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ABSTRACT
To compare characteristics of computed tomographic images of hepatic tumors
induced by intra-mesenteric venous and intraparenchymal injection of VX2
carcinoma in rabbits. Thirty two New Zealand White rabbit were divided into two
groups; group I for metastatic tumor model (n=8) by injection of 0.1 ml tumor
homogenate into mesenteric vein, and group II for solitary tumor model (n=24) by
direct intraparenchymal injection of 1 mm tumor cubes. Dual-phase computed
tomography (CT) was performed on day 10, 17, and 24 post-tumor implantation. On
day of each CT follow-up, 2 or 3 rabbits in both groups were sacrificed for
histopathologic examinations which were correlated with CT findings. Tumor
creation rates were 100% in Group I, and 87.5% in Group II. In group I, arterial
phase showed multiple tiny lesions on day 10, and hypodense lesions with
peripheral rim enhancement and central hyperdensity (target appearance) on day 17
and 24 post-implantation. Target appearance of group I was more distinctive on
portal phase, and was correlated with the viable tumor tissue core surrounded by
cystic spaces in histopathologic findings. In group II, arterial phase revealed illdefined hypodense lesions with peripheral rim enhancement during entire follow-up
periods, and rim enhancement was disappeared on portal phase. Viable tumor cells
in group II were mainly found in periphery of tumor with apparent central necrosis,
and these observations were well correlated with CT findings. This study showed
specific characteristics corresponding to each implantation method, and will provide
beneficial information for experimental studies using hepatic VX2 carcinoma.
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parenchyma after laparotomy (Koishi et al., 1994;
Schneider et al., 1997), or under ultrasonographyguidance (Lee et al., 2008). In the metastatic tumor
model, a tumor cell suspension is injected into the portal
venous system (Gnant et al., 1999). Tumor implantation
methods have been selected mainly by the researcher’s
preference, but the imaging features of the hepatic
tumors induced by each different method have not been
fully investigated yet. In this study, we created two
different hepatic tumor models by intra-portal venous
and intra-hepatic parenchymal injection of VX2
carcinoma in rabbits, and analyzed serial CT findings of
tumors which were correlated with histopathologic
features with attention to the differences between both
implantation methods.

INTRODUCTION
Screening for primary or metastatic hepatic cancer
has been paid much attention to for the last several
decades (Wolf et al., 1990). To test novel diagnostic
modalities or therapeutic interventions, well-established
hepatic tumor models are essential. Since the splanchnic
anatomy of the rabbit is similar to humans and well
reported (Seo et al., 2001), many hepatic tumor models
have been developed and studied in rabbits using VX2
carcinoma (Shope and Hurst, 1993; Luo et al., 2010;
Sonoda et al., 2012). Several tumor induction methods
have been introduced previously. In the solitary hepatic
tumor model, a tumor cell suspension or a dry tumor
fragment is directly injected onto the hepatic
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MATERIALS AND METHODS
Animals: Thirty-two adult male New Zealand white
rabbits, weighing 2.5 to 3.2 kg were used in this study. The
experiment was designed in accordance with the Guide for
the Care and Use of Laboratory Animals, and approved by
Animal Use and Care Committee of Chonbuk National
University. The animals were anaesthetized with an
intramuscular injection of a mixture consisting of ketamine
hydrochloride (Ketalar, Yuhan Yanghang, Seoul, Korea)
and xylazine hydrochloride (Rumpun, Bayer Korea, Seoul,
Korea) for all experimental procedures.
Groups by tumor implantation method: The animals
were divided into two groups according to tumor
implantation methods; group I for metastatic tumor model
(n=8), and group II for solitary tumor model (n=24).
Metastatic tumor model (Group I): Tumor implantation
was performed as described previously with modification
(Kapanen et al., 2003). We selected the mesenteric vein for
portal approach, because the mesenteric vein is directly
connected to the main portal vein, and the procedure is
easier and less invasive than direct portal vein injection.
After laparotomy, the mesenteric vein was cannulated using
a 20-gauge intravenous cannula, and 0.1 ml tumor tissue
suspension was injected and flushed with saline. The
mesenteric vein was ligated at both the proximal and distal
end of the puncture site to control bleeding.
Solitary tumor model (Group II): After laparotomy the
left hepatic lobe was exposed, and tumor fragments (1x1
mm) were inoculated onto the left lobe using an 18-gauge
Seldinger needle. The puncture site was gently compressed
by a cotton gauze to prevent bleeding and extravasation for
60 seconds. The wound was then closed in a routine
manner.
Radiologic examination: Spiral CT machine (MX 8000,
Philips medical system, DA best, Netherlands) was
performed on day 10, 17 and 24 post-tumor implantation.
After a coronal scout view, a non-enhanced scan was
performed through the liver at 120 Kv, 200 mA, with a
section thickness of 3 mm, a pitch of 1, and a FOV of 13 x
13 cm, 512 x 512 matrix. The intravenous contrast material
used was iopromide (Ultravist 370, Schering, Berlin,
Germany). An 8 ml of contrast agent was injected at a rate
of 0.3 ml/sec using a mechanical power injector. A contrast
enhanced CT of the liver was then performed with 1 mm
collimation and a pitch of 1 during the hepatic arterial
phase (15 seconds after the injection) and the portal venous
phase (4 seconds after the end of the arterial phase). Two
radiologists (JWJ, KRS) evaluated CT findings such as the
size and number of visually distinguishable nodules of the
hepatic tumor, as well as their enhancement pattern in the
arterial and portal phase using a picture archive and
communication system (Maroview, Marotech, Seoul,
Korea). The two radiologists reached a consensus for each
evaluation after discussion.
Pathologic examination: Two or three rabbits were
sacrificed immediately after CT scanning at each follow-up
day. The abdominal cavity and solid organs were inspected
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for the presence of a tumor. Photographs of the liver and
abdominal cavity were taken. The liver was then fixed in
10% formalin, and subsequently cut into serial 3-mm axial
sections matching to the CT plane for evaluating the tumor
number, size, and growth pattern, which were recorded for
correlation with CT findings. Representative tissue slices
were embedded in paraffin for further microsection and
subsequent staining with hematoxylin and eosin. A
pathologist (YKC) together with one radiologist (JWJ)
assessed histopathological findings that might correspond
to the CT features of the tumor and the adjacent liver
parenchyma.
RESULTS
Radiologic findings
Group I (metastatic tumor model): All rabbits (100%)
had numerous tumor nodules in the entire liver lobes. Most
lesions had hyperattenuating central spots which made the
tumor look like ‘target’. On arterial phase, several tiny
enhancing spots at day 10 (Fig. 1A) and multiple ill-defined
peripheral enhancing lesions scattering in the liver at day
17, (Fig. 1C) were observed. Those lesions became
hypodense in portal phase (Fig. 1D). The target appearance
was more distinctive at and tumor sizes and numbers were
increased, day 24 (Fig. 1E, F). Tumors were too small to
measure their sizes at day 10 post-implantation. But, the
longest tumor diameters measured on arterial phase were
7.1±3.2 cm at day 17 and 9.1±5.9 cm at day 24, whereas
the sizes were 6.2±3.3 cm at day 17 and 8.3±5.6 cm at day
24 on portal phase.
Group II (solitary tumor model): Twenty one rabbits
out of 24 (87.5%) showed solitary tumor growth. A
solitary nodule was observed on the left lobe during the
entire follow-up period (Fig. 2). At day 10 postimplantation, hypoattenuating lesions with thick rim
enhancement were detected on arterial phase (Fig. 2A),
and the peripheral rim enhancement disappeared on portal
phase (Fig. 2B). As time passed, the tumor sizes were
increased without changes in enhancement patterns on day
17(Fig. 2C, D) and 24 (Fig. 2E, F). An arterioportal shunt
adjacent to the tumor periphery was obviously noticed on
arterial phase at day 17 (arrow). The longest tumor
diameters measured on arterial phase were 7.4±0.7 cm,
14.2±6.0 cm, and 17.4±4.3 cm on day 10, 17 and 24,
respectively. On the portal phase, the sizes were 5.7±2.7
cm, 12.8±5.2 cm and 16.1±4.2 cm on day 10, 17 and 24,
respectively.
Pathologic findings: Gross pathologic photographs of the
liver are demonstrated for both groups (Fig. 3). In group I,
viable tumor cells were mainly found at the fibrovascular
core structure in the tumor center, and multiple thin
walled cystic spaces were observed along the peripheral
area (Fig. 4). This finding is compatible with the target
appearance shown in the enhanced CT images. Little
necrosis was observed in this group. In group II, the
viable tumor cells of the solitary tumor were found in the
periphery of the nodule, and central necrosis was apparent
on day 24 after tumor implantation (Fig. 5). This finding
is consistent with the peripheral rim enhancement and
central hypointensity.
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Fig. 4: Histopathological findings (x 12.5) of hepatic VX2 tumors in group
I. Tumors are surrounded by multiple, thin-walled sinusoidal vascular
spaces (arrows). Viable tumor cells were mainly found at the fibrovascular
core structure in the tumor center (magnified image at the left-upper
corner, x 100).

Fig. 1: Transverse CT images of multinodular disseminated VX2 tumors
after tumor injection into a mesenteric vein (group I). At day 10 post
implantation, arterial phase CT image (A) shows tiny enhancing lesions
(arrows), which are not clearly observed on portal phase (B). On day 17,
lesions are larger and show target appearances with central hyperdensity
(arrowheads) on arterial (C) and portal (D) phases. At day 24, arterial (E)
and portal (F) phases reveals more obvious target appearances of the
lesions.

Fig. 5: Histopathological findings (x 12.5) of hepatic VX2 tumors in group
II. Solitary tumor with central necrosis is observed in the tumor center,
whereas viable tumor cells are mainly located in the tumor periphery.
Dilated vessels are observed along the tumor capsule (arrows).

DISCUSSION

Fig. 2: Transverse CT images of solitary VX2 carcinoma after direct
tumor inoculation onto the hepatic parenchyma (group II). At day 10 post
implantation, arterial phase (A) shows hypodense lesion with thick
peripheral enhancement, which disappears on portal phase (B). From day
17 (C,D) through day 24 (E,F), tumor becomes larger with the same
enhancing pattern. C and E are arterial phase, whereas D and F are portal
phase. An arterioportal shunt is demonstrated at day 17 (arrow).

Fig. 3: Gross photograph of the liver harvested at day 24, A) group I, and
B) group II.

The liver is an organ in which metastatic tumors
usually take place as well as primary tumors. Metastatic
tumor cells can invade the vascular space and migrate to the
liver via the portal or arterial system. The VX2 carcinoma
is a well-established cell for inducing hepatic tumors in
radiologic and therapeutic studies (Schneider et al., 1997;
Lee et al., 2008; Luo et al., 2010; Sonoda et al., 2012), and
a metastatic model has been created by intraportal injection
of VX2 carcinoma tumor cells in rabbits (Koishi et al.,
1994; Tanaka et al., 1995; Kuwata et al., 1997; Kapanen et
al., 2003). In our study, we created metastatic hepatic tumor
model by injecting the tumor into the mesenteric vein rather
than injecting directly into the portal vein, because the
mesenteric vein is largely included in the portal system and
directly connected to the main portal vein. Furthermore, as
the portal vein is deep-seated behind the stomach and
omentum, it is difficult to gain access to the portal vein
during the laparotomy. On the other hand, the mesenteric
vein is located superficially along the mesentery, and easily
cannulated for injection of tumor suspension.
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VX2 carcinomas show age-related changes in
vascularity (Wu et al., 2009), and are used in many studies
for contrast medias, such as their nature, optimal
concentration for systemic injection, and best timing of
image acquisition (Leander, 1996; Weichert et al., 2000).
Conventional CT findings of hepatic VX2 carcinoma have
been described in the previous reports (Lee et al., 1997),
but studies to examine CT characteristics of the tumors
experimentally created by different methods (intraportal vs
intraparenchymal induction) are not common. In this
study, Solitary VX2 hepatoma created by direct tumor
injection onto liver surface is hypointense in CT scan,
which was same as in previous reports (Jia et al., 2000).
Additionally we noticed the thick rim enhancing area in
arterial phase disappeared in portal phase. Though most
metastatic tumors created by mesenteric vein injection
showed similar hypointensity, the ‘hyperattenuating
central area’ made the metastatic tumors look different
from the solitary tumor.
Interestingly, these unique CT characteristics of
metastatic and solitary hepatic tumor models are
compatible with histopathological examination. Group I
showed a target shape on both the arterial and portal
phases of CT scans. Although the reason for this imaging
pattern is unclear, several suggestions for this observation
can be made from the histopathologic features. The tumors
had a fibrovascular structure in the central core, and
peripherally located cystic spaces. We can assume that
‘target sign’ on CT can occur from blood vessel-containing
core structures, which also provides resistance to ischemic
necrosis of the lining tumor cells. We found little necrosis
of the nodules in this metastatic model until the end of the
follow-up period. We found the arterioportal shunts
reported previously in an intraportal injection model (Lee
et al., 2008), and in a direct inoculation model as well.
For intraparenchymal inoculation, a fragment of tumor
tissue has been implanted instead of a cell suspension.
Transplantation of a tumor fragment limit tumor growth to
a localized area, and there is no risk of initial spread or
leakage of the tumor tissue (Phillips et al., 1992;
Thorstensen et al., 1994). Here, in group II, the solitary
tumor showed general enhancement on day 10 after tumor
implantation, and peripheral enhancement with central
hypodensity later, consistent with previous work (Iyer and
Charnsangavej, 1998). The age-dependent central
hypodensity indicates poor central vascularity that induced
necrosis in the enlarged solitary tumor.
Since hepatic tumor is a common challenge in
oncologic studies, the establishment and comprehensive
understandings of the tumor models are essential for the
preclinical research of the diseases. To the author’s
knowledge, no report compared the sequential CT imaging
characteristics between metastatic and solitary hepatic
tumor model established by different methods.
Conclusion: A metastatic hepatic tumor induced in the
rabbit liver has a characteristic target appearance on CT
scans, which is different from the solitary hepatic tumor.
Differences in imaging may be useful for radiological
analysis of therapeutic responses using the rabbit VX2
carcinoma model. Though this report could not provide
direct information of human hepatic tumor, it can benefit
future studies of novel diagnostic or therapeutic strategies.
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