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Abstract

Pancreatic cancer is a highly devastating disease with high mortality rates. Even
patients who undergo potential curative surgery have a high risk for recurrence.
The incidence of depression and anxiety are higher in patients with cancer than
the general population. However, patients with pancreatic cancer are at most of
risk of both depression and anxiety and there seems to be a biological link. In
some patients, depression seems to be a precursor to pancreatic cancer. In this
article we discuss the biological link between depression anxiety and hepato-
biliary malignancies and discuss treatment strategies.

Key Words: Pancreatic cancer; Depression; Anxiety; Cytokines; Gastrointestinal malignan-
cies
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Core Tip: Pancreatic cancer has one of the highest mortality rates of all malignancies.
There is a strong correlation between pancreatic cancer and depression and we discuss
the evidence behind this.
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INTRODUCTION

Pancreatic cancer is the third leading cause of cancer death, with very poor 5-year
survival rates[1]. The majority of patients present at a late stage with incurable disease.
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Initial symptoms can be vague and are often wrongly attributed to more common diagnoses. It is
usually only when an individual develops visible changes (i.e. jaundice as a result of bile duct blockage)
that they receive medical attention, by which time, the cancer tends to be more advanced. The
significant morbidity and mortality of the disease could explain why pancreatic cancer has the highest
incidence rates of depression compared with other types of gastrointestinal cancers[2]. There is a known
correlation between malignancies and depression[3]; however it is unclear as to whether the depression
is a result of the challenges of the cancer itself, reactive to the diagnosis or related to physiological
changes from the cancer. Some studies have suggested depression before a cancer diagnosis is actually a
sign of the malignant process at work; implying that it is individual symptom of the cancer[2]. The link
between pancreatic cancer and depression was identified nearly a century ago. Retrospectives from the
1930’s; identified as associated with pancreatic cancer and three psychological symptoms: Depression,
anxiety; and sense of impending doom[4]. It appeared that these symptoms had preceded the somatic
clinical symptoms of pancreatic cancer (i.e., pain; jaundice; weight loss). This article will review the
suggested biological link between depression, anxiety and pancreatic cancer, with the aim to identify
potential biomarkers, which could be implemented in a more individualized and targeted approach in
pancreatic cancer treatments.

RECOGNIZING THE ASSOCIATION OF PANCREATIC CANCER AND PSYCHOLOGICAL
SYMPTOMS

Yet rather than a reactive effect of being given a life changing prognosis, research has shown that
depression can be the presenting symptom of pancreatic cancer, with the subsequent development of
anorexia, weight loss, jaundice, and pain[4]. It is well reported that pancreatic cancer has the highest
incidence rate of depression among all other tumours of the digestive system[5]. It is also known that
psychological symptoms are quite common in the course of visceral disease, most noticed in advanced
stages of gastro-intestinal diseases and other chronic diseases. Previous research studies have reported
that abdominal pain is more likely to cause depression, than pain in any other region. One of the first
studies by Yaskin et al[4], dated back in 1931, focused on four case reports with “nervous symptoms”,
predominantly anxiety, followed by anorexia, weight loss and weakness. In all four cases, the nervous
symptoms significantly preceded any of the definite gastro-intestinal symptoms and signs by several
months. Pancreatic adenocarcinoma was later confirmed in three of the four cases, and in the fourth case
this was the most probable diagnosis. In 1970s, a retrospective study of patients with known gastric and
pancreatic cancer, revealed that depression was already present at the time of the diagnosis of cancer, in
14% of patients with pancreatic cancer, as opposed to 4% of patients with gastric cancer[6]. Further
research conducted by Mayo Clinic, attempted to assess patients with abdominal symptoms, following
surgical resection, and it was found that 76% of patients with confirmed pancreatic cancer had
symptoms of depression and anxiety, compared to 20% of patients with other neoplasms|[2].
Interestingly, in half of the patients the psychiatric symptoms started as early as 43 mo before the
somatic symptoms. This was an important research mark, as psychiatric symptoms could be used as a
key to make an earlier diagnosis of pancreatic cancer[7]. A systematic psychiatric evaluation of 21
patients with intraabdominal malignancy (pancreatic or gastric carcinoma) also revealed that depression
was more frequently associated with patients with pancreatic carcinoma, whereby this finding was not
observed in patients with gastric cancer[8]. A further study of 107 patients with advanced pancreatic
cancer and 111 patients with advanced gastric cancer, were assessed with the” Profile of Mood States’
before beginning combination chemotherapy in a national cancer clinical trials group[9]. The pancreatic
cancer patients had more severe depression, anxiety, fatigue, and mood disturbances. These data
support prior observations that patients with advanced pancreatic cancer experience significantly
greater general psychological disturbances compared to patients with other abdominal malignancies in
advanced stage[9]. A comprehensive meta-analysis by Massie et al[10] revealed that the prevalence of
depression in pancreatic cancer ranges from 33% to 50%, based on a small number of studies, and
including 229 patients in total[7-10]. A large retrospective study by Zabora et al[11], examined 4496
patients with 14 different cancer diagnoses, and found that patients with pancreatic cancer had the
highest mean score for depression and anxiety. 36.6% of patients with pancreatic cancer had distress as
evaluated by the Brief Symptom Inventory.

One of the largest studies conducted in United States, evaluated the rates of depression before and
after a diagnosis of pancreatic cancer, which were the highest in pancreatic cancer compared to other
types of cancer, and demonstrating a peak within 6 mo before or after a pancreatic cancer diagnosis[12].
This study demonstrated that 21% of pancreatic cancer patients had depression prior to the cancer
diagnosis. This supported the hypothesis that depression is potential antecedent to pancreatic cancer
and therefore could be an early sign of pancreatic cancer. Recent prospective observational studies have
assessed the prevalence of preoperative fatigue, depression and anxiety among patients undergoing
pancreatic surgery for pancreatic cancer, and the possible link with postoperative outcomes. These
studies have supported that patients with metastatic disease who experienced depression or anxiety
before the pancreatic cancer diagnosis, were associated with a reduced likelihood of receiving
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chemotherapy, and decrease in overall survival[13]. This can be considered as a benchmark in future
design of prospective clinical trials, which could suggest new treatment strategies, including antide-
pressant pharmacological agents, by implementing pre-existing depression as a stratification factor. The
challenge remains on whether these new treatment strategies could be translated into survival benefit in
this group of patients.

BIOLOGICAL LINK

One of the most challenging features of this disease is the paucity of clear biomarkers compared with
other solid malignancies. Whilst several have been proposed, there remains no gold standard that has
been validated for use. By understanding what biological drivers cause depression as an initial
symptom, a biomarker may be used to identify underlying pancreatic malignancy. It is widely known
that gastrointestinal malignancies are commonly causes for psychological and mental health conditions.
This could be explained by the mechanical pressure of the tumour and interference by its toxic effects
and metabolic changes. Chemical changes in the body have a causative relation to abnormal emotional
states, with common examples being depression of hyperthyroidism and the anxiety and restlessness of
abnormal blood sugars[4]. Several studies have attempted to prove a relationship between depression
and cytokine production[14]. Increased levels of cytokines in the hypothalamus play a vital role in the
cachexia-anorexia syndrome in cancer. Moreover, the increase of pro-inflammatory cytokines, such as
IL-1beta, TNF-alpha, I1-6, IL-18 is noticed in malignancy, and they may have impact on the
hypothalamic-pituitary-adrenal axis and the corticotropin-releasing factor[15]. The pro-inflammatory
cytokine IL-6 has been found to be significantly increased in pancreatic cancer cells, and is related to
proliferation of tumour cells and reduced apoptosis, further suggesting a potential resistance to
systemic treatments[16]. A study with 75 patients, conducted by two centres in New York, enrolled
patients with pancreatic cancer with or without major depressive episode. Pancreatic cancer patients
had significantly higher levels of IL-6 and IL-10 compared to healthy participants. This study
demonstrated an association between depression and IL-6, but not with other cytokines. IL-6 had the
strongest association with pancreatic cancer[14]. TNF-alpha was not associated with pancreatic cancer
or any psychological distress. Another comprehensive study, published in 2008, assessed the clinical
significance of -174G/C IL-6 gene polymorphism and IL-6 serum levels, which were significantly raised
in patients with pancreatic adenocarcinoma and in patients with chronic pancreatitis, compared to the
control group[17]. Hormonal theories support that pancreatic cancer patients might have increased
urinary excretion of 5-hydroxyindolaceetic acid (5-HIAA), which is a metabolite of serotonin, and high
concentration of 5-hydroxytryptophne (5-HTP) or 5-hydroxytryptamine (5-HT). This hypothesis
suggests there is a likely correlation between increased metabolism of serotonin in pancreatic cancer,
which leads to central nervous system depletion and therefore depression[18]. Serotonin is produced by
normal pancreatic cells and plays a role in the pathogenesis of depression[19]. This theory was further
supported by suggested study demonstrating an increase in 5-HIAA is a link to depression and
explained by the fact that there was treatment-refractory depression, until the tumour was excised|[8].
Thyroid hormone abnormalities, hypercalcaemia, inappropriate antidiuretic hormone secretion and
increased levels of adrenocorticotrophic hormone have also been documented in pancreatic cancer[19].

An immunological model was proposed by Brown and Paraskevas, whereby immune regulation of
serotonin could be modulated in one of two ways. An antibody could be produced in response to a
protein released by cancer cells that would cross-react with CNS serotonin receptors, thereby effectively
blocking them. Alternatively, antibodies could stimulate the production of anti-idiotypic antibodies,
which would reduce the synaptic availability of serotonin by acting as an alternate receptor. Depression
contributes to impairment of immune competence or to development or progression of pancreatic
cancer[20]. Furthermore, biochemical mechanisms support that tumours of the gastro-intestinal tract,
which are rich in neuropeptides, may lead to production of biogenic amines that alter the psychological
state. Some studies support the possibility of a tumour-related paraneoplastic syndrome, which
promotes the production of a false neurotransmitter capable of altering mood[9]. These theories, which
are summarized in Figure 1, have led to a better understanding of the biological association between
pancreatic cancer and depressive symptoms, but further research is needed to validate new pathways of
prevention, screening, and treatments.

In recent years, there has been increasing interest in the immune landscape of pancreatic adenocar-
cinoma, genetic alterations and tumour microenvironment. A number of genetic alterations have been
identified in pancreatic cancer, with KRAS mutations found in the majority of pancreatic cancer
patients. Other signalling pathways found to be associated with pancreatic cancer, include alterations in
tumour suppression genes (TP53, SMAD4, p16) and overexpression of growth factor receptors. The
direct targeting of the involved signalling molecules and the immune checkpoint molecules, along with
a combination with conventional therapies, have reached the most promising results in pancreatic
cancer treatment[21]. Several novel targeted agents have failed to demonstrate an improvement in
response rates and overall survival. PAK4, a serine threonine kinase, has been found to be overex-
pressed in pancreatic adenocarcinoma patients, and is known to mediate cell proliferation. PAK4, has
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Figure 1 Biological association between pancreatic cancer and depression and suggested theories.
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been identified as a potential target in several tumours and its prominence in pancreatic cancer suggests
it could present a therapeutic opportunity[22].

TREATMENT STRATEGIES

Early identification and treatment is essential in the management of patients with pancreatic cancer.
Psychiatric symptoms cannot be accurately assessed in the presence of uncontrolled pain; therefore, the
first step is to ameliorate the pain, agitation, and insomnia. The pharmacologic therapy includes antide-
pressant drugs, selective serotonin re-uptake inhibitors, psychostimulants, or benzodiazepines. The
choice of the antidepressant agent should be determined according to patient’s comorbidities and
performance status, main target symptoms, potential interactions with co-administered drugs, and
toxicity profile[23]. Tricyclic antidepressants have been reported as the most used drugs for depression
in pancreatic cancer patients[24]. These drugs are usually initiated at low doses and then are slowly
increased until adequate response is achieved. Amitriptyline has both antidepressant and analgesic
action. The psychostimulants are helpful in pancreatic cancer because they stimulate appetite and
improve energy[18]. Due to increased serotonin levels in pancreatic cancer, selective serotonin re-uptake
inhibitors can be effective and are the preferred first line treatment according to NICE recommendations
for depression in adults with a chronic physical health condition[25,26]. Benzodiazepines are more
effective to patients with prevalent symptoms of anxiety but may increase psychomotor slowing and
fatigue which is a very general complaint of cancer patients. Essential component of the first line
treatment of major depression, is supportive psychotherapy. The integration of a mental health profes-
sional into the treatment plan of pancreatic cancer significantly decreased all-cause mortality rates
compared to patients who were not treated by a mental health professional[12]. This was also supported
by Boyd et al[27], demonstrating that integrating mental health specialists into patient care once
depressive symptoms have been identified could enhance quality of life. However, this therapy is
unlikely to significantly improve overall survival. Patients with pancreatic cancer often have unmet
psychological support needs, that have a significant impact on their quality of life. Psychological
support is crucial from time of cancer diagnosis and highlights the need to assess the psychological
impact of fatigue, pain, gastrointestinal symptoms, nutrition, anxiety, and depression[28]. It is also
important for patients and their family members to be taught coping strategies. Beyond pharmaco-
logical agents and cognitive behavioural therapy, the management of cancer patients as a whole, is
essential. Pain control, nutritional support and management of biliary and duodenal obstruction are
essential in improving quality of life.
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CONCLUSION

Pancreatic cancer remains one of the most challenging malignancies to manage, having very poor
prognosis with low 5-year survival rates. It is also the malignancy with the highest incidence rates of
major depression[2]. Research has shown that there are clear biological mechanisms linking depression
with pancreatic cancer, but further research is urgently needed to unravel this link further and identify
potential biomarkers, that could lead to early diagnosis of pancreatic cancer and implement new
treatment strategies. The current field lacks biomarker-driven targeted therapy. Furthermore, genomic
stratification factors should be implemented in future clinical trials, as selected patients could be chosen
based on genetic alterations in order to achieve maximal benefit from treatment and improve survival
outcomes[21]. One of the main limitations remains the design of innovating clinical trials and the need
of including psychological symptoms and depression as stratification factors. Prospective analyses
could demonstrate whether depression and psychological factors have an impact on survival outcomes.
It is also fundamental that future research follows a more holistic approach, highlighting the importance
of multidisciplinary team support, and early involvement of mental health professionals. Undoubtedly,
there are challenges in managing depression and anxiety in the context of malignancy and care must be
multi-professional. Whilst depression, although common among patients with pancreatic cancer, does
not routinely affect survival, it has significant effects on quality of life and potential adherence to
treatment and engagement with care that could negatively impact outcomes[29]. However, early
detection of psychological symptoms and involvement of mental health professionals, in combination
with appropriate pharmacological agents, can lead to better outcomes and improve quality of life. There
is a high unmet need for further improvement in the primary health care services and application of
screening tools for early detection of depression and anxiety could be introduced in Rapid Access
Diagnostic Clinics, as depression itself could be considered as a precursor to pancreatic cancer.
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