
Image-guided Coring for Large-scale Studies in
Molecular Pathology

Laleh Montaser-Kouhsari, MD,* Nicholas W. Knoblauch, BS,* Eun-Yeong Oh, MD, PhD,*
Gabrielle Baker, MD,* Stephen Christensen, BS,* Aditi Hazra, PhD, MPH,w

Rulla M. Tamimi, MSc, SCD,w and Andrew H. Beck, MD, PhD*

Abstract: Sampling of formalin-fixed paraffin-embedded (FFPE)

tissue blocks is a critical initial step in molecular pathology.

Image-guided coring (IGC) is a new method for using digital

pathology images to guide tissue block coring for molecular

analyses. The goal of our study is to evaluate the use of IGC for

both tissue-based and nucleic acid–based projects in molecular

pathology. First, we used IGC to construct a tissue microarray

(TMA); second, we used IGC for FFPE block sampling followed

by RNA extraction; and third, we assessed the correlation between

nuclear counts quantitated from the IGC images and RNA yields.

We used IGC to construct a TMA containing 198 normal and

breast cancer cores. Histopathologic analysis showed high accu-

racy for obtaining tumor and normal breast tissue. Next, we used

IGC to obtain normal and tumor breast samples before RNA

extraction. We selected a random subset of tumor and normal

samples to perform computational image analysis to quantify

nuclear density, and we built regression models to estimate RNA

yields from nuclear count, age of the block, and core diameter.

Number of nuclei and core diameter were the strongest predictors

of RNA yields in both normal and tumor tissue. IGC is an ef-

fective method for sampling FFPE tissue blocks for TMA con-

struction and nucleic acid extraction. We identify significant

associations between quantitative nuclear counts obtained from

IGC images and RNA yields, suggesting that the integration of

computational image analysis with IGC may be an effective ap-

proach for tumor sampling in large-scale molecular studies.
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Over the past 2 decades, there have been major advances
in the development of methods for the analysis of

DNA, RNA, and protein expression from clinical cancer
samples. Recently, many of these methods have been opti-
mized for analyses of archival patient tissue samples stored
as formalin-fixed paraffin-embedded (FFPE) tissue blocks.
The development of tissue microarray (TMA)1 technology,
which permits the analysis of hundreds of patient samples on
a single glass slide, has further advanced the field by enabling
the relatively high-throughput analysis of cancer biomarkers
on large patient cohorts. Performing well-powered studies
are essential for the validation of tissue-based biomarkers for
clinical care. Thus, these technologies will play an important
role in enabling the clinical translation of new molecular
technologies for personalized medicine.

Although there have been major advances in the de-
velopment of methods for the high-throughput analysis of
DNA, RNA, and protein expression from FFPE tissue
samples, there has been relatively less development of
technologies to enable rapid, accurate sampling of FFPE
tissue blocks for downstream molecular analyses. Three
commonly used techniques for FFPE tissue sampling are
laser-capture microdissection (LCM),2 macrodissection
(MD) of tissue sections from unstained slides,3 and direct
coring (DC) of a tissue block using a coring needle. Each of
these 3 approaches (LCM, MD, DC) offers a range of
strengths and weaknesses, in terms of precision and effi-
ciency, with DC representing the most efficient but least
precise method and LCM representing the most precise but
least efficient method. Of these 3 approaches, only DC can
be used for TMA construction. Given the limitations of
existing approaches, there would be value in developing a
new method that is both precise and efficient.
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In this study, we evaluated a new alternative
method, IGC, for TMA construction and for sampling
FFPE tissue blocks for large-scale projects in molecular
pathology. IGC is a semiautomated method involving the
visualization of a digital whole-slide image overlaid on
top of an image of the FFPE tissue block to guide the
coring of the FFPE block. The goal of IGC is to balance
the increased precision of LCM-based and MD-based
methods with the increased efficiency of DC.

In this study, we pursued 3 aims; first we con-
structed a TMA consisting of normal breast tissue and
invasive breast cancer to assess the accuracy of IGC for
obtaining targeted lesions. Second, we performed a large-
scale study that involved IGC followed by RNA ex-
traction and quantification on a total of 377 normal
breast tissue samples and 386 tumor samples. Third, we
applied computational image analysis to IGC images
from 50 normal cases and 50 tumor cases to estimate the
number of nuclei, and we assessed the association of

number of nuclei, diameter of coring needle, number of
cores, and block age with RNA yields in normal and
tumor breast tissue.

MATERIALS AND METHODS

IGC
We used the IGC procedure for TMA construction

and for sampling FFPE tissue blocks for RNA extraction
(Fig. 1). Hematoxylin and eosin (H&E)-stained and
FFPE blocks containing both tumor and normal epi-
thelium breast tissue were selected. The H&E-stained
slides were scanned by the whole-slide digital Pannoramic
scanner (3D-Histech, Budapest, Hungary). Then, patho-
logists (E.-Y.O, A.H.B) annotated the digital images to
indicate 4 circular regions of interest from each whole-
slide digital image (1 for tumor in center, 1 for tumor in
periphery, and the other 2 for normal epithelium and
stroma) using the Pannoramic Viewer Software package

FIGURE 1. Overview of the image-guided coring (IGC) procedure.
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(3D-Histech). Circles for the selected areas may range in
size from 0.6 to 2mm in diameter, based on the desired
size of the sample core. We selected different color cores
to indicate whether the core was targeting tumor or
normal tissue. In this study, we used a 1 or 1.5mm dia-
meter coring needle. The annotated whole-slide digital
image was overlaid onto an image of the corresponding
FFPE block using the software provided by the TMA-
Master (3D-Histech). After selecting 2 reference points,
the 2 images (from slide and block) were aligned and a
computer-guided robotic arm obtained the selected core
from the FFPE block (Fig. 1).

TMA

Study Population
For TMA construction, we evaluated 50 FFPE

breast tissue blocks with the diagnosis of invasive ductal
carcinoma from the archives of the Department of
Pathology at the Beth Israel Deaconess Medical Center
under an institutionally approved IRB protocol. For all
cases except one, we obtained 4 cores per each case con-
sisting of a central region of invasive tumor, a region of
invasive cancer in the periphery of the tumor, normal
terminal duct lobular units (TDLUs), and stroma. For
the 1 remaining case, we were unable to obtain a core
from normal breast, due to insufficient normal tissue.

Image-guided TMA Construction
To construct the TMA using IGC, we designed a

TMA map for the recipient block. The TMA machine
drilled holes (gap between holes: 800 mm, depth of holes:
7.5mm) based on the map using a 1.5-mm drill needle.
Then we exchanged the drill needle with a core needle and
a robotic arm was triggered to obtain the cylindrical tis-
sue core from the “donor” block and transferred it into
the prepared hole on the “recipient” block. For mor-
phologic evaluation of each core, we prepared an H&E-
stained histologic section from the TMA.

Obtaining Tissue Cores for RNA Extraction

Study Population
We selected 386 tumor and 377 normal adjacent

breast tissue samples from the Nurses’ Health Study
(NHS) breast tissue archive. This study was approved by
the Committee on the Use of Human Subjects in Re-
search at Brigham and Women’s Hospital.

Obtaining Cores
After procuring the annotated tissue using the IGC

technique, the obtained cores were inserted into a safe-
lock 0.2-mL tube via the robotic arm. We applied IGC to
a total of 763 samples from the NHS (386 tumor and 377
normal adjacent breast tissue samples). We obtained a
median of 3 cores from tumor cases and 5 cores from
normal cases. The core diameter used ranged from 1 to
1.5mm depending on core availability and sample char-
acteristics. The core length was 7.5mm. Subsequently,
RNA was extracted from the tumor and normal cores

using the semiautomated AllPrep FFPE DNA/RNA kit
(Qiagen), and the concentration of extracted RNA was
measured via the Nano-Drop ND-2000 spectropho-
tometer. The RNA extraction protocol is presented as
Supplementary Information (Supplemental Digital Con-
tent 1, http://links.lww.com/AIMM/A82).

Image Analysis
For image analysis, we captured images corre-

sponding to each core taken from a randomly sampled set
of 50 samples of normal breast tissue and 50 samples of
invasive breast cancer. Overall, we acquired 248 images of
normal breast and 149 images of breast cancer, corre-
sponding to one image per core of tissue taken from these
100 cases. For each image, we used image analysis soft-
ware (version 3.6.1, Definiens Tissue Studio) to perform
nuclear identification, segmentation, and counting. For
each of the 100 samples, we collected information on: age
of the block, size of cores, number of cores, number of
nuclei per image, and RNA yield (ng/mL).

Statistical Analyses
To assess the association of block age, core dia-

meter, number of cores, and epithelial nuclear count with
RNA yields, we performed rank-based regression, using
the Rfit package4 in R to estimate RNA concentration
from a nonparametric model considering the number of
nuclei per image, number of cores, core diameter, and age
of the block.

RESULTS

IGC for TMA Construction
To assess the accuracy of IGC for sampling the

desired tissue of interest, we constructed a TMA and re-
viewed the accuracy of the resulting tissue sampling. The
constructed TMA contained a total of 198 tissue cores,
each with a diameter of 1.5mm. The overall accuracy for
obtaining cores from the tumor central area was 49/50
(98%), from the tumor periphery was 49/50 (98%), from
normal stroma was 49/49 (100%), and from normal
TDLUs was 41/49 (84%) (Table 1). These data show that
the IGC method obtains very high accuracy for sampling
tumor in the center and periphery and normal stroma,
with a lower (but still substantial) accuracy for sampling
normal TDLUs. In the instances where sampling of

TABLE 1. Accuracy of Obtaining Cores From Tumor in Center,
Tumor in Periphery, Normal Epithelium, and Stroma in Tissue
Microarray

Accuracy of obtaining cores from [n/N (%)]
Tumor in center 49/50 (98)
Tumor in periphery 49/50 (98)
Normal TDLU 41/49 (83.6)
Normal stroma 49/49 (100)

Overall accuracy of obtaining cores from desirable area
[n/N (%)]

188/198 (94.9)

TDLU indicates terminal duct lobular unit.
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normal TDLUs failed, the tissue contained normal stro-
ma only.

IGC for Obtaining Tissue Cores for RNA
Extraction

Although TMAs enable the targeted in situ analysis
of a small set of biomarkers across large patient pop-
ulations, there are no methods yet available to perform
broad profiling assays on TMAs. These assays (e.g., mi-
croarrays, next-generation sequencing-based assays) re-
quire nucleic acid extraction before downstream
molecular analysis. To evaluate the utility of IGC for
these types of studies, we next used IGC for tissue sam-
pling, before RNA extraction for a large-scale gene ex-
pression microarray study. Following RNA extraction,
the median concentration of extracted RNA in 386 tumor
samples was 125.56 and was 23.31 ng/mL in 377 normal
tissue samples. Thus, we obtained sufficient RNA for
downstream molecular analyses for the vast majority of
tumor samples (RNA concentration of at least 20 ng/mL
for 89% of tumor samples), and for just over half of the
normal breast tissue samples (RNA concentration of at
least 20 ng/mL for 55% of normal samples). These data

show that tissue sampling with IGC is highly effective for
tumor samples, and although the method was effective in
most cases of normal samples, a significant number of
cases (B45%) still failed to obtain adequate RNA yields,
suggesting that additional tissue sampling and/or ex-
traction method optimization may be warranted for the
normal breast tissue FFPE samples. The only moderate
level of success in obtaining at least 20 ng/mL of RNA
from the normal samples reflects the challenge of ob-
taining adequate RNA from normal tissue in FFPE,
which are far less cellular than neoplastic areas of tissue.

IGC for Estimating RNA Yields From
Quantitative Characteristics of the
Histopathologic Image

In contrast to methods which do not involve digital
acquisition of histopathologic images before FFPE tissue
block sampling, a potential advantage of the IGC method is
that it may enable the use of computational image analysis of
histopathologic images to inform tumor sampling for down-
streammolecular analysis. For example, computational image
analysis of nuclear density may predict RNA yields and po-
tentially could be used to guide the extent of sampling.

To begin to test this approach, we used computa-
tional image analysis to quantify nuclear density in IGC
images from a set of 50 cases of normal breast and 50 cases
of breast cancer. For each case, we measured block age,
number of cores acquired, core diameter, and computed the
sum of the number of nuclei per IGC image per case (de-
scriptive statistics of the study set presented in Table 2).

In normal and tumor tissue, the total number of nuclei
was significantly associated with RNA yield in both normal
and tumor tissues [Spearman r=0.52 (P=0.0002) in nor-
mal tissue; and Spearman r=0.56 (P=3.66e�5) in tumor
tissues; Fig. 2]. To determine the association of number of

TABLE 2. Descriptive Statistics of Study Set for Correlating
Block Characteristics With RNA Yield

Normal (N=50) Tumor (N=50)

Block age [median (range)] (y) 16.5 (10-25) 18.0 (0-25)
Diameter of core
1mm (N) 34 41
1.5mm (N) 16 9

No. cores [median (range)] 5 (2-9) 3 (1-5)
No. nuclei [median (range)] 5503 (580-25,820) 15,600 (1499-69,180)
RNA yield [median (range)]
(ng/mL)

57.94 (1.46-647.5) 54.5 (2.31-957.6)

FIGURE 2. Scatterplot of number of nuclei and RNA yields in normal (top) and breast cancer tissue (bottom). Each point
represents a case [N = 50 normal (top), N = 50 breast cancer (bottom)]. The line in each scatterplot is the rank-based linear
regression line of number of nuclei to RNA concentration.
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nuclei with RNA yields, when adjusting for block age, coring
needle diameter, and number of cores obtained, we per-
formed rank-based linear regression.4

In the regression analyses, we find a significant as-
sociation of number of nuclei with RNA yield in both the
normal and tumor tissues, when adjusting for age of
block, number of cores, and core diameter (Tables 3 and
4). Core diameter was also independently associated with
RNA yields in both normal and tumor tissues. In both
normal and tumor tissue, no significant independent
predictive information was provided by the age of the
block and number of cores. These data suggest that
quantification of number of nuclei using computational
image analysis can provide additional independent in-
formation for predicting RNA yields, beyond that pro-
vided by number of cores, size of cores, and age of block.

DISCUSSION
In this study, we evaluated the performance of IGC,

which is a new approach for sampling FFPE tissue for large-
scale studies in molecular pathology. We evaluated the effi-
cacy of IGC for TMA construction and for tissue sampling
before RNA extraction. In the present study, histopathologic
evaluation of H&E-stained TMAs constructed by IGC
showed that the targeted area was sampled in 98% of tumor
cores and in 91.8% of the cores from the normal breast
tissue, including an accuracy of 84% for the normal TDLU
and 100% for normal stroma. In a previous study by Collins
et al,5 the accuracy of sampling normal TDLUs for a TMA
using a conventional manual coring approach (core size=
0.6mm) was reported to be 50%. Taken together, these data

suggest that IGC shows higher accuracy for sampling of
tumor and normal stroma, and that IGC improves on
manual DC-based approaches for sampling of normal
TDLUs, likely due to both the increased core diameter as
well as the increased precision due to using the histopatho-
logic image to directly guide the coring.

In the second part of our study, we used IGC in the
setting of a large-scale project within the NHS to sample
FFPE blocks before RNA extraction. Using the IGC
sampling approach and applying a standard protocol for
RNA extraction from FFPE tissue, we showed moderate
success rates for obtaining adequate RNA yields from
tumor tissue (>20 ng/mL in 88.8% of cases), with some-
what less success in the normal samples (>20 ng/mL in
only 55.4% of cases).

Little is currently known of the factors that predict
RNA yields from FFPE pathologic specimens. A poten-
tial use of IGC in this regard could be to enable pre-
dictions of RNA yield from pathologic attributes of the
specimen, including nuclear count estimated directly from
the histopathologic image of the region of tissue under-
going coring. In this study, we performed nonparametric
regression to assess whether nuclear count on IGC images
as determined by computational image analysis was pre-
dictive of RNA yields. In both tumor and normal tissue,
we find that number of nuclei is a significant predictor of
RNA yield, even when adjusting for other factors (num-
ber of cores, core diameter, and age of the block). These
data suggest that IGC coupled with computational image
analysis may enable more efficient use of valuable and
limited tissue specimens by enabling the construction of
statistical models to predict RNA yields based on quan-
titative features of the histopathologic specimen. These
models could then be used to inform decisions as to the
extent of sampling required for a given molecular assay.
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TABLE 3. Multivariate Rank-based Regression of Coring
Parameters and RNA Concentration in Normal Breast Tissue
Samples

Normal (N=50)

Estimate SE t Value P

No. nuclei (per 100 nuclei) 0.49 0.0016 3.09 0.003
Diameter of core (1 or 1.5mm) 52.62 36.94 2.84 0.007
Age of block (y) �1.16 2.01 �0.58 0.567
No. cores 0.687 4.90 0.12 0.908
Multiple R2 (robust) 0.34
Reduction in dispersion test 5.90
Model (P) 0.0007

TABLE 4. Multivariate Rank-based Regression of Coring
Parameters and RNA Concentration in Breast Cancer Samples

Tumor (N=50)

Estimate SE t Value P

No. nuclei (per 100 nuclei) 0.38 0.112 3.42 0.0014
Diameter of core (1-1.5mm) 98.41 33.46 2.94 0.005
Age of block (y) �3.22 3.33 �0.97 0.34
No. cores 11.48 20.16 0.57 0.57
Multiple R2 (tobust) 0.37
Reduction in dispersion test 6.71
Model (P) 0.00024
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