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ABSTRACT

Primary and secondary hepatic tumours remain a challenge in the field of cancer
research. Little improvement in the survival rate of patients with this disease has been
achieved. Therefore, targeting of an anti-cancer drug to the tumour and the liver is
highly desirable to improve the treatment of hepatic tumours. A galactose-recognition
receptor was found in cell surfaces of mammalian hepatocytes and in hepatocellular
carcinoma. This system was used successfully in other studies as a useful mean of
targeting drugs to the liver. It was the aim of this study to synthesis and bioevaluate
water-soluble, low-molecular weight targeted delivery systems to the liver based on
mono-, di-, tri-, and tetra-saccharides containing galactose as a carrier and 5-
fluorouracil (FU) as the anti-cancer drug.

The study was carried out in three parts. Firstly, FU-saccharide adducts containing
galactose, were synthesised and characterised. Initially, FU was converted to the
carboxylic acids, FU-1-acetic acid (Fa) and FU-1-butyric acid (Fb). These acid
derivatives were reacted with a series of low-molecular weight saccharides (containing
galactose) using various esterification procedures. The carbodiimidazole coupling
agents were employed successfully and produced good yields of the desired FU-
adducts. Seventeen FU-adducts were prepared, purified and characterised in the
present work, with different (drug:carrier) ratios. The desired esters were purified by
chromatographic procedures and characterised by Nuclear Magnetic Resonance
(NMR), Mass spectroscopy and elemental analysis.

Secondly, during the first stage of the present work the Fa-galactose and Fa- lactulose
adducts were examined in rats bearing hepatic tumours featuring liver metastases from
colorectal cancer. Two animal models were used for this purpose, BD-1X rats bearing
tumours induced by the adenocarcinoma cell line K12/Tr, and Hooded Lister rats
bearing tumour induced by the fibrosarcoma cell line HSN. The results indicated that
there was some type of targeting of the lactulose adduct of Fa to both tumour types.
However, this was not proven statistically. Furthermore, many defects were detected in
the experimental set up of these studies.

Thirdly, in vitro studies were carried out to: (a) investigate the activity of FU-adducts
in K12/Tr cells. (b) examine the activity of these adducts in a cell line containing the
galactose receptor. Hep G, (human hepatoma cell line) was chosen for this purpose.
The in vitro studies were designed to evaluate the growth inhibiting abilities of these
adduct using various cytotoxicity tests. These studies showed striking enhancement in
the activity of FU in KI12/Tr cells when the drug was coupled as Fa to the five
membered ring in the saccharides (af-coupling). Moreover, radiolabelled precursor
incorporation and the effects of normal metabolites assays demonstrated alterations in
the metabolism of FU with these adducts (ap-coupling). It was found that these
adducts gained their toxicities by incorporating into the RNA of K12/Tr cells and not
by inhibiting thymidylate synthetase as with the free drug. In Hep G cells, the effects
of several saccharides in the activities of FU-adducts indicated that these adducts
gained their toxicities by a galactose-receptor mediated process.
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CHAPTER 1 Background and literature review

For many years the combined efforts of scientists and clinicians have been devoted to
the study of liver tumours. This is not surprising because malignant tumours of the
liver form a large part of human carcinoma world-wide, and an effective therapy is not
even on the horizon. Although an effective treatment has not yet been established,
many developments have been demonstrated, yielding advances in diagnosis and
multimodal treatment, as shown in numerous clinical trial investigations and new
knowledge in basic science research such as, epidemiology, molecular biology,

pharmacology and pathology.

This chapter will shed light on some of the available knowledge in the epidemiological,
etiological and oncological aspects of this subject. Furthermore, it will evaluate the
useful possibilities offered by the approaches in the area of targeted drug delivery

systems in the search for more effective treatment.

1.1. SOME ASPECTS OF HEPATIC TUMOURS
Malignant liver tumours are either primary or metastatic. The types and relative
incidence of hepatic tumours vary with geographic location and the age of the patients

(Millward-Sadler ef al.. 1992).

Primary tumours, although rare, are more common than metastatic tumours. In the
Western world metastatic adenocarcinoma is the most prevalent form of malignant

hepatic disease in adults, and hepatocellular carcinoma (HCC) is uncommon. In
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contrast, in sub-Saharan Africa and the Far East, HCC is the dominant tumour, and
relatively less metastatic disease is seen. Other primary hepatic tumours are generally

rare (Wright ef al.. 1992).

1.1.1. PRIMARY MALIGNANT TUMOURS (HEPATOCELLULAR
CARCINOMA HCC).

1.1.1.1. INCIDENCE

A quarter of a million people develop and die from HCC each year. This qualifies HCC
as one of the major malignant disease in the world today. HCC occurs throughout
Africa south of the Sahara and in many parts of the Far East, the highest incidence has
been recorded in Mozambique (103.8 per 100,000 per annum in males), Taiwan, and
south-east China. HCC is uncommon (1-2 per 100,000 per annum in males) in the
United Kingdom, the United States, Canada, Australia, and Scandinavia (Doll ef al..
1970). However, there is some evidence that the frequency rates of HCC in North
America and parts of Europe have increased recently. This is related either to a longer

survival of alcoholics or the emergence of new pathogenic factors (Bassendine 1987).

Many epidemiological studies have shown a relation between HCC and hepatitis B
virus infection (HBV). In the areas of high endemicity for HBV the prevalence of
hepatitis B surface antigen (HBSAG) may be as great as 15% in general population

with 75-90% of patients with HCC being HBsAG positive (Peters 1976). The cancer
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is more likely to develop in HBSAG carriers than in non-carriers and middle-aged
carriers have a 0.5% incidence of HCC per year. Studies of blood donors in the United
Kingdom have shown that HBV carriers have a 42-fold greater risk of death from

HCC than the general population (Hall e al.. 1985).

In the Western World there is a close correlation between cirrhosis and HCC and the
combination of HBSAG and cirrhosis is synergistic with higher rates of the cancer than

either alone (Wright ez al.. 1992).

Other etiologic factors including aflatoxin and anabolic steroids have also been

associated with HCC (Popper 1978).

1.1.1.2. NATURAL HISTORY

Generally patients with HCC have short survival times. However, the course of the
disease may not necessary be one of rapid deterioration. The subclinical period of
tumour development can be longer than three years. The natural history of the tumour
in its advanced form is one of rapid progression. Patients from high incidence areas
seldom survive more than four months following diagnosis (the mean survival rate in
Southern African blacks is 11.2 weeks from the onset of symptoms and 6.0 weeks

from the time of diagnosis) (Johnson et al.. 1987).
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In the West the tumour has a more benign course, and prolonged survival may occur.
2-6% in 5 years has been proposed as the overall survival rate in this disease, but when
HCC is in its advanced stage the 5-years survival rate is less than 1% (Wood ef al..
1976). It has been shown that surgical resection improves survival; however, only
about 10-20% of cases are surgically resectable and the rate of recurrence is high

(approximately 50%) (Cass et al.. 1976).

1.1.2. METASTATIC TUMOURS OF THE LIVER

It is hard to overestimate the importance of liver metastases in Western clinical
practice where secondary liver tumours outnumber primary ones by about 50:1
(Pickern ef al.. 1982). The liver is one of the organs most commonly involved by
metastatic tumours in patients with cancer. This may be partly interpreted by the "seed-
soil" theory, which distinguishes the liver as a good environment of metastatic tumour
growth. Furthermore, the liver is the heaviest parenchymatous organ in the human
body, and it receives blood from both the portal and systemic circulation. This special
vascular system of the liver plays a certain role in the high incidence of liver metastases

because many cancers occur in organs whose blood is drained by portal circulation

(Gilbert et al.. 1982).
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1.1.2.1. INCIDENCE AND PATTERN
There are many factors that influence the incidence and pattern of liver metastasis,

these include sex, age, site of primary tumour, histologic type of tumour and duration

of tumour (Johnson 1987).

A study on 9700 consecutive autopsies on patients with 10,736 primary cancers has
shown that the incidence of liver metastasis was 41.4%, exceeded only by that of the
lymph nodes (57%), but exceeding that of the lungs (39.7%). The study has revealed
also that the commonest primary sites responsible for liver metastases are eye (77.8%),
pancreas (75.1%), breast (60.6%), gallbladder and extrahepatic bile ducts (60.5%),
colon and rectum (56.8%), and stomach (48.9%) (Gilbert ef al.. 1982). Gilbert and his
colleagues have examined the patterns of metastasis and concluded that the liver is
primary target organ in gastrointestinal cancers, some urologic cancers,
neuroblastomas, some melanomas, and lung cancers. "Liver-only" involvement, when
liver is the main disease to be treated, develops almost exclusively in patients with

colorectal cancers (Gilbert ef al.. 1982).

1.2. LIVER METASTASES FROM COLORECTAL CARCINOMA

Liver metastases from colorectal carcinoma deserves specific mention, being such a

common oncological problem. Colorectal carcinoma is the second most common
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malignancy and the second cause of cancer-related deaths in the United Kingdom and
the United States. It is estimated that 28,000 new cases are diagnosed annually in the
UK and over 19,000 deaths per year occurred as a result of this disease. In the United
States more than 147,000 new cases of colorectal carcinoma were discovered in 1987

and 65,000 Americans died as a result of metastatic diseases (Taylor ef al.. 1992 ; Daly

et al.. 1990). Liver metastases are found in 40-70% of the patients from which as many
as 70% will subsequently die; furthermore, the liver is the sole site of initial recurrence
in up to 30% of patients with metastatic disease (Daly ef al.. 1990). Liver metastases
from colorectal carcinoma originate from viable tumour cells via the portal system. The
presentation of cancer cells in portal venous blood draining colorectal cancer and the
patterns of recurrence have evidenced this theory (Fisher & Turnbull 1955; Weiss et

al.. 1986).

Fisher and Turnbull (1955) have identified tumour cells in the blood from branch of the
portal vein draining colonic tumours. Moreover, circulating tumour cells have been
obtained at operation in 57% of resected primary colorectal tumours (Griffiths e al..

1973).

The observed patterns of recurrence in colorectal cancer was suggested to be in a
mechanism of separate metastases steps, first in the liver as a result of cells delivered

in the portal blood, then into the lungs and subsequently metastases spread to the rest
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of the body according to the cardiac output distribution. This hypothesis was
supported by a study of 1541 patients with colorectal cancer in which 420 of these had
liver metastases. It was demonstrated that in those patients with lung and liver
spreaded diseases there was notable relationship between the distribution of the

metastases and the cardiac output (Weiss ef al.. 1986).

1.2.1. INCIDENCE OF LIVER METASTASES FROM
COLORECTAL CANCER.

Hepatic metastases may be present either at time of the initial diagnoses of the primary
tumour or appear some time after an apparently curative resection of the primary
tumour (Table 1.1 and 1.2). Table 1.1 lists some retrospective and prospective studies
of patients who were found to have metastatic disease at time of the initial diagnosis at

laparotomy (synchronous metastatic tumours).

Although, at the time of their initial diagnosis and at laparotomy 14-24% of the
patients have overt liver metastases, autopsy studies have shown that up to 48% of
patients dying of colorectal cancer had liver metastases at the time of death (Tan
1989). This discrepancy between the incidence of liver metastases diagnosed at
laparotomy and the autopsy reports study number can be explained by studies in which
a large number of patients with a normal liver at the time of their surgery subsequently
develop liver metastases (Table 1.2). In a study of 550 patients after an apparently

curative resection of the primary colorectal tumour, 186 developed recurrent disease

9
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(Russell et al.. 1984). Of these 115 had metastatic disease, 74 in the liver and other
sites. and 41 in the liver alone. In the group of patients with synchronous metastases,
79 out of 245 metastases were found only in the liver alone. Thus, in this retrospective
study an overall of 373 out of 796 patients had liver metastases while in 120 the liver

was the sole site of metastatic disease.

study number | liver metastases
Bengmark ef al. (1969) 156 38 (24%)
Nielson ef al. (1973) 1007 125 (14%)
Finaly et al. (1982) 51 13 (13%)
Finaly and McArdle (1986) 71 17 (24%)
Christensone et al. (1986) 121 21 (17%)

Table 1.1. Studies of patients with synchronous liver metastases.

These results were proved in a prospective study of 43 patients in which a search was
made for the presence of liver metastases at the time of resection of the primary
tumour (Finlay & McArdle 1982). Six of the patients had synchronous metastases and
11 of the 37 patients with an apparently normal liver at laparotomy developed
metachronous metastases. Other studies made by the same team showed 13 of 51 and
17 of 71 patients subsequently developed liver metastases after resection of the

primary tumour (Finaly & McArdle 1986).
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’7 A
Number of Recurrences Recurrences [liver
Study patients [liver and alone]
others]

Cass et al.. (1976) 280 27 13

Olson et al.. (1980) 281 32 18

Finaly and McArdle 43 37 6 (synchronous)
(1982) 11 (metachronous)
Rich et al.. (1983) 142 37 10

Russell et al. | 796 179 79 (synchronous)
(1984) 550 74 41 (metachronous)

TABLE 1.2. Studies of patients with metachronous

liver metastases.

It is obvious that liver metastases is a substantial problem in patients with colorectal
carcinoma. Up to 48% of the patients have this disease at the time of their death; it is
apparent at the time of diagnosis of the primary tumour in 14-24%, develop
consequently in up to 33% of patients following resection of the primary tumour and

up to half of these patients have the liver as the sole site of metastatic disease.
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1.2.2. NATURAL HISTORY OF LIVER METASTASES FROM
COLORECTAL CANCER.

It is essential for evaluation of treatment possibilities to know the prognosis and
natural history of colorectal liver metastases, because many of clinical and experimental
therapeutic procedures are being produced or developed in an attempt to improve
survival. Although the literature often presents a gloomy picture, some conclusions
may be drawn. The length of survival is determined by several factors not least of

which is whether the metastases are synchronous or developed later after an apparently

curative resection (Table 1.3).

Background and literature review

(1987)

Study Number of Mean survival Median
patients (months) survival
(months)
Jaffe et al. X717 5.0
(1968)
Bengmark efal. | 38 5.7
(1969)
Bengtsson et al. | 155 5.6 4.5
(1981)
De Brauw efal. | 83 8.4

TABLE 1.3. Survival of patients with colorectal liver metastases.

10
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In a study on 38 patients who had hepatic metastases at time of laparotomy the mean
survival was 5.7 months (Bengmark et al.. 1969). Similarly (Bengtsson ez al.. 1981)
reported that median survival of 155 patients with synchronous metastases was 4.5
months. Other studies confirmed the poor prognosis in patients with colorectal liver
metastases with a mean survival of 8.1 months in case of synchronous disease and 8.6
months for patients with metachronous liver metastases (De Braw et al.. 1987). Jaffe
et al. (1968) reported that resection of the primary tumour did not confer any
advantage in terms of survival over faecal diversion in patients with overt liver

metastases.

The length of survival in patients with colorectal metastases is inversely related to the
extent of hepatic replacement by tumour (Table 1.4). Wagner (1984) has reported that
three years survival rate for solitary lesions is 21%. The comparable figures for patients
with multiple unilateral metastases and those with widespread metastases are 6 and 4%
respectively. Biopsy proven metastases have shown similar relationships between
hepatic replacement and survival, with a mean survival of 16.7 months for solitary
metastases, 10.6 months for one lobe metastases and 3.1 months for widespread liver

metastases (Wood ef al.. 1976).

A number of other determinants, including serum hepatic enzyme levels, serum albumin

concentration, degree of weight loss and the presence of hepatomegaly, jaundice, and

B
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ascites are related to the volume of hepatic tumour replacement (Wright ez al.. 1992).
Combination of these variables in the prognosis of liver metastases have accordingly

led to propose a staging for this disease (Table 1.5).

Reference Mean survival Median survival
(months) (months)
45 single

Jaffe et al. (1978) 3.1 multiple

2.4 bilateral

Wood et al. (1976) 16.7 solitary
10.6 local

3.1 widespread

6.2 <25% replacement
Bengtsson ef al.

5.5 25-75%
(1931) 34 >75%

12.7 solitary
e Brow éhal 11.6 unilobar
(1987) 9.8 bilobar

TABLE 1.4. The relationship between survival and the degree of hepatic replacement.

This is very important because any therapeutic modality can be assessed for individual
patients on the light of an accurate knowledge of the degree of hepatic metastases
(Foprbes & Williams 1987). It is essential to have randomised prospective trials of
different treatment modalities in future which will help in designing patients to one
treatment group according to the stage of hepatic metastases.

12
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Reference Grade 1 Grade 2 Grade 3
Petteval and Solitary or few numerous and
Morgenthaler (1970) | small and rare large
Wood ef al. (1976) solitary one lobe both lobes
Petrelli ef al. (1984) less than 25% 25-50% more than
hepatic replacement 50%
replacement replacement

TABLE 1.5. Staging Systems for colorectal liver metastases.

1.2.3. MANAGEMENT OF LIVER METASTASES FROM

COLORECTAL CARCINOMA

Liver metastases introduce a major therapeutic challenge of colorectal carcinoma
management today. This is clear from the poor prognosis in most cases. This section
discusses various therapies that are directed to the hepatic metastases from colorectal
cancer which includes surgical resection, radiotherapy, chemotherapy and
combinations of these modalities (Figure 1). Nevertheless, the principles and practices

of treatment apply to some extent to the therapy of primary liver tumours.

13
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CHAPTER 1
Management of colorectal
hepatic metastases
!
surgery radiotherapy systemic regional
| (available only (high risk of chemotherapy chemotherapy
| in 10% of patients) radiation hepatitis) (only 20% response (no significant
| high systemic toxicity) improvement |
al in survival
rate over

systemic rout) ‘

Figure 1.1. Treatment modalities of hepatic metastases from colorectal cancer.

The selection of therapy for liver metastases needs to be done according to a careful

evaluation of the patient clinical situation, for what may be suitable therapy for one

patient may be illogical for another.

1.2.3.1. Surgery

At the present time, liver resection remains the only method for achieving a cure for

patients with hepatic metastases from colorectal cancer. However, there has been little

support of this method as a major therapeutic option. This is because of the belief that

metastases process involves the apparently healthy liver as well as more distant organs,

and the knowledge that the liver has no clear planes for safe resection (Guest &

14
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Blumgart 1987). Despite recent surgical advances, which have reduced the operative
mortality for hepatic resection, this method can be useful only for patients who have

solitary and unilobar metastases.

To put the potential therapeutic benefit of liver resection for colorectal metastases into
perspective, Hemingway (1991) has calculated the number of patients in the UK who
would profit from such a treatment. The analysis showed that less than one hundred
out of 24,000 patients who develop colorectal carcinoma each year in Britain might be

cured by resection of hepatic metastases.

Collective reviews have reported that the extent of hepatic resection was unrelated to
survival. In Foster’s review (1978) of 206 patients undergoing a theoretically curative
hepatic resection for colorectal liver metastases the five year survival rate was 22%.
However in patients with solitary metastases the 5 year survival rate was 30%.
Similarly Hughes (1986) revealed that even after a presumably curative resection 59%
of 607 patients who underwent hepatic resection developed metastases in a single
organ and 11% recurrences in multiple sites. However, the five year survival rate was
33%. Although these observation would appear to have a place in the treatment of
patients who have solitary metastases confined to lobe with no extra hepatic disease,
only 5-10% of all patients with liver metastases may fall into this group (Hughes

1986).

15
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It is obvious that hepatic resection is unlikely to make a major impact upon the overall
survival of patients with hepatic metastases as no randomised controlled trial of

surgical resection versus no treatment has been established.

1.2.3.2. Radiation

External beam radiation is often used in the control of symptomatic liver metastases,
but the relatively low doses of radiation that may be given to the liver without risk of
radiation hepatitis to the normal hepatic tissue have limited dose escalation to
therapeutic doses. Many studies have shown good symptomatic relief, but no

improvement in median survival (Forbes & Williams 1987).

1.2.3.3. Systemic chemotherapy

Since hepatic resection is only possible in less then 10% of patients with hepatic
metastases and the liver is very sensitive to external irradiation, other therapeutic
modalities have been introduced in the treatment of patients with hepatic metastases
from colorectal carcinoma. Chemotherapy is one of these modalities which have shown
effectiveness in the treatment of many other malignancies, thus different cytotoxic
agents have been utilised in the management of colorectal carcinoma. Fluorinated
pyrimidines, especially, 5-fluorouracil (FU) was the first to be tested in patients with

colorectal liver metastases. In fact, FU is the most effective drug against colorectal

16
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carcinoma and many other primary and secondary hepatic tumours (Ramirez &

Ansfield 1982).

In early trials FU was administered as systemic intravenous infusion, but the responses
obtained have not exceeded 20% and the survival of the patients with liver metastases
did not improve appreciably (Rapoport & Burleeson 1970). Many schedules have been
proposed in the hope of achieving maximum therapeutic results. however the optimal
manner in which FU should be administered has not been determined . These
procedures include the intravenous loading course, weekly intravenous injections and
oral administration. Although some reports indicated that oral administration of FU
was more effective then intravenous routes, as the drug is absorbed from the gut and
delivered directly to the liver through the portal system, another controlled study found
that intravenous loading course is significantly inferior to the oral route among patients
with colorectal cancer, presumably as a result of the more predictable plasma drug
levels after intravenous administration rather than the variability encountered with
intestinal absorption. Other single chemotherapeutic agents such as mitomycin C,
vinblastine sulfate, methotrexate and nitrosoureas have demonstrated low degree of

effectiveness compared to FU (Ramirez & Ansfield 1982).
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With the relatively poor results obtained with single agent chemotherapy, various
chemotherapeutic agents have been combined with FU to improve the single-drug

response rate. In general, these efforts have been disappointing.

A report from the Mayo Clinic in 1970 showed that combinations of FU and
mitomycin C, FU and 1.3-bis-(-2-chloroethyl)- 1-nitrosourea (BeNU) or mitomycin C
and BENU did not offer any advantage in therapeutic response over FU used alone. A
regime of BcNU, FU, vincristine and streptozotocin reported by Kemeny at al. (1980)
resulted in a significant increase in the median survival time to 11 months from median
survival time of 9 months for FU alone. However, most patients experienced

leucopenia, nausea and vomiting.

It seems that systemic chemotherapy has failed to improve the poor prognosis of
hepatic metastases. Complete or partial responses in the patients are found in less then
20%. Furthermore, the systemic administration of FU is associated with considerable

gastro-intestinal toxicity.

The paucity of effective systemic therapies for patients with hepatic metastases has led
investigators to examine the value of regional drug therapy. These efforts have
concentrated on intra-hepatic arterial infusion and intra-peritoneal instillation of

fluorinated pyrimidines.
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1.2.3.4. Intra-hepatic arterial chemotherapy

Since hepatic metastases derive their blood supply almost exclusively from the hepatic
artery, it was postulated that the delivery of chemotherapeutic agents directly into the
hepatic artery may increase the exposure of tumour to the drug. There is evidence that
most anti-cancer drugs have a step dose-response curve, the higher the dose the

greater the effect (Hemingway 1991).

Ensminger and co-workers (1987) compared hepatic extraction and systemic
concentration of 5-fluoro-deoxy uridine (FUdR) and FU after intravenous and hepatic
arterial injection. They proved that, indeed, hepatic extraction were four fold higher for
FUAR, and 1.5 fold higher for FU when the drug was given by the hepatic arterial
route. Systemic FUdR levels resulting from hepatic arterial infusion were only 25% of
that observed when the same dose was given intravenously. Systemic FU levels were
about 50-70% of corresponding systemic levels with intravenous infusion. Many

clinical trials were carried out after these promising results.

Early reports claimed objective response rates in excess of 50% associated with an
increase in survival compared with historical control groups (Cady ef al.. 1974).
However, arterial placement of the catheter in these uncontrolled trials was associated
with high morbidity related to catheter displacement, arterial or catheter thrombosis,

gastroduodenal haemorrhage and sepsis. Subsequent improvement in catheter
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technology has simplified and facilitated a previously hazardous method of drug
delivery, with consequent reduction in patient morbidity. The studies which made use
of the more recently developed inplantable constant-infusion device showed that higher
response rate can be achieved with regional therapy (42-62%) then systemic therapy
(10-21%), however only a marginal survival advantage was apparent (De Takats ef al..
1994). Moreover, frequent local hepatic and gastrointestinal complications are
developed with regional chemotherapy apparent (Chuang & Wallace 1981; Kemeny

1984).

The lack of ability of this approach to provide striking changes in the history of this
disease may be related to the inadequacy of the chemotherapeutic agents, limitations
on the effective dose due to hepatic and systemic toxicity and, mainly, the
hypovascular nature of hepatic metastases, which restricts homogeneous drug delivery
to the tumour (Hemingway 1991). In fact, the presence of hypovascularised metastases
is known as a negative prognostic determinant of response in patients treated with
hepatic arterial chemotherapy. Thus, vasoactive agents and intra-hepatic microsphere

embolisation have been utilised in an attempt to modify liver blood flow.

It is known that blood vessels in tumour tissue lack both smooth muscle and adrenergic
innervation, therefore they are less responsive to vasoactive drugs then those of normal

liver tissue. Indeed, it has been demonstrated that angiotensin II (vasoconstrictor
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