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ABSTRACT

Micro-computed tomography (micro-CT) is a non-destruc-
tive modality that can be used to obtain high-resolution
three-dimensional (3 D) images of the whole sample tissue;
the usefulness of micro-CT has been reported for evaluati-
on of breast cancer and lung cancer. However, this novel di-
agnostic technique has never been used for evaluating
endoscopically resected gastrointestinal specimens. In the
present study, we scanned 13 formalin-fixed paraffin-em-
bedded (FFPE) tissue blocks of a normal human colon and
gastric tissue samples using micro-CT. The evaluation com-
prised a comparison of the acquired whole block images
with the images of the corresponding cross-sectional slice
of the hematoxylin and eosin-stained slide. Micro-CT was
able to produce images of the whole sample and clearly de-
pict tissues such as glandular structures, muscularis muco-
sae, and blood vessels in the FFPE tissue blocks of normal
gastrointestinal samples. Furthermore, the 3D reconstruc-
ted could be used to create a cross-sectional image and re-
flected the surface structure of samples obtained from any
site. Micro-CT has the potential to become a highly promis-
ing pathological diagnostic assistance tool for endoscopi-
cally resected gastrointestinal specimens in combination
with conventional microscopic examination.

Introduction

Accurate pathological diagnosis of endoscopically resected
gastrointestinal cancer is essential for the determination of
the postoperative management [1-3]. The current pathologi-
cal diagnosis of gastrointestinal cancer involves the examina-
tion of two-dimensional (2 D) cross-sectional images of the re-
sected specimens; thus, only a small part of the actual tumor is
assessed. Micro-computed tomography (micro-CT) is a three-
dimensional (3D) x-ray imaging technique, similar to medical
CT that provides 3D images on a smaller scale and at a higher
resolution. Previous reports demonstrated that whole block
imaging (WBI) of specimens in formalin-fixed paraffin-embed-
ded (FFPE) tissue blocks could be obtained at a microscopic lev-
el using micro-CT [4,5]. This technology has the potential to
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significantly impact the pathological evaluations of endoscopi-
cally resected gastrointestinal cancers. Therefore, we assessed
whether individual tissue structures of the normal gastrointes-
tinal tissue samples obtained using micro-CT could be identi-
fied on wide-band imaging (WBI) as the preliminary investiga-
tion of its application for the pathological diagnosis of endo-
scopically resected gastrointestinal cancers.

Materials and methods

A total of 18 samples (four from normal colonic mucosa [in-
stead of the endoscopically resected specimens], five from nor-
mal colonic walls, and nine from normal gastric walls) were col-
lected and analyzed from 13 surgically resected human speci-
mens between May 2018 and July 2019. The tissue samples ob-
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tained from the colonic and gastric wall and colonic mucosa
were converted into nine FFPE tissue blocks (1x2-inch cas-
settes) and four whole-mount FFPE tissue blocks (2x3-inch
cassettes), respectively. The FFPE tissue blocks were scanned
using a custom-built micro-CT scanner (» Fig. 1) (Nikon Metrol-
ogy NV, Leuven, Belgium), as per a previously described proto-
col [4]. The image resolution of WBI depends primarily on the
specimen size; therefore, the entire specimen was initially scan-
ned at a low resolution (pixel size: 10 to 26 um); thereafter, we
performed high-magnification and high-resolution scanning of
the region of interest (ROI) within the specimen (pixel size: 5 to
9um). The data obtained were reconstructed using the CT
Agent Medical Alpha software (Nikon Metrology NV, Leuven,
Belgium). The reconstructed imaging data were then visualized
and analyzed using commercially available software, including
Dragonfly (Object Research Systems, Montreal, Canada) and
VGStudio Max (Volume Graphics, Heidelberg, Germany). Final-
ly, each tissue structure from the WBI was assessed to check
how closely it matched the corresponding cross-sectional slice
image of the whole slide imaging (WSI) of hematoxylin and eo-
sin (H&E)-stained slide, which was scanned using NanoZoomer
2.0HT and S60 (Hamamatsu Photonics, Shizuoka, Japan). This
study protocol was approved by the institutional review board
of Memorial Sloan Kettering Cancer Center.

Results

Thirteen FFPE tissue blocks were scanned 25 times with the fol-
lowing settings: 70kV peak voltage, 7.0W, 4821 projections,
four-frame average per projection distributed over 360°, and
an exposure time of 2500 to 3250 ms per frame. The average
scanning duration was 23 hours per sample. The corresponding
cross-sectional slice images of WBI and WSI of H&E-stained
slides of a colonic wall are shown in » Fig.2. The grayscale WBI
images acquired initially were digitally colored to mimic the
H&E-stained slide images. The WBI images were evaluated as
serial cross-sectional images (»Video S1). A comparison be-
tween the WBI and WSI of H&E-stained slide images revealed
that tissue structures, such as the glandular structures, muscu-
laris mucosae, and blood vessels were clearly visualized, with
each layer of the wall was distinguishable. Each tissue image in
WBI could be correlated one-to-one with the WSI of H&E-
stained slide images. The WBI of gastrointestinal tissues with a
pixel size of 5um was almost equivalent to the microscope im-
age at 4 xobjective magnification. Furthermore, the 3D recon-
structed images could be sectioned and rotated in different di-
rections, producing cross-sectional images of any site (» Fig. 3,
» Video S2), hence providing a better understanding of the
vascular pattern and positional relationship between all the tis-
sues.

Discussion

This pilot study evaluated the WBI of normal human gastroin-
testinal samples in FFPE tissue blocks. Our study showed that
micro-CT could provide serial cross-sectional and 3D images
of the entire sample with the images close to those with H&E-
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» Fig.1 a Micro-CT scanner (Nikon Metrology NV, Leuven, Bel-
gium). b Micro-CT scanning for whole-mount FFPE tissue block. CT,
computed tomography; FFPE, formalin-fixed paraffin-embedded.

stained slides in a non-destructive manner. Furthermore, the
individual tissue structures of normal gastrointestinal tissue
clearly visualized and could be almost completely correlated
with those in the H&E-stained slide images.

The advantage of using WBI to evaluate the entire specimen
is that it provides additional pathological information along
with the conventional diagnosis. In the present study, we could
identify each tissue through one-to-one correspondence be-
tween the images of WBI and H&E-stained slides. Therefore,
WBI may distinguish the tumor cells from the non-tumor cells
and identify the actual deepest point of invasion of the gastro-
intestinal cancer that is difficult to determine with conventional
pathological diagnosis methods. As a result, the conventional
pathological diagnosis and curability of endoscopically resect-
ed specimens may be changed by WBI. Moreover, the non-de-
structive identification of the ROI of the resected specimen is
useful for making the decision regarding the cutting line for
the H&E-stained slide section. Thus, we believe that the use of
micro-CT in combination with the conventional pathological
methods may improve the efficiency of the pathological diag-
nosis of gastrointestinal cancer and processing in the future.

The 3D images make it easier to understand the vascular
pattern, horizontal spread pattern of the tumor, and the spatial
relationship between each tissue, which are otherwise difficult
to understand using conventional 2D slide images. Moreover,
surface structures and cross-sectional images of resected spe-
cimens can be obtained for any location; this facilitates the
one-to-one correspondence of the images between preopera-
tive endoscopy and the pathology of the resected specimens.
Further, by reconstructing 3D blood vessel images [5], it may
be possible to correlate the microvascular pattern of the tumor
between pathology and magnified endoscopic images with
narrow-band imaging. Therefore, micro-CT is expected to con-
tribute not only to immensely toward aiding pathological diag-
nosis but also to further improvement of the endoscopic diag-
nosis.

Recently, several techniques for generating high-resolution
3D images of gastrointestinal specimens have been reported
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» Fig.2 Comparison of WBI of a FFPE tissue block of a normal colonic wall with the corresponding slice of WSI of the H&E-stained slide. a WBI of
the entire sample (pixel size 11 pm). b Grayscale WBI of the yellow frame in a visualized using Dragonfly (pixel size 5um). c Digitally stained
WBI of b visualized using Dragonfly. d A matching slice of WSI of H&E-stained slide. e Zoomed image of the red frame in c. f Zoomed image of
the blue frame in d. Arrows indicate the corresponding tissue between WBI and WSI of the H&E-stained slide image. WBI, whole block imaging;
FFPE, formalin-fixed paraffin-embedded; WSI, whole slide imaging; H&E, hematoxylin and eosin.

QVIDEO

» Video S1 Serial cross-sectional whole block image of the co-
lonic wall created using Dragonfly.

[6,7]. However, these methods require special preparations,
such as sectioning, staining, and deparaffinization for creating
3D images. The advantage of micro-CT scanning compared to
those of previous methods is that micro-CT does not require
these scanning preparations, and conventional FFPE tissue
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blocks can be scanned as they are. Thus, the tissue can be pre-
served for subsequent evaluations. Moreover, there is no radia-
tion damage to protein expression [4] and micro-CT scanning
does not hinder conventional pathological assessment. There-
fore, we believe that the evaluation of endoscopic resected spe-
cimen by WBI can be applied in clinical practice in the near fu-
ture.

This study has some limitations. First only a few FFPE tissue
blocks of normal gastrointestinal specimens were evaluated.
Second, the resolution of micro-CT was not sufficient for the vi-
sualization of nuclei and certain kinds of cells. However, our re-
sults strongly support future research on the use of micro-CT
for endoscopically resected gastrointestinal cancers.

Conclusions

In conclusion, micro-CT could provide WBI, enabling clear vi-
sualization and evaluation of FFPE tissue blocks of normal hu-
man gastrointestinal tissue samples, similar to a microscopic
examination. The combination of micro-CT with conventional
diagnostic methods shows promise as a pathological diagnostic
assistance tool for endoscopically resected gastrointestinal
specimens.
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» Fig.3 Three-dimensional WBI of the whole-mount FFPE tissue block of a normal colon mucosa visualized using VG Studio Max. a Whole-
mount FFPE tissue block of a normal colon mucosa (2 x 3-inch cassettes). b 3D WBI of the whole-mount FFPE tissue block of a normal colon
mucosa (voxel size 23 pm). ¢ 3D WBI of the red frame of b with digital staining (voxel size 9um). d Sagittal plane of c. e Coronal plane of c.
f Transverse plane of c. FFPE, formalin-fixed paraffin-embedded; 3 D, three-dimensional.
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