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Abstract

AIM: To improve the preoperative diagnosis of liver
metastasis from pancreatic cancer, we estimated
computed tomography during arterial angiography (CTA)
with/without administration of angiotensin-1I (AT-1I).

METHODS: Thirty-five patients with pancreatic cancer
were examined in this study. After conventional CTA was
performed, pharmacoangiographic CTA was performed
with a 1-3 microgram/5 mL solution of angiotensin I
injected through a catheter into the celiac artery during
spiral computed tomography. We prospectively analyzed
the relative region of interest (ROI) ratio of tumor to
liver with/without AT-1I.

RESULTS: In all patients, the relative ratio of each
computed tomography (CT) number in the ROI was
larger at pharmacoangiographic CT than at conventional
angiographic CT. Administration of angiotensin-1I
enhanced the metastatic liver tumor as compared with
normal tissue. Intratumoral blood flow increased in all
patients with malignant tumors due to the pressure
effect of AT-1I. Furthermore, the metastatic lesions in
the liver of three patients were represented by only
pharmacoangiographic CT, not by conventional CT and
conventional CT angiography. In even peripheral and
central areas of metastatic liver tumor, the lesions were
enhanced after administration of AT-1I.

CONCLUSION: These results support that high detection
rate of liver metastasis revealed by pharmacoangiographic
CT suggests the improvement of diagnosis on preoperative
staging. Moreover, chemotherapy under AT-1I induced
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hypertension may have a better effect on the treatment of
metastatic liver tumors.
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INTRODUCTION
i

Pancreatic cancer is a malignancy with a poor prognosis' .
The cause of death in patients with advanced pancreatic
cancer is primarily the local progression of cancer and
distant metastases. At diagnosis pancreatic cancer is most
commonly locally advanced and often accompanied by
distant metastases to the liver and peritoneum'. In fact,
liver metastasis is one of the major causes of cancer death
after resection of pancreatic cancer. Foster reported that
73% of the patients who died of pancreatic cancer were
found to have liver metastases at autopsym. Therefore,
liver metastasis appears to be an important prognostic
factor. Ultrasonography and CT are the first line
investigations to diagnose and localize the primary tumor
and to detect metastatic lesions of pancreatic cancer™,
However, some patients come to laparotomy with
liver metastases not suspected or detected during these
conventional preoperative examinations. To overcome this
situation, some preoperative diagnostic procedures have
been attempted. Computed tomography during arterial
portography (CTAP) has been reported to be the most
sensitive preoperative imaging modality for detecting and
determining the location of hepatic lesions®”. However,
these results were reached mainly for the evaluation of
hepatocellular carcinoma and metastatic tumor from
colorectal cancer. Hence, angiotensin-II (AT-1I) is the
most potent vasoconstrictive agent. Ekelund et al reported
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the diagnostic value of phramacoangiography using AT-
11", Elevation of the arterial blood pressure by systemic
infusion of AT resulted in a 5.7 fold selective increase in
the blood flow of the tumor tissue without increasing the
blood flow in normal tissue™'". Sasaki ez a/'" investigated
the distribution of the hepatic blood flow using a short-
lived radioisotope and demonstrated a 3.3 times increase
in the tumor/non-tumor (T/N) ratio of the blood flow
induced by intra-arterial infusion of AT-II. They also
observed that intra-arterial infusion of AT-1I increased
the T/N ratio more than intravenous infusion did, with
a smaller rise in the peripheral blood pressure. To our
knowledge, there is no study of metastatic liver tumor
from pancreatic cancer by means of CT angiography
with/without administration of AT-II. We examined
the efficacy of pharmacoangiographic CT with AT-1I in
patients with metastatic liver tumor from pancreatic cancer
with/without administration of AT-1I.

MATERIALS AND METHODS

Subjects

Between May 2002 and December 2005, we performed
dynamic CT during celiac arteriography (hepatic
arteriography) administrating with/without AT-1I in 35
patients (10 men, 25 women) with liver metastasis from
pancreatic cancer. Mean age was 64.3 years, with a range

43-83 years.

Imaging technique

The celiac trunk catheter placement was done by using
Seldinger’s approach through the right femoral artery
with a 5.0-Fr or 3.2-Fr catheter. Celiac arteriography was
performed before CT for the evaluation of the tumor
feeding arteries. For small arteries, the coaxial technique
was used by placing a 2.7 Fr microcatheter (Renegade Hi
Fro catheter, Target Therapeutics, San Jose, CA, USA
or Micro Ferret, Cook, Bloomington, IN, USA) in the
appropriate feeding artery, depending on tumor location.

CT arteriography was started 3 s after the initiation
of a transcatheter hepatic arterial injection of 30 mL of
nonionic contrast matetial (Omnipaque 100 mgl/ml., Dai-
ichi, Osaka, Japan) through a catheter, using an automated
power injector (Auto Enhance A-50; Nemoto Kyorindo.
Tokyo). Injection rate ranged from 1.5 to 2.0 mL/s
depending on the catheter tip location. CT imaging was
performed on a helical CT scanner (HiSpeed Advantage;
GE Medical Systems, Milwaukee, Wis) with the following
technical parameters: 120 kVp, 200 mA, 1-second scan
speed, 24-s scanning time, 6-s delay, 4-6 mm/s velocity
of table feed, 3-5 mm section thickness, 12-cm field of
view, 5-mm increment of reconstructed axial images and a
standard body reconstruction algorithm.

After about 10 min. from conventional angiographic
CT, AT-1I was infused into the catheter at a rate of
5 pg in 5 mL normal saline for 10 s. Two min after
administration of AT-II, repeat CT arteriography was
carried out during the injection of contrast material with
the same dose, injection rate, and technical parameters as
at the conventional angiographic CT.

Figure 1 A 78 years old woman with liver metastasis from pancreatic cancer. A:
Conventional angiographic CT; B: Pharmacoangiographic CT with angiotensin 1I.
The tumor to liver contrast is increased, and well demarcated low density area in
the liver is now highly indicative of liver metastasis.

The mean attenuation values of regions of interest
(ROIs) in the tumor and in the liver parenchyma were
measured on the angiographic CT images obtained with
and without AT-1I.

Region of interest measurements of the normal liver
tissue and central area of metastatic liver tumor were
obtained at each time point. All ROIs were approximately
1 cm’. Attenuation (in Housefield Units) and enhancement
(attenuation after injection minus attenuation before
injection) were plotted as a function of time for each dose
regimen and as a function of dose at each time point.

Radiologists evaluated the images independently;
discrepancies in their interpretations were solved by
consensus.

The contrast of the tumor to liver parenchyma in
angiographic CT with/without AT-1I infusion respectively
were compared using the Wilcoxon paired test.

All patients gave their informed consent after being
tully informed on this study. The study was approved by
the Ethical Committee of our hospital and was conducted
in accordance with the principles of the Declaration of
Helsinki.

RESULTS

To evaluate the effect of AT-II on angiographic CT
images, we divided the liver into two areas (normal
parenchyma and central area of metastatic liver tumor). We
calculated the number of enhanced areas on the images
from the studies with and without AT-1I.

For instance, a 78 year old woman with liver metastasis

from pancreatic cancer was examined with dynamic CT
during celiac arteriography administrating with/without AT-
II as described. Phamacoangiographic CT' showed marked
multiple liver metastasis enhancement (Figure 1).

The attenuation value of the tumor was significantly
increased after injection of AT-II at angiographic CT. The
mean values of the tumor contrast at angiographic CT
with and without AT-1I were respectively 122.1 HU and
90.3 HU (P < 0.01) (Figure 2).

Furthermore, even central necrosis was well enhanced
after injection of AT-1I at pharmacoangiographic CT.

Although the attenuation value of tumors was also
increased on images obtained after the injection of angio-
tensin II, the tumor to liver contrast was significantly
greater at pharmacoangiographic CT (Figure 3).
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Figure 2 Comparison of the attenuation value of the enhanced liver metastasis in
angiographic CT with and without angiotensin II (AT-1I).

Pharmacoangiographic CT showed marked enhancement
of the tumor surrounded by poorly enhanced parenchyma,
although digital subtraction angiography revealed no tumor
stain.

Side effects

As expected, the hepatic arterial infusion of AT-1I induced
a modest rise in systemic blood pressure (an increase in the
systolic pressure of up to 40 mmHg) which reached a peak
at the end of the 100 s infusion, then gradually declined.
No rebound hypotension was observed. These effects
were accompanied by transient elevation of mean arterial
pressure, but no change in pulse rate.

DISCUSSION

The prognosis for pancreatic cancer is pootr. Surgery is
considered the only curative therapy. However, the 5 year
survival rate after resection of pancreatic cancer is still
very low, even when radical surgery is performed“z’m. Most
patients with pancreatic cancer have distant metastases
at the time of diagnosis, particularly involving the liver.
Even when small lesions (< 2 cm) can be detected, most
of them are locally advanced and microscopically invasive.
Some patients come to laparotomy with liver metastasis
not suspected or detected during the conventional
preoperative examinations. In 70% of patients who
undergo pancreatectomy, occult liver metastasis that may
already have existed at the time of sutrgery are one of the
most common sites of treatment failure”. Patients with
certain types of metastatic liver tumors such as colorectal
cancer who undergo surgical resection of the tumor have
improved long term survival rates compared with similar
patients who do not undergo resection'”. However,
resection is useless and harmful for most of the patients
with metastatic liver tumors from pancreatic cancet.
Although Fortner"” has attempted to resect such advanced
tumors by using regional pancreatectomy, they failed to
improve patient survival. The exact number of metastatic
lesions is irrelevant in cases of pancreatic cancer, as

opposed to metastatic colon cancer.

To improve the survival rate of pancreatic cancer, it is
important to diagnose its resectability before operation.
Furthermore, to improve the value of preoperative
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Figure 3 Tumor to liver parenchyma contrast in angiographic CT with and without
angiotensin II (AT-1I) in 35 patients with liver metastasis due to pancreatic
cancer.

diagnosis in patients with pancreatic cancer in terms
of evaluation of resectability, a modality other than
conventional examination methods is needed. Therefore,
we examined pharmacokinetic CTA.

Intratumoral blood vessels are immature, lacking
both smooth muscle cells and immunoreactive nerves'”.
Therefore, tumor vessels are unable to react to vasocon-
stricting agents' ™.

AT-TI causes arteriolar constriction in normal blood
vessels. It is a powerful vasoconstrictor which has been
shown to alter the distribution of blood flow in favor of
intrahepatic tumor perfusion during short (3-4 min) intra-
arterial infusions of the compoundm. Increased tumor
blood flow following AT-II infusion may increase the
exposure of tumor to chemotherapeutic agents, and CT
angiography may provide useful information about the
potential of AT-II and other vasoconstrictors to enhance
targeting precision.

It is reported that there is a temporary increase in the
relative arterial perfusion of human hepatic tumors during
an infusion of AT-T"". Furthermore, it was reported
that the addition of AT-II to hepatic artery infusional
chemotherapy, significantly improves the tumor/liver
ratio of drug uptake in an experimental model of hepatic
metastasis”. However, to our knowledge, there is no study
of metastatic liver tumor from pancreatic cancer by means
of CT angiography with/without administration of AT-1I.

We quantitatively evaluated computed tomography during
artetial angiography (CTA) with/without administration of
AT-TI by means of pharmacoangiographic CT in patients
with metastatic pancreatic cancer for the preoperative
evaluation of liver metastasis from pancreatic cancer.

The attenuation value of the liver metastasis was
significantly increased in pharmacoangiographic CT.
Furthermore, even central necrosis was well enhanced
after injection of AT-II at pharmacoangiographic CT.
The tumor to liver contrast was also significantly greater at
pharmacoangiographic CT.

Pharmacoangiographic CT by AT-1I showed marked
enhancement of the tumor surrounded by poorly
enhanced parenchyma, although digital subtraction
angiography revealed no tumor stain.

Because the injection of AT-1I into the celiac artery
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results in increased blood flow in the intrahepatic arteties,
the tumor to liver contrast was increased significantly
at angiographic CT. As shown in this study, prolonged
enhancement of the tumor blood flow as compared with
the liver suggests the usefulness of intra-arterial infusion
of AT-1I.

This finding described above was not recognized in the
metastatic liver tumor from the cancer other than pancreas
(data not shown). This result, therefore, may be a specific
finding in metastatic liver tumor from pancreatic cancer.

Thus, CTA with/without administration of AT-II is
useful for the preoperative evaluation of liver metastases
from pancreatic cancet.

In terms of adverse effects, there were some accom-
panying symptoms such as a sense of chest oppression
and headache when the blood pressure was elevated, but
they were not so severe and the administration of AT-
II could be performed in neatly all the cases. But, careful
attention must be paid to control blood pressure values to
avoid excess elevation during the administration of AT-1I.

AT-1I administration may induce not only the high
detection rate of liver metastasis from pancreatic cancer,
but also the selective increase in tumor blood flow in drug
delivery such as chemotherapy.

In conclusion, AT-1I administration is useful for
the detection of liver metastasis from pancreatic cancer
during pharmacoangiographic computed tomography.
This pharmacoangiographic CT is a useful technique for
decisions in preoperative staging in pancreatic cancet.
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