
Digital pathology and image analysis augment biospecimen 
annotation and biobank quality assurance harmonization

Bih-Rong Wei and R. Mark Simpsona

Laboratory of Cancer Biology and Genetics, Center for Cancer Research, National Cancer 
Institute, NIH Building 37, 37 Convent Drive, Bethesda, Maryland 20892

Abstract

Standardization of biorepository best practices will enhance the quality of translational biomedical 

research utilizing patient-derived biobank specimens. Harmonization of pathology quality 

assurance procedures for biobank accessions has lagged behind other avenues of biospecimen 

research and biobank development. Comprehension of the cellular content of biorepository 

specimens is important for discovery of tissue-specific clinically relevant biomarkers for diagnosis 

and treatment. While rapidly emerging technologies in molecular analyses and data mining create 

focus on appropriate measures for minimizing pre-analytic artifact-inducing variables, less 

attention gets paid to annotating the constituent make up of biospecimens for more effective 

specimen selection by biobank clients. Both pre-analytic tissue processing and a specimen's 

composition influence acquisition of relevant macromolecules for downstream assays. Pathologist 

review of biorepository submissions, particularly tissues as part of quality assurance procedures, 

helps to ensure that the intended target cells are present and in sufficient quantity in accessioned 

specimens. This manual procedure can be tedious and subjective. Incorporating digital pathology 

into biobank quality assurance procedures, using automated pattern recognition morphometric 

image analysis to quantify tissue feature areas in digital whole slide images of tissue sections, can 

minimize variability and subjectivity associated with routine pathologic evaluations in 

biorepositories. Whole-slide images and pathologist-reviewed morphometric analyses can be 

provided to researchers to guide specimen selection. Harmonization of pathology quality 

assurance methods that minimize subjectivity and improve reproducibility among collections 

would facilitate research-relevant specimen selection by investigators and could facilitate 

information sharing in an integrated network approach to biobanking.
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Introduction

Biobanks are repositories of biospecimens from multiple patients with defined diseases. 

These collections encompass a range of disease manifestations and provide materials for 

discovery of molecular factors associated with disease initiation and progression. 

Conventionally, proper biobank operation includes planning about what to collect (diseased 

specimens vs. healthy control), harmonization of sample collection/processing protocols, 

and proper storage of specimens (1-5). Types of specimens stored in biobanks frequently 

include blood/serum/plasma, snap frozen tissues, tissue frozen for cryosectioning, and 

formalin-fixed paraffin-embedded tissues (6). Timely sample processing is the first step to 

reduce degradation of constituent molecules, ensuring a high quality specimen while 

minimizing pre-analytic artifacts (7, 8). Newly available fixatives such as those permitting 

multiple downstream applications from a single fixative (e.g. PaxGene, Qiagen), may 

improve efficiencies at surgical/tissue collection sites. Considerable attention has been 

devoted to developing procedures for appropriate collection and optimum preservation 

methods including the time to preservation, sample sizes, fixation/ storage conditions and 

most recently, markers useful for assessing sample quality (6, 9-18). Such attention is 

reflected in the release of standard operating procedures (SOPs) by the National Cancer 

Institute Cancer Human Biobank (caHUB), which conducts tissue collection for The NIH 

Genotype-Tissue Expression (GTEx) Project (19). However, considerable effort is still 

required to translate these concepts into consistent practices that minimize circumstances 

contributing to pre-analytical artifacts, as many contravening logistical demands of patient 

care exist. Several of these factors and practices are the subject of other reviews (6, 20-22).

Emphasis on sample collection and processing protocols must be accompanied by other 

equally important biobank quality assurance (QA) steps to aid successful utilization of 

biobanked specimens. Such QA procedures should be designed to promote the appropriate 

selection of relevant and representative biospecimens that contain detectable and clinically 

pertinent molecular constituents, thereby fostering meaningful translational biomedical 

research. Specimens for biobanking are usually derived from tissues excised/collected for 

diagnostic or treatment purposes. A portion of these samples will be submitted for 

diagnostic evaluation and the remaining tissue may then be subdivided to generate an 

adequate number of biobank specimens that can be preserved in a variety of ways. Some 

tissue subdivision may result in insufficiency or absence of the designated diseased cells. A 

survey of tumor biospecimens revealed inadequate presence of cancer target tissue more 

frequently than desired; only 59% of specimens, on average, contained >65% tumor 

cellularity, while 17% had no evidence of tumors (23). Since validating tissue signatures and 

targetable biomarkers is a focus of translational research utilizing biobanking materials, 

these results exemplify the importance of sample screening and annotation in biobanks, to 

provide perspective on specimen constituents. Extraction of materials (DNA, RNA or 

protein) for molecular analyses typically employs entire portions of lesion tissue obtained 

from a biorepository in an attempt to discover mutations or DNA/RNA/protein signatures of 

the disease of interest via techniques such as sequencing, microarray, or mass spectrometry. 

In order to derive disease-relevant macromolecules for discovery, sufficient quantity/
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percentage of target tissues must be harbored by the tissue mass and not be obscured due to 

dilutional effects of other more plentiful tissue constituents.

The initial phase of genomic study of The Cancer Genome Atlas (TCGA) mandated 80% 

tumor components in analyzed tissue or 60% when second generation sequencing platforms 

were applied (24). However, the origin (cancer, stroma, or blood) of the various 

differentially expressed proteins (between cancer and normal controls) derived in follow-on 

proteomic studies on these same samples were questioned (First Annual Scientific 

Symposium of the Clinical Proteomic Tumor Analysis Consortium (November 13, 2013, 

Bethesda, MD (25))). The findings corroborated the profound influence that heterogeneous 

cell phenotypes harbored in medical specimens may have on downstream molecular data 

obtained. Thus, information on the tissue components present in specimens will be 

beneficial to investigators at the time tissues are selected for research. Knowing what tissue 

constituents make up a patient specimen and to what degree these features are present in the 

specimen, aids appropriate sample selection for successful downstream applications. 

Therefore, confirmation of the presence of designated tissue types in biorepository 

specimens through a program of QA that includes pathology assessments of acquisitions, 

helps to guide selection of research-relevant samples and should be an important goal in 

biobanking QA procedures.

Elements of biobank pathology QA

The application of pathology for biobank specimen QA is not fully standardized, and 

information about today's biobanking practices is often not easy to ascertain (26). The 

pathology QA approach is at the discretion of the biorepository or contributor (27). 

Typically specimens are sectioned for histopathology and evaluated by a pathologist 

practicing in an institution associated with the biobank. In general, pathology-based 

biorepository QA programs employ single tissue sections from biobank specimens as a 

surrogate measure of the various tissue components in the rest of the tissue biobank tissue 

sample (27). Histopathology assessment provides valuable intelligence about specimen 

composition and includes diagnostic corroboration (20). However, such practice is subjective 

and can be associated with intra- and inter-observer variation.

A set of QA procedures was instituted for a cancer biobank that derives specimens from 

multiple treatment centers (28), which can serve as a model for integrating pathology QA 

best practices to promote optimal biobank quality and utilization. Analogous to the caHUB 

biorepository network, the CCOGC biobank collection includes frozen and fixed tumor 

specimens, blood, serum, urine, genomic DNA and RNA and tumor-adjacent normal tissues 

from several types of neoplasms (29). Tumor tissue and corresponding normal tissue are 

processed within five minutes of the samples being removed from the body, consistent with 

optimal preservation approaches (26). Each tumor is subdivided into “pea-sized segments” 

that are then fixed and stored in several different ways, including formalin, cryopreservation 

media, and flash freezing in liquid nitrogen (CCOGC protocols for tissue collection, 

processing, and preservation are available (30)).

For pathology-based QA, caHUB recommends pathologist examination on all incoming 

samples and second pathologist reviews are conducted on 10% of cases. The CCOGC 

Wei and Simpson Page 3

Clin Biochem. Author manuscript; available in PMC 2016 August 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



protocol provides a model for a two-tiered approach, an extension from caHUB protocols. 

Specimens considered representative for each tumor type are sampled upon receipt in the 

first tier QA to provide a prospective overview survey of banked specimens. The second tier 

QA is triggered post hoc, when an investigator requests samples from those specimens not 

included in the survey analysis during their original accession. Procedures set up in first tier 

QA are applied to confirm the original diagnoses and evaluate the tissue composition in each 

requested sample prior to specimen distribution. For the initial overview survey steps, the 

first tier QA protocol stipulates prospective analyses from up to 50 patients for each tumor 

type as they are accessioned. Formalin-fixed tumor specimens selected by the biobank were 

processed as paraffin-embedded hematoxylin and eosin stained tissue sections and analyzed 

by histopathology and quantitative morphometric image analysis to provide (A) 

histopathological corroboration of submitted diagnoses, and (B) estimates of the tissue area 

occupied by tumor and stroma assessed from specimen tissue sections in order to depict 

information on the composition of the tissue banked. The morphometric data were obtained 

following published methods (27), and are discussed below. While this approach differs in 

minor ways from other pathology biobank QA practices (6, 18), it can be less resource 

intensive at the outset to implement, and has the added advantage of enhancing pathology 

QA reproducibility and throughput, while providing detailed biospecimen content 

annotations once established. Additional steps in first tier QA included evaluation of nucleic 

acid integrity of snap frozen tissues, whole blood, and DNA/RNA samples obtained from 

material matched with some of the specimens examined in the pathology QA process (27, 

29).

The tissue QA diagnosis in the CCOGC survey evaluation did not completely agree with the 

original diagnosis submitted to the biobank for some specimens. In each of those cases, 

additional tissue sections from the biobank accessions were stained and reviewed 

histopathologically to corroborate submission diagnoses further. Unresolved discrepant 

histopathology diagnoses in the QA procedures triggered a review by a panel of 8 or more 

pathologists in order to obtain a final consensus diagnosis, which in some cases differed 

from the submitted diagnosis. Such differences may arise from tissue and tumor 

heterogeneity, rather than connoting a total absence of neoplastic disease in the patient or an 

incorrect diagnosis. The particular tissues reviewed at biobanks may be derived from a 

portion of excised tissues that were subdivided at the clinical site for banking purposes, and 

thus differ phenotypically from the tissues originally used for clinical diagnostic purposes 

(31).

As applied, the CCOGC biobank first tier QA procedures established diagnostic 

corroboration for 295 of 331 (89%) cancer specimens across 7 cancer types. Tumor tissue 

was not evident in 16 of 331 specimens (4.8%). Significant discrepancies to the submitted 

diagnoses were documented in 34 of 331 (10.2%) tumor specimens surveyed, including the 

16 in which no tumor tissue was evident in tissue sections. Through these QA procedures, 

we found lack of diagnostic agreement and /or target cancer tissue in specimens of five of 

seven cancer types. It is worthwhile noting that, while this analysis provides substantial 

information on biobank specimens, tissue sections are not necessarily representative of the 

entire portions of the tumor submitted to the biorepository. It is possible for tumor to be 

present in other portion(s) of the banked specimens even if not apparent in the QA specimen. 
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A quality assessment of the nucleic acid yield and integrity from 188 snap frozen biobank 

specimens across various tumor types revealed that over 90% of tumor sample RNA and 

DNA and 99% of blood DNA samples were of sufficient quality for molecular applications 

(29). The outcome of this survey highlights the importance of QA in biobanks and the 

attention to be paid by researchers when selecting biobank samples.

QA steps that include pathologist evaluation of every specimen result in significantly tedious 

workloads. Estimates of the proportions of various tissue features in specimens made solely 

by histopathologic visual inspection are subjective. Intra- and inter-observer variability is 

unavoidable when different (or the same) pathologists carry out biobank specimen 

assessments over time. This operator-related variability is not entirely unmanageable, 

however. Digital pathology, utilizing automated slide scanning and computer-assisted 

morphometric image analysis, can be a valuable solution to improving reproducibility in 

specimen composition annotations. Furthermore, the image analysis output provides a 

means for biobanks to annotate quantitative estimates of specimen content. With 

standardized image analysis protocols facilitating improved throughput, such pathology 

functions can be accomplished more objectively, but not devoid of pathologist oversight 

(32).

Digital pathology can be incorporated into biobanking QA procedures

Digital microscopy enables an entire histological slide to be optically scanned creating a 

digitized image data file of a whole slide image (WSI) that can be stored in a database. 

Pathologists and researchers can then retrieve the images through a networked database and 

navigate the slide images on a computer screen for visual inspection in a manner similar to 

microscopic examination (33-35). For routine use, tissue mounted on glass slides are 

commonly scanned at 20× magnification and studies have shown such resolution (~0.43 

micrometer per pixel) proves sufficient for many diagnostic applications (32, 36). Similar 

diagnostic accuracy has been achieved when pathologists compared diagnoses obtained 

using conventional glass slides with digital WSI; this outcome indicates that the high 

resolution WSI captured by scanners are adequate for many evaluations and diagnostic uses, 

as evidenced by recent adoption of the technology for clinical diagnosis in Canada; however 

such applications are not currently approved for primary clinical diagnosis in the U.S. (37). 

In addition to image viewing/sharing, WSI can be utilized in image analyses by 

incorporating algorithms constructed for pattern recognition with color identification/

quantification functions (31, 32, 38). Digital pathology is transforming pathology practice 

and is increasingly being integrated into teaching/education/training, diagnosis 

(consultation) and biobank quality assurance procedures (32, 39-43). Annotating digital 

WSIs is now recommended as part of routine pathology examination, in addition to 

traditional glass slide viewing (18, 27). Several manufacturers have digital pathology 

products on the market supporting slide scanning and image analyses (reviewed in (44)).

Annotating biobank specimen tissue components using image analysis to guide selection

We previously developed and applied unique cancer type-specific computer-assisted pattern 

recognition image analysis (PRIA) algorithms to cancer biorepository specimens (27). This 

readily adoptable process can be included as a part of foundational pathology QA. In this 
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QA procedure, algorithms are created to discriminate various tissue types in individual 

WSIs. Due to the variation in tissue components present among different types of cancers, it 

is impossible to create one algorithm to analyze an entire biobank collection for various 

lesions, hence cancer type-specific algorithms are necessary to conduct optimum analyses. 

Areas containing representative features of each type of tissue present in a particular cancer 

are selected from WSI for training an algorithm; the approach follows parameters similar to 

those featured in caHUB collection guidelines (27, 38, 45, 46). Annotating biobank 

specimens with evidence of their component cellular makeup involved designing algorithms 

with mean training accuracies of > 98% and with > 95 % sensitivity and specificity. Post 

analytic processing algorithms are evaluated for fitness-for-purpose by assessing image 

mark-ups for appropriate tissue feature segmentation and quantitation. Optimized image 

analysis algorithms appropriate for each cancer type were applied to WSIs of biobank 

specimens to analyze and measure the areas of various tissue components (Fig. 1). PRIA 

provides data for annotations delineating relevant proportions of neoplastic cells and stromal 

elements present in biorepository specimens. Results of tumor/stroma computational areas 

and percentages (e.g., Table 1) can be made available to prospective clients in the biobank 

database. The approach demonstrated the feasibility of annotating complex mixtures of 

cells/tissues comprising individual tissue specimens in a more objective manner than 

traditional pathologist visual assessments, minimizing the inter-/intra observer variability 

(27). We believe that such annotations can help investigators choose the particular specimens 

that have sufficient characteristics to meet their research objectives.

The morphometric data from tissue sections used for pathology QA not only provides 

information about characteristics of individual biorepository acquisitions (Table 1), but also 

permits summative frequency distribution analyses of the collective findings for a particular 

tumor type (Fig. 2). Such analyses provide perspective insight on the relative contributions 

of tumor and stroma that an investigator may encounter for each cancer type across the 

biorepository collection, including the untested portions of banked specimens. For example, 

a number of osteosarcoma specimens in the CCOGC biobank would likely not meet the 

caHUB guidelines of a minimum of 70% tumor since this analysis documented that the 

median portion of biorepository tissue area occupied by tumor in the osteosarcoma patients 

was 39%, with specimens harboring a broad range of tumor tissue content (interquartile 

range = 44%) (Fig. 2). The vast majority of lymphoma specimens, on the other hand, are 

likely to contain >70% tumor. Ideally, the morphometric data on component make up of 

specimens could be linked for correlation with the image files and other biobank specimen 

data, augmenting recommendations outlined by the International Society for Biological and 

Environmental Repositories (18).

Single tissue sections from complex 3-dimensional lesions, such as tumors, provide a means 

for a definitive clinical diagnosis in many patients requiring biopsy. Biorepository pathology 

QA programs similarly rely on evaluations of single tissue sections from a biobank specimen 

for diagnostic corroboration and for assessment of the distribution of tissue components 

present in biobank samples. The degree to which tissue section surface area assessments 

predict the various components of a volumetric tissue specimen in biorepositories is not 

exact. A survey evaluating inter-sample variation by comparing subdivided tumors from the 

same patients having either lymphoma, melanoma or osteosarcoma, demonstrated that the 
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within-patient inter-sample variability can be cancer type dependent (Fig. 3). The median 

coefficient of variations (CV) among replicate portions of individual patient tumors of 2%, 

12%, and 33% were identified for lymphomas, melanomas, and osteosarcomas, respectively. 

Cancer is heterogeneous with varying degrees of tumor cells and admixed supporting tissues 

throughout a mass (20, 47). However, our results indicate that morphometric image analysis 

estimates of tumor burden area, as demonstrated previously, reasonably predict tissue 

components for some cancer types (27).

Utility of biobank tissue feature area annotations

Mapping biobank tissue components and measuring their areas (percentages) in tissue 

sections for guiding both the appropriate selection of biobank specimens and the processes 

needed to obtain tissue target of interest has been suggested as prudent practice (27). This 

concept has been adopted by the caHUB in its Annotating Digitally Scanned Microscope 

Slides standard operating procedure recommendations for 2012 (48); the protocol provides 

for measuring tissue and tumor areas using digital tools. A special annotation is applied 

when viable tumor is < 70% of tissue specimen. Automating this process by using PRIA can 

serve to improve precision and throughput.

We carried out a pilot analysis to illustrate how the ratios of tissue components mapped 

using automated PRIA during the QA process can foreshadow target discovery. The selected 

specimen obtained for this purpose from the biorepository represented a sarcoma (mast cell 

tumor) characterized as having 62% of tissue area occupied by tumor. This predicted, 

generally less than optimal, density of cancer cells was obtained based upon our pathology 

QA process using a PRIA algorithm designed to recognize and quantify tumor and non-

tumor (tumor associated stroma and adjacent non-neoplastic tissues) areas. Approximately 

10 - 25% of these tumors harbor an internal tandem duplication (ITD) mutation in exon 11 

of c-kit, which is associated with higher-grade tumors (49, 50). A conventional PCR was 

carried out in an attempt to evaluate the potential for this mutation in c-kit. The initial 

analysis included DNA extracted from a whole portion of this tumor mass. While PCR on 

DNA extracted from this portion of tumor mass failed to uncover evidence of a mutation, a 

45 bp-insertion ITD mutation in the neoplasm was revealed using 1/10th of the DNA 

prepared from 1mm2 of microdissected tumor tissue, in which a population of cancer cells 

was enriched and separated from surrounding tumor microenvironment and stroma (Fig 4). 

This result is consistent with biorepository guidelines recommending a minimum for 

65-70% tumor cell content for downstream analysis (51, 52).

Conclusion and future directions

PRIA and other pathology QA methods can be translated directly to human tissue biobank 

quality assurance protocols to provide improved consistency, while minimizing variability 

associated with routine biorepository pathologic evaluations (27, 53). Hundreds of biobanks 

are currently being developed across North America by individuals, clinics, hospitals, 

foundations, companies, universities and other institutions, providing the potential to form 

cooperative networks (6). In recognition of the disparate nature of these endeavors and the 

historical approach to individual biospecimen collections that has contributed to relatively 
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low usage of recently developed biobanks (54), the National Cancer Institute has launched a 

National Cancer Informatics Program initiative. Using tools stemming from this initiative, 

biobanks can develop approaches to scale biorepository specimen annotation for integration 

with “clinical, imaging and genomic data to support multidisciplinary investigations” (52). 

The conceptual approach reviewed in the present report for providing specimen feature 

quantitation using automated throughput for morphometric tissue image analysis creates a 

more precise means for annotating biobank accessions and fits nicely into this initiative. 

Comprehension of biospecimen composition is necessary for successful molecular profiling 

(8, 55). The use of digital pathology and image analysis to annotate biorepository specimens 

would appear to strengthen the potential for biomarker discovery by helping to guide the 

selection of study-appropriate specimens by investigators.

How well suited is today's automated digital pathology image analysis for application to 

biobanking QA? Some further technical development would be beneficial to its use in 

biobanking. Application of computer-assisted diagnosis technology to histopathology tissue 

sections was initially adapted from satellite multispectral pattern recognition image analysis 

genetic-based algorithms used for geospatial analyses (56). Acceptable reproducibility of 

histopathology PRIA was demonstrated previously through objective comparisons to well 

established manual image segmentation, using repeated measures analyses (32). Suitable 

diagnostic agreement can be achieved with PRIA, particularly by employing multiple 

algorithms and by focusing on limited phenotypic ranges and few numbers of tissue features. 

Such PRIA shortcomings, however, would benefit from further optimization of technology 

development (32). Additionally, image analysis is influenced by histopathology slide 

staining tincture, which varies from laboratory to laboratory. Such staining inconsistencies 

among laboratories can influence the need for retraining some algorithms on locally 

available biospecimens in order to optimize algorithms for proper image analyses. Unified 

image viewing platforms would help make access to digital pathology imaging files more 

widespread. An NCI initiative in fostering Digital Imaging and Communications in 

Medicine (DICOM) compatibility may further this need.

The advent of digital pathology and image analysis contributes to the informatics 

infrastructure necessary to facilitate the appropriate utilization of biobank specimens by the 

research community. Pathologists will continue to need to evaluate image analyses data 

output while performing other aspects of biorepository quality assurance to advance this. 

Pathologists and laboratory scientists/directors supporting the development of tissue 

biorepositories can strengthen resources and create protocols furthering the harmonization of 

QA measures.
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Highlights

1. importance of pathology quality assurance in biobank management

2. the impact of tissue components on downstream research findings

3. how digital pathology and automated image analysis can improve 

biobanking QA

4. improvements include throughput, reproducibility and specimen 

features quantitation

5. improvements guide more optimal biospecimen selection
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Figure 1. 
Automated pattern recognition image analysis approach for quantifying tissue features in 

biobank tissue specimens as part of pathology quality assurance. Unique algorithms were 

developed for each tumor type. A. Sub-gross photomicrograph of an optically scanned 

melanoma tissue section image used for morphometric analysis is displayed as a 

representative example. Hematoxylin and eosin stain. B. Tissue section shown in (A) after 

image analysis, displayed with pseudo-color mark-up revealing tissue areas segmented as 

cancer (green, 68.6%) and stroma (blue, 31.4%). Image reproduced with permission from 

the Journal of Biomolecular Techniques (JBT), ©Association of Biomolecular Resource 

Facilities, www.abrf.org (27).
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Figure 2. 
Frequency distribution of the percentages of tumors in cancer biorepository tissue sections 

by cancer type using kernel density estimation, for lymphoma (blue lines), melanoma (green 

lines), and osteosarcoma (red lines). Single tissue sections chosen randomly from all patients 

with analyzable specimens were used in these analyses (N, shown on figure). Below the x-

axis, estimates of tumor tissue percentage from each patient are shown as vertical lines. 

Image reproduced with permission from the Journal of Biomolecular Techniques (JBT), 

©Association of Biomolecular Resource Facilities, www.abrf.org. (27).
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Figure 3. 
Dispersion analyses of the proportion of cancer biorepository tissue sections occupied by 

tumor. Box-whisker plots show distributions of the within-patient coefficient of variation 

(%CV) of the tumor tissue percentage estimates for three cancer types. Specimen 

comparisons represent multiple portions from the same cancer masses (subdivided for 

biobanking purposes) excised for each patient's initial diagnosis. The line in the middle of 

the box represents the median, with the lower and upper edges showing the first and third 

quartiles, respectively. The whiskers extend to the extreme values and the outliers are the 

coefficients of variation exceeding 1.5*IQR (interquartile range). Image reproduced with 

permission from the Journal of Biomolecular Techniques (JBT), ©Association of 

Biomolecular Resource Facilities, www.abrf.org. (27).
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Figure 4. 
Application of biorepository tissue morphometric annotation for guidance of sample 

selection and processing for downstream molecular analysis. A. Photomicrograph of a 

subject sarcoma tissue section (having 62% of tissue area occupied by tumor), depicting an 

area of tumor intended for laser microdissection (red circle) for separating and enriching a 

sample population of neoplastic cells from surrounding non-tumor connective tissue. B. 

Same field of view as in A, following tissue microdissection, indicating the absence of 

cancer cell population having been dissected away from surrounding non-tumor tissue 

remaining on the section (clear space). C. Gel electrophoresis of PCR amplified DNA 

extracted from a sarcoma harboring an internal tandem duplication (ITD) mutation of c-kit. 
Lane 1, DNA ladder in basepairs (bp). Lane 2, c-kit amplicon indicating the normal wild-

type gene amplified in DNA prepared from a portion of whole specimen. Lane 3, detection 

of ITD (*) in DNA extracted from laser microdissected tumor cells as shown in B) (** 

heterodimer of wild type and mutated PCR products). PCR protocol adapted from Webster 

et.al. (49). This finding was confirmed by sequence analysis (not shown).
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Table 1

Patient Number
a

Diagnosis
b Tissue Area (mm2) Tumor Area (mm2) Stroma Area (mm2) Percent Tumor Percent Stroma

101A Melanoma 13.08 8.97 4.11 68.60 31.40

a
Patient identifier assigned by repository.

b
Diagnosis – Cancer diagnosis corroborated by a pathologist as part of quality assurance.
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