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Abstract
Background—Human chorionic gonado-
tropin (hCG) is normally produced and
secreted by trophoblastic cells during
pregnancy and from gestational tropho-
blastic neoplasms. It is also detected in
ovarian, stomach, and colon adenocarci-
nomas, as well as in squamous cell
carcinoma of the oesophagus. Recently,
interest in its role in the pathogenesis of
tumours has been enlivened after the
presence of âhCG in the cell membrane of
several malignant cells was shown in vitro.
Aims—To investigate the circulating con-
centrations of âhCG in patients with
exocrine pancreatic adenocarcinoma and
to examine its potential prognostic value.
Patients—Thirty six patients with exo-
crine pancreatic adenocarcinoma, 12 pa-
tients with chronic pancreatitis, and 21
healthy volunteers were studied.
Methods—âhCG serum concentrations
were detected by the application of a
radioimmunoassay technique.
Results—Fifteen of 36 patients with pan-
creatic adenocarcinoma and only one
patient with chronic pancreatitis had
detectable plasma concentrations of âhCG
(p<0.01). The patients with circulating
serum titres of âhCG had a worse out-
come compared with the group of âhCG
negative patients: the diVerence was sta-
tistically significant (p=0.01).
Conclusion—More than 40% of pancreatic
exocrine tumours produce âhCG and its
production is correlated with an adverse
eVect on outcome.
(Gut 1998;42:88–91)
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Adenocarcinoma of the pancreas is the fifth
leading cause of cancer in Western countries
and an almost uniformly fatal disease.1 Early
diagnosis of non-metastatic cancer, however,
may result in a more favourable outlook.2

Unfortunately, despite advances in diagnostic
imaging, most pancreatic cancers continue to
be recognised at a late stage,3 4 and screening
asymptomatic persons with serum tests and/or
ultrasound has been disappointing.5 6 Such a
screening programme would be cost eVective
only in a cohort with a high probability of pan-
creatic cancer. A biological parameter with

diagnostic value for pancreatic adenocarci-
noma is therefore required.
Cancer patients often present with signs and

symptoms not directly related to the malignant
lesions. These symptoms may be due to
paraneoplastic syndromes caused by biologi-
cally active proteins produced by the tumour
cells, including growth factors and hormones,
such as â-human chorionic gonadotropin
(âhCG).
Human chorionic gonadotropin is a glyco-

protein hormone normally produced and
secreted by trophoblastic cells during preg-
nancy and also from tumours called gestational
trophoblastic neoplasms, arising from those
cells. As this hormone is, in general, not
detectable in the serum of healthy non-
pregnant individuals,7 âhCG is considered to
be of malignant origin and has diagnostic value
in the detection and follow up of several
neoplasms.7 8 In addition to tumours of tro-
phoblastic origin, malignancies in which âhCG
is detected include ovarian, stomach, and colon
adenocarcinomas, as well as squamous cell
carcinoma of the oesophagus.9 10 Recently,
there has been renewed interest in the role of
âhCG in the pathogenesis of tumours11 follow-
ing the demonstration of the presence of âhCG
in the cell membrane of several malignant cells
in vitro.12 13

The objective of the present study was to
investigate the circulating concentrations of
âhCG in patients with exocrine pancreatic
adenocarcinoma and to compare them with
circulating concentrations of the same hor-
mone in healthy individuals and in patients
with chronic pancreatitis. We also examined
the potential prognostic value of this biological
marker in those patients with pancreatic
neoplastic disease. Our study, as far as we
know, is the first of this kind.

Patients, materials, and methods
STUDY GROUPS

Pancreatic adenocarcinoma
Thirty six patients (19 men and 17 women,
mean (range) age 63.8 (40–82) years) with
newly diagnosed and histologically confirmed
(after an open biopsy) exocrine pancreatic
adenocarcinoma were studied. All patients were
randomly selected and the malignant tumours
were classified and graded using established
histopathological and surgical staging systems
based on the TNM classification,14–16 as follows:
stage I, two patients; stage II, three patients;
stage III, 11 patients; and stage IV, 20 patients.
All patients underwent laparotomy aiming at
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achieving either radical resection of the tu-
mour, or palliative surgical bypass. However,
radical resection was not possible in any of the
patients in this study. In four patients a debulk-
ing procedure was performed, but the histo-
logical margins of the resected specimen were
not free of disease. In eight patients, following
intraoperative assessment that the disease was
unresectable, yet not threatening to cause
obstructive sequelae, no further surgical proce-
dure was undertaken. In the remaining 24
patients a bypass procedure alone was per-
formed: gastrojejunostomy (5/24, 21%), chole-
cystojejunostomy and choledochojejunostomy
(5/24, 21%), combination of gastrojejunotomy
and either cholecystojejunostomy or choledo-
chojejunostomy (11/24, 46%), cholocysto-
stomy (2/24, 8%), and intraoperative cauterisa-
tion with the use of a microwave source (1/24,
4%). The surgical procedures performed on
patients with stage I/II disease were as follows:
gastrojejunostomy in two patients, cholecysto-
jejunostomy and choledochojejunostomy in
one patient, and no surgical procedure in two
patients. These procedures match those
undergone by the group of patients with stage
III/IV disease. Following recovery from sur-
gery, 21 patients (3/5 stage I/II and 18/31 stage
III/IV) received palliative chemotherapy using
a 5-fluorouracil and folinic acid schedule.
Twenty eight patients received palliative radio-
therapy to symptomatic bone metastases.
Radiotherapy was not administered to the pri-
mary pancreatic tumour.

Chronic pancreatitis
Twelve patients with chronic pancreatitis (six
men and six women, mean (range) age 62.5
(42–79) years) were studied.

Healthy volunteers
Twenty one apparently healthy volunteers were
used as an age matched negative control group
(12 men and nine women, mean age 63.5
years).
All participants had given their informed

written consent before entering the study.
Blood samples were drawn between 08.00 and
10.00 hours; plasma was separated, frozen, and
blindly analysed. None of the participants had
previously undergone any kind of anticancer
treatment (surgery, chemotherapy, or radio-
therapy), nor had testicular disease, as con-
firmed by clinical and ultrasonographic
examination. All female participants were
postmenopausal.
Measurements for plasma âhCG concentra-

tions were performed in duplicate with the use
of the commercially available kit from Penin-
sula (USA) and the application of a radioim-
munoassay (RIA) technique. The method has a
lower sensitivity limit of 2.5 mIU/ml and does
not cross react with luteinising hormone.

STATISTICAL ANALYSIS

For the evaluation of the presence of serum
âhCG between the groups studied, Yates’s
corrected ÷2 test was used. For the evaluation of
the survival diVerences between the subgroups
of âhCG positive and negative pancreatic

adenocarcinoma patients, the survival curves
were estimated by the Kaplan-Meier product
limit method and compared by the log rank
test, using STATA software.

Results
As âhCG is not found in healthy, non-pregnant
individuals, we considered all serum samples
with detectable âhCG, of any concentration, as
abnormal. Fifteen of 36 (42%) patients with
pancreatic adenocarcinoma had detectable
âhCG plasma concentrations. These consisted
of 5/19 men (40%) and 10/17 women (59%).
The diVerence in incidence of detectable
âhCG between male and female pancreatic
cancer patients was found to be statistically
significant (p<0.05). Only one (8%) patient
with chronic pancreatitis had detectable âhCG
plasma concentrations. None of the normal
individuals had detectable plasma titres of
âhCG. The diVerence between the group of
patients with malignant disease and the two
control groups was statistically significant
(p<0.05 and p<0.01 respectively).
The prevalence of detectable âhCG concen-

trations among pancreatic adenocarcinoma
patients at diVerent stages was as follows: stage
I, 0 patients; stage II, 1/3 patients; stage III,
3/11 patients; and stage IV, 11/20 patients. No
statistically significant diVerence was found in
the prevalence of detectable âhCG concentra-
tions when patients of stages I and II were
compared with patients of stages III and IV
(÷2=0.32). The patients with detectable serum
titres of âhCG had a worse outcome compared
with the group of âhCG negative patients: the
diVerence was statistically significant (p=0.01).
Figure 1 illustrates overall survival of these two
groups relative to the detection of âhCG.

Discussion
With recent advances in the management of
early pancreatic cancer, it is now appropriate
to focus eVorts on earlier diagnosis. Unfortu-
nately this is not easy because of the
non-specific nature of the early symptoms and
the very large numbers of people who would
need to be screened. After decades of
investigation, a simple laboratory test that
could identify the presence of an otherwise
undetectable tumour remains an elusive goal.
Several molecular and biological markers have

Figure 1 Survival curves for patients with pancreatic
adenocarcinoma relative to âhCG status (p<0.01).
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been suggested as having diagnostic value in
pancreatic cancer, the most reliable of which is
CA 19–9. Nevertheless, further studies are
needed to provide a better understanding of
the pathogenesis of pancreatic adenocarci-
noma, which could ultimately lead to more
eVective detection and treatment.
Zondek was the first to suggest, in 1929, the

value of hCG determination in the diagnosis of
trophoblastic tumours. The development of an
RIAmethod,with high sensitivity and specificity
for âhCG, made this marker essential in the
diagnosis, screening, and monitoring of chori-
ocarcinomas. Nevertheless, despite concerted
research eVorts, the clinical application of âhCG
as a cancer marker in other malignancies has
been sporadic.17 Several researchers have re-
ported a low incidence (8–20%) of detectable
plasma âhCG in patients with malignant
tumours of the gastrointestinal (GI) tract.10 18 19

Others have shown the presence of âhCG in
malignant cells of the GI tract with the use of
immunohistochemical techniques.20 It has also
been shown that hCG positive cells in colon
adenocarcinoma were arranged in syncytial
clumps or columns resembling trophoblastic
tissue.21 22 A further proof of the ectopic produc-
tion of hCG by malignant cells was provided by
the in vitro work of Tashjian et al23 and Rosen et
al24 in carcinoma cell lines.
In our study, the prevalence of pancreatic

cancer patients with detectable serum concen-
trations of âhCG was found to be as high as
42%. This rate is higher than previously
reported in other non-gestational trophoblastic
neoplasms.10 18 25 We also found a higher
incidence of âhCG positive women than men
(59% versus 40%). This discrepancy between
the sexes has been reported for other hormones
in patients with pancreatic adenocarcinoma26 27

and it may be indicative of hormonal involve-
ment in the pathogenesis of the disease.
According to our findings we were not able to

establish a relationship between detectable
âhCG serum concentrations and the clinical
stage of the disease. This observation is in
accordance with previous findings in other
tumours, such as colonic and gastric adenocar-
cinomas, and may be explained by the fact that
each pancreatic tumour either produces âhCG
or not, regardless of the tumour bulk.10 How-
ever, the small number of patients with early
stage (I and II) disease has hampered our ability
to examine this matter in more detail. In those
patients with detectable âhCG concentrations,
we were able to show a more aggressive clinical
course and poorer prognosis. These results are
in agreement with an earlier report suggesting
that âhCG is found more commonly in patients
with advanced colonic adenocarcinoma.20 A
possible explanation of this phenomenon could
be the significant immunosuppressive eVect of
âhCG.28 The biological activity of the highly sia-
lyted small glycoproteins, including hCG (the
molecular weight of hCG is 37 kDa and 30% of
it is sugar) has been extensively investigated in
the past. It seems that these molecules may
play a role in reducing immune respons-
iveness against the fetoplacental unit and
malignancies.29–32 Another possible explanation

could be that the tumours secreting âhCG have
undergone retrodiVerentiation towards more
anaplastic forms through metaplastic prolifera-
tion. It has already been clinically shown that
âhCG expression is indicative of intense tumour
growth, metastatic aggressiveness, and poor
therapeutic response in many malignancies,
including bladder33 and vulvovaginal34 cancer. It
seems that the expression of hCG genes by
malignant cells is of great clinical importance,
because it allows the malignant cells to regulate
their growth independently, since âhCG has
been shown to have properties of a growth
factor.35 The correlation of circulating âhCG
with poorer outcome should be seen in light of
the knowledge that our patients received various
treatments, as previously described. Since none
of these patients underwent a radical resection
and previous studies have shown that palliative
bypass procedures do not improve the survival
of patients with pancreatic adenocarcinoma,36 37

it is unlikely that the diVerences in survival
between patients with âHCG positive and
âHCG negative tumours are due to diVerences
in the extent of surgical treatment. Indeed, there
were no systematic diVerences in the surgical
procedures undertaken in the two groups of
patients, those with detectable and those with
undetectable serum concentrations of âHCG.
Similarly, the impact of palliative chemotherapy
and radiotherapy are unlikely to account for
these data.
As expected, none of the healthy

individuals24 and only one of the patients with
chronic pancreatitis had detectable âhCG
serum concentrations. Similar observations
have been made occasionally in the past, for a
few patients with non-malignant disorders of
the GI tract, including regional enteritis,
ulcerative colitis, and gastric and duodenal
ulcer.38 It is of particular interest that some of
these conditions are associated with precancer-
ous lesions and malignant transformation,
indicating a possible involvement of âhCG in
the pathogenesis of neoplastic disease.
Our results provide further support for the

“trophoblastic theory of cancer”, initially
presented by Professor John Beard in 1902 and
recently reviewed by Gurchot.39 They also pro-
vide further scientific basis for the use of hCG
in the prevention, diagnosis, and treatment of
cancer. As phase I clinical trials of vaccines
against hCG in patients with cancer have been
completed, pancreatic cancer patients should
be considered as potential candidates for the
phase II trials that will be initiated shortly.40

In conclusion, in the present study we have
shown that over 40% of the patients with pan-
creatic cancer had detectable serum concentra-
tions of âhCG and that these patients had a
worse prognosis. Further studies are needed to
explain the role of âhCG in the development
and pathogenesis of pancreatic adenocarci-
noma.
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