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Abstract

Unresectable pancreatic cancers have an extremely
dismal prognosis and chemoresistant nature. The
treatment of pancreatic cancer is still problematic.
Gemcitabine is a promising new agent that has been
studied recently for palliation of advanced pancreatic
cancer. However, the response rates have been highly
variable, and are often irreproducible. To improve this
low response rate, various treatments are needed
because no standard treatment exists. Intra-arterial
chemotherapy is considered to take advantage of the
first pass effect of the drug, generating higher local
drug concentrations in tumor cells with lower toxicity.
Regional intra-arterial chemotherapy may provide high
levels of cytostatic concentrations within the tumor
and, simultaneously, a low rate of systemic side effects
compared with systemic administration of anti-neoplastic
drugs. Intra-arterial chemotherapy has been introduced
as an alternative treatment for advanced pancreatic
cancer. Further clinical trials of this method should be
subjected to a prospective randomized controlled study
for advanced pancreatic cancer.
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INTRODUCTION
1

Pancreatic cancer is a malignancy with a poor prognosis' .
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™,
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The cause of death in patients with advanced pancreatic
cancer is primarily local progression of cancer and
distant metastasis. At diagnosis pancreatic cancer is most
commonly locally advanced and often accompanied by
distant metastases to the liver and peritoneumw.

Unresectable pancreatic cancers have an extremely
dismal prognosis and chemoresistant nature because
systemic chemotherapy is of limited effectiveness for this
disease™ .

The treatment of pancreatic cancer is still problematic
and a major challenge for oncologists because of its highly
dismal outcomes. Many chemotherapeutic agents have
been tested as single or combination therapies for pancreas
cancet.

Recently, it has been reported that gemcitabine
(Gemzar: Eli Lilly Co Ltd., Tokyo, Japan) is an effective
drug in the treatment of patients with metastatic pancreas
cancer. Gemcitabine is a promising agent that improves
the survival of patients with unresectable pancreas cancer,
and now a standard first-line agent for these patients' ™",
It is a nucleoside analogue with broad-spectrum antitumor
activity. The major mechanism of action of gemcitabine is
the inhibition of DNA synthesis. The primary endpoint of
this trial was improvement in the clinical benefit response
(CBR) score defined by performance status, weight gain,
and pain control. However, the response rates have been
highly variable, and are often irreproducible. To improve
this low response rate, various treatments have been
applied; however, no standard treatment exists. For these
reasons, none of the reported treatment regimens can
be considered to be standard treatment and in order to
evaluate if intra-arterial regional chemotherapy is indeed
superior to systemic chemotherapy, randomized trials must
be conducted. In this paper, we review recent approaches
to pancreas cancer in terms of regional chemotherapy.

SYSTEMIC CHEMOTHERAPY

Pancreas cancer is considered an almost chemotresistant
tumor; the average tumor response rate with 5-FU alone
or in combination with other agents is in the range
of 7%-28%"". Systemic adjuvant chemotherapy for
pancreatic cancer has not increased the 5-year survival rate.

Some researchers, therefore, have proposed that only
symptomatic support should be performed for stage
IV advanced pancreatic cancer'”. Even though many
chemotherapeutic agents have been evaluated in patients
with pancreatic cancet, 5-fluorouracil (5-FU) has been the
most important drug for 20 years'?.,
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Gemcitabine (Gemzar: Eli Lilly Co Ltd., Tokyo, Japan)
is a promising new agent that has been recently studied for
palliation of advanced (stage IV) unresectable pancreatic
cancer and in pancreatic cancer it showed a response
rate comparable to 5-FU, but with an improved clinical
benefit"". Moreover, the action of gemcitabine seems
to be synergetic with 5-FU. Both gemcitabine and 5-FU
have shown well-recognized antitumor activity against
pancreatic cancer and in 7z vitro assays showed synergistic
activity''”,

It is clinically more beneficial in more patients than
other chemotherapeutic agents such as 5-FU, but its
efficacy is still insufficient even when combined with other
agents.

Systemic chemotherapy is of limited effectiveness.
Approaches beyond systemic chemotherapy are needed for
advanced pancreas cancet.

HEMODYNAMICS OF PANCREATIC
CANCER

Chemotherapy may not be effective because the sparse
vascularity of pancreatic cancer may not allow for adequate
drug accumulation in tumor tissues. The ineffectiveness of
systemic chemotherapy is probably due to failure to reach
a drug concentration within the tumor because of dose-
limited toxicity produced in bone marrow and epithelial
tissue.

Intratumoral blood vessels are immature, lacking
el

both smooth muscle cells and immunoreactive nerves
Therefore, tumor vessels are unable to react to vasocon-
stricting agents' """,

Angiotensin-II (AT-1I) causes arteriolar constriction
in normal blood vessels. 1t 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 compound"”. We
reported previously that chemotherapy with AT-11 was
effective in some cancers™ ™. So, we supposed that it is
important for the strategy of pancreas cancer treatment to
comprehend the hemodynamics of this cancer.

We showed that administration of AT-II 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-11"".

Furthermore, high detection rate of liver metastasis
revealed by pharmacoangiographic CT administrating
AT-TI suggests the improvement of diagnosis on
preoperative staging"™”.

A relative increase in tumor blood flow may enable
higher doses of regional chemotherapy to be given while
avoiding hepatotoxicity. Thus, selective increase in tumor
blood flow by AT-1I induces a marked increase in the
tumor vascular area, which may improve not only the
chemotherapeutic effects, but also the diagnostic effects in
cancer patients. These results support that the delivery of
anticancer drugs could be selectively enhanced in tumor
tissue under AT-1I induced hypertension. This condition
for drug delivery to tumor tissue may play a major role in
enhancing therapeutic effects of chemotherapy.

INTRA-ARTERIAL CHEMOTHERAPY

Intra-arterial regional chemotherapy has improved the
response rates and quality of life in patients with liver
metastases from colorectal cancer'”

Pancreas cancer is considered a chemoresistant tumor
and up to now an individual drug with a high level of
activity has been lacking. The most important reasons for
this drug resistance are the presence of both a biological
and a mechanical barrier. The first is the multidrug
resistance gene (MDR1) product and the second a very
dense, pootly vasculized, fibrotic envelope that is almost
impenetrable by drugsm]. Furthermore, the chemotherapy
drugs are often quickly eliminated by a vigorous multidrug
resistance mechanism in pancreas cancer™. In addition,
pancreas cancer is highly resistant because it expresses
moderate to high levels of P-170 glycoprotein.

P-glycoprotein is part of a drug or toxin efflux enzyme
system that rapidly clears chemotherapeutic agents from
the tumor cell™.

However, it is expected that the drug dose delivered by
regional chemotherapy must be increased at least five-fold
to overcome the tumor cell resistance derived from the
P-170 drug efflux enzyme system.

Intra-arterial chemotherapy for pancreatic cancer is
still in its infancy and the ideal schedule does not yet exist.
To improve the effect of chemotherapeutic agents against
pancreatic cancers, effective methods for drug delivery
into tumor tissues should be developed. Intra-arterial
infusion allows higher drug concentrations to reach the
tumor, overcoming the problem of poor blood flow to the
tumor mass in comparison with healthy tissue. The dose-

dependent sensitivity of pancreatic cancer to locoregional
chemotherapy has been shown in previous studies’”.

Although the purpose of intra-arterial chemotherapy is
to deliver a high dose of anticancer agents into the cancer
tissue and a low dose into the non-cancerous tissues,
the conventional intra-arterial chemotherapy methods®”
for pancreatic cancer have not succeeded in this goal.
Moreover, intra-arterial infusion is considered to take
advantage of the first pass effect of the drug, generating
higher local drug concentrations in tumor cells with lower
toxicity.

The chemotherapy is usually given through catheters
placed in celiac/hepatic artery or portal vein. Early
reports of intraarterial adjuvant therapy have been
publishedm’m. In these studies, catheters were placed in
the main tributaries of the celiac trunk and portal vein
postoperatively to administer 5-FU. In the long-term
follow-up, 1-, 3- and 5- year survivals were 92%, 54%
and 39%, respectivelyml. Noteworthy in this study is the
significantly lower rate of death from hepatic metastases,
8%, with intraarterial adjuvant therapy compared with
controls, and the authors suggest that this effect improved
survival. Further studies using intraarterial chemotherapy
through a transcutaneous catheter zia the femoral artery
have been published by Beger ¢t a/”>*". In the long-term
fo]low—up[33], this treatment resulted in a2 mean survival of
23 mo and 3-year survival of 48%. In the control group,
the mean survival was a mere 10.5 mo.

As adjuvant chemotherapy, a significantly better survival
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Table 1 Overview of the important published results from

trials in regional intra-arterial chemotherapy in the palliative
treatment of pancreas cancer

Author n Cytostatic agents  Response  Survival time (mo)
rate (%)
Mambrini® 211  5-FU, 7.2 9.2
Leucovorin
Epirubicin,
Carboplatin
Theodors™ 19 5-FU, MMC, 420 52
Doxorubicin
Maurer™ 12 MXT, 5-FU 8.0 6.0
Homma 31 5-FU, CDDP 73.9 18.0
Cantone!*” 96  5-FU/Folic Acid, 15.0 9.9
Carboplatin
Gausauge! 32 MXT 19.0 7.5
Lorenz!™ 17  GEM, MMC 24.0 9.1
Author's 20 GEM, 5-FU, CDDP 25.0 12.0
data™! (Tegafur/Uracil)

Angiotensin- I

5-FU: 5-fluorouracil; MMC: mitomycin C; CDDP: cisplatin; CPA:
cyclophosphamide; MTX: methotrexate; MXT: mitoxantrone; VCR:
vincristine; GEM: gemcitabine.

was found with intraarterial treatment compared with
historical controls. The calculated 1-, 2-, 3-year survivals
were 95%, 59% and 43% in 19 patients with active
treatment compared with 50%, 10% and 5% in controls.
Hence, the therapy seems safe, but the intravascular
catheters have caused some problems, including intimal
damage in 2% and one case of pseudoaneurysmmj.

The results of intra-arterial chemotherapy for advanced
pancreatic cancer are displayed in Table 1. Recently,
Mambrini e /) also reported that intra-arterial infusion
of 5-fluorouracil, leucovorin, epirubicin and carboplatin
(FLEC regimen) is well-tolerated and effective in patients
with unresectable pancreatic cancer. According to the
definition of the World Health Organization (WHO), the
objective response rate includes the reporting complete
and partial remissions (Table 1). A complete remission is
defined as the disappearance of any evidence of tumor
(either primary tumor or metastases). A partial remission
is defined as a minimum of a 50% reduction in tumor
size without the reappearance of any new lesions™ .
Moteover, we reported that intra-arterial chemotherapy
including changes in distribution of blood flow induced
by AT-1I appears to be an effective palliative treatment for
advanced pancreatic cancer not only for prolonging patient
survival but also for improving the quality of life even for
high aging patients (Figure 1),

Intra-arterial chemotherapy is suggested to take
advantage of the first pass effect of chemotherapeutics,
generating higher local drug concentrations at the tumor
cell membrane and therefore enhancing cellular drug
uptake as compared to intravenous infusion. Therefore,
changing the route of drug delivery, which can increase
the concentration of the drug in the regional area, thus
reducing systemic side-effects, is an effective approach
to solving these problems. In addition, this may lead to
an increase of tumor response rate and prolongation of
survival time.

We suggest that, in the near future, regional chemo-
therapy method should be subjected to a prospective
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Figure 1 Survival of pancreatic cancer patients who were treated with arterial
infusion chemotherapy. The differnt circles mean whether censored data or
uncensored data.Censored data means black-lacquered circle.

randomized controlled study for advanced pancreatic
cancer. Further clinical trials of this method for pancreatic
cancer are needed.

CONCLUSION

Regional intra-arterial chemotherapy may provide high
levels of cytostatic concentrations within the tumor
and, simultaneously, a low rate of systemic side effects
compared with systemic administration of anti-neoplastic
drugs. In order to achieve higher local drug concentrations
in the tumor without causing side-effects of a comparable
level of systemic treatment, this method has been
introduced as an alternative treatment for advanced
pancreatic cancer.
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