quality, accessibility, and utility of 
biospecimens for research purposes. 
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CHAPTER ONE. INTRODUCTION 

 

 

Human biospecimens1 and associated demographic and clinical data are 
collected and stored for research purposes at hundreds of biorepositories 
throughout the United States.2 Researchers use these valuable 
biospecimens to study the molecular characteristics of disease by 
providing information about the physiologic or pathologic condition of 
the person from whom they are derived. Sequencing of the human 
genome, advances in genomic and proteomic research, and a focus on 

____________ 
1 Human biospecimens include everything from subcellular structures (e.g., DNA, 
mRNA, proteins) to cells, tissue (bone, muscle, connective tissue, and skin), organs (e.g., 
liver, bladder, heart, kidney), blood, gametes (sperm and ova), embryos, fetal tissue, and 
waste (urine, feces, sweat, hair and nail clippings, shed epithelial cells, placenta). 
2 A 1999 RAND study conservatively estimated that there were more than 307 million 
human biospecimens from more than 178 million cases stored in the United States, 
accumulating at a rate of more than 20 million specimens per year (Eiseman and Haga, 
1999). 
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pharmacogenomics have placed a renewed emphasis on the need for 
high-quality, well-annotated biospecimens, collected with robust 
informed consent to advance our understanding of the genetic basis of 
such diseases as cancer, HIV/AIDS, and heart disease. 

While it seems that there should be plenty of biospecimens available for 
research use, there are several complicating factors. One of the major 
impediments is that biospecimens are collected, processed, stored, and 
distributed differently from one biorepository to the next, which 
introduces variability and complicates comparisons of research results 
obtained using biospecimens from different biorepositories. These 
differences occur primarily because there is no standardization or 
harmonization between biorepositories. Every repository that exists today 
was established to fulfill a specific set of objectives, and the design and 
operations of each repository is integrally linked to those objectives 
(Eiseman, Bloom, et al., 2003). Therefore, techniques for biospecimen 
collection, processing, storage, and distribution—the core functions of a 
biorepository—vary depending on the purpose for which the repository 
was established. Likewise, the quality and extent of information collected 
with the specimens vary depending on the purpose for which the 
specimen was originally collected. The type of informed consent— general 
surgical consent versus specific informed consent for the use of the 
biospecimen for research purposes—also varies from repository to 
repository, sometimes limiting the usefulness of some biospecimens for 
certain kinds of research. Therefore, biospecimens currently stored at 
biorepositories may be of limited use for certain types of genomics- and 
proteomics-based research due to the method in which they were 
collected, processed, or stored (e.g., paraffin embedded instead of snap 
frozen), a lack of sufficient clinical data, or the type of informed consent. 
In addition, the lack of nationally agreed-on quality control and standard 
operating procedures (SOPs) for the collection, processing, storage, and 
distribution of biospecimens limits the usefulness of existing collections 
for research requiring highly standardized specimen collection and 
preparation. 

The scientific community has repeatedly identified limited availability of 
carefully collected and controlled, high-quality human biospecimens 
annotated with essential clinical data and properly consented for broad 
investigational use as the leading obstacle to progress in postgenomics 
cancer research (OBBR, undated [c]). The National Cancer Institute (NCI) 
is leading a national initiative to systematically address and resolve this 
problem. Since 2002, when NCI leadership identified biorepositories as an 
area of critical importance, NCI has been involved in several efforts to 
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determine best practices for biospecimen collection and management, 
including seeking input from leaders in the fields of cancer research, 
clinical oncology, pathology, patient advocacy and private industry; 
commissioning a report from the RAND Corporation on biorepository 
best practices (Eiseman, Bloom, et al., 2003); collaborating on the National 
Biospecimen Network (NBN) Blueprint; conducting an internal study of 
NCI-funded biorepositories; establishing the Biorepository Coordinating 
Committee; convening two national workshops (“Best Practices for 
Biorepositories That Support Cancer Research” and “Biospecimen Ethical, 
Legal, and Policy Issues”); and establishing the Office of Biorepositories 
and Biospecimen Research (OBBR) (OBBR, undated [b]). 

OBBR was established by NCI in 2005 to address the issues associated 
with the need for high-quality, well-annotated biospecimens for 
biomedical research. Its mission is “to ensure that human specimens 
available for cancer research are of the highest quality” (OBBR, undated 
[a]). To accomplish its mission, OBBR has established biobanking as a new 
area of research and conducts and funds research on the effects of various 
collection and processing protocols (preanalytical variables3) on the 
usefulness of biospecimens in genomic and proteomic studies (OBBR, 
undated [c]). The results of the research sponsored by OBBR will support 
the development of guidelines and evidence-based standards for 
biospecimens and biorepositories that will optimize the quality and 
accessibility of biospecimens for the cancer and broader biomedical 
research communities. However, before OBBR committed funds to this 
area of research, it wanted to know what, if any, data exist on the effects of 
preanalytical variables on biospecimens. To begin to answer this question, 
OBBR asked RAND to identify and analyze any existing data on the 
effects of these variables on biospecimens used to study genetic and 
proteomic changes in cancer. Specifically, OBBR has requested that RAND 
focus on data on the effects of preanalytical variables on the research 
questions, biospecimen types, and analysis methods to be studied by 
OBBR in the establishment of its Biospecimen Research Network. 

The information generated by this project will provide OBBR with insight 
into the molecular impacts of different preanalytical variables on different 

____________ 
3 Preanalytical variables are circumstances occurring before specimen collection, specimen 
collection itself, and handling of the specimen prior to analysis. Examples of 
preanalytical variables include normal physiological responses (e.g., a patient’s response 
to anesthesia) and specimen-collection factors (e.g., time of sampling, materials and 
methods used for sampling, and duration and conditions of sample transport and storage 
before the measurements—e.g., freezing and thawing of serum). 
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biospecimen types, research questions, and analysis methods. This 
documented briefing describes the process used to identify and analyze 
data on the effects of preanalytical variables on biospecimens used to 
study genetic and proteomic changes in cancer. It provides details on the 
development of the Biospecimen Research Database, which contains 
information about the effects of preanalytical variables, and summarizes 
the findings of the study. 
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Before biological material is removed from a person and becomes a 
biospecimen, it first exists in situ within a specific biologic context, which 
is reflected in its molecular profile (i.e., the pattern of expression of genes 
and proteins). At any point during the acquisition, processing, storage, 
and distribution of a biospecimen, environmental and biological variables 
may be introduced that can alter the molecular profile of the specimen. 
Examples of events that may affect the molecular profile of a biospecimen 
include the following: 

• acquisition: medical or surgical procedures conducted during the 
removal of the biospecimen from the patient (e.g., administration of 
antibiotics, anesthesia, and other drugs; disruption of blood supply 
to the tissue [warm ischemic time]; intraoperative administration of 
blood, blood products, or other fluids; handling of the specimen in 
the operating room; transport and delivery to the pathologist; and 
isolation of the biospecimen by the pathologist) 

• processing: procedures used during isolation, purification, fixation, 
and preservation of the biospecimen (e.g., time at room 
temperature, temperature of room, type of fixative, time in fixative, 
method and rate of freezing, and size of specimen aliquots) 

• storage: storage temperature, duration of storage, and progressive 
dehydration, desiccation, or oxidation 

RAND 2

Purpose and Focus of Project

Purpose:
Maximize quality and utility of human biospecimens
for cancer research by identifying and analyzing 
existing data on how biospecimens are affected by 
environmental and biological variables introduced 
by acquisition, processing, storage, and distribution 
(i.e., preanalytical variables)

Focus:
Effects of preanalytical variables on biospecimens
used to study genetic and proteomic changes in 
cancer
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(i.e., preanalytical variables)
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Effects of preanalytical variables on biospecimens
used to study genetic and proteomic changes in 
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• distribution: transport conditions (e.g., shipped in liquid nitrogen, 
on dry ice, or at ambient temperature). 

Once it is removed from a person, a biospecimen reflects the state of the 
specimen at the time it was collected—i.e., the expression pattern of genes 
and proteins will depend on both the biological state of the biospecimen 
(e.g., whether it is lung or colon tissue; whether it is diseased or normal) 
and the environmental and biological stresses the biospecimen 
experiences during the processes of acquisition, processing, storage, and 
distribution (i.e., preanalytical variables). Since the value of a biospecimen 
to a researcher is the information it contains about the actual biological 
state of the specimen as it existed in the person from whom it was 
derived, determining which changes are disease-related and which are 
artifacts is of utmost importance. 

Furthermore, molecular analyses of biospecimens from people with cancer 
or other diseases often reveal changes in gene and protein expression (e.g., 
either over- or underexpression of specific genes). However, many of the 
same genes reported to have altered expression in diseases have also been 
shown to change expression in response to environmental modifications 
and biological stresses. For example, it is clear from studies on yeast, 
plants, and animals that changes in temperature, pH, and nutrient 
availability; oxygen deprivation; and other environmental stresses can 
cause major changes in gene expression (Storey and Storey, 2001; 
Steinberg, Stürzenbaum, and Menzel, 2008; Kenneth and Rocha, 2008; van 
Elzen, Moens, and Dewilde, 2008). Significant changes in gene expression 
can occur as early as 15 minutes after exposure to a stimulus or stress, 
while posttranslational changes in proteins, such as methylation and 
phosphorylation, can occur within seconds (Eastmond and Nelson, 2006; 
Kawasaki et al., 2001; Eiseman and Bolen, 1992). Therefore, determining 
which changes are disease-related and which may have been introduced 
by environmental changes and biological stresses that occur during the 
acquisition, processing, storage, and distribution of the biospecimen is not 
trivial. 

The purpose of this project was to maximize the quality and utility of 
human biospecimens for cancer research by identifying and analyzing 
existing data on how biospecimens are affected by environmental and 
biological variables introduced by acquisition, processing, storage, and 
distribution (i.e., preanalytical variables). Specifically, this project focused 
on the effects of preanalytical variables on biospecimens used to study 
genetic and proteomic changes in cancer. 
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The objectives of this project are to do the following:  

1. Identify and analyze existing data on the effects of preanalytical 
variables on biospecimens used to study genetic and proteomic 
changes in cancer by 

• conducting a comprehensive search of the scientific literature 

• reviewing clinical laboratory testing procedures relevant to 
research on genetic and proteomic changes in cancer (e.g., genetic 
testing, cytogenetics, molecular pathology) 

• examining information about products used to collect, process, 
store, transport, and analyze biospecimens (e.g., DNA and RNA 
purification kits, DNA sequencers, real-time polymerase chain 
reaction [PCR] machines) for information on the effects of 
preanalytical variables on biospecimens 

• requesting information from the scientific community about the 
effects of preanalytical variables on biospecimens 

2. Create an interactive, searchable Web site that scientists, pathologists, 
repositories, and others can visit to learn about and contribute data, 
methods, and other relevant information on how biospecimens used to 

RAND 3

Objectives of Project

1. Identify and analyze existing data on the effects of preanalytical
variables on biospecimens used to study genetic changes in 
cancer. 

2. Create an interactive, searchable Web site that scientists, 
pathologists, repositories, and others can visit to learn about 
and contribute data, methods, and other relevant information on 
how biospecimens used to study genetic changes in cancer are 
affected by preanalytical variables. 

3. Provide information to the research community and other 
interested parties about the effects of preanalytical variables on 
the quality of biospecimens used to study genetic changes in 
cancer. 

RAND 3

Objectives of Project

1. Identify and analyze existing data on the effects of preanalytical
variables on biospecimens used to study genetic changes in 
cancer. 
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study genetic and proteomic changes in cancer are affected by 
preanalytical variables. 

3. Provide information to the research community and other interested 
parties about the effects of preanalytical variables on the quality of 
biospecimens used to study genetic and proteomic changes in cancer.  
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The full implementation of this project was envisioned as consisting of 
three tasks, which would be performed over a three-year period. The three 
tasks and associated subtasks are as follows: 

TASK 1 
Identify and analyze existing data from studies or protocols that focus 
directly on the effects of preanalytical variables on biospecimens used to 
study genetic and proteomic changes in cancer.  

A. Conduct a comprehensive search of the scientific literature for 
studies done specifically to determine the effects of preanalytical 
variables on the quality of biospecimens used to study genetic and 
proteomic changes in cancer.  

B. Review procedures for clinical laboratory testing relevant to 
research on genetic and proteomic changes in cancer (e.g., genetic 
testing, cytogenetics, molecular pathology) for data on the effects of 
preanalytical variables on the quality of biospecimens used to 
study genetic and proteomic changes in cancer.  

RAND 4

Full Implementation of Project
(3 Years) 

Task 1: 
Identify and analyze existing data from studies/protocols that 
focus directly on the effects of preanalytical variables on 
biospecimens used to study genetic changes in cancer. 

Task 2: 
A.Obtain additional (and perhaps unpublished) information on 

the effects of preanalytical variables on biospecimens. 
B.Create an interactive, searchable website to post data, 

methods, and other relevant information on how biospecimens
used to study genetic changes in cancer are affected by 
preanalytical variables. 

Task 3: 
Prepare a report on the findings of Tasks 1 and 2.

RAND 4
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(3 Years) 
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focus directly on the effects of preanalytical variables on 
biospecimens used to study genetic changes in cancer. 
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the effects of preanalytical variables on biospecimens. 
B.Create an interactive, searchable website to post data, 
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used to study genetic changes in cancer are affected by 
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Prepare a report on the findings of Tasks 1 and 2.
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TASK 2 
A. Obtain additional (and perhaps unpublished) information on the 

effects of preanalytical variables on biospecimens.  

• Conduct a comprehensive search of the scientific literature for 
studies that address preanalytical effects as part of the 
methodology section of the paper.  

• Examine information about products used to collect, process, 
store, transport, and analyze biospecimens (e.g., DNA and RNA 
purification kits, DNA sequencers, real-time PCR machines) for 
information on the effects of preanalytical variables on 
biospecimens used to study genetic and proteomic changes in 
cancer.  

• Request information from the scientific community about the 
effects of preanalytical variables on biospecimens used to study 
genetic and proteomic changes in cancer. 

B. Create an interactive, searchable Web site to post data, methods, 
and other relevant information on how biospecimens used to study 
genetic and proteomic changes in cancer are affected by 
preanalytical variables.  

TASK 3 
Prepare a report on the findings of tasks 1 and 2.  
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The project was broken down into three one-year intervals. The work 
proposed for year 1 of this project covered activities and requirements of 
task 1, with the possibility of subsequent tasks being added later as 
funding and priorities allow. Task 1 involves identifying and analyzing 
existing data from studies and protocols that focus directly on the effects 
of preanalytical variables on biospecimens used to study genetic and 
proteomic changes in cancer. Task 1 consists of two parts: (a) conducting a 
comprehensive search of the scientific literature for studies done 
specifically to determine the effects of preanalytical variables on the 
quality of biospecimens used to study genetic and proteomic changes in 
cancer and (b) reviewing procedures for clinical laboratory testing 
relevant to research on genetic and proteomic changes in cancer (e.g., 
genetic testing, cytogenetics, molecular pathology) to identify data on the 
effects of preanalytical variables on the quality of biospecimens used to 
study genetic and proteomic changes in cancer. 

 

 

RAND 5

Year 1 - Proposed

Task 1: Identify and analyze existing data from studies/ protocols 
that focus directly on the effects of preanalytical variables on 
biospecimens used to study genetic changes in cancer. 

A. Conduct a comprehensive search of the scientific literature for 
studies conducted specifically to determine the effects of 
preanalytical variables on the quality of biospecimens used to 
study genetic changes in cancer. 

B. Review procedures for clinical laboratory testing relevant to 
research on genetic changes in cancer (e.g., genetic testing, 
cytogenetics, molecular pathology) for data on the effects of 
preanalytical variables on the quality of biospecimens used to 
study genetic changes in cancer.

RAND 5
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that focus directly on the effects of preanalytical variables on 
biospecimens used to study genetic changes in cancer. 

A. Conduct a comprehensive search of the scientific literature for 
studies conducted specifically to determine the effects of 
preanalytical variables on the quality of biospecimens used to 
study genetic changes in cancer. 

B. Review procedures for clinical laboratory testing relevant to 
research on genetic changes in cancer (e.g., genetic testing, 
cytogenetics, molecular pathology) for data on the effects of 
preanalytical variables on the quality of biospecimens used to 
study genetic changes in cancer.
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The work actually conducted during year 1 of the project, which is the 
focus of this documented briefing, was amended from what was 
originally proposed. OBBR and RAND realized that it would be 
advantageous to have the data collected during the review of the scientific 
literature available in a format that was easily accessible and searchable. 
Therefore, it was decided that it was more practical to begin the 
development of an interactive, searchable Web site during year 1 of the 
project instead of waiting until subsequent years. To accomplish this, task 
2B was added to the work conducted during year 1: 

Task 2B: Create an interactive, searchable Web site to post data, 
methods, and other relevant information on how biospecimens 
used to study genetic and proteomic changes in cancer are affected 
by preanalytical variables. 

The focus of task 2B was the development of an online data-collection 
Web site in collaboration with OBBR. The data-collection Web site was to 
be designed in such a way that, as data are entered, they directly populate 
an online, searchable database. The data-collection Web site and the 
eventual searchable database of the effects of preanalytical variables on 
the quality of biospecimens was to be built by OBBR with input from 
RAND and hosted on the OBBR external Web site. 

RAND 6

Year 1 – Actual

Task 1:

A. Conduct a comprehensive search of the scientific 
literature for studies conducted specifically to 
determine the effects of preanalytical variables on 
the quality of biospecimens used to study genetic 
changes in cancer.

Task 2: 

B. Create an interactive, searchable Web site to post 
data, methods, and other relevant information on 
how biospecimens used to study genetic changes   
in cancer are affected by preanalytical variables.
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Task 1 was amended so that the focus was solely on Task 1A, which 
entails conducting a comprehensive search of the scientific literature for 
studies done specifically to determine the effects of preanalytical variables 
on the quality of biospecimens used to study genetic and proteomic 
changes in cancer. Task 1B, which involves reviewing procedures for 
clinical laboratory testing relevant to research on genetic and proteomic 
changes in cancer for data on the effects of preanalytical variables, was 
postponed and not addressed during year 1. 
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The work plan for the project included several steps. The first step was to 
design a data-curation tool and pilot test the tool to assess its usability and 
robustness. Once the data-curation tool was developed, a comprehensive 
search of the scientific literature would be performed to identify studies 
conducted specifically to determine the effects of preanalytical variables 
on the quality of biospecimens used to study genetic and proteomic 
changes in cancer. Information from papers selected through the literature 
search would be entered into the data-curation tool. A Web-based version 
of the data-curation tool would be developed in collaboration with OBBR. 
Data collected using the curation tool would be analyzed for each 
biospecimen type studied for information about the effects of 
preanalytical variable on the research question asked and the analytic 
methods used. Finally, a briefing summarizing the results of the literature 
review and the development of the data-curation tool would be presented 
to OBBR, and the briefing would be published as a RAND documented 
briefing.  

The remainder of this documented briefing is organized as follows. 
Chapter Two describes the process of developing the data-curation tool, 
which serves as the basis of the Biospecimen Research Database. Chapter 
Three provides details on the review of the scientific literature to identify 
studies on the effects of preanalytical variables on biospecimens. Chapter 
Four presents the results of the study. The last chapter, Chapter Five, 

RAND 7

Work Plan
• Design data-curation tool and pilot test to assess usability and 

robustness. 

• Conduct comprehensive search of scientific literature for studies 
conducted specifically to determine effects of preanalytical
variables on quality of biospecimens used to study genetic 
changes in cancer.

• Collaborate with OBBR to develop a Web-based data-entry form 
based on data-collection template.

• Analyze data and begin filling in boxes in array for each 
biospecimen type studied with information about effects of 
preanalytical variables on research question asked and analytic 
methods used. 

• Prepare a briefing summarizing results of literature review and 
publish it as a RAND documented briefing. 
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publish it as a RAND documented briefing. 
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details some of the challenges encountered during the data analysis and 
presents next steps to expand the information in the Biospecimen 
Research Database. 
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CHAPTER TWO. DEVELOPING THE DATA-
CURATION TOOL 

 

 

To make the findings of this project useful to the scientific community, it 
was necessary to develop a systematic way of capturing the wealth of data 
collected through the review of the scientific literature. A data-curation 
tool was developed to provide a standardized way of consistently 
recording data obtained through the literature review. Developing the 
data-curation tool involved several activities. First, the major subject-area 
headings and specific fields for data collection had to be defined. Next, a 
data-accession tool needed to be designed. A preliminary template was 
designed using a Microsoft Excel spreadsheet, which was pilot tested to 
determine whether the appropriate data-collection fields had been 
selected. A more user-friendly, interactive data-accession tool was then 
designed using a Microsoft Access database, which was also pilot tested to 
assess its usability and robustness. Each of these steps is described in more 
detail in the following slides. 

RAND 8

Data-Curation Tool

• Define major subject-area headings and specific 
fields for data collection 

• Develop data-accession tool
– Excel spreadsheet
– Access database

• Pilot test data-accession tool to assess usability 
and robustness

RAND 8
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• Pilot test data-accession tool to assess usability 
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The first step in developing the data-curation tool was to determine the 
types of data that would be collected from the literature review. The types 
of data to be collected were grouped into major subject areas of interest. 
The major subject-area headings selected were as follows: 

• biospecimen type: identifies the physical state of the biospecimen 
as cell, tissue, or fluid. 

• tissue type: identifies the specific tissue from which the 
biospecimen was derived (e.g., brain, breast, lung, prostate) 

• diagnosis: identifies the disease state of the tissue from which the 
biospecimen was derived; includes normal tissue, neoplastic tissue, 
and any of a number of other types of diseases and disorders, such 
as Alzheimer’s disease, diabetes, hepatitis, multiple sclerosis, and 
rheumatoid arthritis 

• biomolecule type: defines the biomolecule that will be studied as 
part of the research question (e.g., DNA, RNA, protein) 

• technology platform: describes the method used to analyze the 
biomolecule of interest (e.g., PCR, cDNA microarrays, mass 
spectrometry) 

RAND 9

Major Subject-Area Headings

• Biospecimen/tissue type

• Diagnosis

• Biomolecule type/ technology platform

• Experimental factors
– Preacquisition variables 
– Postacquisition variables
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• experimental factors (i.e., preanalytical variables): includes both 
preacquisition and postacquisition variables 

• purpose of study: describes the focus and rationale for the study 

• findings/conclusion of study: provides details about the results 
and conclusions of the study. 

The next step was to identify specific fields for data collection within each 
major subject-area heading. Finally, relationships between the major 
subject areas were identified. It was decided that each biospecimen type 
was logically associated with certain tissue types. Once the biospecimen 
type was chosen, only the specific tissue types associated with that 
biospecimen type would be available for selection. It was also decided that 
the biomolecule type dictated which technology platform could be 
selected for its analysis. Therefore, biomolecule type and technology 
platform were combined into a single major subject-area heading.  

The major subject-area headings and associated specific data-entry fields 
went through several revisions during the development of the Excel and 
Access data-curation tools. The major subject headings and associated 
specific data-entry fields were fine-tuned even more during the 
development of the Web-based, searchable database.4 For example, the 
major subject-area heading originally titled “Tissue Type” is now called 
“Biospecimen Location” in the Web-based version of the database, and 
“Biomolecule” is now called “Analyte.” In addition, new, specific data-
entry fields have been added to the drop-down menus for “Technology 
Platform” and “Analyte.” The Biospecimen Research Database was 
designed in such a way that it is relatively easy to make additional 
changes to the specific data-entry fields to accommodate the types of data 
found in the literature. The version used in the final Access data-curation 
tool is presented in the following slides. 

____________ 
4 The Biospecimen Research Database is available to search online (OBBR, undated[d]). 
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As mentioned earlier, biospecimen type and tissue type are closely 
related. The biospecimen type identifies the physical state of the 
biospecimen as cell, tissue, or fluid, while the tissue type identifies the 
specific tissue from which the biospecimen was derived (e.g., blood, brain, 
colon, lung, prostate). For example, if the biospecimen type is fluid, the 
tissue type would be limited to fluids within the body (e.g., amniotic fluid, 
blood, saliva, urine). Since each biospecimen type is logically associated 
with certain tissue types, the data-curation tool was designed in such a 
way that, once the biospecimen type was chosen, only the specific tissue 
types associated with that biospecimen type would be available for 
selection. 

 

 

RAND 10

Biospecimen/Tissue Type

• Cell
• Tissue
• Fluid

RAND 10

Biospecimen/Tissue Type

• Cell
• Tissue
• Fluid
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Cells and tissue can be derived from the same tissue types in the body. 
Therefore, the tissue types associated with the biospecimen types of cell 
and tissue are the same. In other words, whether cell or tissue is selected as 
the biospecimen type, the same list of tissue types will be available in the 
data-curation tool. For example, a sample from a breast biopsy would be a 
biospecimen type of tissue. However, if that breast biopsy was made into 
an immortalized cell line, the biospecimen type would be cell. Listed on 
this slide are many of the tissue types associated with the biospecimen 
types of cell and tissue, ranging from aorta, brain, and endometrium to 
prostate, skin, and uterus. 

 

RAND 11

• Cell
• Tissue
• Fluid

Biospecimen/Tissue Type
Adipose
Adrenal gland
Aorta
Artery
Bladder
Bone
Brain
Breast
Bronchus
Buccal
Cartilage
Cervix
Colorectal
Ear
Endometrium
Esophagus
Eye
Fallopian tube
Foreskin
Gall bladder
Head and neck

Heart
Kidney
Larynx
Lip
Liver
Lung
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If the biospecimen type is fluid, the tissue type would be limited to fluids 
within the body (e.g., amniotic fluid, blood, saliva, urine). This slide 
shows the many tissue types associated with the biospecimen type of fluid, 
including amniotic fluid, blood, bone marrow, cerebrospinal fluid, 
plasma, saliva, and urine. There is also the choice of “Other,” which can be 
selected for other types of fluids that are not found on the list.  
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• Cell 
• Tissue
• Fluid

Biospecimen/Tissue Type
Amniotic fluid
Bile
Blood
Bone marrow
Breast lavage
Bronchial lavage
Cerebrospinal fluid
Feces
Gastric fluid
Milk
Other
Pericardial fluid
Peritoneal fluid
Plasma
Pleural fluid
Saliva
Semen
Serum
Sweat
Synovial fluid
Urine
Vitreous fluidRAND 12
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The diagnosis major subject area identifies the disease state of the tissue 
from which the biospecimen was derived. If the biospecimen comes from 
a tissue that is not diseased, then “Normal” would be selected for the 
diagnosis. Studies sometimes indicate only that the biospecimens were 
obtained during an autopsy, without any information on the cause of 
death or the disease state of the tissue. For these studies, “Autopsy” 
would be selected for the diagnosis. Sometimes, studies do not indicate 
the disease state of the tissue. For these studies, “None” would be selected 
for the diagnosis.  

The diagnosis of neoplastic includes biospecimens from all types of cancer, 
as well as benign tumors and tissue just adjacent to the neoplasm. Because 
neoplastic biospecimens can represent very different diseases, the 
diagnosis of neoplastic was divided up into subcategories, which are 
described in more detail in the next slide. 

Several other types of diseases and disorders can also be selected, such as 
Alzheimer’s disease, diabetes, hepatitis, multiple sclerosis, and 
rheumatoid arthritis. However, since the focus of this project was on the 
effects of preanalytical variables on biospecimens used for cancer 
research, none of the studies analyzed utilized biospecimens with these 
other diagnoses. 
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Diagnosis
• None

• Normal

• Neoplastic

• AIDS/HIV-related

• Alzheimer's disease

• Amyotrophic lateral 
sclerosis

• Arteriosclerosis

• Arthritis

• Asthma

• Autopsy

• Cardiovascular disease

• Cataracts

• Crohn’s disease

• Chronic obstructive 
pulmonary disease

• Cirrhosis

• Coronary artery disease

• Cystic fibrosis

• Diabetes type 1

• Diabetes type 2

• Diverticulitis

• Emphysema

• Endometriosis

• Epilepsy

• Fibroma/fibroid

• Glaucoma

• Graves’ disease

• Hashimoto’s thyroiditis

• Hemochromatosis

• Hepatitis

• Huntington's disease

• Hypertension

• Interstitial lung disease

• Irritable bowel syndrome

• Lupus

• Macular degeneration

• Multiple sclerosis

• Muscular dystrophy

• Obesity

• Osteoarthritis

• Osteoporosis

• Parkinson's disease

• Prostatitis

• Rheumatoid arthritis

• Ulcerative colitis
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Neoplastic biospecimens can come from patients with very different kinds 
of diseases, including more than 100 types of cancer (e.g., breast cancer, 
prostate cancer, chronic lymphocytic leukemia, melanoma), as well as 
benign tumors (e.g., moles, uterine fibroids, lipomas, pituitary adenomas). 
To allow for a more accurate characterization of the specific diagnosis for 
neoplastic biospecimens, the diagnosis of neoplastic was divided up into 
several subcategories. 

Instead of listing every type of cancer in an exhaustive list, cancer types 
were grouped into broader categories, including carcinoma, germ cell, 
leukemia, lymphoma, melanoma, mixed type, pediatric, and sarcoma. The 
choice of “Other” was also included for other types of neoplastic tissues 
that are not found on the list. Because benign tumors are not cancerous, 
the subcategory “Benign” was also included. Tissue just adjacent to the 
neoplasm (i.e., normal adjacent tissue) is not typically considered to be 
neoplastic, but it is not considered to be normal either. Therefore, 
“Normal Adjacent” was included as a selection in the neoplastic 
subcategories.  
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Diagnosis – Neoplastic Subcategories 

• Normal adjacent

• Benign
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• Germ cell

• Leukemia
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• Mixed type

• Pediatric
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The biomolecule type defines the biomolecule that will be studied as part 
of the research question. The three main biomolecules of interest for 
studying the genetic and proteomic changes in cancer are DNA, RNA, and 
protein. These are also the biomolecules within the cell that are most 
commonly altered by exposure to preanalytical variables. The biomolecule 
type also dictates which technology platform will be selected for its 
analysis. Therefore, biomolecule type and technology platform were 
combined into a single major subject-area heading.  

Although morphology is not a biomolecule type, for the purposes of 
developing the data-curation tool, it was grouped together with DNA, 
RNA, and protein under the major subject-area heading of “Biomolecule 
Type.”5 The rational for this grouping and the technology platforms 
associated with each biomolecule type are described in the following 
slides. 

____________ 
5 Morphology is the study of the size, shape, and structure of a particular organism, organ, 
tissue, or cell. For the purposes of this documented briefing, the term morphology refers to 
the examination of the detailed structure of cells and tissues (sometimes called cellular 
morphology). Techniques used to study the morphology of cells and tissues include 
histology, immunohistochemistry, in situ hybridization, electron microscopy, and light, 
fluorescent, and confocal microscopy. 
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The technology platform describes the method used to analyze the 
biomolecule of interest. Each biomolecule type can be analyzed using a set 
of assays specific to that biomolecule type. The final data-curation tool 
was designed so that the biomolecule type and the specific technology 
platforms associated with that biomolecule type were linked. 

DNA can be analyzed using several different technology platforms. The 
most commonly used techniques to analyze DNA include comparative 
genomic hybridization (CGH), sequencing, electrophoresis, fluorescent in 
situ hybridization (FISH), PCR, single nucleotide polymorphism (SNP) 
assay, and tissue microarrays. 
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Biomolecule Type/Technology Platform

• DNA

• RNA

• Protein

• Morphology

Array CGH
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Tissue microarray
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RNA can be analyzed using several different technology platforms. The 
most commonly used techniques to analyze RNA include cDNA 
microarrays, in situ hybridization, electrophoresis, Northern blots, reverse 
transcription PCR (RT-PCR), real-time PCR, and tissue microarrays. 
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RT-PCR

Tissue microarray

RAND 17

Biomolecule Type/Technology Platform

• DNA

• RNA

• Protein

• Morphology

cDNA microarray

In situ hybridization

Electrophoresis

Northerns

RT-PCR

Tissue microarray



 

  27 

 

Protein can be analyzed using several different technology platforms. The 
most commonly used techniques to analyze protein are one- and two-
dimensional (1D and 2D, respectively) gel electrophoresis, antibody and 
tissue microarrays, immunohistochemistry, mass spectrometry, and 
Western blots. 
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• RNA

• Protein

• Morphology

1D/2D gels

Antibody microarray

Immunohistochemistry
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Westerns
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Morphology was grouped together with DNA, RNA, and protein under the 
major subject-area heading of “Biomolecule Type.” The rationale behind 
this categorization is based on a few factors. First, analysis of DNA, RNA, 
or protein provides information at the molecular level about the impact of 
a disease or the effects of preanalytical variables on a biospecimen, while 
morphological analysis provides a broad indication of changes that may 
have occurred. For example, a biospecimen may show morphological 
changes consistent with necrosis, which may be due to an advanced stage 
of cancer or to the fact that the biospecimen was fixed in such a way that 
the overall structural integrity of the biospecimen was compromised. In 
addition, when a biospecimen is processed to isolate the biomolecule of 
interest, it is important to preserve both the integrity of the specimen for 
pathologic diagnosis and the biomolecule for molecular diagnosis. 
Therefore, many of preanalytical variables may have an effect on both 
morphology and the biomolecule being studied. A few specific technology 
platforms associated with morphology include standard hematoxylin and 
eosin (H&E) morphology, subcellular localization, and ultrastructure. 
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Preanalytical variables, captured under the major subject-area heading of 
“Experimental Factors,” can be divided up into preacquisition and 
postacquisition variables. Preacquisition variables are conditions that 
occur any time before the actual biospecimen collection. Examples of 
preacquisition variables include physiological responses to antibiotics or 
other medications, the type and duration of anesthesia given during 
surgery, blood pressure variations during surgery, intraoperative blood or 
fluid administration, and the type of surgical or medical procedure 
performed. Postacquisition variables are conditions that occur from the 
time the biospecimen is collected up until the time it is used by the 
researcher for experimental purposes. Examples of postacquisition 
variables include the time a biospecimen sits at room temperature once it 
is removed, the type of fixative that is used, the method and rate of 
freezing, the size of the aliquots, the storage temperature and duration, 
and the method used to extract the biomolecule of interest. 
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Experimental Factors

Preacquisition variables:
• Antibiotics

• Other drugs
• Type of anesthesia
• Duration of anesthesia
• Arterial clamp time
• Blood pressure variations
• Intra-op blood loss

• Intra-op blood administration
• Intra-op fluid administration
• Type of surgical/medical 

procedure
• Pre-existing medical condition

Postacquisition variables:
• Time at room temperature

• Temperature of room
• Type of fixative
• Temperature of fixative
• Time in fixative
• Freezing method
• Rate of freezing

• Size of aliquots
• Type of collection container
• Biomolecule extraction method
• Storage temperature
• Storage duration
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The data-collection template was developed to facilitate collection and 
analysis of information found during the review of the scientific literature. 
A preliminary template was designed using an Excel spreadsheet. The 
Excel data-collection template contained the major subject-area headings 
similar to the ones described earlier, but the data-entry fields and 
associations between major subject areas had not yet been finalized.  

The Excel data-collection template was tested and refined by conducting a 
pilot test. The pilot test consisted of reviewing six peer-reviewed journal 
articles and using the template as a way to collect and organize the data. 
All six papers were reviewed by three people, and the results of the 
reviews were compared for consistency. Pilot testing the data-collection 
template in this way allowed a test of the usability and robustness of the 
template. It also allowed the template to be refined by the addition and 
deletion of data-entry fields based on the type and importance of 
information found in the papers.  

Based on this pilot test, a few other fields were added to the template. The 
PubMed number was added as part of the paper identification 
information and to aid in retrieval of references by those using the 
database. The type of surgical or medical procedure was added as a 
postacquisition variable. A field to enter the purpose of the study was 
added so that visitors to the database could easily determine which 
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Excel Spreadsheet Curation Tool

• Pilot test
– Analyzed 6 papers 
– Entered data into spreadsheet

• Added data-entry fields 
– PubMed #
– Type of surgical/medical procedure
– Purpose of study
– “Other” (e.g., under Pre- and Postacquisition

Variables)
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studies were of interest. The choice of “Other” was also included for both 
preacquisition and postacquisition variables for other types of variables 
that are not found on the lists. 

Details about the design and content of the Excel data-collection template 
are presented in the next two slides. 
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The Excel data-collection template shown here contains data from the 
pilot test. The major subject-area headings and specific data-entry fields 
are arrayed across the top of the spreadsheet. The template is so large that 
only some of the data-entry columns are shown on this slide and the next 
slide. The far left of the slide shows that each paper reviewed was 
identified by its PubMed number and first and last author. Next, the tissue 
or biospecimen type and preacquisition variables were entered.  

Because the Excel template was used early on in the development of the 
data-curation tool, the major subject-area headings and specific data-entry 
fields differ a bit from the final ones presented here. The major subject-
area headings and data-entry fields in the Excel data-collection template 
were 

• Tissue/Biospecimen Type 
o Normal Tissue (type) 
o Malignant Tissue (type/diagnosis) 
o Benign Tissue (type/diagnosis) 
o Diseased Tissue (type/diagnosis) 
o Blood 
o Serum 
o Plasma 
o Urine 

RAND 22

Paper ID Tissue/Biospecimen Type Preacquisition Variables

PubMed # 1st Author Last Author

Normal 
Tissue 
(type)

Malignant 
Tissue 
(type/ 
diagnosis)

Benign 
Tissue 
(type/ 
diagnosis)

Diseased 
Tissue 
(type/ 
diagnosis) Blood Serum Plasma Urine Saliva Other Antibiotics Other drugs

Type of 
anesthesia

Duration of 
anesthesia

Arterial 
clamp 
time/warm 
ischemic 
time

Blood 
pressure 
variations

Intra-op 
blood loss

Intra-op 
blood 
administra-
tion

Intra-op 
fluid 
administra-
tion

12414521 Dash A Rubin MA prostate 
cancer

prostate 
cancer

15720802 Blackhall FH Tsao Ms non-small 
cell lung 
cancer 
(NSCLC)

15211754 Spruessel A Steimann G colon 
(normal 
adjacent 
tissue)

colon/ 
rectal 
cancer
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o Saliva 
o Other 

• Preacquisition Variables 
o Antibiotics 
o Other drugs 
o Type of anesthesia 
o Duration of anesthesia 
o Arterial clamp time/warm ischemic time 
o Blood pressure variations 
o Intra-op blood loss 
o Intra-op blood administration 
o Intra-op fluid administration 
o Type of surgical/medical procedure 
o Pre-existing medical conditions 
o Patient gender 
o Other 

• Postacquisition Variables 
o Time at room temperature/pre-fixation time 
o Temperature of room 
o Type of fixative 
o Temperature of fixative 
o Time in fixative 
o Freezing method 
o Rate of freezing 
o Size of specimen aliquots 
o Type of collection container 
o Biomolecule extraction method 
o Storage temperature 
o Storage duration 
o Storage in vacuum 
o Other 

• Morphological Analysis 
o Standard H&E microscopy 
o Immunohistochemistry 
o Ultrastructure 
o Subcellular localization 
o FISH 
o Tissue Microarrays 
o In situ hybridization 
o Other 

• Biomolecule Type 
o DNA 
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o RNA 
o Protein 
o Other 

• Technology Platform 
o PCR 
o DNA Sequencing 
o SNP assay 
o Comparative Genomic Hybridization (CGH) 
o RT-PCR 
o Northern blots 
o cDNA Microarrays 
o Mass Spectroscopy 
o Western blots 
o 1D/2D protein gels 
o Other 

• Purpose of Study 
• Findings/Conclusions of Study 

There are some differences in the major subject-area headings and specific 
data-entry fields between the Excel data-entry template and the final 
Access database curation tool worth noting. The first is the way in which 
the specific data-entry fields under the heading Tissue/Biospecimen Type 
are set up in the Excel template. Instead of having all of the possible tissue 
types listed, Tissue/Biospecimen is broken down into Normal Tissue, 
Malignant Tissue, Benign Tissue, and Diseased Tissue, and the curator is 
asked to enter the type of tissue and the diagnosis (i.e., where 
“(type/diagnosis)” is indicated next to each of these headings) into the 
appropriate cell in the Excel spreadsheet. For example, for the first study 
by Dash et al. (2002), the Tissue/Biospecimen Type was “Malignant 
Tissue” and the “type/diagnosis” was “prostate cancer.” “Blood,” 
“Serum,” “Plasma,” “Urine,” “Saliva,” and “Other” are also listed. Also, 
the breakdown by cell, tissue, and fluid, as explained earlier, was not 
present. The other difference between the Excel data-entry template and 
the final Access database curation tool is that “Morphological Analysis” is 
its own major subject-area heading in the Excel template instead of being 
grouped with Biomolecule Type like it is in the final Access database 
curation tool. 

While conducting the pilot test, it became evident that individual papers 
could contain information about multiple studies, each with its own 
purpose and findings. For example, a paper looking at the effects of 
different fixation methods may contain three studies that address different 
aspects of the main question, such as (1) a study looking at the effects of 
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fixation on the quality of DNA using PCR, (2) a study looking at the 
effects of fixation on the expression of certain genes using cDNA 
microarrays, and (3) a study looking at the effects of fixation on 
morphology of the biospecimen using standard H&E microscopy. 
Therefore, it was decided that data would be entered at the level of each 
individual study instead at the level of the entire paper. Shown on this 
slide are data entered from three papers representing four studies—the 
first paper, by Dash et al. (2002) (highlighted in green at the top of the 
slide), contains two studies, and the second paper, by Blackhall et al. 
(2004) (in white), contains only one study. The last paper, by Spruessel et 
al. (2004) (highlighted in green at the bottom of the slide), actually has two 
studies, but only one is shown on the slide. 
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Shown on this slide is another portion of the Excel template for the same 
three papers shown earlier. This portion of the Excel template is where the 
curator records information about the technology platform, the purpose of 
the study, and the findings or conclusion of the study. In addition, the full 
citation is recorded for each paper, including the publication year, 
authors, title, journal name, issue, and page numbers (not shown). A link 
to the PubMed abstract is also recorded, when available. 
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Technology Platform Purpose of Study Findings/Conclusions of Study Reference

PCR

DNA 
Sequenc-
ing

SNP 
assay

Comparative 
Genomic 
Hybridization 
(CGH) RT-PCR Northerns

cDNA 
Micro-
arrays

Mass 
Spec Westerns

1D/2D 
protein 
gels Other Pub Med Link

Publication 
Year

Research 
Genetics 
human 
cDNA 
clone set, 
4400 
ESTs

To study the increase in gene expression 
and identify individual genes that may be 
artifacts of processing of prostate tissue 
obtained from radical prostactectomy 
specimens removed as treatment for 
localized prostate cancer.

Identified 61 statistically significant genes that were 
overexpressed after 1 hr at room temperature -- 41 of which 
were named genes. Several of these genes are known to be 
early response gene, genes implicated in hypoxia, or 
transcription factors, including jun B proto-oncogene (JUNB), 
jun D proto-oncogene (JUND), and activating transcription 
factor 3 (ATF3). In contrast, expression of several genes 
implicated in prostate cancer development, e.g., hepsin, 
AMACR, fatty acid synthase, PTEN, and PIM-1, remained 
relatively constant. Early growth response 1 (EGR1), which 
has previously been shown to function as a master switch to 
activate several cellular responses to ischemic stress and has 
been shown to have increased expression has been 
previously associated with prostate cancer, had increased 
expression with increased incubation time at room 
temperature before processing. Therefore, processing time 
(i.e., time at room temperature before processing) may 
introduce artifacts into the gene expression profile for prostate 
tissue specimens. 

http://www.ncbi.nlm.nih.
gov/entrez/query.fcgi?d
b=pubmed&cmd=Retrie
ve&dopt=Abstract&list_u
ids=12414521&query_hl
=14&itool=pubmed_doc
sum

2002

EGR1 To confirm the increase in early growth 
response 1 (EGR1) protein expression 
that may be an artifact of processing of  
prostate tissue obtained from radical 
prostactectomy specimens removed as 
treatment for localized prostate cancer.

EGR1 protein expression increased with time that specimens 
sat at room temperature before being processed. Therefore, 
increased protein expression of EGR1 in prostate tissue 
specimens may be an artifact of processing time.

JNK3, JUN-
B, AP-1, 
CAIX, 
PRSS25, 
HHR6B

University 
Health 
Network 
Microarra
y Centre 
(Canada) 
1.7K 
clone set

To examine the effect of time on gene 
expression in tumor samples maintained 
at room temperature for different time 
periods following surgical resection of non-
small cell lung cancer before snap-
freezing in liquid nitrogen.

When different samples of a tumor were snap-frozen at 
increasing time intervals following surgical resection, the 
quality of RNA did not deteriorate, and there was not a global 
decline in mean gene expression nor a clear pattern of 
change in relative gene expression with time. Expression of 
two genes was shown to have a l inear relationship with time. 
In addition, significant heterogeneity existed in the expression 
levels of stress and hypoxia-activated genes in samples 
obtained from different areas of the same tumor specimen 
snap-frozen 30 minutes after resection. Variation due to 
heterogeneity within each tumor (i.e., between samples taken 
from multiple sites within a tumor) was significantly greater 
than variation due to time between resection and freezing. 
Samples snap-frozen within 30 to 60 minutes of surgical 
resection were acceptable for gene expression studies; 
however sampling and pooling from multiple sites of each

http://www.ncbi.nlm.nih.
gov/entrez/query.fcgi?d
b=pubmed&cmd=Retrie
ve&dopt=Abstract&list_u
ids=15720802&query_hl
=19&itool=pubmed_doc
sum

2004

hypoxia-
inducible 
factor 1( ∼
(HIF-1( ), c-
fos, heme 
oxygenase 
1 (HO-1), 
CK20, CEA

Affymetrix 
GeneChip 
HG-
U133A

To determine the impact of ischemia on 
gene expression profi les of healthy and 
malignant colon tissue and, thus, on 
screening studies for identification of 
molecular targets and diagnostic 
molecular patterns.

No differences of RNA quality were observed over a period of 
30 minutes. Changes in gene expression profiles were 
already observed 5-8 minutes after colon resection. 15 
minutes after surgery, 10-15% of all genes differed 
significantly (>2-fold) from the baseline values, and by 30 
minutes after surgery, 20% of all detectable genes differed. 
Significant changes of expression were found in known 
hypoxia-realted molecules (HIF-1( ∼and c-fos), as well as 
cytoskeletal genes (e.g., CK20) and tumor-associated 
antigens (e.g., CEA).  Changes of expression were also found 
in molecules ina wide variety of functional groups, such as 
oncogenes, transduction, nuclear genes, kinases, 
chaperones, and cell growth. Therefore, preanalytical factors, 
such as tissue ischemia time, dramatically affect gene 
expression.

http://www.ncbi.nlm.nih.
gov/entrez/query.fcgi?d
b=pubmed&cmd=Retrie
ve&dopt=Abstract&list_u
ids=15211754&query_hl
=11&itool=pubmed_doc
sum

2004

RAND 23

Technology Platform Purpose of Study Findings/Conclusions of Study Reference

PCR

DNA 
Sequenc-
ing

SNP 
assay

Comparative 
Genomic 
Hybridization 
(CGH) RT-PCR Northerns

cDNA 
Micro-
arrays

Mass 
Spec Westerns

1D/2D 
protein 
gels Other Pub Med Link

Publication 
Year

Research 
Genetics 
human 
cDNA 
clone set, 
4400 
ESTs

To study the increase in gene expression 
and identify individual genes that may be 
artifacts of processing of prostate tissue 
obtained from radical prostactectomy 
specimens removed as treatment for 
localized prostate cancer.

Identified 61 statistically significant genes that were 
overexpressed after 1 hr at room temperature -- 41 of which 
were named genes. Several of these genes are known to be 
early response gene, genes implicated in hypoxia, or 
transcription factors, including jun B proto-oncogene (JUNB), 
jun D proto-oncogene (JUND), and activating transcription 
factor 3 (ATF3). In contrast, expression of several genes 
implicated in prostate cancer development, e.g., hepsin, 
AMACR, fatty acid synthase, PTEN, and PIM-1, remained 
relatively constant. Early growth response 1 (EGR1), which 
has previously been shown to function as a master switch to 
activate several cellular responses to ischemic stress and has 
been shown to have increased expression has been 
previously associated with prostate cancer, had increased 
expression with increased incubation time at room 
temperature before processing. Therefore, processing time 
(i.e., time at room temperature before processing) may 
introduce artifacts into the gene expression profile for prostate 
tissue specimens. 

http://www.ncbi.nlm.nih.
gov/entrez/query.fcgi?d
b=pubmed&cmd=Retrie
ve&dopt=Abstract&list_u
ids=12414521&query_hl
=14&itool=pubmed_doc
sum

2002

EGR1 To confirm the increase in early growth 
response 1 (EGR1) protein expression 
that may be an artifact of processing of  
prostate tissue obtained from radical 
prostactectomy specimens removed as 
treatment for localized prostate cancer.

EGR1 protein expression increased with time that specimens 
sat at room temperature before being processed. Therefore, 
increased protein expression of EGR1 in prostate tissue 
specimens may be an artifact of processing time.

JNK3, JUN-
B, AP-1, 
CAIX, 
PRSS25, 
HHR6B

University 
Health 
Network 
Microarra
y Centre 
(Canada) 
1.7K 
clone set

To examine the effect of time on gene 
expression in tumor samples maintained 
at room temperature for different time 
periods following surgical resection of non-
small cell lung cancer before snap-
freezing in liquid nitrogen.

When different samples of a tumor were snap-frozen at 
increasing time intervals following surgical resection, the 
quality of RNA did not deteriorate, and there was not a global 
decline in mean gene expression nor a clear pattern of 
change in relative gene expression with time. Expression of 
two genes was shown to have a l inear relationship with time. 
In addition, significant heterogeneity existed in the expression 
levels of stress and hypoxia-activated genes in samples 
obtained from different areas of the same tumor specimen 
snap-frozen 30 minutes after resection. Variation due to 
heterogeneity within each tumor (i.e., between samples taken 
from multiple sites within a tumor) was significantly greater 
than variation due to time between resection and freezing. 
Samples snap-frozen within 30 to 60 minutes of surgical 
resection were acceptable for gene expression studies; 
however sampling and pooling from multiple sites of each

http://www.ncbi.nlm.nih.
gov/entrez/query.fcgi?d
b=pubmed&cmd=Retrie
ve&dopt=Abstract&list_u
ids=15720802&query_hl
=19&itool=pubmed_doc
sum

2004

hypoxia-
inducible 
factor 1( ∼
(HIF-1( ), c-
fos, heme 
oxygenase 
1 (HO-1), 
CK20, CEA

Affymetrix 
GeneChip 
HG-
U133A

To determine the impact of ischemia on 
gene expression profi les of healthy and 
malignant colon tissue and, thus, on 
screening studies for identification of 
molecular targets and diagnostic 
molecular patterns.

No differences of RNA quality were observed over a period of 
30 minutes. Changes in gene expression profiles were 
already observed 5-8 minutes after colon resection. 15 
minutes after surgery, 10-15% of all genes differed 
significantly (>2-fold) from the baseline values, and by 30 
minutes after surgery, 20% of all detectable genes differed. 
Significant changes of expression were found in known 
hypoxia-realted molecules (HIF-1( ∼and c-fos), as well as 
cytoskeletal genes (e.g., CK20) and tumor-associated 
antigens (e.g., CEA).  Changes of expression were also found 
in molecules ina wide variety of functional groups, such as 
oncogenes, transduction, nuclear genes, kinases, 
chaperones, and cell growth. Therefore, preanalytical factors, 
such as tissue ischemia time, dramatically affect gene 
expression.

http://www.ncbi.nlm.nih.
gov/entrez/query.fcgi?d
b=pubmed&cmd=Retrie
ve&dopt=Abstract&list_u
ids=15211754&query_hl
=11&itool=pubmed_doc
sum

2004

http://www.ncbi.nlm.nih
http://www.ncbi.nlm.nih
http://www.ncbi.nlm.nih
http://www.ncbi.nlm.nih
http://www.ncbi.nlm.nih
http://www.ncbi.nlm.nih
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The Access database curation tool was developed in collaboration with 
OBBR. The fields defined in the Excel data-collection template formed the 
basis of the Access database curation tool. Data-entry forms with drop-
down menus and free-text boxes were developed to improve the ease of 
data entry. Two different forms were developed: one to capture general 
information about the paper (i.e., “Papers”) and one to capture specific 
data about the studies within the paper (i.e., “Studies”). 

The Access database curation tool was posted to an internal, shared 
network drive at RAND so that multiple curators could interact with it 
easily through the network. There was a master curator who had full 
access to the Access database curation tool to make changes in the forms 
and tables, and reviewers could enter data into the forms but could not 
make changes to the forms or tables. The database was password 
protected to establish these different levels of access. Data were entered 
and forms and reports were viewed, created, updated, or edited directly 
on the shared network drive according to the established levels of access. 

The Access database curation tool was pilot tested. The pilot test consisted 
of entering data from the six papers analyzed during the pilot test of the 
Excel template plus three additional papers into the Access database. The 
pilot test of the Access database curation tool provided a direct 
comparison to the Excel template, confirmed its usability and robustness, 

RAND 24

Access Database Curation Tool

• Pilot test
– Posted to internal shared network drive
– Analyzed 9 papers
– Entered data into database

• Identified several needed changes
– Added Purpose and Conclusion of paper
– Added 1st and 2nd Reviewer
– Revised drop down menus for Biospecimen Type, Tissue 

Type, and Diagnosis
– Linked Biomolecule Type and Technology Platform
– Enabled multiple choices from Diagnosis and 

Biomolecule/Platform

• Database underwent 3 major revisions
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and provided indications of where revisions of data-entry fields were 
necessary.  

The database underwent three major revisions, with several changes made 
to the curation tool. Additional fields were added to the Papers form to 
record the overall purpose and conclusion of the paper. New fields were 
also added to the Papers form to track the reviewers of the papers. Each 
paper was reviewed by a primary reviewer and then checked for accuracy 
and completeness by a secondary reviewer.  

On the Studies form, the drop-down menus for “Biospecimen Type” and 
“Tissue Type” were revised. Originally, these menus closely followed the 
major subject-area headings and specific data-entry fields used in the 
Excel template. Based on the pilot testing, the choices under “Biospecimen 
Type” were changed to cell, tissue, or fluid, and “Biospecimen Type” was 
linked to “Tissue Type” so that, once the biospecimen type was chosen, 
only the specific tissue types associated with that biospecimen type would 
be available for selection.  

A new field called “Preservation” was also added to the Studies form. 
This field is used to record the method used to preserve the biospecimen, 
including fixatives (e.g., ethanol, formalin, optimum cutting temperature 
[OCT], embedding compound, RNAlater®), and other methods of 
preservation, such as flash freezing.  

The drop-down menu for “Diagnosis” was also revised. All of the specific 
types of cancer (e.g., Hodgkin lymphoma, Kaposi sarcoma) were removed 
from the “Diagnosis” drop-down menu and replaced with the general 
term “Neoplastic.” Then a “Diagnosis” subcategory, which grouped 
cancer types into broader categories, was added and linked to the 
diagnosis of “Neoplastic” to allow for a more accurate characterization of 
the diagnosis for neoplastic biospecimens. In addition, the ability to list 
several diagnoses was added so that studies conducted with of multiple 
types of biospecimens could be captured on the same form. For example, 
if a study was conducted using biospecimens from both colon cancer and 
normal adjacent tissue, both of those diagnoses could be entered on the 
same form. 

Based on the pilot testing, “Biomolecule Type” and “Technology 
Platform” were combined into a single major subject-area heading on the 
Studies form. Instead of first choosing the biomolecule of interest (e.g., 
DNA, RNA, protein) from one drop-down menu and then choosing the 
corresponding technology platform from another drop-down menu, the 
choices in the drop-down menu were combined so that the biomolecule 
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and technology platform appear together—e.g., “RNA/cDNA 
Microarray” instead of first choosing “RNA” from one menu and then 
choosing “cDNA Microarray” from the next menu (see the following 
slides for more details). 

The Access database curation tool formed the basis for the development of 
an online data-collection Web site. The online data-collection Web site, 
which is still under development, was designed in such a way that, as 
data are entered, they directly populate an online, searchable database. 
The data-collection Web site and the searchable database of the effects of 
preanalytical variables on the quality of biospecimens is being built by 
OBBR with input from RAND and hosted on the OBBR external Web site. 
A prototype version is available online as a Web-based, searchable 
database that provides information about the effects of preanalytical 
variables on biospecimens.6 

 

____________ 
6 The Biospecimen Research Database is available to search online (OBBR, undated [d]). 
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The Papers form provides data-entry fields to record general information 
about the paper, including the PubMed identification number, the title of 
the paper, authors’ names, the journal name, volume, page number, and 
publication year. There is also a place to indicate whether the paper is a 
review article, a published paper, or an unpublished paper. The 
unpublished-paper field was included in anticipation of collecting data 
from unpublished research. There are free-text boxes to record the 
purpose and conclusion of the paper. Finally, there are boxes to record the 
initials of the first and second reviewers of the paper. 

Clicking on the “Add/Edit Studies” button on the left side of the form 
takes the user to the Studies form, shown on the next two slides. 

 

RAND 25
RAND 25
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The Studies form provides data-entry fields to record specific data from 
the individual studies within a paper. The top half of the Studies form 
contains free-text boxes to record the purpose of the study and drop-down 
menus to record the biospecimen type, tissue, fluid or cell type, diagnosis, 
preservative, biomolecule, and technology platform. In the new 
“Biomolecule/Platform” drop-down menu, the choices from the old 
menus were combined so that the biomolecule and technology platform 
appear together: 

• DNA/Array CGH 
• DNA/CGH 
• DNA/DNA Sequencing 
• DNA/Electrophoresis 
• DNA/FISH 
• DNA/In situ hybridization 
• DNA/PCR 
• DNA/SNP assay 
• DNA/Spectrophotometry 
• DNA/Tissue microarray 
• Morphology/Standard H&E microscopy 
• Morphology/Subcellular localization 
• Morphology/Ultrastructure 
• Protein/1D/2D gels 

RAND 26
RAND 26
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• Protein/Antibody microarray 
• Protein/Immunohistochemistry 
• Protein/Mass Spec 
• Protein/Microarray 
• Protein/SELDI-TOF Mass Spectrometry7 
• Protein/Tissue microarray 
• Protein/Westerns 
• RNA/cDNA Microarray 
• RNA/Electrophoresis 
• RNA/In situ hybridization 
• RNA/Northerns 
• RNA/RT-PCR 
• RNA/Spectrophotometry 
• RNA/Tissue microarray 

 

 

____________ 
7 SELDI-TOF is surface-enhanced laser desorption/ionization time-of-flight. 
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 The bottom half of the Studies form contains a free-text box to record a 
summary of the findings of the study and drop-down menus to record 
information about the experimental factors. The “Experimental Factors” 
drop-down menu contains the same choices for the preacquisition and 
postacquisition variables described earlier for the Excel template with the 
addition of “RNAase inactivation” and “heterogeneity of specimen 
aliquots” as postacquisition variables. There is also a choice for “New 
Factor,” which replaces the choice of “Other” on the Excel template, that 
can be used to record new preacquisition and postacquisition variables 
that are not already found on the drop-down menu. The experimental 
factors are tagged as either preacquisition or postacquisition variables in 
the database even though that classification does not appear on the 
Studies form to allow for future analysis of the database. 

The fields labeled “Select a Value from the List Below” and “Enter a 
Value” are used to enter more detailed information about the 
experimental factor being investigated. Once the experimental factor is 
chosen, only the specific values associated with that experimental factor 
are displayed in the “Select a Value from the List Below” drop-down 
menu. Currently, “Type of Fixative” is the only experimental factor that 
has values available for selection. So if “Type of Fixative” is selected as the 
experimental factor, a drop-down menu containing choices of different 
types of fixatives (e.g., ethanol fixation, formalin fixation, OCT, RNAlater, 

RAND 27
RAND 27
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TRIzol® reagent) is displayed. For experimental factors that do not 
currently have values listed in the database, the “Enter a Value” boxes 
allow the entry of free text to enter data. For example, if the experimental 
factor chosen is “Time at room temperature/pre-fixation time,” the times 
the biospecimens were held at room temperature before they were put 
into fixative could be recorded in the “Enter a Value” boxes (e.g., 0, 0.5, 
and 1 hour). It is possible to record multiple experimental factors for a 
study using the “Experimental Factors Record” navigation tools.  

The title of the paper, its PubMed identification number, the journal name, 
page number, and publication year are displayed at the bottom of the 
Studies form. It is possible to move between studies within a paper using 
the “Studies Record” navigation tools. 
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CHAPTER THREE. LITERATURE-SEARCH 
STRATEGIES TO IDENTIFY STUDIES ON THE 

EFFECTS OF PREANALYTICAL VARIABLES 

 

 

A comprehensive search of the scientific literature was performed to 
identify studies conducted specifically to determine the effects of 
preanalytical variables on the quality of biospecimens used to study 
genetic and proteomic changes in cancer, as well as studies that address 
methods and technologies for measuring and monitoring changes in 
biomolecule expression in response to preanalytical variables. To 
accomplish this, RAND developed a literature-search strategy designed to 
find studies of interest. Papers were selected to populate the database 
using several literature-search strategies, including keyword searches, 
MeSH term searches, and author searches. Each of these search strategies 
is described in more detail in this chapter.  

Keyword searches of PubMed were conducted using a targeted set of 
search terms to find relevant articles. Searches ranged from very specific, 
such as the search for preanalytical variable and variations thereof and the 

RAND 28

Literature Search
Search Terms:

• (preanalytical OR pre-analytical OR preanalytic) AND (variable OR variables OR effect 
OR effects OR factor OR factors)

• (effect OR affect OR influence) AND (fixing OR fixation OR fixative) AND (gene OR 
protein OR DNA OR RNA) AND cancer 

• (effect OR affect OR influence) AND (ischemia) AND (gene OR protein OR DNA OR 
RNA) AND cancer

• (effect OR affect OR influence) AND (anesthesia) AND (gene OR protein OR DNA OR 
RNA) AND cancer

• (effect OR affect OR influence) AND (freezing OR frozen) AND (gene OR protein OR 
DNA OR RNA) AND cancer

• human AND (tissue OR sample OR specimen) AND (acquisition OR collection) AND 
(effect OR affect OR influence) AND (gene OR protein OR DNA OR RNA)

• human AND (tissue OR sample OR specimen) AND (acquisition OR collection OR 
processing OR preparation OR transport OR storage OR handling OR manipulation) 
AND (effect OR affect OR influence) AND (gene OR protein OR DNA OR RNA) 

• human AND (tissue OR sample OR specimen) AND (acquisition OR collection OR 
processing OR preparation OR transport OR storage OR handling OR manipulation) 
AND (effect OR affect OR influence OR interference) AND (gene OR protein OR DNA 
OR RNA) AND (stability OR analysis OR evaluation)
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search using the terms effect, fixation, gene, protein, DNA, RNA, and cancer 
(shown at the top of the slide) to very broad, general searches, such as 
those using variations of the terms human, specimen, acquisition, processing, 
storage, effect, gene, protein, DNA, RNA, and analysis (shown at the bottom 
of the slide). Other relevant Web sites were also searched, including 
journals that feature biological methods (e.g., BioTechniques, Cell 
Preservation Technology [now Biopreservation and Biobanking]). Searches for 
relevant studies also included the examination of the reference lists from 
articles already retrieved.  

A search of PubMed was performed to identify relevant papers authored 
by a target list of investigators who are active in the field of biospecimen 
research. The search was performed using the “Author” field in PubMed 
for the following: 

(jewell s) OR (grizzle w) OR (LiVolsi V) OR (Hewitt S) OR 
(Vaught J) OR (Aamodt R) OR (Becich M) OR (Beck J) OR 
(Buckler A) OR (Figg W) OR (Gunter E) OR (Libutti S) OR 
(Camphausen K) 

The time period specified for the searches covered the past 20 years (i.e., 
from 1987 through 2007). While many relevant studies were found in 
papers published more than 10 years ago (i.e., papers published before 
1997), it was decided that more recent papers (i.e., papers published 
between 1997 and 2007) would be of most relevance to the research 
community and were selected as a place to start to populate the database. 
Only studies that used human biospecimens were included in the 
database; studies using biospecimens from other animal sources were not 
analyzed. Also, only original research articles were included in the 
database; review articles were not included. 
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Shown here are search results from two of the keyword searches that were 
performed in PubMed. Each citation returned was examined for relevance 
by reviewing the title and abstract (when available). Papers were deemed 
relevant if they contained studies conducted specifically to determine the 
effects of preanalytical variables on the quality of biospecimens used to 
study genetic or proteomic changes in cancer or if they contained studies 
that addressed methods and technologies for measuring and monitoring 
changes in biomolecule expression in response to preanalytical variables. 

The first search for variations of preanalytical variable was fairly specific, 
yielding 402 total hits, with 151 (or approximately 38 percent) of those hits 
being selected as relevant. Another 34 hits were for review articles. The 
second search, using variations of the terms human, specimen, acquisition, 
processing, storage, effect, gene, protein, DNA, RNA, and analysis, was much 
broader in scope and returned 4,373 total hits, with 444 (or approximately 
10 percent) of those hits selected as relevant. It is interesting to note that 24 
of the relevant hits found with search 1 were also found with search 2. 

Each paper selected as relevant to the project was then categorized 
according to the subject area it covered using the following categorization 
schema. 

 

RAND 29

Search Results
Search 1: 

• (preanalytical OR pre-analytical OR preanalytic) AND (variable OR variables OR effect 
OR effects OR factor OR factors)

• Total Hits =  402

• Total Relevant Hits =  151

• Total Reviews = 34

Search 2: 

• Human AND (Tissue OR sample OR specimen) AND (acquisition OR collection OR 
processing OR preparation OR transport OR storage OR handling OR manipulation) 
AND (effect OR affect OR influence OR interference) AND (gene OR protein OR DNA OR 
RNA) AND (stability OR analysis OR evaluation) 

• Total Items = 4373 

• Total Relevant Hits =   444

• Total Reviews = 25

[NOTE: 24 of the Relevant Hits found with Search 1 were also found with Search 2.]
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Clinical Laboratory Testing and Pathology 
I. cells 

a. sperm 
b. buccal cells 

II. fluids 
a. blood (e.g., whole blood, serum, plasma, platelets) 

i. coagulation 
ii. chemistry (e.g., pH, electrolytes, gases) 

iii. biochemical markers 
1. cytokines/growth factors 
2. C-reactive protein 
3. hemophilia factors (e.g., factor VIII) 
4. homocysteine/cysteine 
5. insulin 
6. metalloproteinases 
7. parathyroid hormone (PTH) 
8. prostate-specific antigen (PSA) 
9. prothrombin 
10. others 

iv. antidoping (e.g., erythropoietin) 
v. lipids/lipoproteins 

vi. other types of blood testing 
b. urine 
c. fecal samples 
d. saliva 
e. bone marrow 
f. cerebrospinal fluid (CSF) 

i. amyloid beta peptide 
g. amniotic fluid/maternal blood (i.e., whole blood, serum, 

plasma) 
h. other fluids 

III. tissues 
a. brain 
b. breast 
c. heart 
d. liver 
e. other tissues 

IV. virology/bacteriology 
a. cytomegalovirus 
b. HIV 
c. hepatitis. 
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Biomolecule/Technology Platform 
I. proteins 

a. microarrays 
b. mass spectroscopy (e.g., SELDI-TOF, matrix-assisted laser 

desorption/ionization–time of flight [MALDI-TOF], liquid 
chromatography–mass spectrometry [LC-MS]) 

c. immunoassays (e.g., enzyme-linked immunosorbant assay 
[ELISA], immunohistochemistry, radioimmunoassay) 

d. Western blotting 
e. 2D gel electrophoresis 

II. DNA 
a. PCR/real-time PCR 
b. FISH 
c. DNA microarray 
d. CGH 
e. DNA flow/image cytometry 

III. mRNA 
a. reverse-transcription/real-time PCR 
b. cDNA microarray 
c. in situ hybridization 

IV. morphology 
a. standard H&E  
b. subcellular localization 
c. ultrastructure. 

 
Other Areas of Interest 

I. epidemiology 
II. biospecimen banking. 

 
Approximately 70 percent of the relevant papers retrieved using the two 
searches just described dealt with areas classified in the schema as clinical 
laboratory testing and pathology and focused primarily on testing for blood 
coagulation, blood chemistry, and blood biochemical markers, as well as 
virology and bacteriology testing. The remaining 30 percent of relevant 
papers dealt with areas classified in the schema as biomolecule/technology 
platform and focused primarily on protein, DNA, and mRNA. 
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MeSH is the National Library of Medicine’s controlled-vocabulary 
thesaurus used for indexing articles from leading biomedical journals for 
the PubMed database (NLM, 2008). Each bibliographic reference is 
associated with a set of MeSH terms that describe the content of the item. 
Thus, MeSH terms provide “a consistent way to retrieve information that 
may use different terminology for the same concepts” (NCBI, undated). 

Three MeSH term searches were performed to identify additional papers 
for inclusion in the database. The first search used the MeSH term tissue 
fixation, and the second search used specific MeSH terms under the more 
general subject heading of tissue preservation (i.e., adverse effects, drug effects, 
and standards). The third search used a more general approach to find 
relevant papers by combining MeSH terms dealing with tissue preservation, 
nucleic acids, proteins, and reproducibility of results, while focusing on 
humans, tissues and neoplasms. The first search yielded 145 hits, the second 
search yielded 46 hits, and the third search yielded 99 hits. Of all the 
searches, the search using the MeSH term tissue fixation yielded the 
highest percentage of relevant papers, and 43 of the papers were analyzed 
and included in the database. In comparison, only three of the papers 
identified by the second search and two of the papers identified by the 
third search using MeSH terms were included in the database. 

RAND 30

MeSH Terms

• "Tissue Fixation“[MeSH]

• ("Tissue Preservation/adverse effects"[MeSH] OR 
"Tissue Preservation/drug effects"[MeSH] OR 
"Tissue Preservation/standards"[MeSH])

• "humans" [MeSH] AND "tissues" [MeSH] AND 
("tissue preservation" [MeSH] OR "specimen 
handling" [MeSH]) AND ("nucleic acids" [MeSH] OR 
"proteins" [MeSH] OR "peptides" [MeSH] OR "dna" 
[MeSH] OR "rna" [MeSH] OR "tumor markers, 
biological" [MeSH]) AND “Reproducibility of 
Results” [MeSH]) AND “Neoplasms” [MeSH]
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CHAPTER FOUR. DATA ANALYSIS AND STUDY 
RESULTS 

 

The effects of preanalytical variables on the molecular profile of 
biospecimens will differ depending on the specimen type (e.g., blood, 
urine, normal tissue, cancer tissue), the biomolecule being analyzed (e.g., 
DNA, RNA, protein), the analysis method being used (e.g., Southern blot, 
PCR, FISH, cDNA microarrays), and the research question being asked. 
For example, a researcher may want to use cDNA microarray technology 
to determine the change in expression (i.e., the change in levels of mRNA) 
of gene X in cancer tissue as compared to normal tissue. Any changes in 
gene expression due to the acts of acquisition, processing, storage, and 
distribution of the biospecimen would need to be known in order to 
distinguish them from changes present in the tissue due to its cancerous 
state.  

One way to conceptualize these preanalytical variables and their potential 
effects is to array them according to the biospecimen type, the analysis 
method, and the research question being asked, as shown in the slide 
(Barker et al., 2005). The three-dimensional array has the biospecimen 
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Framework for Analysis of Effects of Preanalytical
Variables on Biospecimens
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types along the x-axis, the biomolecule types and associated analysis 
methods along the y-axis, and the research questions along the z-axis (the 
blue, red, and off-white colors depict different research questions). This 
array, developed by OBBR, provides a useful framework for the analysis 
of the effects of preanalytical variables on biospecimens. By systematically 
filling in the boxes in the array for each biospecimen type with 
information about the effects of preanalytical variables on the technology 
platform used and the research question asked, insight can be gained into 
the specific impact of different preanalytical variables on the molecular 
profile of the biospecimen. 
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The focus during year 1 of this project was specifically on studies 
conducted to determine the effects of preanalytical variables on the 
quality of biospecimens used to study genetic and proteomic changes in 
cancer. Since studies in the database were limited to those examining 
cancerous and normal tissue, the only relevant biospecimen/tissue types 
in the array would be cancerous and normal tissue. In addition, the 
research question the database is trying to answer is this: How are 
biospecimens affected by preanalytical variables? This question must be 
asked for each biomolecule type and technology platform used. Based on 
the scope of work during year 1 of the project, the framework for analysis 
of the data in the Biospecimen Research Database could be depicted as a 
truncated version of the array shown on the previous slide.  
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At the time of the briefing to OBBR, 145 studies from 65 papers had been 
analyzed and entered into the database. The number of studies per paper 
ranged from one to eight, with most papers containing one, two, or three 
studies. Of the 145 studies, 45 studies analyzed DNA as the biomolecule, 
46 analyzed RNA, 53 analyzed proteins, and 10 analyzed morphology 
(note that each study may include more than one biomolecule type). The 
studies used 22 different technology platforms and reported on 15 
preanalytical variables. (More detailed information about the technology 
platforms and preanalytical variables is presented next.) Currently, there 
are data from 193 studies from 80 papers in the database (references for 
the 80 papers contained in the Biospecimen Research Database can be 
found in the appendix).  
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The papers included in the database provided a fairly good representation 
of the various technology platforms that can be used to study genetic and 
proteomic changes in cancer. There were 22 different technology 
platforms used in the studies analyzed for the Biospecimen Research 
Database. The most commonly used technology platforms were RT-PCR 
to analyze RNA, immunohistochemistry to analyze proteins, and PCR to 
analyze DNA. The only technology platforms listed in the database that 
were not used were tissue microarrays to analyze RNA and subcellular 
localization and ultrastructure studies to analyze cell morphology. 
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Technology Platform
Biomolecule Technology Platform # of Studies
DNA Array CGH 5

CGH 2
DNA Sequencing 5
Electrophoresis 8
FISH 2
In situ hybridization 1
PCR 13
SNP Assay 2
Tissue Microarray 3

RNA cDNA Microarray 11
RT-PCR 24
Electrophoresis 4
In situ hybridization 2
Northerns 4

Protein SELDI-TOF Mass Spectrometry 5
Mass Spec 5
Antibody microarray 2
Immunohistochemistry 19
Westerns 8
Tissue Microarray 3
1D/2D gels 11

Morphology  Standard H&E microscopy 10RAND 34
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Within a study, it was possible to have more than one experimental factor 
(i.e., preanalytical variable), each of which may have several values 
associated with it. There were 15 different experimental factors identified 
in the papers analyzed, three of which were preacquisition variables and 
12 of which were postacquisition variables. The six most commonly 
investigated experimental factors were all postacquisition variables: time 
at room temperature/pre-fixation time, type of fixative, time in fixative, 
biomolecule extraction method, storage temperature, and storage 
duration.  

Most experimental factors had several associated values. The number of 
associated values ranged from one to eight, with most experimental 
factors having two associated values. For example, time in fixative typically 
had several associated values, since each time point in an experiment 
using a time course would be a new value (e.g., 15 minutes, 30 minutes, 1 
hour, 2 hours, 3 hours, 4 hours, 5 hours).  
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Experimental Factor # of Studies # of Values
Time at room temperature/
pre-fixation time 16 51

Type of fixative 59 144

Time in fixative 13 36

Biomolecule extraction 
method 37 77

Storage temperature 8 26

Storage duration 11 44
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The next step would be to use the information in the Biospecimen 
Research Database to start to fill in the array just described. Take, for 
example, studies investigating the effects of differing times in storage (i.e., 
storage duration) on the ability to amplify DNA from normal tissue and 
breast cancer biopsies using PCR. The preanalytical variable is storage 
duration, the technology platform is PCR, the biomolecule is DNA, and the 
biospecimen/tissue types are normal tissue and cancer tissue. Figure 4.1 
depicts how the information in the database could be used to start filling 
in the array. The two boxes at the top of the array that are highlighted in 
yellow correspond to the biospecimen/tissue type and 
biomolecule/technology platform being analyzed. The preanalytical 
variable being investigated (i.e., the research question being asked) is the 
effects of storage duration, shown at the top of the figure. 

However, when the data are looked at more closely, it is clear that making 
comparisons may be difficult. There were 11 studies in the database that 
examined the effect of storage duration on biospecimens. Depending on 
the study, storage duration is reported differently. For example, one study 
reports storing biospecimens for “12 to 24 months,” while another study 
reports that biospecimens were stored for “≥ 12 months.” Another 
example is one study reporting storing biospecimens for “0 to 1 month” 
and a second study reporting storing biospecimens for 4 weeks. Can these 
storage times be compared? While it may be possible in this example to 
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compare studies with similar duration times (e.g., 0 to 1 month of storage 
could be compared to 4 weeks of storage), not all comparisons will be as 
straightforward. Because of differences in the way in which data are 
reported in the literature, meta-analyses of the data in the Biospecimen 
Research Database may be complicated. 
 

Figure 4.1. Framework for Analysis of Effects of Storage Duration on 
Amplification of DNA from Normal and Cancerous Tissue 
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CHAPTER FIVE. CHALLENGES AND NEXT STEPS 

 

 

There are some challenges when it comes to analyzing the data in the 
Biospecimen Research Database. As mentioned in Chapter Four, data on 
the effects of preanalytical variables on biospecimens are not reported 
consistently in the literature, a fact that may make comparisons between 
studies and analyses across studies difficult (i.e., meta-analysis). As the 
amount of data in the database grows, it may be possible to group studies 
to make comparisons, but the inconsistencies may make meta-analyses 
unfeasible. As such, the database may be most useful as a tool to identify 
gaps in research on the effects of preanalytical variables on biospecimens 
in which additional studies may be valuable. 

Consistency in recording data in the database is also crucial to be able to 
make comparisons between studies and perform meta-analyses. Drop-
down menus with controlled vocabularies were used to help prevent 
variation from being introduced into the database by the curation process. 
Limiting or even eliminating the use of free-text boxes to record important 
findings would also be helpful. Another way in which variation was 
controlled was by using a second person to review the accuracy of the 
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entries in the database and ensure consistency across data entered by 
different curators.  

Another challenge in analyzing the data is the way in which the effects of 
preanalytical variables (i.e., the results of the studies) are recorded. 
Currently, preanalytical variables are selected from a drop-down menu in 
the data-curation tool, allowing researchers using the Biospecimen 
Research Database to easily identify which preanalytical variables were 
investigated in the study. In contrast, the results of the study are recorded 
in a free-text box (i.e., “Summary of Findings”), making it more difficult to 
identify what effect, if any, the preanalytical variable had on the 
biospecimen used, the biomolecule analyzed, or the research question 
asked. A more systematic way is needed to record and easily identify 
which preanalytical variables had an effect and what those effects were.  
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The next steps for the Biospecimen Research Database include expanding 
the information in the database with data from additional studies that 
focus directly on the effects of preanalytical variables on biospecimens, as 
well as adding information from clinical laboratory testing procedures 
relevant to research on genetic and proteomic changes in cancer (e.g., 
genetic testing, cytogenetics, molecular pathology). Information may also 
be obtained from studies that address preanalytical effects as part of the 
methodology section of the paper. In addition, information may be 
available from technical-support documents that accompany products 
used to collect, process, store, transport, or analyze biospecimens (e.g., 
DNA and RNA purification kits, DNA sequencers, real-time PCR 
machines). Eventually, it may be feasible to obtain unpublished data on 
the effects of preanalytical variables on biospecimens from investigators 
who are active in the field of biospecimen research. 

As the database grows, it will be possible to fill in more boxes in the array 
and to fill each box with sufficient information to be able to start 
performing analyses of the effects of preanalytical variables on the 
biospecimens. These data could be used to identify gaps in knowledge 
about the effects of preanalytical variables and to support the 
development of guidelines and evidence-based standards for the 
collection, processing, and storage of biospecimens. The ultimate goal of 
the database is to provide information to OBBR and the scientific 
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community that will optimize the quality, accessibility, and utility of 
biospecimens for research purposes. 
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