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Abstract The incidence of adenocarcinoma of the pancreas has risen steadily over the
past 4 decades. Since pancreatic cancer is diagnosed at an advanced stage, and
because of the lack of effective therapies, the prognosis of such patients is ex-
tremely poor. Despite advances in our understanding of the molecular biology of
pancreatic cancer, the systemic treatment of this disease remains unsatisfactory.
Conventional chemotherapy has not produced dramatic improvements in re-
sponse rates or patient survival. New treatment strategies are clearly needed. This
paper reviews emerging therapies for pancreatic carcinoma. A more profound
understanding of the molecular biology of cell growth and proliferation, as well
as of neoplastic cell transformation, has led to advances in several areas, including
the use of somatostatin analogues and antiandrogens as adjuvant therapy; inhibi-
tion of tumour growth and metastasis by inhibitors of matrix metalloproteinases
and angiogenesis, and by small molecules such as retinoids, which interfere with
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progression through the cell cycle; immunotherapy with monoclonal antibodies;
disruption of intracellular signal transduction with farnesyltransferase inhibitors;
and finally gene therapy with specifically designed vaccines.

1. Pancreatic Cancer

The incidence of adenocarcinoma of the pan-
creas has risen steadily over the past 4 decades. It
currently stands at approximately 29 000 new cases
per year in North America,[1] making it the second
most common gastrointestinal malignancy and the
fifth leading cause of adult deaths from cancer.[2]

The disease is characterised by its aggressive na-
ture. The diagnosis of pancreatic cancer is usually
established at an advanced stage, and a lack of ef-
fective therapies leads to an extremely poor prog-
nosis. A meta-analysis of 144 reported series in-
cluding approximately 37 000 patients found the
median survival time to be 3 months.[3] According
to these findings, 65% of patients with pancreatic
cancer die within 6 months from the time of diag-
nosis, and about 90% within 1 year. Surgical resec-
tion, if performed early enough, is currently the
only effective form of curative therapy.[4] However,
fewer than 15% of patients with pancreatic cancer are
potential candidates for a curative resection[5] be-
cause of spread of the cancer to adjacent tissues or
beyond.[6] Only 1 to 4% of patients with adenocar-
cinoma of the pancreas will survive 5 years after
diagnosis.[7,8] Thus the incidence rates are virtually
identical to mortality rates.

Approximately half of all patients with pancre-
atic cancer have metastatic disease at the time of
diagnosis,[9,10] and most of the rest have locally ad-
vanced, unresectable disease.[11,12] Metastatic pan-
creatic cancer is one of the most chemotherapy-
resistant tumours, as evidenced by the fact that
pancreatic cancer has the lowest 5-year survival rate
(3%) of any cancer listed in the Surveillance, Epi-
demiology, and End Results (SEER) database of the
National Cancer Institute.[13]

Computed tomography (CT) and magnetic res-
onance imaging (MRI) have made it easier to de-
termine the diagnosis and to define the stage of the
disease. CT guided needle biopsies and laparos-
copy have resulted in fewer unnecessary laparoto-

mies, while biliary stenting can reduce the need for
an invasive operative procedure in patients with ad-
vanced tumours. Unfortunately, these advances have
not resulted in disease detection at an earlier stage.[14]

Reports of 5-year survival among patients man-
aged with nonsurgical therapies remain anecdotal.
Thus, of 150 patients who have survived for more
than 10 years after their diagnosis of pancreatic
cancer, only 12 have been cured by nonsurgical
therapies.[3] Clearly, more effective therapies need
to be developed.

1.1 Risk Factors

A number of factors that may contribute to the
pathogenesis of pancreatic cancer have recently been
identified. These have been classified as environ-
mental factors, pathological factors (e.g. chronic
pancreatitis), genetic factors (e.g. familial pancre-
atic cancer) and occupational exposure.[15,16]

Currently, cigarette smoking is the most firmly
established risk factor associated with pancreatic
cancer. Pancreatic malignancies can be induced in
animals through long term administration of tobacco-
specific N-nitrosamines or by parenteral adminis-
tration of other N-nitroso compounds.[17-19] Induc-
tion of pancreatic cancer in these experimental
models can be influenced by additional factors, in-
cluding changes in bile acid composition, chole-
cystokinin levels, diet, and pancreatic duct obstruc-
tion.[20-23]

Clinically, numerous case-control and cohort
studies have reported an increased risk of pancre-
atic cancer for smokers in both the US and Europe,
and current estimates suggest that approximately
30% of pancreatic cancer cases may be attributed
to cigarette smoking.[24,25]

1.2 Pathology

Most malignant pancreatic tumours (95%) are
believed to arise from the exocrine portion of the
gland and have light microscopic features consis-
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tent with those of adenocarcinomas. Much more
infrequent are tumours that arise from acinar cells
or islet cells. Primary non-epithelial tumours of the
pancreas (e.g. lymphomas or sarcomas) are exceed-
ingly rare.

1.3 Natural History

Adenocarcinoma of the pancreas metastasises
to regional lymph nodes at an early stage of the dis-
ease, and subclinical liver metastases are present in
the majority of patients at the time of diagnosis,
even though findings from imaging studies may be
otherwise normal. Patients who undergo surgical
resection for localised non-metastatic cancer of the
head of the pancreas have a long term survival rate
of approximately 20% and a median survival of 15
to 19 months. However, disease recurrence follow-
ing a potentially curative Whipple resection is the
norm.

Local recurrence occurs in up to 85% of patients
who undergo surgery alone, and local-regional tu-
mour control may be improved by combined mo-
dality therapy involving both chemoradiation and
surgery. Liver metastases then become the domi-
nant form of tumour recurrence and occur in 50 to
70% of patients after potentially curative com-
bined modality treatment.

Patients with locally advanced, non-metastatic
disease have a median survival of 6 to 10 months,
whereas those with metastatic disease have a short
survival (3 to 6 months), the length of which de-
pends on the extent of disease and performance
status.

Because of the prognosis and the patterns of
treatment failure associated with adenocarcinoma
of the pancreas, any proposed treatment must not
be worse than the disease. The low cure rate and
modest median survival following a Whipple’s re-
section mandate that treatment-related morbidity
must be low and treatment-related death be rare. A
recent report of the experience from Johns Hopkins
University, Baltimore, Maryland, USA, demon-
strates that this can be achieved by careful selection
of patients who undergo therapy.[26] In addition,
however, the development of innovative treatment

strategies directed at the known sites of tumour
recurrence should be focused on improvements in
patient survival and quality of life.

2. Historical Overview of Pancreatic
Cancer Therapies

2.1 Phase II Trials

Single agent phase II trials in patients with ad-
vanced pancreatic cancer reported large variations
in response rates.[27,28] In evaluating these studies,
it is important to realise that clinical trial method-
ology and the criteria for judging objective response
have changed with time.[27] Phase II trials in the
1970s often included patients with a variety of dif-
ferent tumours in a single trial, and therefore the
published response rates were frequently based on
a small number of patients with a particular cancer.
As a result, these studies were difficult to interpret
from a statistical point of view.

Prior to 1985, trials relied primarily on an esti-
mation of tumour size by physical examination and
responses were defined as shrinkage of a palpable
abdominal mass by 50% or more, or a reduction in
the palpable liver span by 30% or more.[28] The
inherent inaccuracy of these techniques, intra-ob-
server and inter-observer variability, and the influ-
ence of confounding factors on the size of the mea-
sured lesions all contributed to the initial reports of
high response rates for drugs such as fluorouracil
(5-FU), chlorambucil and mitomycin, as well as the
failure to confirm these promising response rates in
subsequent trials, especially when CT scans were
used to determine tumour response.[27]

2.2 Phase III Trials

Two kinds of comparative studies have been car-
ried out in patients with advanced pancreatic can-
cer: those that compared active treatment with best
supportive care (to determine whether chemother-
apy made any difference in the outcome of these
patients); and those that compared multi-agent re-
gimens with single agent chemotherapy (to deter-
mine whether combinations of drugs with distinct
mechanisms of action could improve outcome com-
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pared with that achieved by single agents).[27] Of
the three trials that compared active treatment with
best supportive care, two demonstrated no signifi-
cant difference,[29,30] and the third suggested a sub-
stantial survival advantage in favour of a 5-drug
regimen.[31] However, subsequent trials of the reg-
imen failed to duplicate the promising results of the
original study.[32]

Despite a number of potentially interesting pre-
clinical findings and promising phase II studies,
virtually no progress has been made in the chemo-
therapy for advanced pancreatic cancer during the
past 30 years.

2.3 Current Approach to Single 
Agent Chemotherapy

The thymidylate synthase inhibitor fluorouracil
remains the most extensively evaluated chemother-
apeutic agent for pancreatic cancer.[33-35] Despite nu-
merous trials, however, its efficacy remains ques-
tionable.

Between 1991 and 1994, 25 investigational new
drugs were evaluated in phase II trials for the treat-
ment of pancreatic cancer. The median response rate
in these trials was 0% (range 0 to 14%) and the
median survival was 3 months.[28] Inactive drugs that
have undergone evaluation over the past 5 years
include iproplatin,[36] trimetrexate,[37] edatrexate,[38]

fazarabine,[39] diaziquone,[40] mitoguazone,[40] and
amonafide.[41] One trial conducted during this pe-
riod focused on gemcitabine (2′ ,2′-difluoro-2′-de-
oxycytidine).[42]

Gemcitabine is a deoxycytidine analogue with
structural similarities to cytarabine. As a prodrug,
gemcitabine must be phosphorylated to its active
metabolites, gemcitabine diphosphate and gemcit-
abine triphosphate. In both preclinical and clinical
testing, gemcitabine demonstrated greater activity
against solid tumours than did cytarabine. These
observations have been explained by the following
properties of gemcitabine: (i) it is 3 to 4 times more
lipophilic than cytarabine, resulting in greater
membrane permeability and cellular uptake; (ii) it
has higher affinity for deoxycytidine kinase; and

(iii) the intracellular retention of gemcitabine tri-
phosphate, an active metabolite, is prolonged.[43]

Following a phase I study,[44] gemcitabine was
evaluated in a multicentre trial of 44 patients with
advanced pancreatic cancer.[45] Although the ob-
jective response rate to this drug was only 11% and
median survival was 5.6 months, a number of po-
tentially important observations were made in this
trial. The 1-year survival rate was a remarkably
high 23%, and the responses observed appeared to
be somewhat prolonged, i.e. from 4 to more than 20
months. However, perhaps the most unexpected out-
come of this study was the impact of gemcitabine
on tumour-related symptoms.

160 patients with newly diagnosed, unresect-
able pancreatic cancer were recruited in a phase III
trial.[46] A total of 126 patients completed a period
during which pain was stabilised and then they
were randomised to treatment with gemcitabine or
fluorouracil. 15 patients (23.8%) treated with gem-
citabine achieved a clinically beneficial response
compared with only 3 patients (4.8%) treated with
fluorouracil (p = 0.002). The median duration of
the clinically beneficial response for gemcitabine-
treated patients was 18 weeks compared with 13
weeks for the fluorouracil-treated patients. Gem-
citabine also proved superior to fluorouracil in
terms of the trial’s secondary end-points. Median sur-
vival for gemcitabine-treated patients was 5.6 months
compared with 4.4 months for fluorouracil-treated
patients. In addition, the probability of survival at
1 year was 18% in the gemcitabine group, signifi-
cantly greater than the 2% in the fluorouracil group.
Few objective responses, however, were observed
in either treatment arm.

A subsequent phase II study enrolled 63 patients
with pancreatic cancer that had progressed despite
treatment with fluorouracil.[47] To be eligible for
the trial, patients had to have a significant degree of
tumour-related symptoms. In this study, 17 patients
(27%) experienced a clinically beneficial response
to gemcitabine, the median duration of which was
14 weeks. Median survival of all patients treated in
this trial was 3.8 months. Objective responses were
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seen in 6 (10.5%) of the 57 patients with measur-
able disease.

While these results could suggest that gemcitab-
ine should become the accepted first-line therapy
for patients with advanced pancreatic adenocarci-
noma, the median survival for patients with meta-
static disease was still less than 6 months, with few
patients achieving long term disease stabilisation.
Furthermore, some of the effects attributed to che-
motherapy may not be substantially different from
what can be achieved with aggressive supportive care
alone. In fact the use of clinical benefit response as
a valid means to determine the efficacy of gemcita-
bine has itself been questioned.[48] Thus 85% did
not survive 7 months, and 8 patients had extension
to regional organs or lymph nodes without distant
metastases.

The quality of life one seeks to evaluate by defin-
ing net patient benefit must take into account the
duration of remaining survival available to the pa-
tient. Gelber[48] has suggested that performing
treatment comparisons based on the amount of
time patients spend in clinical health states charac-
terised by relatively good quality of life might be
a better indicator of net patient benefit than defin-
ing a percentage of patients who achieve some cri-
terion of response. The fact that treatments which
produce higher response rates do not always yield
better survival also argues against putting too much
emphasis in estimating response rates as a guide to
net benefit.

17 patients had a clinically beneficial response
in the phase II study, and the investigators claimed
that the treatment was generally well tolerated.[47]

However, although the toxicities were reported as
moderate, more patients had some noticeable ad-
verse experiences than achieved a clinical benefit
response. The evidence for substantial benefit for
gemcitabine is not overwhelming, and additional
studies are required to more fully define its role in
the treatment of pancreatic cancer.

Preclinical studies have also shown enhanced
radiosensitivity of gemcitabine-treated pancreatic
cell lines,[49] and several combination therapies
with gemcitabine are in phase I and II trials. The

initial reports of gemcitabine as a radiosensitiser
have been notable for marked toxicity at relatively
low dose levels. Hoffman et al.[50] treated patients
with localised, resectable pancreatic cancer with
combined gemcitabine and radiation therapy be-
fore resection. Eight patients required hospitalisa-
tion (5 for cholangitis, 1 for pulmonary embolus,
1 for liver abscess, and 1 for gastrointestinal haem-
orrhage from a perforated gastric ulcer). Wolff et
al.[51] are conducting an ongoing phase I study of
gemcitabine and radiotherapy in patients with lo-
cally advanced pancreatic cancer. Gemcitabine was
administered weekly at a starting dose of 400 mg/
m2 with 300 cGy/day radiation. At 400 mg/m2

gemcitabine, 4 of 9 patients required hospitalisa-
tion for treatment–related toxicity. At 500 mg/m2

gemcitabine, 3 of 3 patients required hospitalisa-
tion for nausea, vomiting and dehydration. The ap-
propriate phase II dose has not been established.

In summary, despite a rather meagre effect on sur-
vival, gemcitabine remains the only chemothera-
peutic agent at this time that can be considered as
first-line therapy for this disease.

3. Emerging Approaches to 
Pancreatic Cancer

Despite advances in our understanding of the
molecular biology of pancreatic cancer, the syste-
mic treatment of metastatic disease remains unsat-
isfactory. Systemic chemotherapy and the admin-
istration of biologically active molecules such as
tumour necrosis factor or interferons have not re-
sulted in significant improvements in response
rates or patient survival.[52,53]

A number of more general areas of investigation
may yield more promising results. One of these
involves interruption or modulation of growth fac-
tors and signal transduction pathways. One exam-
ple is the successful treatment of carcinoma of the
breast that has been achieved by endocrine manip-
ulation. The presence of estrogen receptors on neo-
plastic breast tissue is correlated with response to
ovarian ablation and/or antiestrogen treatment. A
similar approach to the treatment of pancreatic
cancer seems justified because of the presence of
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estrogen receptors in pancreatic carcinoma[54-57] as
well as in normal pancreatic tissue.[58,59] In fact, the
use of tamoxifen in 80 patients with ductal adeno-
carcinoma of pancreas has been reported in a case-
control study to increase the median survival time
from 3 months to 7 months.[60,61] However, steroid
hormones may not be the most important regulator
of pancreatic cell proliferation. Other potential in-
fluences include insulin-like growth factor (IGF)-1
and the growth inhibitor somatostatin.

3.1 Biological Basis for Somatostatin-
Based Therapies

Somatostatin is a tetradecapeptide that elicits a
variety of biological processes including inhibition
of hormonal secretion and cell proliferation.[62] In
some patients, analogue therapy leads to an inhibi-
tion of tumour growth.[63-65] However, the use of
native somatostatin is limited because of its very
short plasma half-life and the need for continuous
infusion. The recent development of long-acting
somatostatin analogues, such as vapreotide (RC-
160) and octreotide (SMS-201995), however, has
made clinical trials possible.

These properties of somatostatin form the basis
for the treatment of hormone-producing pituitary
or gastroenteropancreatic tumours by long-acting
analogues of the native hormone.[63] Thus, hor-
monal suppression is produced in patients with ac-
romegaly or with neuroendocrine tumours such as
insulinoma, glucagonoma, gastrinoma, vipoma (diar-
rhoeogenic tumour) or carcinoid syndrome by so-
matostatin analogues, resulting in symptomatic re-
lief.[63]

Somatostatin can exert an antiproliferative ef-
fect either by indirectly inhibiting angiogenesis or
hormone and growth factor release, or by acting
directly on neoplastic cells.[62-65] For example, a
number of gastrointestinal hormones, including gas-
trin and cholecystokinin, have trophic effects on
pancreatic tissue[66] and can stimulate the growth
of pancreatic tumours. Somatostatin suppresses the
secretion and action of these peptides, and this may
also contribute to its antiproliferative activity.[67,68]

In addition, somatostatin and its analogues may act

by reducing levels of growth factors such as epider-
mal growth factor (EGF) and IGF-1, which are thought
to be important in neoplastic processes.[69-73] This
latter possibility is of considerable interest because
both tamoxifen[73] and octreotide[74] have been
shown to lower circulating levels of IGF-1, and the
combination has recently been reported to lower
IGF-1 levels more substantially than either agent
alone.[75] This observation raises the possibility of
therapeutic synergy if the two agents were used to-
gether, a suggestion which is supported by a report
that tamoxifen and octreotide were effective treat-
ment for human pancreatic cancers growing in
nude mice.[76] However, appealing as this sugges-
tion is, Klijn et al.[77] measured insulin, IGF-1 and
EGF levels in a clinical study of the use of octreo-
tide for pancreatic cancer. Long term treatment with
octreotide had no effect on EGF levels, and al-
though these investigators observed early signifi-
cant decreases in insulin and IGF-l, the levels of
both growth factors had returned to pretreatment
values by 5 days and 4 weeks, respectively. This may
have been due to the down-regulation of the recep-
tors responsible for inhibiting the release of these
trophic factors. This study does not support sup-
pression of trophic peptides as an important mech-
anism by which somatostatin inhibits pancreatic
cancer, but it does not eliminate the possibility that
these hormones may influence pancreatic tumour
growth.

The direct actions of somatostatin are mediated by
specific receptor,[62,63,78-88] and the antiproliferative
action of somatostatin and its analogues on pancre-
atic cancer, in particular, has been demonstrated both
in vitro and in vivo.[65,89] This being said, though,
the inhibition of tumour growth by somatostatin
and its analogues is rather complex and many gaps
remain in our knowledge.[78,82-86,88,90-93]

Only a few studies have so far addressed the po-
tential benefit of combined treatment with octreo-
tide and various chemotherapeutic agents. Lamberts
et al.[94] combined octreotide with vincristine, metho-
trexate, fluorouracil or suramin sodium and found
an additive interaction.
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More recently, Weckbecker et al.[95] demon-
strated the inhibitory effect of octreotide in combi-
nation with the chemotherapeutic agents paclitaxel,
fluorouracil, doxorubicin and mitomycin on the
growth of AR42J pancreatic cancer cells in vitro.
The dose-dependent antiproliferative effects of mi-
tomycin, doxorubicin and paclitaxel were syner-
gistically enhanced by octreotide. Combinations of
octreotide and fluorouracil resulted either in addi-
tive or, at high concentrations of the chemothera-
peutic agent, in synergistic interactions. Similar
effects were observed for a cytotoxic analogue of
somatostatin containing methotrexate.[96] These
experiments suggest a modulatory role for octreo-
tide in combination with widely used anticancer
drugs. The additive to synergistic interaction of oc-
treotide with these chemotherapeutic agents in in
vitro and in vivo models warrants clinical studies
to explore the potential of such combinations in the
treatment of pancreatic cancer.

3.1.1 Clinical Studies of Somatostatin 
and its Analogues
Preliminary results of somatostatin analogue

therapy in patients with cancer other than pancre-
atic have been encouraging.[97-100] The rationale for
the use of somatostatin and its analogues can be
briefly summarised as follows. Somatostatin de-
creases growth of the normal pancreas,[101] and at
least one somatostatin analogue, octreotide, inhibits
the growth of human pancreatic adenocarcinoma in
nude mice.[89] The demonstration of somatostatin re-
ceptors in exocrine pancreatic adenocarcinomas[102]

and the large body of evidence[76,102-108] demon-
strating antiproliferative activity of somatostatin and
somatostatin analogues on experimental pancre-
atic neoplasms in vitro and in vivo justify clinical
studies on the potential therapeutic role of these
drugs in pancreatic cancer.

The first clinical study on somatostatin ana-
logue treatment was published by Klijn et al.[109]

This group went on to treat 14 patients who had
metastatic pancreatic cancer with 3 daily subcuta-
neous injections of octreotide (100 to 200µg per
injection) for an average of 7 weeks and observed
no antitumour effect.[77]

Friess et al.[110,111] and Ebert et al.,[112] using oc-
treotide at a low dose level (3 × 100 to 200 µg/day)
and a high dose level (3 × 2000 µg/day) suggested
that the effects of this somatostatin analogue were
dose dependent. These observations are in accord
with the dependent relationship of somatostatin an-
alogues on the proliferation in breast cancer cell
lines.[113] In the Friess high dose study, the median
survival increased from 4 to 6 months with symp-
tomatic and clinical improvement. Apositive effect
on the course of disease was confirmed by a ran-
domised trial of octreotide versus best supportive
care[114] based on a low dose (300 to 600 µg/day)
therapy given 5 days per week. In this trial a sig-
nificant advantage in duration of survival and in
percentage of stable disease was observed for the
octreotide-treated patients although no objective
response was reached.

The only objective response reported for soma-
tostatin analogues in pancreatic cancer was observed
by Canobbio et al.,[115] who administered lanreo-
tide (BIM-23014) in dosages between 250 and 1000
µg/day to 18 evaluable patients. However, only
one partial response was observed at the highest
dose level. Huguier et al.,[116] in a randomised pro-
spective study of 86 patients who were given a sim-
ilar treatment regimen, demonstrated no significant
increase in median survival rates using life-table
analysis.

Weckbecker et al.[117] has demonstrated poten-
tiation of the anticancer effect of tamoxifen by con-
comitant infusion of high dose octreotide in the rat
DMBA mammary cancer model. To further define
a possible beneficial role for combination hormonal
therapy with octreotide and tamoxifen, Rosenberg
et al.[118] studied the effect of long term adminis-
tration of these two inhibitory agents on survival
of a prospective series of 12 consecutive patients
with biopsy-proven ductal adenocarcinoma of the
pancreas followed up from 1990 to 1993. Five of
these patients had resectable disease, and in the
remaining 7 disease was deemed unresectable. Treat-
ment consisted of octreotide 100µg subcutane-
ously three times daily and tamoxifen 10mg orally
twice daily. The major outcome measured was the
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median duration of patient survival in months from
the time of diagnosis. The outcome of this group of
patients was compared with that of a cohort of 68
patients with a biopsy-documented diagnosis of
ductal adenocarcinoma of the pancreas treated be-
tween 1985 and 1990.

The median survival times of the octreotide/
tamoxifen-treated group and the historical cohort
were 12 months and 3 months, respectively, and the
1-year actuarial survival was 59% and 16%, re-
spectively. The median survival times of the 5 re-
sected and the 7 unresected patients were, respec-
tively, 20 and 12 months and the 1-year actuarial
survival was 80% and 31%. The median survival
times of the resected octreotide/tamoxifen-treated
group and the resected historical cohort were 20
and 12 months, respectively, and the 1-year actuar-
ial survival was 80% and 44%. The median sur-
vival times of the 7 patients in the unresected oc-
treotide/tamoxifen-treated group and the 59 in the
unresected historical cohort were 12 and 2.5 months,
respectively, and the 1-year actuarial survival was
31% and 11%. Cox’s proportional hazards analysis
confirmed that treatment and resection both inde-
pendently predicted a longer survival. The signifi-
cance of a possible interaction between treatment
and resection could not be fully determined be-
cause of the small sample size. CT scanning exam-
inations of the 12 patients were performed at inter-
vals of 6 to 8 weeks, and although no objective
responses were seen in terms of tumour regression,
the data were consistent with a slowing of tumour
progression.

The most recent report is the phase II study by
Fazeny et al.,[119] which was designed to investigate
the efficacy and toxicity of octreotide combined with
goserelin in patients with advanced pancreatic can-
cer. Octreotide was injected subcutaneously in dos-
ages increasing weekly, starting with 50µg twice
daily, until the level of maintenance therapy of
500µg three times daily was reached. In addition,
3.8mg goserelin was administered subcutaneously
at monthly intervals. A median of 7 cycles (range
1 to 27) were applied. In comparison to the 40% of
patients who had no change in their disease while

on high dose octreotide, octreotide 500µg three times
daily in combination with goserelin resulted in one
partial response and no disease progression in 70%
of participants. The observations suggest that com-
bining octreotide with a gonadorelin (luteinising
hormone-releasing factor) analogue might be of
therapeutic benefit in patients with pancreatic can-
cer and could compensate for the potential advan-
tage of a higher dose of octreotide. Overall, how-
ever, the regimen under investigation did not meet
the criteria for sufficient antitumour effectiveness.
Nevertheless, this study reinforces the concept that
pancreatic cancer is in principle responsive to en-
docrine therapy and, therefore, further investiga-
tion of hormonal manipulation seems worth while
in the future.

In summary, while it is clear from the numerous
studies conducted on experimental neoplasms in
vitro and in vivo that somatostatin analogues inhibit
growth of exocrine pancreatic cancers, clinical stud-
ies have demonstrated that somatostatin analogue
therapy probably does not produce an adequate clin-
ical response in patients with advanced pancreatic
cancer.

3.2 Other Hormonal Strategies

Testosterone may also have a positive effect on
the growth of pancreatic carcinoma. The concept is
supported by the presence of androgen receptors
within human pancreatic cancer tissue[120] together
with the enzymes aromatase and 5α-reductase,
which, respectively, convert testosterone into es-
tradiol or a more active androgen, dihydrotestoster-
one.[121] Confirmatory evidence for a central role
of testosterone came with the demonstration of its
growth potentiating action on human pancreatic
adenocarcinoma xenografts grown in nude mice,
together with the inhibiting action of antiandro-
gen.[122] To assess whether flutamide, a pure andro-
gen receptor blocking agent, improved survival in
patients with pancreatic cancer, a prospective, ran-
domised, double-blind, placebo-controlled trial
was conducted.[123] 24 patients received flutamide
and 25 received placebo. Analysis of patients at 6
months and 1 year demonstrated 88% and 50% sur-
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vival, respectively, in the flutamide group compared
with 50% and 5% in the placebo-control group.
Median survival for all patients was 8 months in the
flutamide group and 4 months in the placebo
group. Therefore, this early study supports the con-
cept that testosterone is a growth factor for pancre-
atic carcinoma and that blockade of androgen recep-
tors offers a potentially new approach to treatment.

3.3 Farnesyltransferase Inhibitors

Beyond conventional chemotherapy, efforts are
focusing on systemic therapies based on a rational
approach to the biological properties of the pancre-
atic cancer cell itself. The RAS oncogene and the
proteins encoded by it have been the subject of
considerable research during the past 10 years.
RAS proteins are membrane-bound guanosine tri-
phosphate-binding proteins that act as molecular
switches in mitogenic signal transduction. Muta-
tions of the RAS gene lead to proteins that are per-
manently in the active state. These mutations occur
in approximately 90% of pancreatic cancers.[124]

RAS proteins require a post-translational addi-
tion of a 15-carbon farnesyl group to become at-
tached to the cellular membrane. If this farnesyl
addition is blocked, the protein cannot attach to the
membrane and remains inactive.[125] Farnesyltrans-
ferase inhibitors can block the addition of the far-
nesyl group and prevent membrane attachment of
the RAS protein, leaving it inactive. Various farnesyl
transferase inhibitors have been synthesised and
found to have in vitro and in vivo activity. Far-
nesyltransferase inhibitors entered the clinic for
phase I testing in 1998, and phase II and III studies
are planned in the near future. These agents are gen-
erally given continuously by mouth and have min-
imal toxicity. Pancreatic cancers will be a prime
target for this new class of agent because of the
high incidence of RAS mutation.

3.4 Cell Cycle Inhibitory Factors

Another target for anticancer therapy is the cell
cycling machinery itself.[126] The antiproliferative
activity of a new retinoid, mofarotene (RO-408757),
on 9 pancreatic cancer cell lines has been examined

for its effects on various cell cycle-regulating factors,
including cyclins D1, E and A, cyclin-dependent
kinases (2 and 4), cyclin-dependent kinase inhibi-
tors (p21 and p27) and retinoblastoma protein.
Mofarotene showed half-maximal inhibition of
cell proliferation at concentrations that produced
little cytotoxicity. Amarked increase in the fraction
of cells in G1 phase of the cell cycle was observed
in association with up-regulation of p21/p27 and a
shift of retinoblastoma protein into the hypophos-
phorylated form. Therefore, mofarotene and other
similar molecules could represent a new approach
to pancreatic cancer therapy.

3.5 Gene Therapy

Novel gene therapy strategies that also target cell
cycle progression are under development. One of the
more promising approaches is that reported by Joshi
et al.[127] and is based on the p21WAF-1 gene and an
adenovirus vector. Dergham et al.[128] have shown
a significant survival advantage in patients treated
with conventional therapies whose tumours ex-
pressed p21WAF-1. The p21WAF-1 protein is an im-
portant inhibitor of cell-cycle progression. Prelim-
inary studies showed a significant dose-dependent
increase in p21WAF-1 protein expression in pan-
creatic cancer cell lines infected with a recombi-
nant adenovirus-p21WAF-1 construct (rAD-p21),
with concomitant cell-growth arrest at G0/G1.[129]

Use of the rAD-p21 construct also resulted in sig-
nificant growth inhibition of pancreatic cell lines
in tissue culture.[129] The same group has gone on
to conduct preclinical trials of rAD-p21 using a
model of human pancreatic adenocarcinoma im-
planted in the pancreas of SCID (severe combined
immunodeficiency) mice.[130] Daily intratumoral
injection significantly reduced tumour mass when
compared with injections of phosphate-buffered
saline or adenovirus alone.

However, there are drawbacks to the use of such
viral vector constructs, including the low transduc-
tion rate and the induction of a severe host immune
response caused by high titres of adenoviral vec-
tors.[131] Replication-restricted viruses, such as
G207, may offer an alternative to adenovirus- or
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retrovirus-based transduction vectors. Replication
restriction denotes a viral gene vector that is capa-
ble of replication only within a desired cell type,
such as cancer cells. G207 is an attenuated and
multimutated form of herpes simplex virus (HSV)
type 1.[132,133] The specific mutations ensure viral
replication specifically in targeted cells, thereby mak-
ing it ideal for cancer therapy. Lee at al.[131] have
recently shown that G207 exhibited a dose-dependent
cytotoxicity against three human pancreatic cell
lines, AsPC-1, MIAPaCa-2 and BxPC-3. It is also
important to note that following cell infection, ex-
pression of early viral genes is supported. This
opens up the possibility of introducing different
genes into cells by inserting such genes into the
nonessential region of the HSV early genome, which
will present opportunities for more specific gene
therapies. Furthermore, in the study by Lee et al.,
viral growth was supported by each of the cell lines
tested.[131] As for in vivo application, support for
viral production eliminates the need for repeated
cell transduction by retrovirus vectors carrying the
HS-tk gene, for example, a well known ‘suicide’
gene.[134]

At this point, the host range of replication re-
striction for G207 has not been defined in humans.
Further therapeutic evaluation of this promising vi-
ral vector seems warranted.

3.6 Vaccines

Immunotherapy as a potential alternative sys-
temic treatment for adenocarcinoma of the pan-
creas has recently been reviewed by Yeo.[135] The
advantage of this approach over radiation and che-
motherapy is that it can act specifically against the
tumour, without causing damage to normal tissues.
Vaccines are one form of immunotherapy, which
can also provide active immunisation that allows
amplification of the immune response. In addition,
vaccines can generate a memory immune response.
Recent advances in the understanding of the mech-
anisms of immune system activation have revealed
that any cellular protein (expressed in virally in-
fected cells or cancer cells, including pancreatic
cancer cells) can be recognised by the immune sys-

tem if those proteins are presented to the immune
system in a form that results in activation rather than
ignorance or tolerance to that antigen. In addition,
T cells rather than B cells are responsible for this
recognition.

There are generally two ways in which pancre-
atic and other tumour cells are currently being ge-
netically modified to more efficiently present their
tumour antigens to the immune system, resulting
in potent activation of a systemic antitumour im-
mune response. In the first model, tumour cells are
genetically modified to express cytokines (proteins
normally expressed as paracrine factors by immune
cells to orchestrate immune responses) that attract
professional antigen presenting cells (APCs) such as
macrophages or dendritic cells to the site of the tu-
mour cell. These APCs have the ability to activate
both helper and killer T cells. Evidence suggests
that the helper T cells can significantly potentiate
killer T-cell growth factors. In the second model, tu-
mour cells are genetically modified to express cos-
timulatory surface molecules or cytokines that can
directly attract and activate killer T cells, often by-
passing the helper T cell arm. Both of the above
approaches have been tested in preclinical mod-
els.[82,136]

Genetically modified tumour cell vaccines that
express various cytokines are already being tested
in phase I studies, but for tumours other than pan-
creatic adenocarcinoma.[137,138] One study evaluated
autologous renal tumour cells that had been geneti-
cally modified to express granulocyte-macrophage
colony-stimulating factor (GM-CSF) in patients
with stage 4 renal cell carcinoma.[137] Immune re-
sponses in the form of delayed type hypersensitiv-
ity reactions against autologous tumour cells after
vaccination were observed in 3 of 3 patients. Inter-
estingly, 1 of the 3 patients demonstrated an associ-
ated partial response of pulmonary metastases.
These early studies have also revealed several prob-
lems that limit the feasibility of autologous tumour
vaccines. First, it is technically difficult to isolate
and expand in vitro autologous tumour cells for
vaccine production for most histological tumour
types including pancreatic cancers. Second, an au-
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tologous vaccine implies that it is individual ther-
apy and therefore not generalisable to all patients
with the same cancer. Third, it is very expensive to
produce an individual vaccine for each patient.

To overcome these limitations, Jaffee et al.[139]

have developed an allogeneic vaccine approach. Al-
logeneic vaccine cells that have been genetically
modified to express GM-CSF should be feasible
because GM-CSF attracts the intermediate profes-
sional APCs for the purpose of activating helper
and killer T cells. Therefore, the tumour cell itself
does not have to be major histocompatibility com-
plex compatible with the host’s T cells to activate
an immune response. Additionally, in malignant
melanoma, which is the only human tumour for
which many tumour antigens have been identified,
it has been shown that the majority of antigens
recognised by T cells are shared antigens expressed
by over 50% of other patients’ tumours. Therefore,
it should be possible to vaccinate patients with a
histologically similar set of established tumour lines
and still activate systemic antitumour immunity. This
approach is currently being tested in patients with
stage 1, 2 and 3 pancreatic adenocarcinoma at Johns
Hopkins Hospital, Baltimore, Maryland, USA.[140]

Other more potent vaccines continue to be de-
veloped in preclinical models. These approaches
use tumour-associated antigens either in the form
of proteins or peptides mixed with defined adju-
vants administered systemically. Antigen-based
vaccines eliminate the need for the genetic manip-
ulation of tumour cells. This simplifies the vaccine
production process and should result in more gen-
eralised vaccines. In addition, antigen-based vac-
cines allow greater control over the amount of anti-
gen formulated in the vaccine, which should translate
into improved efficacy. In fact, some of these strat-
egies have been demonstrated in preclinical mod-
els to be over 10-fold more potent than the whole
cell vaccine approach. Several pancreatic cancer-
associated antigens have been identified, including
mutated K-ras and p53, reactivated carcinoem-
bryonic antigen (CEA), the altered mucin MUC-1,
and overexpressed HER-2/neu. Several of these
antigens are currently undergoing phase I testing

either mixed with defined antigens or pulsed di-
rectly onto autologous dendritic cells (professional
APCs) that are isolated from the peripheral blood
of each patient, expanded and activated in vitro, and
then given back by adoptive transfer. Future antigen-
based vaccine approaches will undoubtedly use
newly identified pancreas-associated antigens that
are delivered in recombinant viral vectors that also
contain other immune stimulatory genes to further
enhance antitumour immunity.

3.7 Monoclonal Antibodies

Another immunotherapy approach to the treat-
ment of pancreatic cancer involves the use of mon-
oclonal antibodies (MAbs). This subject has recently
been reviewed extensively by Friess et al.[140]

The MAb edrecolomab (17-1A) is a murine im-
munoglobulin (Ig)G2a isotype, which was devel-
oped by immunising mice with the supernatant of
colorectal carcinoma cell line SW1038. This MAb
is immunoreactive with a variety of gastrointesti-
nal malignancies and was originally used in clini-
cal trials enrolling patients with colorectal, pancre-
atic and gastric cancers.[141] Following binding to
a 37kDa glycoprotein, edrecolomab initiates anti-
body-dependent cellular cytotoxicity (ADCC) in
the presence of monocytes or macrophages,[142]

meaning that binding of the antibody to cancer
cells leads to the activation of immune cells, which
will destroy antibody-labelled cells. In nude mice,
administration of edrecolomab inhibited the growth
of human tumour and caused an increase in acti-
vated macrophages in the tumour mass.[142] In 4
clinical trials[143-147] involving 100 patients with pan-
creatic cancer, complete response, partial response
and stable disease were reported in 1, 5 and 23 pa-
tients, respectively.

BW-494 is a murine IgG1 isotype that recog-
nises a membrane and cytoplasmic 200kDa carbo-
hydrate antigen which is expressed in pancreatic
cancer cells.[148] The first clinical trials with BW-
494 against pancreatic carcinoma were based on
the following characteristics:
• the antibody shows strong binding capacity to

well and moderately differentiated human pan-
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creatic cancer cells in vitro and in vivo; immuno-
histochemical analysis demonstrated a binding
sensitivity to more than 90% of pancreatic adeno-
carcinomas[148-150]

• the antibody mediates ADCC with human mono-
nuclear cells against 51Cr-labelled pancreatic
cancer target cells[148]

• in vitro, the antibody inhibits specific functions
of pancreatic cancer cells, such as endocytosis, su-
peroxide anion generation, and the release of ly-
sosomal enzymes[151,152]

• single injection of 131I-labelled antibody leads to
growth suppression of human pancreatic tumours
transplanted into nude mice.[153]

Passive immunotherapy using BW-494 was car-
ried out in 145 patients with pancreatic cancer in 2
phase I and 2 phase II trials.[154-158] In 1 of 75 patients
a partial response and in 25 of 74 patients stable
disease were reported. However, in a controlled,
randomised trial of 61 patients after Whipple resec-
tion, comparable survival times in patients with
and without BW-494 treatment led to the termina-
tion of further clinical trials with this antibody.

Clearly, treatment of pancreatic cancer using
MAbs is a challenging task that must await the de-
velopment of new and more potent MAbs, such as
chimeric and humanised MAbs which may make
the application of higher dosages tolerable and
clinically feasible.[159,160] To further improve im-
munotherapy with MAbs, immune response modi-
fiers such as interleukin-2, colony-stimulating fac-
tors, or cytotoxic substances coupled to antibodies
will need to be considered.[161-165] Therefore, fur-
ther clinical studies are necessary to investigate the
efficiency of new MAbs and MAb treatment in
combination with immunomodulators in patients
with pancreatic cancer. One potential new develop-
ment has been the demonstration of the efficacy of
an antibody (trastuzumab) to the HER2/neu onco-
gene in prolonging survival in metastatic breast can-
cer in patients whose tumours overexpress HER2/
neu. This strategy has been postulated for pancre-
atic cancer, but it remains to be investigated.[166]

3.8 Matrix Metalloproteinase Inhibitors

Pancreatic cancer is characterised by local inva-
sion of adjacent structures, perineural invasion, early
metastases to lymph nodes and liver, and an intense
desmoplastic stromal reaction.[167-169] The molecu-
lar and cellular processes underlying the epithelial-
stromal interactions are of great importance not only
for understanding these biological characteristics
of the disease, but also because they may represent
novel therapeutic targets. This subject has been re-
cently reviewed by Bramhall.[170]

The ability of malignant epithelial cells and in-
duced desmoplastic fibroblasts to degrade adjacent
extracellular matrix (ECM) is considered an essen-
tial step in the processes of invasion and metasta-
sis.[171-173] The principal component of the basement
membrane is type IV collagen, providing the scaf-
fold on which the other major components consist-
ing of laminin and heparan sulfate proteoglycan
and the minor components of the ECM are assem-
bled.[174] Loss of basement membrane integrity in
breast and colorectal cancers has been shown to be
associated with an increased metastatic potential
and poor prognosis.[175,176] In pancreatic cancer, there
is an absence of basement membrane proteoglycans
and a discontinuity or absence of basement mem-
brane type IV collagen.[177,178]

These findings suggest that matrix metallopro-
teinase (MMP) activity is likely to play an impor-
tant role in the malignant phenotype of pancreatic
cancer.

The MMPs are a family of 17 proteolytic enzymes
that share common characteristics. Each degrades
at least one component of the ECM, contains a zinc
ion and is secreted as a proenzyme, which is acti-
vated by cleavage of defined peptide sequences.[179]

All MMPs share sequence homologies and are in-
hibited by specific tissue inhibitors of the metallo-
proteinases (TIMPs). All of the MMPs are involved
in normal remodelling processes such as embry-
onic development and wound healing, but also play
a major role in pathological processes, including
tumour invasion and metastasis.[173,180]

Data from a variety of studies (reviewed by Naga-
kawa et al.[167]) strongly support the hypothesis that
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the expression of MMPs 2, 7, 9, 11 and MT-MMP1
(membrane-type MMP1) is important in the pheno-
type of pancreatic cancer. These studies also sug-
gest that MMP2 expressed in pancreatic cancer by
both epithelial and stromal elements may be acti-
vated by the MT-MMP1 expressed predominantly by
malignant pancreatic epithelial cells. These findings
are added to by the possibility that reduced expres-
sion of the favoured inhibitor of activated MMP2
(TIMP2) could contribute to the aggressive pheno-
type, desmoplastic response, and discontinuous base-
ment membrane type TV collagen and proteogly-
cans seen in pancreatic cancer.

Because of the importance of MMPs in tumour
invasion and metastasis, low molecular weight in-
hibitors of the MMPs have been developed for clin-
ical application. The first synthetic compound to
enter clinical trials in cancer patients was a broad
spectrum MMP inhibitor (MMPI) batimastat (BB-
94), developed by British Biotech Pharmaceuticals
(Oxford, UK), which has inhibitory activity against
all of the MMPs in the low nanomolar concentra-
tions. The major drawback of batimastat was its
low solubility, but further development by British
Biotech has led to a related low molecular weight
analogue (marimastat; BB-2516) with greater sol-
ubility, which was until recently undergoing clini-
cal trials.

Marimastat has now been administered to more
than 150 patients with inoperable pancreatic cancer
in the UK and US in a phase II clinical trial. Ap-
proximately 60% of these patients had stage IV
disease, with the remainder having stage II or III
disease. The median survival in patients with stage
IV disease treated with marimastat was 94 days,
and in those with stage II/III disease median sur-
vival had not been reached at 3 months. The ad-
verse effects from marimastat tended to be primarily
musculoskeletal, and dependent on dose and dura-
tion of treatment. Final results of phase III clinical
trials are not yet published.

3.9 New Chemotherapy

Taxanes are a new class of anticancer agents be-
lieved to exhibit toxicity by disrupting microtubu-

lar assembly. Paclitaxel was the first taxane to be
widely evaluated in clinical trials. A phase II trial
of paclitaxel with granulocyte colony-stimulating
factor was undertaken in 35 eligible patients with
advanced pancreatic cancer.[181] Stable disease was
observed in some patients. There was one response
documented. Docetaxel, a semisynthetic taxoid, has
also been studied in trials against a wide range of
solid tumours.[182] In a phase II trial, 26 patients with
advanced untreated pancreatic adenocarcinoma were
treated with a 1-hour infusion of docetaxel 100
mg/m2.[183] Five of 26 evaluable patients (17%) had
a partial response with a median response duration
of 3 months.

Another new drug under investigation is rubitecan
(9-nitrocamptothecin; RFS-2000).[184] This drug
appears to be well tolerated and efficacious as first-
line therapy for the treatment of advanced pancre-
atic cancer. It also shows some modest success as
second-line therapy in treating patients who have
failed gemcitabine therapy.

3.10 Angiogenesis Inhibitors

Angiogenesis, the recruitment of new blood ves-
sels, is critical for the growth of primary tumours
above 1 to 2mm in diameter and is an essential
component of the metastatic pathway. These ves-
sels provide the principal route by which tumour
cells exit the primary tumour site and enter the cir-
culation. For many tumours, the vascular density
can provide a prognostic indicator of metastatic po-
tential, with highly vascular primary tumours hav-
ing a higher incidence of metastasis than poorly
vascular tumours. Tumour angiogenesis is regu-
lated by the production of angiogenic stimulators
including members of the fibroblast growth factor
and vascular endothelial growth factor families. In
addition, tumours may activate angiogenic inhibi-
tors such as angiostatin and endostatin which can
modulate angiogenesis both at the primary site and
at downstream sites of metastasis. The potential
use of these and other natural and synthetic an-
giogenic inhibitors as anticancer drugs is currently
under intense investigation and has recently been
reviewed by Zetter[185] and Harris.[186] Whether
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these and similar drugs will cause tumour regres-
sion has not yet been studied in patients. These ap-
proaches for advanced disease should be more suc-
cessful when applied early in an adjuvant situation.

4. Conclusion

It should be apparent from this review of past
and current approaches to pancreatic cancer that
any progress against this disease will have to come
from a combination of advances on two fronts.
First, disease detection must be improved. Meth-
ods of screening for early disease will need to be
developed in concert with the identification of ‘at
risk’ individuals. Second, a multi-modality approach
designed to attack different aspects of tumour cell
biology will need to be integrated into a treatment
regimen that has resectional surgery as its founda-
tion. In this regard, the use of neoadjuvant therapy
prior to surgery, and adjuvant therapy following
surgery, should play increasingly important roles
in the management of pancreatic cancer.
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