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Vascular Virtual Endoluminal
Visualization of Invasive Colorectal
Cancer on MDCT Colonography

OBJECTIVE. The purpose of this study was to assess the utility of vascular views for vi-
sualization of invasive colorectal cancers on contrast-enhanced MDCT colonography.

CONCLUSION. By means of Hounsfield-transparency settings, we obtained virtual endolumi-
nal images that show vascular structures and delineate invasive cancers of the colorectal wall, and we
call these images “vascular views.” Using this technique for contrast-enhanced MDCT colonography,
we found that the increase in flow and pooling of blood related to angiogenesis of cancerous lesions is
easy to identify and that this finding is useful in the detection of invasive colorectal cancers.

T colonography, a technique for
isualizing colorectal lesions using
D volumetric data generated by
2 helical CT, has developed rapidly
over the past several years [1, 2]. This method
has been reported to be useful for improving
the diagnosis of colonic polyps and is now be-
ing considered for colorectal cancer screening
in the United States [3, 4). This potential has
been markedly enhanced by the advent of
MDCT, which allows acquisition of entire im-
ages of the colorectum during a single breath-
hold [S). A major merit of MDCT isits high ac-
quisition speed that can be used to cover large
volumes with thin collimation, resulting in
good spatial resolution and reduction of the
partial volume effect artifact [6]). The thinness
of the reconstructed axial CT slices has al-
lowed an increase in the image quality of CT
colonography to depict colonic tumors more
accurately. Furthermore, in contrast-enhanced
studies with MDCT, the ability to scan through
the entire abdomen in 20 sec or less means that
data for the whole colon can be acquired within
the time generally regarded as the arterial-
dominant phase.

Detection of lesions on CT depends on lesion
size, slice thickness, and contrast differentiation
[7]. By means of Hounsfield-transparency set-

tings, we obtained virtual endoluminal images
that show vascular structures and delineate in-
vasive cancers of the colorectal wall, called
“vascular views,” on contrast-enhanced MDCT
colonography. Using this technique, we found
that the increase in flow and pooling of blood re-
lated to angiogenesis of cancerous lesions is
easy to identify and that this is useful in the de-
tection of invasive colorectal cancers.

The purpose of this study was to assess the
utility of vascular views for the visualization
of invasive colorectal cancers on contrast-en-
hanced MDCT colonography.

Materials and Methods
FrothanuaryloMarchZOOZ, 28 consecutive patients
presenting with 30 invasive colorectal carcinomas un-
derwent contrast-enhanced MDCT examinations at our
hospital for preoperative staging. The series included
15 men and 13 women, ranging in age from 37 to 77
years (median, 60 years). Of these patients, 22 (78.6%)
underwent MDCT after preoperative colonoscopic ex-
aminations with standard bowel preparation of up to 3
L of a polyethylene glycol-electrolyte solution, and the
remaining six patients (21.4%) with advanced colorec-
tal carcinomas underwent MDCT without preparation.
Patients with rectal cancers underwent MDCT in the
prone position, whereas a supine position was used for
those with colon cancers. Before treatment, patients re-
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ceived muscular injection of anticholinergic drugs, and
room-air insufflation via the anus was performed just
before each scan.

Pathologic diagnosis with endoscopic biopsy or
surgically resected specimens was confirmed in each
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case. All colonic tumors had been initially diagnosed
at colonoscopy, and the presence and site of the lesion
were known at the time of the CT examination.

CT colonography was performed on an MDCT
scanner (Aquilion, Toshiba Medical Systems). The

scans were obtained through the abdomen and pelvis
with the following parameters: 120 kV, 250-350 mA
with automatic exposure control [8], 4 rows x 2-mm
collimation, and helical pitch of 5 (pitch factor, 1.25).
All patients received an IV bolus injection of 150 mL

Fig. 1.—Colonoscopic view and surface and vascular virtual endoluminal images for representative case of advanced colorectal cancer in 60-year-o!d woman.
A, Colonoscopic view shows advanced cancer in sigmoid colon.

B, Surface virtual endoluminal image shows lesion.

C, Vascular virtual endoluminal image clearly shows blood pooling of tumor and vessels {arrow} in colorecta! wall.
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Fig. 2—64-year-old man with colorectal cancer who underwent MDCT after colonoscopy.

A, Colonoscopic view shows small sessile lesion with central depression in lower rectum.

B, Surface virtual endoluminal image clearly shows lesion, atthough it is less than 2 cm in diameter.
C, Vasculer virtual endoluminal image dramatically shows blood pooling of lesion in colorectal wall.
D, Axial MDCT image also shows lesion {arrow} as polypoid mass in insufflated rectum.
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of iohexol 350 (Omnipaque, Daiichi Pharmaceutical)
with a power injector at a rate of 3 mL/sec through a
20-gauge plastic IV catheter placed in an antecubital
vein, and the whole abdomen was scanned 50 sec after
this introduction of contrast material during the arte-
rial phase. All images were reconstructed at a thick-
ness of 1 mm, and the slices were transferred to an
image workstation (M900/Pegasus, AMIN) for gen-
eration of 3D images of each patient.

We used virtual endoluminal images obtained with
Hounsfield-transparency settings in MDCT colonogra-
phy to show a surface or vascular view of the colorectal
wall on a videotape monitor (Figs. 1-5). Hounsfield-
transparency settings are based on Hounsfield units,
which are the CT attenuation values. First, we adjusted
the CT monitor’s transparency and opacity setting to a
value of 1 to display only the contour of the lumen and
the mucosa. Next, we adjusted the transparency and
opacity setting to a value of 2 to display only the arte-
rial-dominant blood with contrast medium. Third, we
adjusted the spatial parameters to display only to a
depth of 3 mm surrounding the lumen and the mucosa,
which comresponds to the thickness of the intestinal
wall. Fourth, we overlaid the data displayed in steps one
through three to produce a surface and vascular view of
the colorectal wall, and then we reduced the surface
opacity to produce an unobstructed vascular view.

The workstation was also equipped with navigation
software for virtual colonoscopy, and the two types of
virtual endoluminal images were displayed on the mon-
itor. Two radiologists retrospectively evaluated pri-
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mary lesions using the virtal endoluminal images with
or without the Hounsfield-transparency sestings—first,
with a conventional surface view and then with a vas-
cular view. Consensus interpretations were rated
against all clinical information, including the results of
colonoscopy; pathologic findings from biopsy and sur-
gically removed specimens served as the gold standard.

Results

In the 28 patients, a total of 30 invasive car-
cinomas were confirmed by the preoperative
colonoscopic examinations. Of the 30 le-
sions, 18 were in the rectum, five in the sig-
moid colon, four in the transverse colon, and
three in the ascending colon. The number of
lesions over 2 cm in diameter was 21 (70.0%).
Of the total, 19 (63.3%) were well differenti-
ated and 11 (36.7%) were moderately differ-
entiated on histologic diagnosis.

Lesions showing invasion limited to the sub-
mucosal layer were defined as early invasive col-
orectal cancer, whereas invasion farther than the
submucosal layer was characterized as advanced
colorectal cancer. Among the 30 lesions, 23
(76.7%) were advancéd colorectal cancer lesions
and seven (23.3%) were early invasive colorectal
cancer lesions. Invasive lesions larger than 2 cm

 are generally of more advanced stage, but four

(44.4%) of nine small lesions, 2 cm or smaller,
were found to be advanced colorectal cancer.
Of the 30 confirmed cancerous lesions, 22
were revealed on conventional surface virtual
endoluminal images, whereas 28 could be
identified with vascular views (Table 1). The
respective figures for lesions 2 cm or smaller
were 44.4% (4/9) and 77.8% (7/9). Of lesions
larger than 2 cm, three (14.3%) of 21 were
missed on surface virtual endoluminal images,

TABLE |

Categorized by Size

Detection of Colorectal Lesions Using Conventional Surface Versus
Vascular Views for Virtual Endoluminal Imaging with Lesions

Size of Lesion

No. (%) of Lesions Detected on Virtual Endoluminal Images

Conventiona! Surface View Vascular View
<2cm 4/9 (44.4) 7/8(77.8)
>2cm 18/21 (85.7) 21/21(100)
Total 22/30(73.3) 28/30(93.3)

Fig. 3—50-year-old man with colorectal cancer who underwent MDCT after colonoscopy.

A, Colonoscopic view shows irregularly shaped sessile lesion with central ulceration in lower rectum.

B, Surface virtual endoluminal image shows polypoid lesion.

C, Vascular virtual endoluminal image clearly depicts blood pooling and small vessels {arrows) in colorectal wall.
D, Axial MDCT image shows lesion {arrow} as enhanced mass in wall.

1196

D

AJR:184, April 2005



linuma et al.

Fig. 4—59-year-old man with colorectal cancer who underwent MDCT without preparation.

A, Colonoscopic view shows nodufar protrusion in lower rectum.
B, It is hard to recognize lesion in residual stoo! (arrows) on surface virtual endoluminal image.
C, Vascular virtual endoluminal image successfully shows lesion as mass having blood pooling in colorectal wall.

D, Axial MDCT image shows lesion (arrow) as enhanced mass in colorectal wall.

Fig. 5.—63-year-old man with colorectal cancer who underwent MDCT without preparation.

A, Colonoscopic view shows large mass with central ulceration in upper rectum.

B, Because of stool material, lesion cannot be identified on surface virtual endoluminal image.
C, Vascular virtual endoluminal image dramatically distinguishes lesion from stool.

D, Axia! MDCT image shows lesion {arrow) as irregular thickening of recta! wall.
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MDCT of Invasive Colorectal Cancer

Detection of Colorectal Lesions Using Conventional Surface Versus Vascular Views for Virtual Endoluminal

Imaging with Lesions Categorized by Severity of Invasion

Severity of Colorectal Cancer No. {%) of Lesions Detected on Virtual Endoluminal Images
Conventional Surface View Vascular View

Early invasive

With preparation 3/7(42.9) 5/1(N4)
Advanced

With preparation 1717 (100} 17/17 (100)

Without preparation 2/3(33.3) 6/6 (100)
Total 22/30(133) . 26/30 (93.3)
but all could be visualized on the vascular data should further increase the ability to de- References

views. Invasive lesions larger than 2 cm are
generally considered to have high potential for
malignancy. However, even with the small le-
sions (<2 cm), almost half were advanced col-
orectal cancers, so the use of the vascular
approach allowed identification of most le-
sions that should be treated as a high priority
(Table 1).

Of the 30 lesions, three of the seven early in-
vasive colorectal cancer lesions were revealed on
conventional surface virtual endoluminal im-
ages, whereas five of seven could be identified
with vascular imaging. All 17 advanced colorec-
tal cancer lesions in cases with preparation could
be recognized on the surface and vascular virtual
endoluminal images. This finding is especially
noteworthy because among six advanced col-
orectal cancer lesions in patients without prepara-
tion, four (66.7%) were missed with the
conventional surface approach, but all could be
visualized on the vascular virtual endoluminal
images (Table 2).

Discussion

Amin et al. [9] first described the merits of
dynamic contrast-enhanced CT study with
the air-insufflation technique for the detec-
tion of colorectal cancers. Subsequently, the
same group reported the value of contrast-en-
hanced CT colonography for the improve-
ment of colorectal polyp detection [10]. With
contrast-enhanced CT studies, thé advent of
MDCT allows acquisition of images of the
entire abdomen during a single breath-hold,
which is regarded as the arterial-dominant
phase. The resulting thinner-collimated
transverse images with blood flow informa-
tion provide better-quality MDCT colono-
graphic data than conventional CT, and these
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tect not only colonic polyps but also invasive
lesions more accurately. In addition, we can
manipulate the 3D volumetric data on an im-
age workstation with navigation software for
virtual endoscopy or with various display
modes including Hounsfield-transparency
settings, such as the vascular views, to show
information about the blood flow within and
around the colorectal wall. '

With conventional surface virtual endolu-
minal images of CT colonography, a surface
is just that—a surface. However, as shown in
this study, pooling of blood related to angio-
genesis of invasive cancers and small vessels
of the colorectal wall can be more clearly vi-
sualized with vascular views of within the
colorectal wall. With the introduction of 16-
MDCT scanners, the image quality of virtual
endoluminal images is expected to improve
even further; therefore, vascular views are go-
ing to be more and more in demand not only
by radiologists and gastroenterologists, but
also by patients who, we believe, will be
happy that vascular views require no prepara-
tory fasting, because vascular views are not
confused by the absence or presence of stool.

Vascular views also have a great potential
for using blood flow information to detect
small invasive cancers with computer-aided
diagnosis, which is expected to improve ra-
diologists’ and gastroenterologists’ diagnos-
tic performance enormously [11, 12]. We
therefore believe that a focus on the blood
supply with the vascular views should be
used in conjunction with conventional sur-
face virtual endoluminal images whenever
diagnostic or screening contrast-enhanced
MDCT is performed until safer contrast me-
dia are developed.
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Local Delivery of Doxorubicin for Malignant Glioma
by a Biodegradable PLGA Polymer Sheet
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SDepartment of Biomaterials, Institute for Frontier Medical Sciences,
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Abstract. Implantable, biocompatible and biodegradable
devices bearing an anticancer drug can provide promising local
therapy to patients with malignant disorders. With the aim of
treating brain tumors, especially gliomas, a membranous sheet
containing doxorubicin was produced by co-polymerization to
poly(D,L-lactide-co-glycolide) (PLGA). When release of the
drug from the sheet was measured, sustained release continued
until day 34. The data contrasted with the burst release from
material containing a higher proportion of the drug. In terms of
biodegradability, a subcutaneous 3 x 3-mm tetragonal sheet
was almost completely absorbed by day 80. When a glioma was
implanted subcuteneously and the tumor nodule exposed to the
sheet, the device inhibited tumor growth significantly. The sheet
consisted of an amorphous structure with cavities estimated to
have a diameter of 0.5 — 3 um by electron microscopic
observation. Since the sheet is implantable, biodegradable and
has a sustained-drug release property, the device may play a
role in the local therapy of brain tumors.

Malignant brain tumor, such as infiltrating glioma and
glioblastoma, is one of the most intractable diseases in the
human body. The invasive character and rapid proliferation
of the cells often brings recurrence of the disease even after
radical treatment and an increase in intracranial
hypertension eventually causes herniation due to limited
intracranial space. The median survival time is 0.4 years for
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of Molecular Cell Biology, Institute of DNA Medicine, Jikei
University School of Medicine, Japan. Tel: +81-3-3433-1111 Ext.
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glioblastoma and is 5.6 years even for more benign low-grade
astrocytoma (1). Most patients die within 2 to 5 years after
their diagnosis. In spite of recent advances in radiotherapy,
immunotherapy, chemotherapy and other adjuvant
therapies, the prognosis has not been dramatically improved
and more effective therapies are required. Although the
prognosis is poor, the tumors seldom metastasize to regions
outside of the central nervous system. In addition, the main
etiology of death is local recurrence. Therefore, if local
recurrence can be prevented, long-term survival or even a
complete cure of the patient can be expected. '

The main problem of administering chemotherapy for
malignancy in the central nervous system is the low efficiency
of drug delivery to the residual tumor in brain parenchyma.
When anti-malignant drugs are systemically administered,
most drugs may not reach the lesion due mainly to the
existence of the blood-brain barrier. From the aspect of
chemotherapy, alkylating agents such as temozolomide and
nitrosourea represented by ACNU or BCNU are the first
choice of drugs in combination with radiation (2, 3). These
drugs are potent against malignant gliomas since they can
cross the blood-brain barrier and enter the tumor cells. They
confer toxicity even to not-actively dividing cells, which
account for approximately 70% of the brain tumor (4).
Moreover, alkylating agents can synchronize cells in the
G2M phase and, thus, function as radiosensitizers when
combined with therapeutic irradiation. Regardless of such a
promising efficacy of the drug, the prognosis of patients has
not improved sufficiently. The reason is partly attributable
to the low local drug concentration, because the drug
delivery is not adequate in spite of penetrability of the drug
through the blood-brain barrier (5, 6). When these facts are
considered, it is obvious that the development of more
potent local treatment is required.
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Recent advances in material engineering have provided a
new material for such local treatment. One representative
example is the BCNU-loaded PLGA wafer (7). PLGA is a
biodegradable and biocompatible material, and the BCNU-
loaded PLGA wafer is an implantable polymeric device that
releases BCNU directly into the tumor tissue. Implanting the
device after surgery can eliminate the residual tumor tissue in
the operative field and delay recurrence. The antitumor activity
of the wafer has been demonstrated (8, 9) and the device might
be useful because most patients with glioma undergo surgical
removal and chemotherapy as well as radiotherapy.

However, there is a concern about alkylating agent-based
local chemotherapy, because tumor cells soon acquire
resistance after the systemic administration of drugs. The
mechanism of resistance is mainly via the recruitment of Og4-
methylguanin merthyltransferase, a DNA repair enzyme into
tumor cells (10-13). MGMT facilitates stoichiometric transfer
of the Og4-alkyl groups from the alkylated DNA molecules to
its own cysteine residues and by so doing, is itself deactivated
after acceptance of the alkyl groups. Overexpression of
MGMT repairs the DNA damage caused by the alkylating
agents. Chemotherapeutic agents, such as temozolomide and
nitrosourea, induce MGMT expression in the tumor cells and
resistance may influence the effect of focal treatment with the
BCNU wafer. In such cases, treatment with another anti-
malignant drug with a different mechanism of action might
be useful. Based on this concept doxorubicin was selected.

The mechanism of doxorubicin resistance is expression
of the multiple drug resistant gene (MDR); moreover, it
does not show cross-resistance to alkylating agents. In
addition, doxorubicin has been used commonly in patients
with disseminated lymphoma or leukemia in the
cerebrospinal fluid by intrathecal injection and its safety
has been well recognized. Thus, doxorubicin was co-
polymerized to biodegradable PLGA and a membrane
containing the drug was developed. Ultimately, the
possibility of modulating the glioma after surgery using the
membrane could be explored.

Materials and Methods

Daxorubicin sheet. Doxorubicin hydrochloride ((2S,4S)-4-(3-amino-
2,3,6-trideoxy-a-L-lyxo-hexopyranosyloxy)-1,2,3,4-tetrahydro-2,5,12-
trihydroxy-2-hydroxyacetyl-7-methoxynaphthacene-6,11-dione
monohydrochloride; DOX or Adriamycin) was provided by Kyowa
Hakko Kogyo Co. Ltd. (Tokyo, Japan). One square centimeter of
the sheet contained 1 mg of doxorubicin. To prepare an 8.4 cm?
surface of the sheet, 8.4 mg of doxorubicin were mixed with 318 mg
of PLGA (50:50 molar ratio, Mw53114) dissolved in chloroform.
The mixture was co-polymerized by the solvent-evaporation
method and used after further desiccation.

Release of doxorubicin in vitro. Measurement of the drug

concentration in the solvent was determined by the UV-2200A
spectrophotometer (Shimadzu, Kyoto, Japan). The doxorubicin
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sheet was set under physiological conditions for days (pH7.4, 37°C
in phosphate-buffered saline) and the total amount of the eluted
doxorubicin was quantified.

Animal experiments. To investigate the biodegradation of the
doxorubicin sheet, closed colony Jcl:ICR mice were purchased
from Clea Japan, Tokyo and bred in a standard animal facility. For
the tumor implantation and treatment study, five-week old Fischer
344 rats were purchased from Sankyo Laboratory, Tokyo, Japan.
These animals were maintained under conditions of 28°C and 55-
60% humidity and given free access to food and tap water. All the
animal procedures were performed under the guidance of the
committee in the animal care facility. In the first set of animal
experiments, the 3 x 3 mm tetragon sheet was subcutaneously
implanted into the left flank of an ICR mouse. After implantation,
absorption of the sheet was determined by weighing the
unabsorbed residuals after removal. Degradability was expressed
as a percentile of the original sheet weight on the day of
observation (n=5 in each group). In the second set of the
experiment, the RT2 glioma cell line, syngeneic to the Fischer 344
rat, was used. The RT2 glioma cells were cultured in Dulbecco’s
minimum essential medium supplemented with 10% bovine serum
(GIBCO Laboratories, Grand Island, NY, USA). Three x 10° of
the trypsinized and dispersed cells in 100 wl of PBS were
subcutaneousfy injected into the rat’s right flank and four days
later, after confirmation of establishment of the tumor nodule, the
rats were treated with 2.1125 cm? of doxorubicin sheet containing
2.1 mg of doxorub_fcin by covering the tumor. For some animals,
8.4 mg/100 ul of doxorubicin were directly injected into the center
of the tumor. Tumor volumes were measured and growth was
directly accessed. Statistical analysis was performed by the two-
tailed Student’s r-test.

Morphological examination of the doxorubicin sheet by electron
microscopy. For the scanning electron microscopy, the doxorubicin
sheet was lightly washed in water then fixed with 1.2%
glutaraldehyde in 0.1 M phospate-buffered saline then adjusted to
pH 7.4. The specimen was dehydrated by ascending concentrations
of ethanol and the critical point drying method using liquid CO,.
After the dehydration, the sample was coated with ion-sputtered
gold and palladium and observed by a JSM-5800LV Scanning
Electron Microscope (JEOL Ltd., Tokyo, Japan) at the
accelerating voltage of 15 KV. For transmission electron
microscopy, the sheet was fixed with 2% glutaraldehyde in
phosphate-buffer and the specimens were subjected to examination
by an H-7500 Electron Microscope (Hitachi, Tokyo, Japan) at the
accelerating voltage of 100 KV.

Results

Release of doxorubicin from the doxorubicin sheet. The
release of doxorubicin from the PLGA membrane was first
determined in vitro. The concentration of doxorubicin was
measured by absorption spectrophotometric analysis. The
absorbance of light by doxorubicin in continuous wavelength
was measured by a spectrophotometer (Figure 1A) and the
correlation of both 232 nm and 480 nm peaks for
determination of the doxorubicin concentration was
confirmed. The amount of drug in the solvent was
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Figure 1. Release of doxorubicin from the sheet in vitro. A) Spectrophotometric properties of doxorubicin. The light absorbance of doxorubicin was
measured by continuous change in the wave length. Based on the figure, the absorbances at 232 nm and 480 nm were used for further determination of
the drug concentration. Values measured at both peaks correlated well with drug concentrations. B) Total amount of doxorubicin released from 1 mg of
the sheet. Release gradually started from immediately after the exposure and 10% of the drug was released by day 10. The sheet steadily discharged the
drug and sustained release continued until day 28. After the burst release around day 30 to 34, further release was not detected. The result is expressed
as the mean of two experiments; bars, S.D. C) Release from the drug-overloaded sheet. When the drug concentration was increased 3-fold when co-
polymerized to PLGA, the sheet released the drug much faster than the ordinary sheet. Most of the drug was released by day 8 and further release was
not prominent after day 10. The result is expressed as the mean of two experiments; bars, S.D. ' .

quantified at the 480-nm wavelength. The PLGA sheet
containing doxorubicin was left under physiological
conditions and the total amounts of doxorubicin released
were measured (Figure 1B). Release started from day 1 and
gradually increased until day 24. Subsequently, the release
was abruptly increased and continued until day 34. Thirty-
four days after the experiment, the release reached a peak.

The released amount was followed up until day 178,
however further release was not detected in the experiment
(data not shown). The pattern of slow release from the
sheet might derive from the proportions of doxorubicin and
PLGA. When the load of doxorubicin was increased in the
sheet, a three-fold higher drug discharge occurred at an
earlier stage of the experiment (Figure 1C). The drug burst
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