Original Article

Technology in Cancer Research &
Treatment

The Differentiation of Soft Tissue Volume 18: 1-5

© The Author(s) 2019

Infiltration and Surrounding Edema nepu comfmmmipermiscions
in an Animal Model of Malignant Bone i combamecs
®SAGE

Tumor: Evaluation by Dual-Energy CT

Haisong Chen, PhD, MD'®, Yuan Zhang, MD', Jing Pang, MD',
Zengjie Wu, MD', Meng Jia, MD', Qian Dong, PhD, MD',
and Wenjian Xu, PhD, MD'

Abstract

To study the value of dual energy computed tomography in distinguishing soft tissue infiltration from surrounding soft tissue
edema in rabbit malignant bone tumor, a malignant bone tumor model was established through implantation of VX2 tumor
fragments into the tibiae of rabbits. Tumor adjacent soft tissues were divided into 3 areas according to pathology and computed
tomography images. Computed tomography spectral curve slopes and iodine and water concentrations were assessed. Statistical
analyses were performed using the Mann-Whitney U test and t test. The spectral curve of the soft tissue infiltration areas has a
slope (1.30 + 0.41) higher than that of the soft tissue edema areas (0.7 + 0.23; P <.001). The iodine concentration in the soft
tissue infiltration areas (8.56 + 2.15) was higher than that in the in soft tissue edema areas (6.09 + 1.02; P < .00I). Water
concentration was similar in the soft tissue infiltration areas (1033.86 + 10.50) to that of the edema areas (1031.45 + 12.83;
P < .05). Spectral curve analysis and iodine—water concentration are helpful in the differentiation of bone tumor soft tissue
infiltration and soft tissue edema.
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Introduction enhanced in the late stages.> However, in some cases, the edema
area is enhanced early because of the rapid uptake of contrast
material by slow-flowing capillaries inside the surrounding soft
tissue edema.? Therefore, new imaging modalities are needed.

Differentiating soft tissue infiltration from surrounding edema is
important for the precise resection of bone tumors; however, this
is difficult to achieve using conventional computed tomography
(CT). Human tissues cannot be reliably distinguished by con-
ventional CT, because the hybrid attenuation over the whole
energy scope, rather than a specific energy, is measured.'” Posi- ' Department of Radiology, the Affiliated Hospital of Qingdao University,
tron emission tomography/CT is limited by its low resolution for ~ Qingdao, China
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Substances with markedly different attenuation spectra can
be differentiated by dual-energy CT (DECT).” It has been
proved that every substance has its own specific X-ray spectral
curve. So, if the X-ray spectral curve of a tissue is obtained, the
contents inside the tissue can be acknowledged. Double kVP
technique of DECT can generate a series of virtual CT images
under different single-energy X-ray and spectral curves of any
region of interests (ROIs) and thus can differentiate the gradi-
ents of the substance scanned.® The X-ray absorption of any
tissues can be expressed by that of 2 basic substances with
different X-ray attenuation such as iodine and water, which
were most common pair of combination being used, for the
couple covers the attenuation of most gradients of medical
imaging from soft tissue to iodine contrast medium. With the
water and iodine as the pair of basic substance, the accurate CT
values of tissues under different mono-energy rather than
average CT value under hybrid energy can be obtained by the
2 groups of data under 2 different kVP.” The measurement of
iodine concentration on iodine basic image and water concen-
tration on water basic image could also be valuable in distin-
guishing contents of lesions.®

In a previous study from our group,” we studied intramedul-
lary infiltration of bone tumor in a VX2 rabbit model. How-
ever, whether DECT can differentiate soft tissue invasion from
soft tissue edema and normal muscle remains unclear. The
objective of the present study was to assess DECT findings
in the rabbit VX2 tumor model of a larger sample of 50 rabbits
to study whether the spectral curve can accurately differentiate
soft tissue invasion from soft tissue edema and normal muscle
and to assess differences in iodine and water concentrations
among the abovementioned 3 areas.

Materials and Methods

Animals

The ethnical committee of our hospital where the study took
place approved this study. The rabbit VX2 carcinoma models
were established as described in our previous study.” The tumor
was cut from the tumor-bearing rabbits and smashed into small
fragments and implanted into the right proximal tibia of healthy
rabbits with electrical drill and forceps. Ketamine with a dose
of 1.6 mL/kg was injected into rabbit thigh muscles before the
implantation. Two weeks after the implantation, ultrasound
examination was performed to confirm the tumor formation.
Fifty VX2 carcinoma rabbit models with weight from 2 to 3 kg
were successfully made.

Spectral CT Examinations

Spectral CT was performed 1 month after implantation of the
tumor. The study was performed using a 128-slice DECT of
1 X-ray tube with transient exchanging between 2 different
voltage of 140 KV and 80 KV (Discovery CT750 HD; GE
Healthcare, Milwaukee, Wisconsin). After scan, the data were
transferred automatically to the workstation of the scanner.
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Figure 1. The rabbit calve was cut down and cross-sectioned into
sagittal 2-mm-thick slices, and the largest section (the left figure) was
used to compare with that of the monochromatic image of computed
tomography (CT; the right figure).

Figure 2. Monochromatic sagittal multiplanar reconstruction (MPR)-
enhanced image of the tibia at 140 keV and the positions of region of
interests (ROIs). The ROIs cover the soft tissue infiltration area,
edema area, and normal muscle area. The soft tissue infiltration area
manifested as an area of obviously computed tomography (CT)-
enhanced soft tissue mass with tumor cells inside the mass under
microscopy. However, the area of edema and normal muscle area
cannot be distinguished on CT images.

An X-ray attenuation curve (spectral curve) was automati-
cally generated by placing the ROIs on a solid component
in the soft tissue lesions without necrosis and hemorrhage
(Figures 1 and 2).

The examinations included plain and dynamic-enhanced
DECT scan. The parameters of scan are as follows: current
of X-ray tube, 400 mA and slice thickness 1-mm pitch of scan,
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0.5. The dynamic-enhanced DECT scanning was performed
with bolus injection of nonionic contrast material (300 mgl/
mL, 2.0 mL/kg) with a flow rate of 2.0 mL/s into the rabbit ear
vein, and the scanning started at 10, 20, 30, 60 and 120 seconds
from the beginning of the injection. Sagittal reconstruction-
enhanced CT image with single energy of 140 keV, where the
highest contrast-noise ratio (CNR) was shown on the CNR
curve, was used to be compared with pathological specimen.

Histopathological Examinations

After CT examinations, air was injected intravenously into the
ears of rabbits to kill them and then the rabbits were preserved
in a refrigerator at a temperature of —80°C. Three days later,
the rabbit calves including the knee and ankle joint were cut
down and cross-sectioned into sagittal 2-mm-thick slices, and
the largest section was used to compare with that of the mono-
chromatic image of CT (Figure 1). Then, the specimen was
separated into squares with an edge length of 2 cm to match
the size of the glass slide. Tissue sections were then numbered
and photographed (for dot to dot comparison with CT images)
and sent to the department of pathology to do paraffin embed-
ding and pathological staining with hematoxylin and eosin and
observed under microscope.

Pathology and CT Analysis

According to the pathological sections of the tibia, their
appearance under a microscope (Figure 3A and B), and the
sagittal reconstruction-enhanced CT images, the soft tissues
adjacent to the bone tumor were divided into 3 areas as fol-
lows: area A was defined as the soft tissue infiltration of the
tumor and manifested as an area of obviously enhanced soft
tissue mass with tumor cells inside the mass under micro-
scopy; area B was the peripheral soft tissue edema area with-
out tumor cells, but may there be a few inflammatory cells
inside this area; and area C consisted of the normal muscle
without edema or tumor cell inside.

Two senior radiologists reviewed the images of CT for the
shapes of the spectral curves (the differences of the slopes), and
the concentrations of iodine and water in the 3 areas were defined
by pathological results and compared to corresponding CT
images. Both radiologists reviewed and defined ROIs in all ani-
mals in consensus. Three to 5 consecutive ROIs with a diameter of
2 mm were delineated in each of the above 3 areas, keeping away
from nonenhancing areas such as tumor bone and necrosis. The
curves of the energy spectrum and their slopes were formed and
calculated automatically by software. The slope k = (HU40 keV-
HU100 keV)/60, where Hu40 keV and Hul00 keV represented
the CT values of the ROI at 40 keV and 100 keV, respectively.
lodine/water concentrations were also measured automatically.

Statistical Analysis

One-way variance analysis and Mann-Whitney U test were
used, respectively, to compare the differences in spectral curve

Figure 3. A, Pathological slice (HE x10) showing the soft tissue
invasion area with tumor cells in a tile arrangement (long arrow) and
the edema area (short arrow). The margin between the 2 areas is clear.
B, Pathological slice (HE x10) showing the edema area (short arrow)
and normal muscle (long arrow). The margin between the 2 areas is
clear. HE indicates hematoxylin and eosin.

slopes and the concentrations of iodine and water between the 3
groups. Bilateral P values <.05 were thought to be significance.

Results

Successful modeling was achieved in all 50 rabbits, which was
confirmed by histopathologic results. For the spectral curves of
ROIs in the soft tissue edema areas, their slopes (0.71 + 0.23)
were significantly smaller than that in the soft tissue infiltration
areas (1.30 + 0.41; P < .05) and greater than that in normal
muscles (0.35 + 0.12; P <0.01; Figure 4).

The iodine concentration in the soft tissue edema areas (6.09
+ 1.02 g/L) was lower than that in the soft tissue infiltration
areas (8.56 + 2.15 g/L; P <.05) and higher than that in normal
muscles (2.72 + 0.43 g/L; P <.001).

The water concentration of normal muscles (1047.47 +
10.97 g/L) was larger than that in the soft tissue infiltration areas
(1033.21 + 10.50 g/L) and soft tissue edema areas (1033.12 +
12.83 g/L; P < .05), although the difference between the latter
two did not reach statistical significance (P > .05).
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Figure 4. An example of the spectral curves of 3 region of interests
(ROIs) in the area of soft tissue infiltration, edema, and normal
muscle, respectively, of a single animal. The slope of the spectral
curve in the soft tissue edema area was significantly greater than
that in the normal muscle and smaller than that in the soft tissue
infiltration area. Pink curve: one of the curves of the ROIs in
edema area. Yellow curve: one of the curves of the ROIs in normal
muscle area. Blue curve: one of the curves of the ROIs in soft
tissue infiltration area.

Discussion

Spectral Curves of Soft Tissue Invasion From Bone
Tumors

X-ray attenuation curves (spectral curves) can reflect the
characteristics of the different tissues because of the abil-
ity of DECT to display their virtual hounfield units (Hus)
(instead of hybrid CT values). The soft tissue invasion
area is the result of the expansion of the bone tumor into
the soft tissue, and it consists of tumor cells (together with
some necrotic and hemorrhagic areas, which are excluded
from the regions of study). We examined the spectral
curves of the soft tissue invasion of VX2 bone tumors and
found differences among the slopes of the curves of
tumors, edema areas, and normal muscles, possibly due
to differences in cell type, distribution pattern, metabo-
lism, and blood supply. The curve slope of the soft tissue
infiltration areas (1.30 + 0.41) was proved to be signifi-
cantly greater than that of the soft tissue edema areas
(0.71 + 0.23) and normal muscles (0.35 + 0.12) in this
study. The degree of attenuation differed among the 3
areas, especially in the part of low energy, possibly due
to the low penetration of X-ray and high tissue contrast at
the low energy level. This result is similar to the report of
Coursey ef al,'® which showed the CT values of the spec-
tral curve vary greatly in the low energy range. Therefore,
a low energy range (eg, 40-100 keV) should be chosen to
analyze the images and accurately show the differences in
the slopes."!

lodine and Water Concentration of Soft Tissue Invasion
of Bone Tumor

In the areas of soft tissue extension from hypervascular bone
tumors, the iodine deposition can be shown on iodine-based
images with high sensitivity. The exact reason for the differ-
ences in iodine concentration among the 3 regions is unknown;
however, possible explanations include formation of tumor
vessels and the high permeability in tumor areas of richer
capillary than in edema areas and healthy muscles that result
in more leaking of contrast agent of iodine. Thus, the concen-
tration of iodine reflects the amounts or density and immaturity
of abnormal vessel in the tumor areas. As shown in our study,
the iodine concentration in the soft tissue infiltration areas
(8.56 + 2.15 g/L) was higher than that in soft tissue edema
areas (6.09 + 1.02 g/L) and normal muscles (2.72 + 0.43 g/L).

The water concentration in the soft tissue infiltration areas
(1033.21 + 10.50) was lower than that in normal muscles
(1047.47 + 10.97); this may be caused by a decrease in free
water due to the narrowing space between the cells as a result of
a high multiplication rate and tight arrangement, but this
hypothesis needs further validation using diffusion-weighted
MRI. The water concentration in soft tissue edema areas
(1033.12 + 12.83) were lower than that in normal muscles
(1047.47 + 10.97), which could be a consequence of the nar-
rowing space between swelling cells.

Shortcomings in This Study

Although differences were shown in the slopes of the curves
and iodine/water concentrations between the soft tissue
invasion areas and surrounding edema areas, we did not
provide details on how to define the borders between the
2 areas. Second, the sample size is small (50). Hence, fur-
ther study is needed.

Conclusions

The soft tissue invasion of malignant bone tumor can be dis-
tinguished from soft tissue edema and normal muscle by spec-
tral CT in the rabbit model.
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