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Summary

Hepatic Arterial Infusion Chemotherapy for
Liver Metastasis from Gastrointestinal Cancer

Yasuaki Arai*



Hepatic arterial infusion chemotherapy has been
recognized as a hopeful therapeutic strategy for liver
metastasis treatment in periods of underpowered sys-
temic chemotherapy. However, clinical trials have
failed to show survival benefits of hepatic arterial infu-
sion chemotherapy. Thus, in a period when systemic
chemotherapy is showing significant advances, the use

of hepatic arterial infusion chemotherapy should be -

limited to uncontrolled liver metastasis by systemic
chemotherapy and to special situations where it can be

used due to evidence obtained from clinical studies. On:

the other hahd, the results of clinical studies must be
considered based on a deep understanding of tech-

niques for hepatic arterial infusion chemotherapy. If
advances in systemic chemotherapy fail to control liver
metastasis, a reappraisal of hepatic arterial infusion
chemotherapy may be required.

Key words : liver metastasis, hepatic arterial infusion
chemotherapy, colorectal cancer, gastric
cancer

*Department of Diagnostic Radiplogy, National Cancer
Center Hospital, 5-1-1 Tsukiji, Chuo~ku, Tokyo 104-
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Recent Advances in Radiology for the
Diagnosis of Gastric Carcinoma

GEN IINUMA!, HIDETO TOMIMATSUY, YUKIO MURAMATSU', NORIYURI MORIYAMA',
TosHIAKI KOBAYASHI?, HIROSHI SAITO?% TETSUO MAEDA?, KUNIHISA MIYARAWA®,
FumiHIkO WAKAO®, MITSUO SATAKE®, and YASUAKI ARAT’ :

Introduction

" Radiographic diagnosis of gastric catcinoma [1] was first introduced in the 1960s
in Japan, which led the world in the early diagnosis of gastric carcinoma by double-
contrast method using film-screen systems (FSS) [2 3]. Qualitative diagnostics, includ-
ing diagnosis of the depth of tumor invasion, were explored thoroughly in the 1970s,
. and it could be claiméd that the radiographic diagnésis of gastric carcinoma was
completely established by the beginning of the 1980s [4]. Gastric radiography has now
become a standard examination modality in the screening and preoperative staging
of gastric carcinoma and is widely used across the globe.. The mortality rate from
gastric carcinoma is especially high in Japan, and gastric radiography has made a sub-
stantial contribution to the detection of gastfic car a-in mass screening. With
recent advances in endoscopic techniques, the prim the. dlagnosm of gastric
- carcinoma, including its early diagnosis, has been ifed by endoscopy, but it is
- ,-.also a fact that radiography is still widely used in ¢ i : diagnosis in screening and
Tt tive staging [5]. The demand for computerization of medical information *
rew.in the 1980, and against a background of advances i in image engineering, the
tion of medical images:has proceeded apace ‘=[6'-7] ‘In gastric radiography,
igitalization via digital radiography (DR) using h solution charge- -coupled
.dewce (CCD) cameras (CCD-DR) has been estabh ‘ séemmated rapidly, and
we also have reported its usefulfiess in the diagno ic carcinoma [8]. Mean-
while, a recent major development in the field of ra gy:has been the emergence
of multidetector row computed tomography (CT) (MDCT) 19] With the advent of
MDCT in the second half of the 1990s, CT has achleved increased efficiencies and
improved image quality in a revolutionary scannmg modahty [10]. In the preopera-
tive stagmg of gastnc carcmoma, it is now p0331b1e to ‘dcciirately évaluate local inva-

! Cancer Screening Division, Research Center for Cancer Prevention and Screening, >Cancer
Screening Technology Division, Research Center for Cancer Prevention and Screening, * Diag-
nostic Radiology Division, National Cancer Center Hospital, National Cancer Center, 5-1-1
Tsukiji, Chuo-ku, Tokyo 104-0045, Japan

e-mail: giinuma@gan2.ncc.go.jp
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sion and small metastases, and three-dimensional (3D) MDCT imaging (MDCT gas-
trography) has arrived on the scene as a new diagnostic tool for primary lesions.

In this chapter, we describe the present status of radiologic diagnosis of gastric car-
cinoma using CCD-DR at our center, report our experience of MDCT gastrography in
the preoperative staging of gastric carcinoma, and discuss the future prospects for
radiographic diagnosis of gastric carcinoma using these new diagnostic techniques.

Advanced Digital Radiographic Systems for
Gastric Diagnosis

In our hospital, images yielded by radiography of the gastrointestinal tract became
completely digitalized with the adoption of CCD-DR (DR-2000H; Hitachi Medical,
Tokyo, Japan) in 1999. At present, hard copies of diagnostic images are prepared for
interpretation, but monitor-based diagnosis is yet to become a reality. Our radi-
ographic investigations of the gastrointestinal tract use three CCD-DR systems: one
C-arm type, one over-tube type, and one under-tube type. Each CCD-DR is connected
by a DR network to two laser printers and an image server, and in parallel with the
scanning procedure, reference images are forwarded to the hospital information
system via a gateway after DICOM (digital imaging and communication in medicine)
conversion at the same time as the diagnostic images are processed. After DICOM

converter

{P-DR RUF table

F1G.1. Advanced digital radiography system for gastric diagnosis. Three charge-coupled device-
digital radiography (CCD-DR) units are routinely used for gastric examinations in our hospi-
tal. Each unit connects with a DR network, and the images can be diagnosed on an image
workstation
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conversion, the images are accessible for monitor diagnosis at an image workstation
with three viewers (Fig. 1).

The Status of CCD-DR-Based Radiographic Examination of
Gastric Carcinoma

At our center, we use 250-300ml barium at a 130-140w/v% concentration in gastric
radiographic studies. The scanning methods employed are the filling method, double-
contrast radiography, and the compression method, but the core diagnostic technique
in radiographic diagnosis of gastric carcinoma is double-contrast imaging obtained
with barium (positive contrast medium) and gas (negative contrast medium). After
barium is swallowed, the patient is given 5g of a foaming agent, and by distending the
stomach via the CO, gas so produced, we are able to easily obtain double-contrast
images. The barium contained in the gas-distended stomach moves with changes in
posture, and double-contrast images of excellent quality are obtained by ensuring that
the barium adheres uniformly to the mucosal surfaces. Unlike the filling and com-
pression methods, double-contrast imaging is indispensable for the visualization of
early gastric carcinoma, which is characterized by few irregularities of the mucosal
surfaces (Fig. 2). With gastric radlography based on the double-contrast method, we
can easily identify the macroscopic types of gastric carcinomas, their exact extensions
and locations. in the stomach (Figs. 3-6), However, viewing double-contrast images
obtained with contrast provided by gas and barium requires a broad dynamic range.
The dynamic range for CCD-DR images adequately covers the image quality required
for gastric radiography, and the image quality matches that in conventional FSS. Addi-
tionally, CCD-DR digital images also enable the optimization of image quality via
image processing after scanning and, compared with FSS, are relatively well matched
image by image and allow standardized diagnostic images to be obtained.

Comparative Evaluation of FSS.and CCD-DR in the Diagnosis of
Gastric Carcinoma

We conducted a prospective study to evaluate the difference in diagnostic accuracy
between FSS and CCD-DR, and reported in a publication of Radiology [8]. From
January to February 1997, we randomly assigned patients scheduled for gastric radi-
ography to either FSS or CCD-DR; 112 patients were examined by FSS and 113 by
CCD-DR. Six radiologists who were blinded to the clinical details assessed the films
for each patient with a six-level confidence rating for the presence or ‘absence of
gastric carcinoma. The CCD-DR images in this study were prepared as hard copies
for diagnosis. The diagnoses for each patient were rated against those produced by
three other radiologists who conducted the actual radiographic examinations and
were aware of all clinical data, such as endoscopic findings and the pathology of biopsy
specimens. The sensitivity and specificity of FSS and CCD-DR for gastric carcinoma
were determined from the assessments obtained, the difference between the two
modalities was statistically analyzed, and a comparison was performed by receiver-
operating -characteristic (ROC) analysis. The study yielded a diagnosis of gastric
carcinoma by FSS in 24 patients and by CCD-DR in 27 patients; the sensitivity for
diagnosing the presence of gastric carcinoma was 64.6% and 75.3%, respectively
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F1G. 7. Receiver operating characteristic (ROC). curves obtained from six observers. All
observers achieved more accurate results with CCD-DR than with conventional radiography.
Diagnostic accuracy of CCD-DR is clearly superior to that of conventional radiography. (Used
with permission from Radiological Society of North America) ‘

(P = 0.278), and the specificity was 84.5% and 90.5%, respectively (P = 0.011). The
ROC analysis [11] also showed that the diagnostic performance of CCD-DR was
clearly superior (Fig. 7). ’

Usefulness of Radiography of Gastric Carcinoma by CCD-DR

The diagnostic performance of CCD-DR for gastric carcinoma is adequately compa-
rable to that of FSS, indicating that the digitalization of images in gastric radiography
is entirely feasible. The future adoption of diagnosis by monitor display will make pos-
sible the real-time display and optimization of diagnostic images and enable greater
ease of image storage and retrieval. Capitalizing on these advantages of digitalization
promises to yield an efficient and effective diagnostic environment for screening and
preoperative staging, as compared with the conventional FSS modality.

Preoperative Evaluation of Gastric Carcinoma
Using MDCT

To date, the role of radiographic CT studies in the preoperative staging of gastric car-
cinoma has primarily involved evaluating invasion of surrounding organs or metas-
tasis to lymph nodes or other organs, and it was rare for it to be used for evaluation
of the primary tumor itself [12,13]. However, the advent of MDCT has made possible -
the arrival of full-scale volume scans, facilitating high-speed, detailed image acquisi-
tion over an extensive area. The degree of resolution of CT images has improved
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dramatically with MDCT, enabling the detailed evaluation of local lesions and the
detection of small metastases, even in ordinary axial images [14]. Moreover, worksta-

- tions that are capable of processing the massive quantities of image data produced by
MDCT have been developed, and the three-dimensional CT visualization of gastric
lesions, which is called MDCT gastrography, has become straightforward. This trend
is fairly flourishing in the diagnosis of colorectal cancer as MDCT colonography, -
which is considered to have a great potential of being a modality for colorectal cancer
screening [15- 17]

Three- D/menSIonal Visualization of the Stomach by
MDCT Gastrography

To visualize gastric lesions in three dimensions using MDCT,; it is necessary to distend
the gastric lumen with a foaming agent (CO, gas). As a consequence of the contrast
between the gas and the inner gastric surface, owing to the substantial difference in
density, it is possible to effortlessly prepare 3D images of the inner gastric surface.
MDCT gastrography employs two methods for visualization, virtual endoscopic views
and 3D gas msufﬂatlon views, obtained by 3D processing of the CT image data

(Fig. 8).

Evaluation of the Detectability of Gastric Carcinoma by
MDCT Gastrography

In the 3-month period between March and June 2003, we evaluated 4-row MDCT
(Aquilion; Toshiba Medical Systems, Tokyo, Japan) in 84 gastric carcinoma patients
who underwent MDCT for preoperative staging. Each scan was performed with the
standard abdominal scan parameter settings for preoperative staging using automatic
exposure control [18]. We prepared virtual endoscopic and 3D gas insuffiation views
from the image data obtained for each patient by MDCT volume scans, and two radi-
ologists- prepared responses on the basis of all clinical data for each patient, includ-
ing gastroscopic findings, and the detectability of gastric carcinoma was evaluated by
consensus for each display method. Eighty-six gastric carcinoma lesions (44 early and
42 advanced lesions) were diagnosed in the 84 patients. The detectability by virtual
endoscopic and 3D gas insufflation views by MDCT gastrography was 47.7% and
40.9%, respectively, for early lesions (Table 1), and 59.5% and, 76.2% for advanced
lesions (Table 2). Hence, the detectability was less than 50% for early lesions, but about
60%-70% for advanced lesions of gastric carcinoma [19]. Especially in early lesions,
all protruded-type lesions could be recognized, while less than half of depressed-type
lesions, which is a common type of early gastric carcinoma, were missed (Figs. 9, 10).

TABLE 1. Detectability for 44 early gastric carcinomas by multidetector row computed
tomography (MDCT) gastrography

Protruded Flat elevated Depressed
type type type Total
Virtual endoscopic 100% (2/2) 50.0% (1/2) . 45.0% (18/40) 47.7% (21/44)

views
Three-dimensional gas 100% (2/2) 50.0% (1/2) 37.5% (15/40) 40.9% (18/44)
insufflation views ' ’
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