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Abstract

Current cancer conceptualization and management focuses it as a chronic disease that could be directly modulated by psychosocial stressors. An individual is
considered a cancer survivor from the time of diagnosis and from the balance of his or her life, including health, mental states, identity, sexuality and financial
standings. Moving within the theoretical frames of Psycho- oncology and Psychoneuroimmunology (PNI), this review aims to analyze, in cancer population and in
the specific subsample of ovarian cancer, literature regarding PNI pathways as cancer exacerbating factors, PNI pathways promoting cancer survivorship, adaptive
psychological variables linked to Quality of Life and specific areas of psychological pain. Scientific books and full-text articles published in English between 2003-
2013were collected. Evidences were collected of the key role of the stress activation main secretions on tumorigenesis and tumor progression, highlighting the role of
life events coping. Evidences of the protective role of Parasympathetic Nervous System activation, expressed through the Heart Rate Variability in cancer survivorship
and quality of life were also collected. Were detected the main psychological issues in cancer and specific critical psychological sufferance for Ovarian Cancer (sexual
impairments, body image alterations). Was also identified the protective central role of Social Support in cancer adjustment. This literature systematic review seems to
give the possibility to hypothesize a new model, here called “Integrated Model of Defense” which, integrating psychological and physiological factors, could suggest

a protective mechanism in time and quality of survivorship in cancer and, more specifically, in Gynecological Cancer.

Introduction

Current cancer conceptualization and management focuses on
cancer issue as a chronic disease that could be directly modulated by
psychosocial stressors [1]. Cancer survivorship has been defined in
the National Comprehensive Cancer Network 2013 Guidelines: “an
individual is considered a cancer survivor from the time of diagnosis
from the balance of his or her life. Family members, friends and
caregivers are also impacted. The vast and persistent impact could be
on health, physical and mental states, health behaviors, professional
and personal identity, sexuality and financial standings”.

This led to the evidence of needing an holistic approach to cancer
and cancer survivorship, as an urgent an current topic, as testified
by the «Patient-centered cancer treatment planning: improving the
quality of oncology care: Workshop summary» where the attention is
addressed to the importance of comprehensive cancer care (Institute of
Medicine’s, 2011).

Strictly linked to this holistic vision of cancer care is the area of
Psychoneuroimmunology (PNI), that is a catalyst in biobehavioral
research in cancer, highlighting the neuroimmunological paths
through which psychosocial factors as stress, pain, and loneliness can
effect on disease outcome [2].

A specific type of cancer, Ovarian Cancer, has been chosen for
this review, especially for the psychological aspect. Main motivations
of this choice are: the nature of this aggressive illness associated
with very poor survival and high recurrence rates. It is the most fatal
malignancy of the female genital tract and the fourth most common
cause of female cancer death. This is because it is frequently detected
at advanced stage, with a 5-year survival rate of 46% for all the stages
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and 31% for advanced stages [3]. The management of ovarian cancer
that normally includes radical pelvic surgery and multiple aggressive
courses of chemotherapy, worsen the impact of this illness on patients’
Quality of Life (QoL).

Ovarian Cancer patients and survivors tend to develop psychological
disorders, as anxiety, depression and post-traumatic stress disorder
[3-7]. There is also evidence of occurrence of constant impairments
in social, familial, vocational, physical and sexual functioning, not
confined to diagnosis and treatment but present in short and long-term
cancer survivors [3].

General aim of this review is to analyze literature contributes
examining the influence of typical activation patterns of the Autonomic
Nervous System (ANS) in cancer and of specific psychological adaptive
mechanisms on gynecological cancer. In particular, there are 4 specific
aims:Identifying PNI pathways shown in literature as exacerbating
factors in cancer; Identifying PNI pathways shown in literature as
promoting cancer survivorship; Tracing in literature psychological

variables shown as adaptive and linked to Quality of Life in patients
with Cancer/Ovarian cancer; Tracing in literature specific areas of
psychological pain in patients with Cancer/Ovarian cancer.
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A systematic review was made to address the aims listed above.
Inclusion criteria: Were included scientific books and articles published
between 2003-2013, on scientific journals; in English. Inclusion criteria
were also the availability of full-text in English. Exclusion criteria:
Were selected but are not discussed in this review articles relating to
psychological aspects conducted in non-west culture countries. Were
also selected in first instance articles about Cancer- related Fatigue, but
weren’t afterwards discussed because Cancer-related fatigue is intended
as a iatrogenic symptom due to chemotherapy and radiotherapy.

From macroenvironment to microenvironment

Cancer recent research pointed out some new evidences on cancer
biological dynamics, identifying the importance in its origin and
metastatic pathway of the so-called “tumor microenvironment”, the
set of heterogeneous non cancer cells involved during the course of
multistep tumorigenesis (Cancer Stem Cells, Immune Inflammatory
Cells, Cancer Associated Fibroblast, Endothelial Cells, Pericyte) as in
Hanahan & Weinberg, 2011. The “Hallmarks of Cancer” have been
identified including sustaining proliferative signaling, evading growth
suppressors, resisting cell death, enabling replicative immortality,
inducing angiogenesis, and activating invasion and metastasis. These
hallmarks seem to be fostered by inflammation and by its components
as cytokine, chemokine, macrophages and leucocytes [8-12].

Research also focused on the “Macroenviroment”, meant as life
context of the cancer patient. Evidences have been collected of the
causal role stressful life eventand depression should have on higher
mortality rate in patient with cancer different for site and type [13-15].

Thus becomes evident the presence of a model of impact of
psychosocial stressors able to modulate tumor microenvironment, and
through this, cancer progression [2]. The downstream activation of the
Sympathetic Nervous System (SNS) and the hypothalamic-pituitary-
adrenal axis (HPA) could exert selective physiologic pressures that
initiate molecular signaling pathways involved in cancer hallmarks
[16-18].

In order to achieve ultimate evidences of this influence
“Macroenvironment-Microenvironment”, experimental trials were
conducted on animal models (mice and rats) of human cancer (ovarian,
skin, colon), making it possible to artificially increase chronic stress.
Thus researchers highlighted the effects of stress on tumor growth
and, enriching the environment, showed its link to decreased cells
proliferation and decreased tumor growth [19- 21].

Glucocorticoids (GCs)

A chronic and unrelenting stress, with an insufficient perceived
social support, can deregulate functioning glucocorticoids pathway [22].

In clinical trial “in vivo” on different solid tumor cells (brain, breast,
colon, ovary and others) has been observed that pharmacological
GCs hormone (i.e. Cortisone) administration could stimulate anti-
apoptotic gene expression and antagonize the ability of cancer cytotoxic
treatments to induce cell death [23].

An experiment conducted on rats genetically prone to mammary
tumor formation, the social environment influence on cancer
progression and malignancy was examined. Isolated animals did
develop significant dysregulation of cortisol responses to everyday
stressors. Corticosterone response to an acute stressor was enhanced
and recovery was markedly delayed, associated with increased
mammary tumor progression [24].

Flattened cortisol circadian levels in metastatic breast patients,
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might be related to tumor burden and linked to specific psychological
conditions [22]. In presurgical breast cancer patients, distress and
avoidant coping were related to flattened diurnal cortisol rhythms;
given that circadian cycles regulate tumor growth, this could highlight
possible psychosocial effects in cancer-related circadian disruption [25].

GCs effect on tumor progression also through the
microenvironment, affecting tumor-stroma cells, with a notable role
in tumor invasion and migration [26,27]. GCs also influence tumor
progression deregulating immune system and systemic metabolism
[28,29].

Catecholamine

Epinephrine (E), Norepinephrine (NE) and Dopamine (DA) affect
almost each phase of the metastatic cascade. Angiogenesis: In a model
of orthotopicallyxenografted human ovarian tumors in nude mice, a
tumor growth-promoting effect was observed in animals following
exposure to chronic stress; this increase in tumor growth was associated
with the up-regulation of VEGF, a pro-angiogenic cytokine, in tumor
tissues. In vitro studies also demonstrated the NE-mediated secretion
of VEGF by ovarian carcinoma cells. In addition, studies have also
indicated that NE induces a significant increase in the synthesis and
release of other pro-angiogenic factors, including IL-6, other important
cytokine [30]. Invasion: in vitro cell migration studies showed that
NE is a potent inducer of migratory activity in carcinoma cell lines of
colon, prostate, ovarian cancer cells and breast tissue origin, and this
finding has been confirmed in a mouse model. That cell migration is
mediated by adrenergic receptors and the the beta-blocker adrenergic
receptor antagonist drug inhibits the process [31]. Anoikis: in animal
model of prostate cancer, E activate an antiapoptotic signaling pathway
[32]. However, DA can induce apoptosis, as shown in in vivo and in
vitro ovarian cancer cells [33]. Immunity: Catecholamine could effect
on the immune system, reducing typel cytokine, T cells and natural
killer cell activity, enabling tumor cells to avoid elimination [33].

Inflammation

Pro-inflammatory cytokines, as IL-6 secreted after a stressful
interaction, play a key role in cancer progression and could be a
prognostic indicator of survival and metastasis [34].

A trial on animal model of human cancer (colon and mammary)
showed that a functional impairment in immune system related
to myeloid-derived suppressor cells (MDSC) inhibits immune cell
responsiveness to anti-viral/tumor interferon, that directly inhibits
tumor growth and coordinates anti-tumor innate and adaptive
immunity [35]. In a randomized clinical trial on patients with breast
cancer, individual with higher level of psychosocial stress, showed
significant alterations of MDSC and higher levels of circulating IL-
6, with an evidence of higher cancer recurrence than control [36].
Moreover, IL-6 seems to effect on Central Nervous System (CNS); in
patients with epithelial ovarian cancer, higher level of IL-6 produced in
ovarian carcinoma microenvironments, elicited sickness behaviors in
the CNS, contributing to depressive symptomatology, thus creating a
negative feedback loop [37].

Balance in a breath

The Heart Rate Variability (HRV) consists of the changes in the
time intervals between consecutive heartbeats (Task Force of the
European Society of Cardiology and the North American Society of
Pacing and Electrophysiology, 1996). HRV can serve as signal markers
for various physiological or pathological events such as unplanned
remission for geriatric patients, infections in critically ill patients and
risk of myocardial infarction [38-40].
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HRYV is modulated by multiple regulatory mechanisms that operate
on different time scales; the 24-hours HRV recording is produced
by the interaction of circadian rhythms, core body temperature and
metabolism. The short-term measurement (i.e. 5 minutes) recording
is instead produced by autonomic, cardiovascular and respiratory
system, thus becoming a valid marker of parasympathetic cardiac vagal
control and reflecting the status of the autonomic nervous system [41].

In healthy conditions, there is a dynamic balance between SNS and
PNS on Heart Rate [41]. Specifically, PNS influence is predominant at
rest, its activation, in fact, can slow down HR of 20-30bpm, and even
briefly interrupt it [41]. The influence of PNS on HRV implements
through the Vagus Nerve, which allows the physiological mechanism
of Respiratory Sinus Arrhythmia (RSA). The HR oscillations change in
correspondence of breathing; in particular they should be systematically
increased during relaxed states and decreased in stress phases [42].

The role of the Vagus Nerve on heart regulation has been recently
analyzed in a new perspective, thanks to the Polyvagal Theory proposed
by Stephen W. Porges.

The Polyvagal Theory emphasizes the neurophysiological and
neuroanatomical distinction between two branches of the Vagus
Nerve and proposes that each branch supports different adaptive
behavioral strategies [43]. The systems identified, which through
specific physiologic pathways modulate different behaviors, are the
Social Engagement System (SES), the Mobilization System and the
Immobilization System.

In this perspective, the SES plays a key role, consisting of a
somatomotor component, which involves visceral efferent pathways
that regulate the striated muscles of the face and head and a
visceromotor component, involving the Myelinated Vagus that
regulates the heart and bronchi [44]. This role was defined as “vagal
brake”, in which rapid inhibition and disinhibition of vagal tone to
the heart can rapidly mobilize or calm an individual. Functionally,
the vagal brake, by modulating visceral state, enables the individual
to rapidly engage and disengage with objects and other individuals
and to promote self-soothing behaviors and calm states, allowing
hypothesizing the existence of a Cardiac Vagal Tone (CVT) [43]. Thus,
a physiological state characterized by increased vagal influence on the
heart would support spontaneous social engagement behaviors also
through functional and structural links between neural control of the
striated muscles of the face and the smooth muscles of the viscera [44].

HRYV and pathology: Influences and intervention

Literature has shown that a meager HRV can be seen as a predictor
of generic and specific mortality [45]. On the other hand, there is
evidence that healthy longevity depends on preservation of autonomic
function, in particular, HRV-parasympathetic function [46].

The relation of HRV and specific pathologies, has been shown in
chronic illnesses, in which a higher vagal tone, registered through HRV,
controls the activation of the anti-inflammatory reflex, acetylcholine
mediated [47].

In the specific field of cancer, some evidence of the influence of
PNS activity on cancer prognosis has been reached. In male patients
with locally recurrent or metastatic cancer (principally lung and
gastrointestinal cancer) a higher HRV is significantly associated
to survival; in patients with different cancer sites, HRV appears
systematically decreased; in patients with terminal hepatocellular
carcinoma, HRV indices were significantly associated with Time-to-
Death [48-50]. This influence can be understood since Vagal afferents
and efferents might inhibit three mechanisms involved in cancer
etiology and progression: local oxidative stress and DNA damage,
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inflammatory reactions and excessive sympathetic responses [51].

Moreover, in patients with colorectal cancer, high HRV predicts
lower levels of tumor markers, one year later diagnosis, independently
of confounders like treatment and cancer stage [52]. HRV multiple
measures have also been integrated into a unique measure for the
tracking of sepsis development in patients who underwent bone
marrow transplant for hematological malignancy [53].

Surprisingly, there is a lack of studies directly referring to HRV in
ovarian cancer.

Literature shows that is possible to deal with HRV, thus enhancing
PNS activity. Physical activity has proved to be a good instrument to
improve HRV; daily exercise alters ANS, thus reducing inflammation
in many chronic illnesses and a moderate aerobic endurance activity
seems to improve autonomic cardiac regulation and consequently
quality of life (QoL) in cancer patients both during and after acute
cancer treatment [45].

Other interventions have been examined in literature; in a
randomized trial on healthy subjects, HRV biofeedback through
abdominal breathing induced a short-term carry-over effect during
both the rest period and laboratory induced stress [54]. Also the
Eurythmy Therapy , an anthroposophic movement therapy aimed
at reducing fatigue symptoms and stress levels, led to significant
improvements in HRV as well as Mindfulness Meditation Program
and Mind—Body Bridging Program , interventions based on body
awareness and meditation skills, which have proved to be effective on
SN tone reduction in patients with cancer different types [55,56].

Creating well-being

Surviving cancer does not just mean recovering one’s physical
health and adding theoretical years back to one’s life expectancy; it
also means coping with emotional, social, occupational, financial
issues that accompany the acute, and sometimes chronic, experience of
cancer. Dealing with this, in order to restore subjective well-being has
been defined hygiology, “locating and developing personal and social
resources and adaptive tendencies” (Super, 1955) even in the midst of
distressing or abnormal life conditions. According to hygiology, health
can be defined in relative terms; different individuals faced with cancer
may differ markedly in their psychological adaptation based, in part,
on the strengths, resources, and coping methods. Rather than focusing
only on ameliorating psychological symptoms (anxiety, depression), a
hygiological response would be more concerned with how to support
individuals’ positive coping tendencies and resources [57].

Psychological symptomatology

Not many specific researches have focused on Ovarian Cancer
psychological symptoms; in Stafford et al. study, was investigated
a sample of Gynecological Cancer survivors, including Ovarian,
who reported no differences than breast cancer [58,59]. A specific
longitudinal investigation of psychological morbidity in patients with
Ovarian Cancer showed that most of the women were “occasional”
cases of anxiety (52%) and a subset of patients was stable cases of
anxiety (22%), especially in younger women [6].

Coping and quality of life

Coping strategies can be problem-focused, aimed to resolve the
stressor, emotion-focused, aimed at managing internal aspects of the
stressor and, in cancer, meaning-making, the recovery of meaning
or making new meaning when facing highly stressful situations [60].
Strategies employed by individuals with cancer are fundamental in
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increasing or decreasing psychological distress, directly affecting
patients QoL. For individuals living with an illness such as advanced
cancer, acceptance coping strategies means to invest in a renewed
sense of self. As a coping strategy frequently used by individuals with
advanced cancer in order to accept their condition, studies detected
spirituality and religion [61,62]. This strategy correlates with an
improve in QoLand to the attribution of meaning to illness condition
[63]. In Ovarian Cancer, QoL is one of the most relevant outcomes
mostly because advances in medicine developed new treatments, but
these have associated side-effects and toxicities that may impact on
women QoL. In a longitudinal study has been demonstrated that an
improvement in QoL, here observed as for global function, appetite
loss and constipation, during the first 3 months of treatment is
significantly associated with improved survival time [64]. In women
with recurrent ovarian cancer, progressive deterioration in QoL could
be an indicator of death within six months and coping strategies
based on acceptance could ameliorate perceived QoL [65]. QoL seems
to be directly affected by surgical treatment (frequently leading to
hysterectomy of oophorectomy), organic factors treatment related
(pain, nausea, fatigue), psychological distress (anxiety, anger, guilt
and depression) and sexual dysfunctions [66-68]. Other risk factors
for QoL deterioration in these patients are prolonged and multimodal
treatments, young age and disengaged coping strategies [69].

Self- advocacy

Self-advocacy (SA), has been defined as an assertiveness an
willingness to represent one’s own interest when managing a life
threatening disease; this construct first originated in researches on HIV/
AIDS and mental disabilities populations [70]. In cancer survivorship,
SA has been defined as an important and modifiable skill able to impact
on patients’ health outcomes and QoL [71]. In a pioneering qualitative
study conducted through focus groups in ovarian cancer, emerged
that SA seems a fundamental component in illness adjustment; for
these women SA is a process for recognizing and meeting their needs,
learning one’s needs and priorities as a cancer survivor and negotiating
with healthcare teams, social supports, and other survivors to meet
these needs [72]. These findings may recall Ferrell et al. ethnographic
research, in which 1282 communications from women with ovarian
cancer were collected and analyzed. Main theme that emerged
referring to survival skills, and that can remind of SA construct, were:
sense of control, anxiety and depression (acceptance), focus on living,
appreciation of life, supporting other survivors, optimism, balance,
accessing all possible treatments, persistence, expressing emotions,
humor and normalcy [73].

Support, intimacy and sexuality

The perceived support, related to friends and to intimate
relationship, seems to play a key role in cancer adaptation and survival.
In women with breast cancer a perceived lack of friendship, marital and
familial support correlates with higher distress and more difficulties in
illness acceptance and management [74]. Evidences have been collected
that a lack of support reciprocity with one’s partner often exacerbates
coping difficulties in the context of a range of life-threatening illnesses;
the nature of these unsupportive interactions involves avoidance
of the patient or criticism of her coping efforts [75]. In women with
ovarian cancer, the role of support should be deeply inflect in its aspect
linked to intimacy and sexuality. In some studies emerged that social
support could play a protective role with respect to IL-6 elevations,
distress and depressive symptoms, with a consequent strong impact on
QoL [28,37]. In these women, changes in sexuality can directly affect
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couple relationship [76]. In addition, treatment-related infertility or
the possibility of infertility on young women has a negative impact on
couple and intimacy [77]. Analyzing the aspect of sexuality, there is
evidence that ovarian cancer has a negative impact on each of the four
stages of feminine sexual response. Surgical treatments on parts of body
linked to womanhood and femininity alter body image, with physical
and emotional trauma and this led to the labeling of these treatments
as “invisibles femininity assaults” [78]. Thus in these women can be
detected disabling problems with diminished sexual functioning, body
image, and sudden identity changes due to the loss of physical integrity,
leading to distancing in intimate relationships [79,80]. These patients
frequently manifest distress, feeling of loss and do not feel a woman
anymore [81,82]. This has a strong impact on sexual self-schema,
cognitive generalizations about sexual aspects of oneself which are
manifest in current experience, guide sexual behavior and influence
the processing of sexually-relevant information [83]. Thus becomes
evident that the type and radicalism of surgical treatment for Ovarian
Cancer can influence sexual function and play a significant role in QoL [84].

In conclusion, current literature till now collected seems to
allow hypothesizing a complex model of direct influence of specific
psychological factors on cancer survivorship that can be defined
“Integrated Model of Defense” (Figure 1).

It seems possible to focus on psychoneuroimmunological
mechanisms notlooking anymore on cancer progression and metastasis,
but on the protective role that physiological activity (HRV) through
anatomical and functional specific systems (Myelinated Vagus) could
have in cancer survivorship. The enhancement of this activity could
be reached through external, “mechanical” interventions (physical
activity, biofeedback). Neverthless, referring to Porges’ Polyvagal
Theory, it seems possible to operate on the psychological conditions
of cancer patients, in particular on social support, here meant as the
possibility to recognize and emotionally share the burden of a chronic
and life-threatening disease as cancer. Conversely, frequently this
illness goes with a withdrawal from intimate relationship, because of
feelings of fear and shame patients can feel about their conditions. This
can be particularly true for Ovarian Cancer, where there is a strong
component linked to sexual functioning and the body image that leads
to a dramatic social retirement. View the lack of study addressing HRV

Self-
advocacy

ILLNESS ADJUSTMENT

SOCIAL SUPPORT

Body
Image

Significative
relationships,

Myelinated

Vagus

HEART RATE VARIABILITY

l

SURVIVORRSHIP

QUALITY OF LIFE

Figure 1. Integrated Model of Defense (IMD), proposed by Cosentino & Pruneti.
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in Ovarian Cancer, it seems reasonable to wish for new researches in
order to verify if in this sample, characterized by gender singularity
and by specific psychological and physical impairments, is possible to
apply this “Integrated Model of Defense” (IMD) in which perceived
and effective support, illness adjustment and physiological indexes can
effectively increase time and quality of survivorship.
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