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Abstract

Over the last decade, there have been groundbreaking strides in our understanding of the multiple 

biological pathways by which psychosocial and behavioral factors can affect cancer progression. It 

is now clear that biobehavioral factors not only affect cellular immunity but both directly and 

indirectly modulate fundamental processes in cancer growth, including inflammation, 

angiogenesis, invasion, and metastasis. There is also an emerging understanding of how 

psychological and behavioral factors used in interventions can impact these physiological 

processes. This review outlines our current understanding of the physiological mechanisms by 

which psychological, social, and behavioral processes can affect cancer progression. The 

intervention literature is discussed, along with recommendations for future research to move the 

field of biobehavioral oncology forward.
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Epidemiologic and psychological studies have examined relationships between psychosocial 

factors and both cancer initiation (development of cancer in patients who have no previous 

disease) and progression (disease that has increased or spread following definitive treatment 

or the same disease diagnosed following a disease-free period). As the focus of this article is 

on progression, we mention findings on psychosocial factors and cancer initiation here only 

briefly. Data supporting a potential role of psychological factors in cancer initiation have 

been relatively equivocal, with well-done studies demonstrating both positive and null 

relationships (e.g., Bleiker, van der Ploeg, Hendriks, & Adèr, 1996; Duijts, Zeegers, & 

Borne, 2003). The strongest evidence in this area has shown associations between cancer 

incidence and severe life events such as death of a spouse or child, severe distress, 
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Holocaust survival, long-term depression, or the combination of a severe life event and lack 

of social support (e.g., (Chida, Hamer, Wardle, & Steptoe, 2008; Fang et al., 2011; Lillberg 

et al., 2003). Mechanistically, there is growing evidence supporting a relationship between 

stress and tumorigenesis. For example, stress has been shown to increase the down-

regulation of p53, an important tumor suppressor gene (Feng et al., 2012). Additionally, 

links have been demonstrated between stress or stress hormones and potentially 

carcinogenic DNA mutations such as impairment of DNA repair (Flint, Baum, Chambers, & 

Jenkins, 2007; Glaser, Thorn, Tarr, Kiecolt-Glaser, & D’Ambrosio, 1985). Readers 

interested in stress and cancer initiation are referred to several reviews on this subject 

(Butow et al., 2000; Duijts et al., 2003; Garssen, 2004; Nielsen & Grønbæk, 2006).

Links Between Psychosocial Variables and Cancer Progression and Death

More consistent associations have been documented between psychological and biological 

processes in patients who already have cancer. The psychological processes that have most 

consistently emerged as relevant for cancer-related outcomes include lack of social support, 

depression, distress, and trauma history. Across a range of environments and health 

conditions, social relationships predict mortality for both men and women, with those 

having fewer ties showing poorer outcomes. These findings remain even after adjustments 

for other risk factors (House, Landis, & Umberson, 1988). Studies among cancer 

populations have focused on various aspects of social support, including quality of support, 

size of social network, and presence of a partner. A meta-analysis by Pinquart and 

Duberstein (2010a) examined associations of these three groupings and cancer mortality and 

considered 87 studies, sampling more than 10 million individuals. Having high levels of 

perceived social support, having larger social networks, and being married were associated 

with decreases in the relative risk of cancer mortality of 25%, 20%, and 12%, respectively.

Depression is common among cancer patients, with meta-analyses showing the point 

prevalence for major depressive disorder to be 12.5% among cancer patients, four times the 

rate (3.3%) in the general population (Wu & Andersen, 2011). For all mood disorders, the 

point prevalence is 23.2% in cancer patients. Depression, stress, and trauma have been 

associated with poorer survival in multiple cancer populations, (e.g., Chida et al., 2008; 

Cohen et al., 2012; Palesh et al., 2007; Satin, Linden, & Phillips, 2009; Steel, Geller, 

Gamblin, Olek, & Carr, 2007), with risk ratios for survival among patients with clinical 

depression in the range of 1.22 to 1.39 (Pinquart & Duberstein, 2010b; Satin et al., 2009). 

Depression has not been universally associated with cancer survival, however; for example, 

in ovarian cancer patients, neither a current nor a past history of major depression was 

associated with survival (Lutgendorf et al., 2012). When early stressors (prior to age 5) are 

considered, data suggest their later effects include poor health and premature mortality 

(Miller, Chen, & Parker, 2011). Early life stressors have also been associated with decreased 

survival times in women with metastatic breast cancer (Palesh et al., 2007), but literature on 

this topic is limited to date.
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Stress Response Systems That Impact the Tumor Microenvironment

The experience of the cancer patient includes multiple stressors from the time of suspected 

cancer, through diagnosis, treatment, and survivorship. Individuals differ in their 

vulnerability to stress, which may be modified by resources such as coping abilities, 

attitudes, affect, and social support. Central nervous system (CNS) processing of threat or 

challenge is translated into a physiological stress response, with downstream activation of 

multiple pathways, including the autonomic nervous system and the hypothalamic–

pituitary–adrenal (HPA) axis. The HPA axis is governed by the hypothalamus and 

ultimately results in secretion of the hormone cortisol from the adrenals. The sympathetic 

nervous system (SNS) secretes norepinephrine (NE) at nerve terminals, and both NE and 

epinephrine (E) are secreted by the adrenal medulla. Other stress hormones and 

neuropeptides (e.g., oxytocin, dopamine) are also released as part of the stress response 

(Weiner, 1992). This CNS-mediated “macroenvironment” exerts a profound influence on 

the tumor microenvironment that we describe below. Our discussion of mechanisms focuses 

on the SNS and the HPA axis, as most biobehavioral oncology research has examined these 

stress response systems; however, other neuroendocrine hormones and neuropeptides likely 

influence tumor biology as well.

Stress Biology and the “Hallmarks of Cancer”

The development of cancer and its spread have been characterized by 10 specific biological 

capabilities that tumors acquire during their development, described as the “hallmarks of 

cancer” by Hanahan and Weinberg (2011). These include the ability to avoid destruction by 

immune cells, promote inflammation, induce angiogenesis, activate invasion and metastasis, 

and resist cell death. Additionally, host factors, such as the immune response, particularly its 

cellular arm, are intimately involved in surveillance and destruction of tumor cells, 

especially in the early stages of disease. Initially, biobehavioral oncology research 

predominantly focused on how psychosocial factors influenced the immune response and 

thus shaped a more (or less) permissive environment for tumor growth. Over the last 10 

years, both clinical and preclinical (in vitro and animal) research has expanded to reveal how 

stress-related processes can directly modulate many of these hallmark tumor characteristics 

in addition to effects on the host. Below, we focus on direct stress effects on tumor activities 

and then discuss the role of biobehavioral factors in modulating the host response, 

particularly immune and inflammatory responses to tumors.

Stress Effects on Tumor Growth: Angiogenesis and Invasion

The process of metastasis, which involves dissemination of tumor cells from the primary site 

to other parts of the body, is the usual cause of cancer death. The mechanisms underlying 

metastasis have been well characterized, involving sequential steps such as angiogenesis 

(the development of vascularization to the tumor), local tumor growth or proliferation, 

invasion of the surrounding matrix, embolization and travel of tumor cells via lymph or the 

blood supply to other sites, and development of a tumor in a new secondary site (Fidler, 

2003). Stress-related pathways have now been shown to influence the signaling and 

outcomes of many of these steps.
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Biobehavioral Effects on Angiogenesis

Early in development, tumors receive most of their nutrients via passive diffusion, which 

permits only very slow growth. At the size of about 2 cm they start to develop a vascular 

system that allows utilization of nutrients from blood and is accompanied by accelerated 

growth. This process, called angiogenesis, is controlled by complex signaling from tumor 

cells as well as host cells in the tumor microenvironment (Folkman, 1990). Key factors 

promoting angiogenesis include vascular endothelial growth factor (VEGF) and 

interleukin-6 (IL-6) (Spannuth, Sood, & Coleman, 2008). Associations between 

biobehavioral factors and angiogenesis have been documented in both preclinical and 

clinical studies using a variety of tumor types. (For a review, see Armaiz-Pena, Cole, 

Lutgendorf, & Sood, 2013). Associations of greater social support with lower levels of 

VEGF have been reported in ovarian and colon cancer, in both peripheral blood (Lutgendorf 

et al., 2002; Sharma, Greenman, Sharp, Walker, & Monson, 2008) and tumor tissue 

(Lutgendorf, Lamkin, Jennings, et al., 2008; Nausheen et al., 2010), while controlling for 

relevant clinical variables. Similar findings have been observed with IL-6, a pleiotropic 

cytokine (molecules involved in cell signaling and regulation) produced by many cell types, 

including tumor cells and macrophages. IL-6 is involved in the stress response and 

depression, as well as tumor angiogenesis and invasion. Advanced ovarian cancer patients 

reporting low social support showed elevated IL-6 in both plasma and ascites (malignant 

effusions in peritoneum; Costanzo et al., 2005). Moreover, ovarian cancer patients with 

poorer social support had higher NE in both tumor and ascites, suggesting that effects on 

angiogenic cytokines may be mediated by adrenergic signaling (Lutgendorf et al., 2011).

These clinical findings have been paralleled by in vitro experiments in cell lines from tumor 

types including ovarian, melanoma, myeloma, and nasopharyngeal. Such mechanistic 

approaches have demonstrated that stress-related effects on angiogenesis are beta-

adrenergically mediated (Armaiz-Pena et al., 2013). In animal models, stressors such as 

chronic restraint stress or surgical stress increased ovarian tumor weight and invasiveness 

via beta-adrenergically mediated effects on angiogenesis that were completely blocked by 

propranolol (for a review, see (Armaiz-Pena et al., 2013). Social isolation also has been 

shown to promote tumor growth and invasion in animal models of ovarian and breast cancer 

(e.g., Williams et al., 2009).

Biobehavioral Influences on Tumor Invasion and Metastasis

Following vascularization, metastasis proceeds when tumor cells invade through the 

basement membrane and enter the vascular system, enabling spread to other parts of the 

body. The process of invasion is facilitated by enzymes called matrix metalloproteinases 

(MMPs), which promote the breakdown of the cellular matrix surrounding the tumor. MMPs 

are secreted by both tumor and host cells in the tumor microenvironment. Stress hormones 

(e.g., NE) increase MMP production in vitro in a variety of tumor types, including those in 

colon, head and neck, and ovarian cancer, and increase the invasive potential of ovarian 

cancer cells in vitro. These effects are blocked by the nonspecific beta-blocker propranolol, 

indicating sympathetic mediation (Armaiz-Pena et al., 2013).
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Stress effects on macrophages in the tumor microenvironment can also support tumor 

invasiveness. Macrophages are immune cells that act as scavengers and early responders—

they identify and destroy tumor cells and other pathogens and also orchestrate inflammation 

and wound healing. Tumor-associated macrophages (TAM) can have both anti-tumor and 

“pro-tumor” phenotypes and are capable of producing cytokines that can destroy or support 

tumors. In the presence of the pro-inflammatory tumor microenvironment, TAM often lose 

their anti-tumor phagocytic properties and instead begin to produce mediators that support 

angiogenesis, invasion, metastasis, and inflammation, along with cytokines that down-

regulate cellular immunity (Sica & Mantovani, 2012). Animal studies have highlighted beta-

adrenergic effects of stress on TAM in promoting metastatic spread of mammary cancer 

(Sloan et al., 2010). In ovarian cancer patients, higher levels of depression and/or stress are 

associated with elevated TAM production of MMP-9, an MMP associated with tumor 

invasiveness and with poorer survival (Lutgendorf, Lam-kin, Jennings, et al., 2008). As 

TAM infiltration is also associated with poorer survival (Tsutsui et al., 2005), these findings 

may have clinical implications.

Normally, if cells other than hematopoietic cells become detached from the extracellular 

matrix (ECM), they are not able to survive and they enter a process of programmed cell 

death called anoikis. Tumor cells develop the ability to resist anoikis, thereby enabling them 

to migrate and colonize new locations. Catecholamines increase the ability of ovarian cancer 

cells to resist anoikis (and thus survive) when detached from the ECM, in both in vitro and 

animal models (Sood et al., 2010). Similarly, ovarian cancer patients with elevated 

depressive symptoms and those with higher levels of tumor NE showed higher levels of an 

activated molecule that promotes resistance to anoikis and is linked to poorer overall 

survival (Sood et al., 2010). There is a paucity of psychosocial studies investigating effects 

on mechanisms of tumor invasion; understanding this area more thoroughly is an important 

frontier for future research.

Stress Effects on Hematopoietic Cancers

In addition to effects on solid tumors such as those described above, chronic stress has also 

been shown to accelerate progression of hematopoietic cancers, such as acute lymphoblastic 

leukemia, in an animal model. Although beta-adrenergic signaling was involved in the stress 

effects on tumor growth, these effects were not direct; rather, they were thought to act via 

indirect influences on other host cells such as immune cells or the bone marrow 

microenvironment (Lamkin et al., 2012).

Biobehavioral Factors and Inflammation

As noted above, inflammation is one of the hallmarks of cancer and serves to both initiate 

and promote tumor growth (Hagemann, Balkwill, & Lawrence, 2007). Inflammation is 

mediated by tumor cells, as well as by tumor-associated macrophages, both of which are 

potent producers of pro-inflammatory cytokines. Stress-related factors are known to enhance 

the production of pro-inflammatory cytokines (Kiecolt-Glaser et al., 2003). Several studies 

using genome-wide transcriptional profiling of either white blood cells (leukocytes) or 

tumor tissue have now shown associations of biobehavioral states and transcriptional 

regulation of pathways relevant to inflammation. Cohen and colleagues (2012) found that 
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depression was linked with shorter survival in a group of 217 patients with renal cell 

carcinoma. Molecular analyses were performed on leukocytes of a subsample of 31 patients. 

Patients with elevated depressive symptoms showed greater leukocyte expression of genes 

mediating inflammation, oxidative stress, and immune activation. Promoter-based 

bioinformatics demonstrated increased activity of several important transcription factors, 

including the pro-inflammatory transcription factor Nuclear Factor Kappa B (NF-κB). 

Similar patterns were observed in tumors of ovarian cancer patients with high biobehavioral 

risk (low social support and elevated depressive mood) versus low biobehavioral risk (high 

social support and low depressive mood), matched for relevant clinical variables such as 

stage, grade, age, and histology. Tumors of high-risk patients showed over 200 up-regulated 

gene transcripts, many of which orchestrated transcriptional pathways involved in tumor 

growth and progression. Promoter-based bioinformatics showed increased activity of beta-

adrenergically regulated transcription factors including CREB (cAMP response element-

binding protein) and NF-κB (Lutgendorf et al., 2009). Taken together, these findings 

demonstrate patterns of gene expression and signaling supportive of tumor growth in both 

blood cells and tumors in patients with high psychosocial risk in two independent studies of 

cancer patients.

Inflammation, including tumor-derived inflammation, is also known to have effects on the 

central nervous system and may have significant psychosocial sequelae in cancer patients. 

Depression in cancer patients, including major depressive disorder (MDD), has been 

associated with higher IL-6 (Howren, Lamkin, & Suls, 2009; Jehn et al., 2006; Musselman 

et al., 2001), although some reports have indicated that IL-6 is more closely linked with 

vegetative rather than affective symptoms of depression (Lutgendorf, Weinrib, et al., 2008; 

Schrepf et al., 2013). Inflammatory cytokines such as IL-6 are known to induce 

neurovegetative symptoms in the central nervous system (Dantzer, O’Connor, Freund, 

Johnson, & Kelley, 2008), and thus, the associations noted between IL-6 and depression 

may be secondary to central effects of tumor-derived IL-6. Interested readers are referred to 

a comprehensive review of this literature by Bower and Lamkin (2013).

Stress-Related Effects on Host Cells

Intricate signaling patterns between tumor and host help shape the microenvironment and 

determine tumor growth and spread. Biobehavioral factors can have indirect effects on 

tumor progression by influencing signaling of host cells that subsequently modulate tumor 

growth. A striking example of the tumor-promoting effects of stress on bone cells was 

recently demonstrated in an animal model of breast cancer. Bone marrow metastases are 

painful, increase risk for fracture, and have no cure. Stress-induced sympathetic activation 

was found to induce molecular changes in bone marrow osteoblasts, resulting in increased 

migration of breast cancer cells to the bone marrow, thus promoting bone marrow 

metastases (Campbell et al., 2012).

Biobehavioral Risk Factors and Cellular Immunity

A variety of immune cells are involved in orchestrating an anti-tumor response. Commonly 

studied parameters include number and activity of natural killer (NK) cells, number and 

activity of T-helper and cytotoxic T-cells, and presence or activity of a variety of cytokines. 

Lutgendorf and Andersen Page 6

Am Psychol. Author manuscript; available in PMC 2015 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



NK cells identify and lyse tumor cells and are involved in surveillance for and destruction of 

tumor cells. Cytotoxic T-cells also destroy tumor cells, while T-helper cells produce a 

variety of cytokines to help orchestrate the immune response. Macrophages are immune 

cells that act as scavengers and early responders—they identify and destroy tumor cells and 

other pathogens and also orchestrate inflammation and wound healing. They also serve as 

antigen-presenting cells to assist in the cytotoxic activities of T-cells (Owen, Punt, & 

Stranford, 2013).

Immune cells bear both adrenergic and glucocorticoid receptors, and psychological effects 

on the immune response are largely mediated by the SNS and the HPA axis. Research in the 

field of psychoneuroimmunology over the last 30 years has demonstrated robust associations 

of negative psychosocial states such as chronic stress, depression, and lack of social support 

with down-regulation of the cellular immune response. Chronic stress is known to decrease 

cellular immunity and immunosurveillance and to increase inflammation (for reviews, see 

Glaser & Kiecolt-Glaser, 2005; Reiche, Nunes, & Morimoto, 2004; Segerstrom & Miller, 

2004). In contrast, acute stress may temporarily enhance immunity (Dhabhar, Malarkey, 

Neri, & McEwen, 2012).

Andersen and colleagues (1998) studied a large sample (N = 116) of Stage II and Stage III 

breast cancer patients who subsequently underwent an intervention. Following surgery and 

before adjuvant chemotherapy, patients with greater stress at baseline showed, after 

controlling for relevant confounders, blunted natural killer cell cytotoxicity (NKCC), a 

poorer NK cell response to stimulation with lambda interferon (IFNγ), and a decreased T-

cell proliferative response, findings that are consistent with diminished cellular immunity 

(Andersen et al., 1998). A follow-up study of a subset of these patients (n = 17), found 

altered receptor expression and impaired signaling ability in the NK cells of high-stress 

patients (Varker et al., 2007). Among patients in the control group who did not participate in 

Andersen’s subsequent intervention, trajectories of immune changes paralleled changes in 

stress; for example, women reporting an early decline in perceived stress post-surgery 

showed a rapid recovery of NK cell activity at this time (Thornton, Andersen, Crespin, & 

Carson, 2007). Similar relationships have also been documented in metastatic breast cancer 

patients; specifically, those with higher levels of distress had a poorer cellular response to 

specific antigens (Sephton et al., 2009). Social support, or lack thereof, has also been shown 

to have links to cellular immunity. For example, in early-stage breast cancer patients, poor 

social support following surgery was associated with impaired NKCC concurrently (Levy, 

Herberman, Maluish, Schlien, & Lippman, 1985) and three months later (Levy, Herberman, 

Lippman, & D’Angelo, 1987). Although stress-related immune decrements have been seen 

in many laboratories, not all findings have been consistent in this literature (e.g., (Von Ah, 

Kang, & Carpenter, 2007), and they may be dependent on the type of stress assessment used 

(e.g., Mundy-Bosse, Thornton, Yang, Andersen, & Carson, 2011).

A more mechanistic understanding of distress-related immune changes has emerged with 

demonstration of epigenetic changes in peripheral blood cells from distressed breast cancer 

patients at diagnosis. Alterations in acetylation and phosphorylation of specific histones 

were associated with reduced NKCC; these epigenetic alterations returned to normal 
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following completion of cancer treatment, when both NKCC and mood improved (Mathews 

et al., 2011).

Other studies have highlighted immune correlates of positive psychological characteristics 

in cancer patients. For example, among women with early-stage breast cancer–one to two 

months postsurgery, optimism, positive reframing, and perceived social support were 

associated with a greater T-cell proliferative response to a monoclonal antibody to T-cells 

(McGregor et al., 2000), while greater positive mood was associated with greater stimulated 

production of IFNγ and IL-12, cytokines that serve to enhance cellular immunity (Blomberg 

et al., 2009).

Data on relationships between psychosocial factors and cellular immunity, as indexed by 

assays of peripheral blood, are particularly relevant for understanding the extent of immune 

surveillance throughout the body. These measures may not, however, reflect immunity in the 

tumor microenvironment. It is the case that immune cells in peripheral circulation are 

substantially more effective in detection and destruction of tumor cells than are those in the 

tumor microenvironment. The complexity of interactions between immune cells and tumor 

cells is considerable, as tumors regularly alter their cell surface markers, down-regulate local 

immune cells and interfere with their signaling, and thereby escape from immune-mediated 

detection and destruction (Khong & Restifo, 2002). A recent study of ovarian cancer 

patients demonstrated that biobehavioral influences still appear to function within the tumor 

microenvironment. In these patients, with prognostic indicators controlled for, social support 

was related to higher levels of NKCC both in circulating lymphocytes and in tumor-

infiltrating lymphocytes (TIL), whereas distress was related to poorer NKCC in TIL and 

poorer TH1 (Type 1 T-helper) cytokine production in all cells (Lutgendorf, Lamkin, 

Anderson, et al., 2008; Lutgendorf et al., 2005).

Associations between psychosocial factors and immunity in the tumor environment were 

also observed in a study examining life stress and tumor messenger RNA coding for specific 

immune factors relevant to basal cell carcinoma (BCC) progression and regression. 

(Messenger RNA enables the DNA’s genetic information to be translated into the creation of 

proteins.) Among BCC patients with high levels of life stress, those who suffered from 

maltreatment as children showed a poorer immune response than those without a history of 

adversity, but in patients without life stress there was no relationship between immune 

response and early life adversity (Fagundes et al., 2012). Such findings highlight 

associations between psychosocial risk factors and the cellular immune response in the 

tumor microenvironment and also highlight the potential role of early life stress in 

influencing trajectories of vulnerability and disease.

Although there appears to be promising evidence of links between psychosocial factors and 

cellular immunity in the context of cancer, it is not clear to what extent the magnitude of 

variability in immune markers associated with psychosocial factors is clinically important or 

predictive of disease course. Although Steel and colleagues (2007) found that depression in 

hepatobiliary carcinoma was related to lower NK cell numbers and shorter survival, and that 

NK cell number mediated the relationship between depression and survival, this type of 

mediational finding tends to be the exception rather than the rule (e.g., Fawzy et al., 1993; 
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Levy, Herberman, Lippman, D’Angelo, & Lee, 1991), and the importance of stress-related 

changes in the immune response for recurrence and survival is still unclear. It is likely that 

immune factors operate in concert with a host of other substances to modulate tumor 

growth; thus examination of mediation may need to include multiple factors. Studies that are 

specifically powered to answer such mediational questions will be need to be undertaken. 

An appreciation of the pro-metastatic role of immune cells such as macrophages is also an 

important consideration.

Glucocorticoid Influences on Cancer Progression

Although we have highlighted adrenergic pathways so far in this discussion, it is important 

to note that glucocorticoids also have significant effects on several hallmarks of cancer and 

also have the ability to inhibit the immune response, thereby weakening host surveillance 

and cytotoxic abilities. Glucocorticoids stimulate the growth of prostate and breast cancer 

cells (Moran, Gray, Mikosz, & Conzen, 2000), enhance survival of mammary and other 

cancer cells, inhibit tumor cell apoptosis (Volden & Conzen, 2013), and inhibit the 

destruction of tumor cells by chemotherapy (Zhang et al., 2006). Glucocorticoids can also 

alter the tumor microenvironment by modulating transcriptional activity in cells such as 

tumor-associated fibroblasts and adipocytes to support tumor growth and progression 

(Volden & Conzen, 2013). Glucocorticoids also down-regulate DNA repair activities 

(Antonova & Mueller, 2008). HPA dysregulation, including flattened diurnal cortisol slopes 

and elevated nocturnal cortisol (Bower & Lamkin, 2007; Weinrib et al., 2010), has been 

reported in a variety of cancer populations. For example, nocturnal cortisol in ovarian cancer 

patients presurgery was 51% higher than that of healthy women (Schrepf et al., 2013). These 

cortisol elevations are hypothesized to reflect a hypothalamic response to the high levels of 

inflammatory cytokines secreted by solid tumors and tend to decline over time with 

successful treatment, at least in ovarian cancer (Schrepf et al., 2013). Distress has been 

associated with altered cortisol patterns in some of these studies (e.g., Giese-Davis, Sephton, 

Abercrombie, Duran, & Spiegel, 2004). Moreover, flattened cortisol slopes have been 

associated with poorer survival in patients with breast, lung, and renal cell cancer (Cohen et 

al., 2012; Sephton, Sapolsky, Kraemer, & Speigel, 2000; Sephton et al., 2013), suggesting 

the importance of glucocorticoid-related processes and of cortisol as a biomarker.

Stages of the Cancer Continuum and Biological Processes

Although many of the processes described above can occur at any time in an individual’s 

survivorship, some biological processes may be more or less relevant at different stages of 

the illness. For example, cellular immunity may have a more salient role in the early stages 

of tumor development and progression, for attacking primary tumor and for monitoring of 

tumor cells that have escaped into general circulation and could seed metastases in distant 

organs. Thus it may be less relevant to examine cellular immune outcomes in studies 

examining metastatic cancer patients than in studies of early-stage cancer patients or those 

undergoing surgery.

Different psychological processes may be more salient at different times in the cancer 

continuum as well. Stress peaks at diagnoses, both initial and recurrence diagnoses 
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(Andersen, Shapiro, Farrar, Crespin, & Wells-DiGregorio, 2005). Though studies vary in 

estimates of emotional distress, the point prevalence estimates for cancer patients have been 

estimated to be 20.7% for any mood disorder, 10.3% for anxiety disorders, and 19.4% for 

any adjustment disorder (Mitchell et al., 2011). By comparison, the National Institute of 

Mental Health reports twelve-month prevalence estimates as being 9.5% for mood disorders 

and 18.1% for anxiety disorders (Kessler, Chiu, Demler, Merikangas, & Walters, 2005). It 

must be noted that upwards of 50% of cancer patients do well, manifesting remarkable 

resilience at diagnosis, treatment, and thereafter. But even when psychological responses 

during active treatment are satisfactory, a subgroup will still be vulnerable to later distress 

(Helgeson, Snyder, & Seltman, 2004).

In light of the evidence reviewed above detailing the multiple ways in which psychosocial 

factors impact physiological mechanisms relevant to cancer progression, we now summarize 

data regarding the ability of psychosocial interventions to modulate some of the 

physiological pathways described above and the potential implications of these interventions 

for survival.

Psychological Interventions and Biobehavioral Outcomes

Thirty years of randomized clinical trials (RCTs) have shown that psychological 

interventions can consistently reduce patients’ stress and enhance their moods (Andersen, 

1992, 2002; Osborn, Demoncada, & Feuerstein, 2006; Sheard & Maguire, 1999). A variety 

of psychological interventions have been employed, many of them multimodal, with the 

core elements of stress reduction, information, and social support; variable use of cognitive 

change or other cognitive behavior therapies techniques (e.g., assertive communication); 

and, infrequently, health behavior components. We make the case, however, that 

accumulated knowledge regarding endocrine and immune responses, tumor-related 

processes, disease progression, and biobehavioral factors is sufficient to warrant further 

scientific investigation, including the study of tumor growth mechanisms.

Since our review does not include correlational or contrasted group designs and instead 

summarizes experiments—RCTs—with repeated measures, the strength of the evidence is 

strong. In these trials, patients were randomly assigned to a control condition or a 

psychological treatment designed to reduce stress, distress, and/or anxiety, and some studies 

included other outcomes as well. Studies that are noted in this section found Group × Time 

interactions showing, first, a psychological effect and, second, a biological effect.

Intervention effects on biological outcomes are of variable reliability and magnitude (for a 

review, see Antoni, 2012). Findings are nuanced. Variance comes from the heterogeneity of 

sample sizes (Ns are noted below), analyses of subgroups within larger trials, intervention 

components, and differential rates of follow-up, among other factors, which makes 

generalizations difficult. The majority of trials noted below studied breast cancer patients, 

and there are only limited data from patients with other types of cancer (i.e., ovarian, 

Lekander, Fürst, Rotstein, Hursti, & Fredrikson, 1997; prostate, Cohen et al., 2011; 

melanoma, Fawzy, Kemeny, et al., 1990; cervical, Lutgendorf et al., 2011).
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We first note significant outcomes. Positive outcomes reported have included increases in 

cellular immune response, including stability (in contrast to declines) or elevations in T-cell 

blastogenesis (Andersen et al., 2004; McGregor et al., 2004) and stability or improvements 

in NKCC (Cohen et al., 2011; Fawzy, Cousins, et al., 1990; Fawzy, Kemeny, et al., 1990; 

Witek-Janusek et al., 2008). Significant effects for cytokine outcomes consist of greater 

production of stimulated or unstimulated TH1 cytokines such as IL-2, IL-12, and IFN-γ 

(Antoni et al., 2009; Cohen et al., 2011; Witek-Janusek et al., 2008) and decreases in TH2 

cytokines such as IL-4 and IL-10 or reductions in helper:suppressor ratios (Witek-Janusek et 

al., 2008). Reductions in cortisol or normalization of diurnal cortisol patterns have also been 

reported (Antoni et al., 2009; Carlson et al., 2013; Cruess et al., 2000; Phillips et al., 2008; 

Witek-Janusek et al., 2008). In some of the above trials (e.g., Andersen et al., 2004; Antoni 

et al., 2009), effects were found for some indicators but not others. However, “matching” 

need not occur across indicators, considering both the specificity of cell functions and the 

specificity of responses to stress (see Thornton, Andersen, Crespin, & Carson, 2007, for an 

example). In contrast, some RCTs testing for biological effects found none (N = 23, Larson, 

Duberstein, Talbot, Caldwell, & Moynihan, 2000; N = 47, Richardson, Post-White, Grimm, 

Moye, Singletary, & Justice, 1997; N = 23, van der Pompe, Duivenvoorden, Antoni, Visser, 

& Heijnen, 1997), and other RCTs found psychosocial improvements correlated with 

immune changes but showed no specific intervention effects (N = 50, Nelson et al., 2008).

Antoni and colleagues (2011), in secondary analyses, have recently demonstrated that a 10-

week group stress management intervention among early-stage breast cancer patients (vs. an 

active control group) produced changes in leukocyte gene expression observable six and 12 

months following the intervention. Specifically, patients in the intervention arm showed 

altered expression of important regulatory genes, including down-regulation of genes 

modulating pro-inflammatory and metastatic processes and increased expression of genes 

relevant for cellular immunity. Promoter-based bioinformatics indicated down-regulation of 

NF-κB and of the globin transcription factor (GATA) family (related to sympathetic 

activation), accompanied by increased activity of genes involving the glucocorticoid 

receptor, which controls inflammation, thus indicating decreased inflammation and greater 

inflammatory control in intervention participants. These findings were the first from an RCT 

to indicate that a psychological intervention could have an effect on gene expression in 

cancer, and they highlight the need to further understand the implications of these dynamics.

In contrast to the literature on psychological outcomes, there have been few trials designed a 

priori to test for an impact on disease endpoints (e.g., Goodwin, Leszcz, & Ennix, 2001; 

Kissane et al., 2004, 2007; Küchler, Bestmann, Rappat, Henne-Bruns, & Wood-Dauphinee, 

2007; Spiegel et al., 2007), and only three included biomarkers. Fawzy and colleagues 

(Fawzy, Canada, & Fawzy, 2003; Fawzy, Kemeny, et al., 1990) reported increased 

stimulated NK cell activity at six months, and significantly longer survival after 6 and 10 

years of follow-up, in early-stage melanoma patients who had participated in a six-week 

coping intervention. In an interim report, Spiegel and colleagues (Sephton et al., 2000) 

reported analyses of diurnal cortisol slopes and NKCC as predictors of survival in women 

with metastatic breast cancer (N = 104); analyses were collapsed across study arms. Both 

flattened slope and lower NKCC predicted lower survival; however, only slope remained 

Lutgendorf and Andersen Page 11

Am Psychol. Author manuscript; available in PMC 2015 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



predictive when both were entered into the proportional hazards model. A later article on 

disease outcomes for the entire sample (N = 122) reported no survival differences between 

groups (Spiegel et al., 2007).

Andersen and colleagues reported increased T-cell blastogenesis for those breast cancer 

patients randomized to the intervention arm at the end of both the intensive (Andersen et al., 

2004) and the maintenance (Andersen et al., 2007) intervention phases. In the article on 

maintenance outcomes, intervention effects at four months were tested as predictors of 12-

month health outcomes (nurse-rated symptoms, functional status), and it was study arm and 

distress reduction, rather than immune enhancement, that predicted 12-month health 

improvements. After a mean of 11 years of follow-up, breast cancer patients in the 

intervention arm were found to have a reduced risk of breast cancer recurrence (hazards 

ratio [HR] = 0.55, p =.034; Andersen et al., 2008). Among the patients in both arms who did 

have a recurrence, intervention-arm patients had a reduced risk of breast cancer death (HR = 

0.41, p =.014; Andersen et al., 2010).

Considerations for Future Research

It is important to consider a “second wave” of trials to significantly move the intervention 

literature forward. Here we discuss characteristics of patients and treatments that could 

create the conditions that would optimize study of mechanisms and disease endpoints.

Patients

What psychological or behavioral characteristics covary with biological variables and 

disease endpoints? The data suggest three candidate variables: stress, depressive symptoms, 

and social factors. Their association with biological processes relevant to tumor progression 

was discussed earlier, as each covaries with disease progression and cancer death (Chida et 

al., 2008; Pinquart & Duberstein, 2010a, 2010b). In many of the biomarker studies described 

above, it was the social support component of attachment that covaried most strongly with 

physiological markers and/or with survival (discussed in Lutgendorf et al., 2012; see also 

Weihs, Enright, & Simmens, 2008). To date in intervention trials, investigators have accrued 

“all comers,” with few exceptions (e.g., Nezu et al., 2003). For example, only nine of 

hundreds of intervention trials conducted thus far have had significant numbers of patients 

with MDD (Hart et al., 2012). None of the studies, however, included biobehavioral data. 

The only available data come from a subset of breast cancer patients with significant 

depressive symptoms accrued to a larger intervention trial (Thornton, Andersen, Schuler, & 

Carson, 2009). Data showed that reductions in distress achieved with the intervention were 

found to be a mechanism for subsequent reductions in pain, fatigue, and inflammation 

(Thornton et al., 2009). Considering disease characteristics, those with disseminated disease 

or those with poor treatment profiles (e.g., lung, pancreatic, or ovarian cancer) are 

vulnerable to higher levels of distress as well (Clark, Loscalzo, Trask, Zabora, & Philip, 

2010; Price et al., 2010).

Focusing on the types of patients described above—having at least moderate psychological, 

biological, and disease progression risk—has implications for the design of intervention 

trials. These are patients with the potential to show large treatment effects, in contrast to the 
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small to medium effects seen in the majority of the RCTs conducted to date (Schneider et 

al., 2010). Accrual of patients with at least moderate levels of distress would increase power 

and increase the likelihood of finding biological or endpoint effects.

It should be noted that psychological or behavioral factors may have direct effects on 

physiology related to tumor growth and development but may be associated with other 

behavioral disruptions that also have negative effects, such as disruptions in sleep (Irwin, 

Olmstead, Ganz, & Haque, 2012), exercise (Scully, Kremer, Meade, Graham, & Dudgeon, 

1998), nutrition (Wing, Matthews, Kuller, Meilahn, & Plantinga, 1991), or adherence to 

medical regimens (Greer, Pirl, Park, Lynch, & Temel, 2008). Other health risks arising from 

behavioral factors, such as obesity (Parekh, Chandran, & Bandera, 2012), may also have 

downstream effects on tumor physiology and disease course (Connolly et al., 2002).

Interventions

Few trials have been designed a priori with hypotheses that psychological and behavioral 

changes from an intervention will “move the biology” and/or alter the course of disease. To 

embrace the latter goal necessitates a different realm of intervention development and 

research design. Doing this successfully, however, provides experimental data to confirm or 

disconfirm correlational findings regarding cellular immunity, tumor growth and spread, and 

disease course.

If at-risk patients, such as those described above, are accrued, a more intensive treatment 

will likely be required. This is certainly the case if patients are accrued at the maximally 

stressful time, that is, at diagnosis and treatment initiation. It is at this time that interventions 

have their strongest effects, as distress declines steadily thereafter (e.g., Helgeson, Snyder, 

& Seltman, 2004) with or without an intervention. Efficacious treatments such as cognitive 

behavior therapy for depression and anxiety exist, as do psychosocial and stress 

management interventions to treat cancer stress. In the case of depression, a combination 

treatment—one that treats cognitive dysfunction and cancer stress—might be more 

efficacious than either of two separate treatments alone (see Brothers, Yang, Strunk, & 

Andersen, 2011, and Hopko et al., 2011, for examples). Moreover, components addressing 

health behaviors, particularly physical activity, may also be needed. Health behaviors should 

be measured and monitored as potential mediators of psychological and biological 

outcomes. Alterations in health behaviors also may be chosen as targets for interventions 

along with changes in mood. In addition to an intensive treatment, a second phase of therapy 

involving maintenance (Andersen, Golden-Kreutz, Emery, & Thiel, 2009) or booster 

sessions (e.g., (Teasdale et al., 2000) may be important to achieve durable change.

Biological Outcomes

The majority of studies to date investigating biobehavioral factors and cancer have 

examined cellular immunity. At this point, direct and indirect links between biobehavioral 

factors and many key processes associated with tumor progression have been documented. 

Thus, linking biobehavioral factors with biological outcome variables implicated in tumor 

progression in clinical and preclinical settings, as well as in intervention studies, is critical. 

When feasible, tumor-related biological outcome measures should be assessed in the tumor 
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microenvironment as well as in the periphery. These might include markers of tumor 

invasion, metastasis, and inflammation, particularly those factors known to be associated 

with progression of the specific type of tumor being investigated. Research targeting effects 

of biobehavioral factors and interventions on outcomes of clinical importance is needed as 

well, for example, on recovery from hematopoietic stem cell transplant (Costanzo, Juckett, 

& Coe, 2013), recovery from surgery (Neeman & Ben-Eliyahu, 2013), augmentation of 

immunotherapy or targeted therapies, and others.

Summary

The evidence available to date from both animal and clinical research demonstrates strong 

links between biobehavioral factors and many of the fundamental biological processes 

involved in tumor progression. This work is still in its early stages, and delineating 

relationships of biobehavioral factors with additional “hallmarks of cancer” represents an 

important task for future research. Work to date points to mediation of many effects by the 

HPA axis and the SNS, but potential mediators yet to be explored include effects of 

substances such as oxytocin and of the parasympathetic nervous system. Effects of 

interactions between biobehavioral pathways and metabolic pathways have been minimally 

studied in cancer and may be important for future research. It is not yet known whether there 

are stress/depression/social isolation thresholds that set an individual on a positive or 

negative physiological trajectory or whether there are specific windows during oncology 

treatment in which patients are most sensitive to biobehavioral effects. A more nuanced 

understanding of types of psychological stressors, moderating psychosocial factors, and 

points within the cancer trajectory at which patients are most vulnerable will advance our 

comprehension of the psychological factors that may be most relevant for cancer outcomes. 

Effects on physiology have been demonstrated from biobehavioral interventions; however, 

examination of molecular mechanisms is in the early stages of development. We have 

argued for a “second wave” of biobehavioral intervention trials focusing on vulnerable 

patients and clinically relevant markers. Determining the clinical importance of 

biobehavioral relationships in oncology is one of the important tasks for future research.

Acknowledgments

This research was funded in part by Grants CA104825, CA140933, and CA098133 from the National Cancer 
Institute.

References

Andersen BL. Psychological interventions for cancer patients to enhance the quality of life. Journal of 
Consulting and Clinical Psychology. 1992; 60:552–568.10.1037/0022-006X.60.4.552 [PubMed: 
1506503] 

Andersen BL. Biobehavioral outcomes following psychological interventions for cancer patients. 
Journal of Consulting and Clinical Psychology. 2002; 70:590–610.10.1037/0022-006X.70.3.590 
[PubMed: 12090371] 

Andersen BL, Farrar WB, Golden-Kreutz D, Emery CF, Glaser R, Crespin T, Carson WE. Distress 
reduction from a psychological intervention contributes to improved health for cancer patients. 
Brain, Behavior, and Immunity. 2007; 21:953–961.10.1016/j.bbi.2007.03.005

Lutgendorf and Andersen Page 14

Am Psychol. Author manuscript; available in PMC 2015 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Andersen BL, Farrar WB, Golden-Kreutz DM, Glaser R, Emery CF, Crespin TR, Carson WE. 
Psychological, behavioral, and immune changes after a psychological intervention: A clinical trial. 
Journal of Clinical Oncology. 2004; 22:3570–3580.10.1200/JCO.2004.06.030 [PubMed: 15337807] 

Andersen BL, Farrar WB, Golden-Kreutz D, Kutz LA, MacCallum R, Courtney ME, Glaser R. Stress 
and immune responses after surgical treatment for regional breast cancer. Journal of the National 
Cancer Institute. 1998; 90:30–36.10.1093/jnci/90.1.30 [PubMed: 9428780] 

Andersen BL, Golden-Kreutz DM, Emery CF, Thiel DL. Biobehavioral intervention for cancer stress: 
Conceptualization, components, and intervention strategies. Cognitive and Behavioral Practice. 
2009; 16:253–265.10.1016/j.cbpra.2008.11.002

Andersen BL, Shapiro CL, Farrar WB, Crespin TR, Wells-DiGregorio S. Psychological responses to 
cancer recurrence: A controlled prospective study. Cancer. 2005; 104:1540–1547.10.1002/cncr.
21309 [PubMed: 16118802] 

Andersen BL, Thornton LM, Shapiro CL, Farrar WB, Mundy BL, Yang HC, Carson WE III. 
Biobehavioral, immune, and health benefits following recurrence for psychological intervention 
participants. Clinical Cancer Research. 2010; 16(12):3270–3278.10.1158/1078-0432.CCR-10-0278 
[PubMed: 20530702] 

Andersen BL, Yang H, Farrar W, Golden-Kreutz DM, Emery CF, Thornton LM, Carson WE III. 
Psychologic intervention improves survival for breast cancer patients. Cancer. 2008; 113:3450–
3458.10.1002/cncr.23969 [PubMed: 19016270] 

Antoni MH. Psychosocial intervention effects on adaptation, disease course, and biobehavioral 
processes in cancer. Brain, Behavior, and Immunity. 2012; 30(Suppl):S88–S98.10.1016/j.bbi.
2012.05.009

Antoni MH, Lechner S, Diaz A, Vargas S, Holley H, Phillips K, Blomberg B. Cognitive behavioral 
stress management effects on psychosocial and physiological adaptation in women undergoing 
treatment for breast cancer. Brain, Behavior, and Immunity. 2009; 23:580–591.10.1016/j.bbi.
2008.09.005

Antoni MH, Lutgendorf SK, Blomberg B, Carver CS, Lechner S, Diaz A, Cole SW. Cognitive-
behavioral stress management reverses anxiety-related leukocyte transcriptional dynamics. 
Biological Psychiatry. 2012; 71:366–372.10.1016/j.biopsych.2011.10.007 [PubMed: 22088795] 

Antonova L, Mueller CR. Hydrocortisone down-regulates the tumor suppressor gene BRCA1 in 
mammary cells: A possible molecular link between stress and breast cancer. Genes, Chromosomes 
and Cancer. 2008; 47:341–352.10.1002/gcc.20538 [PubMed: 18196591] 

Armaiz-Pena GN, Cole SW, Lutgendorf SK, Sood AK. Neuroendocrine influences on cancer 
progression. Brain, Behavior, and Immunity. 2013; 30(Suppl):S19–S25.10.1016/j.bbi.2012.06.005

Bleiker EMA, van der Ploeg HM, Hendriks JHCL, Adèr HJ. Personality factors and breast cancer 
development: A prospective longitudinal study. Journal of the National Cancer Institute. 1996; 
88:1478–1482.10.1093/jnci/88.20.1478 [PubMed: 8841023] 

Blomberg BB, Alvarez JP, Diaz A, Romero MG, Lechner SC, Carver CS, Antoni MH. Psychosocial 
adaptation and cellular immunity in breast cancer patients in the weeks after surgery: An 
exploratory study. Journal of Psychosomatic Research. 2009; 67:369–376.10.1016/j.jpsychores.
2009.05.016 [PubMed: 19837199] 

Bower JE, Lamkin DM. Inflammation and cancer related fatigue: Mechanisms, contributing factors, 
and treatment implications. Brain, Behavior, and Immunity. 2013; 30(Suppl):S48–S57.10.1016/
j.bbi.2012.06.011

Brothers BM, Yang HC, Strunk DR, Andersen BL. Cancer patients with major depressive disorder: 
Testing a biobehavioral/cognitive behavior intervention. Journal of Consulting and Clinical 
Psychology. 2011; 79:253–260.10.1037/a0022566 [PubMed: 21341891] 

Butow PN, Hiller JE, Price MA, Thackway SV, Kricker A, Tennant CC. Epidemiological evidence for 
a relationship between life events, coping style, and personality factors in the development of 
breast cancer. Journal of Psychosomatic Research. 2000; 49:169–181.10.1016/
S0022-3999(00)00156-2 [PubMed: 11110988] 

Campbell JP, Karolak MR, Ma Y, Perrien DS, Masood-Campbell SK, Penner NL, Elefteriou F. 
Stimulation of host bone marrow stromal cells by sympathetic nerves promotes breast cancer bone 

Lutgendorf and Andersen Page 15

Am Psychol. Author manuscript; available in PMC 2015 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



metastasis in mice. PLOS Biology. 2012; 10(7):e1001363.10.1371/journal.pbio.1001363 
[PubMed: 22815651] 

Carlson LE, Doll R, Stephen J, Faris P, Tamagawa R, Drysdale E, Speca M. Randomized controlled 
trial of mindfulness-based cancer recovery versus supportive expressive group therapy for 
distressed survivors of breast cancer. Journal of Clinical Oncology. 2013; 31(25):3119–
3126.10.1200/JCO.2012.47.5210 [PubMed: 23918953] 

Chida Y, Hamer M, Wardle J, Steptoe A. Do stress-related psychosocial factors contribute to cancer 
incidence and survival? Nature Clinical Practice Oncology. 2008; 5:466–475.10.1038/ncponc1134

Clark KL, Loscalzo M, Trask PC, Zabora J, Philip EJ. Psychological distress in patients with 
pancreatic cancer—an understudied group. Psycho-Oncology. 2010; 19:1313–1320.10.1002/pon.
1697 [PubMed: 20119937] 

Cohen L, Cole SW, Sood AK, Prinsloo S, Kirschbaum C, Arevalo JM, Pisters L. Depressive 
symptoms and cortisol rhythmicity predict survival in patients with renal cell carcinoma: Role of 
inflammatory signaling. PLOS ONE. 2012; 7:e42324.10.1371/journal.pone.0042324 [PubMed: 
22870317] 

Cohen L, Parker PA, Vence L, Savary C, Kentor D, Pettaway C, Radvanyi L. Presurgical stress 
management improves postoperative immune function in men with prostate cancer undergoing 
radical prostatectomy. Psychosomatic Medicine. 2011; 73:218–225.10.1097/PSY.
0b013e31820a1c26 [PubMed: 21257977] 

Connolly BS, Barnett C, Vogt KN, Li T, Stone J, Boyd NF. A meta-analysis of published literature on 
waist-to-hip ratio and risk of breast cancer. Nutrition and Cancer. 2002; 44:127–138.10.1207/
S15327914NC4402_02 [PubMed: 12734058] 

Costanzo ES, Juckett MB, Coe CL. Biobehavioral influences on recovery following hematopoietic 
stem cell transplantation. Brain, Behavior, and Immunity. 2013; 30(Suppl):S68–S74.10.1016/j.bbi.
2012.07.005

Costanzo ES, Lutgendorf SK, Sood AK, Anderson B, Sorosky J, Lubaroff DM. Psychosocial factors 
and interleukin-6 among women with advanced ovarian cancer. Cancer. 2005; 104:305–
313.10.1002/cncr.21147 [PubMed: 15954082] 

Cruess DG, Antoni MH, McGregor BA, Kilbourn KM, Boyers AE, Alferi SM, Kumar M. Cognitive-
behavioral stress management reduces serum cortisol by enhancing benefit finding among women 
being treated for early stage breast cancer. Psychosomatic Medicine. 2000; 62:304–308. [PubMed: 
10845343] 

Dantzer R, O’Connor JC, Freund G, Johnson RW, Kelley KK. From inflammation to sickness and 
depression: When the immune system subjugates the brain. Nature Reviews Neuroscience. 2008; 
9:46–56.10.1038/nrn2297

Dhabhar FS, Malarkey WB, Neri E, McEwen BS. Stress-induced redistribution of immune cells—
From barracks to boulevards to battlefields: A tale of three hormones. Psychoneuroendocrinology. 
2012; 37:1345–1368.10.1016/j.psyneuen.2012.05.008 [PubMed: 22727761] 

Duijts SF, Zeegers MP, Borne BV. The association between stressful life events and breast cancer risk: 
A meta-analysis. International Journal of Cancer. 2003; 107:1023–1029.10.1002/ijc.11504

Fagundes CP, Glaser R, Johnson SL, Andridge RR, Yang EV, DiGregorio M, Kiecolt-Glaser JK. 
Basal cell carcinoma: Stressful life events and the tumor environment. Archives of General 
Psychiatry. 2012; 69:618–626.10.1001/archgenpsychiatry.2011.1535 [PubMed: 22664550] 

Fang F, Fall K, Sparén P, Adami HO, Valdimarsdóttir HB, Lambe M, Valdimarsdóttir U. Risk of 
infection-related cancers after the loss of a child: A follow-up study in Sweden. Cancer Research. 
2011; 71:116–122.10.1158/0008-5472.CAN-10-0470 [PubMed: 21084266] 

Fawzy FI, Canada AL, Fawzy RN. Malignant melanoma: Effects of a brief, structured psychiatric 
intervention on survival and recurrence at 10-year follow-up. Archives of General Psychiatry. 
2003; 60:100–103.10.1001/archpsyc.60.1.100 [PubMed: 12511177] 

Fawzy FI, Cousins N, Fawzy NW, Kemeny ME, Elashoff R, Morton D. A structured psychiatric 
intervention for cancer patients. I. Changes over time in methods of coping and affective 
disturbance. Archives of General Psychiatry. 1990; 47:720–725.10.1001/archpsyc.
1990.01810200028004 [PubMed: 2378543] 

Lutgendorf and Andersen Page 16

Am Psychol. Author manuscript; available in PMC 2015 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fawzy FI, Fawzy NW, Hyun CS, Elashoff R, Guthrie D, Fahey JL, Morton DL. Malignant melanoma: 
Effects of an early structured psychiatric intervention, coping, and affective state on recurrence 
and survival 6 years later. Archives of General Psychiatry. 1993; 50:681–689.10.1001/archpsyc.
1993.01820210015002 [PubMed: 8357293] 

Fawzy FI, Kemeny ME, Fawzy NW, Elashoff R, Morton D, Cousins N, Fahey JL. A structured 
psychiatric intervention for cancer patients. II. Changes over time in immunological measures. 
Archives of General Psychiatry. 1990; 47:729–735.10.1001/archpsyc.1990.01810200037005 
[PubMed: 2143062] 

Feng Z, Liu L, Zhang C, Zheng T, Wang J, Lin M, Zhao Y, Hu W. Chronic restraint stress attenuates 
p53 function and promotes tumorigenesis. PNAS: Proceedings of the National Academy of 
Sciences, USA. 2012; 109:7013–7018.10.1073/pnas.1203930109

Fidler IJ. The pathogenesis of cancer metastasis: The ‘seed and soil’ hypothesis revisited. Nature 
Reviews Cancer. 2003; 3:453–458.10.1038/nrc1098

Flint MS, Baum A, Chambers WH, Jenkins FJ. Induction of DNA damage, alteration of DNA repair 
and transcriptional activation by stress hormones. Psychoneuroendocrinology. 2007; 32:470–
479.10.1016/j.psyneuen.2007.02.013 [PubMed: 17459596] 

Folkman J. What is the evidence that tumors are angiogenesis dependant? Journal of the National 
Cancer Institute. 1990; 82:4–6.10.1093/jnci/82.1.4 [PubMed: 1688381] 

Garssen B. Psychological factors and cancer development: Evidence after 30 years of research. 
Clinical Psychology Review. 2004; 24:315–338.10.1016/j.cpr.2004.01.002 [PubMed: 15245834] 

Giese-Davis J, Sephton S, Abercrombie H, Duran R, Spiegel D. Repression and high anxiety are 
associated with aberrant diurnal cortisol rhythms in women with metastatic breast cancer. Health 
Psychology. 2004; 23:645–650.10.1037/0278-6133.23.6.645 [PubMed: 15546233] 

Glaser R, Kiecolt-Glaser JK. Stress-induced immune dysfunction: Implications for health. Nature 
Reviews Immunology. 2005; 5:243–251.10.1038/nri1571

Glaser R, Thorn B, Tarr K, Kiecolt-Glaser J, D’Ambrosio S. Effects of stress on methy-transferase 
synthesis: An important DNA repair enzyme. Health Psychology. 1985; 4:403–
412.10.1037/0278-6133.4.5.403 [PubMed: 4076116] 

Goodwin PJ, Leszcz M, Ennix M. The effect of group psychosocial support on survival in metastatic 
breast cancer. The New England Journal of Medicine. 2001; 345:1719–1726.10.1056/NEJ-
Moa011871 [PubMed: 11742045] 

Greer JA, Pirl WF, Park ER, Lynch TJ, Temel JS. Behavioral and psychological predictors of 
chemotherapy adherence in patients with advanced non-small cell lung cancer. Journal of 
Psychosomatic Research. 2008; 65:549–552.10.1016/j.jpsychores.2008.03.005 [PubMed: 
19027443] 

Hagemann T, Balkwill F, Lawrence T. Inflammation and cancer: A double-edged sword. Cancer Cell. 
2007; 12:300–301.10.1016/j.ccr.2007.10.005 [PubMed: 17936555] 

Hanahan D, Weinberg RA. Hallmarks of cancer: The next generation. Cell. 2011; 144:646–
674.10.1016/j.cell.2011.02.013 [PubMed: 21376230] 

Hart SL, Hoyt MA, Diefenbach M, Anderson DR, Kilbourn KM, Craft LL, Stanton AL. Meta-analysis 
of efficacy of interventions for elevated depressive symptoms in adults diagnosed with cancer. 
Journal of the National Cancer Institute. 2012; 104:990–1004.10.1093/jnci/djs256 [PubMed: 
22767203] 

Helgeson VS, Snyder P, Seltman H. Psychological and physical adjustment to breast cancer over four 
years: Identifying distinct trajectories of change. Health Psychology. 2004; 23:3–
15.10.1037/0278-6133.23.1.3 [PubMed: 14756598] 

Hopko DR, Armento ME, Robertson SM, Ryba MM, Carvalho JP, Colman LK, Lejuez CW. Brief 
behavioral activation and problem-solving therapy for depressed breast cancer patients: 
Randomized trial. Journal of Consulting and Clinical Psychology. 2011; 79:834–849.10.1037/
a0025450 [PubMed: 21988544] 

House JS, Landis KR, Umberson D. Social relationships and health. Science. 1988; 241:540–
545.10.1126/science.3399889 [PubMed: 3399889] 

Lutgendorf and Andersen Page 17

Am Psychol. Author manuscript; available in PMC 2015 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Howren MB, Lamkin DM, Suls J. Associations of depression with C-reactive protein, IL-1, and IL-6: 
A meta-analysis. Psychosomatic Medicine. 2009; 71:171–186.10.1097/PSY.0b013e3181907c1b 
[PubMed: 19188531] 

Irwin MR, Olmstead RE, Ganz PA, Haque R. Sleep disturbance, inflammation and depression risk in 
cancer survivors. Brain, Behavior, and Immunity. 2012; 30(Suppl):S58–S67.10.1016/j.bbi.
2012.05.002

Jehn CF, Kuehnhardt D, Bartholomae A, Pfeiffer S, Krebs M, Regierer AC, Flath BC. Biomarkers of 
depression in cancer patients. Cancer. 2006; 107:2723–2729.10.1002/cncr.22294 [PubMed: 
17036362] 

Kessler RC, Chiu WT, Demler O, Merikangas KR, Walters EE. Prevalence, severity, and comorbidity 
of 12-month DSM-IV disorders in the National Comorbidity Survey Replication. Archives of 
General Psychiatry. 2005; 62:617–627.10.1001/archpsyc.62.6.617 [PubMed: 15939839] 

Khong HT, Restifo NP. Natural selection of tumor variants in the generation of “tumor escape” 
phenotypes. Nature Immunology. 2002; 3:999–1005.10.1038/ni1102-999 [PubMed: 12407407] 

Kiecolt-Glaser JK, Preacher KJ, MacCallum RC, Atkinson C, Malarkey WB, Glaser R. Chronic stress 
and age-related increases in the proinflammatory cytokine IL-6. PNAS: Proceedings of the 
National Academy of Sciences, USA. 2003; 100:9090–9095.10.1073/pnas.1531903100

Kissane DW, Grabsch B, Clarke D, Smith GC, Love AW, Bloch S, Li Y. Supportive-expressive group 
therapy for women with metastatic breast cancer: Survival and psychosocial outcome from a 
randomized controlled trial. Psycho-Oncology. 2007; 16:277–286.10.1002/pon.1185 [PubMed: 
17385190] 

Kissane DW, Love A, Hatton A, Bloch S, Smith G, Clarke DM, Snyder RD. Effect of cognitive-
existential group therapy on survival in early-stage breast cancer. Journal of Clinical Oncology. 
2004; 22:4255–4260. [PubMed: 15452189] 

Küchler T, Bestmann B, Rappat S, Henne-Bruns D, Wood-Dauphinee S. Impact of psychotherapeutic 
support for patients with gastrointestinal cancer undergoing surgery: 10-year survival results of a 
randomized trial. Journal of Clinical Oncology. 2007; 25:2702–2708.10.1200/JCO.2006.08.2883 
[PubMed: 17602075] 

Lamkin DM, Sloan EK, Patel AJ, Chiang BS, Pimentel MA, Ma JC, Cole SW. Chronic stress 
enhances progression of acute lymphoblastic leukemia via β-adrenergic signaling. Brain, Behavior, 
and Immunity. 2012; 26:635–641.10.1016/j.bbi.2012.01.013

Larson MR, Duberstein PR, Talbot NL, Caldwell C, Moynihan JA. A presurgical psychosocial 
intervention for breast cancer patients: Psychological distress and the immune response. Journal of 
Psychosomatic Research. 2000; 48:187–194. [PubMed: 10719136] 

Lekander M, Fürst CJ, Rotstein S, Hursti TJ, Fredrikson M. Immune effects of relaxation during 
chemotherapy for ovarian cancer. Psychotherapy and Psychosomatics. 1997; 66:185–
191.10.1159/000289133 [PubMed: 9259041] 

Levy S, Herberman R, Lippman M, D’Angelo T. Correlation of stress factors with sustained 
depression of natural killer cell activity and predicted prognosis in patients with breast cancer. 
Journal of Clinical Oncology. 1987; 5:348–353. [PubMed: 3546612] 

Levy SM, Herberman R, Lippman M, D’Angelo T, Lee J. Immunological and psychosocial predictors 
of disease recurrence in patients with early-stage breast cancer. Behavioral Medicine. 1991; 
17:67–75.10.1080/08964289.1991.9935161 [PubMed: 1878611] 

Levy SM, Herberman RB, Maluish AM, Schlien B, Lippman M. Prognostic risk assessment in primary 
breast cancer by behavioral and immunological parameters. Health Psychology. 1985; 4:99–
113.10.1037/0278-6133.4.2.99 [PubMed: 4018006] 

Lillberg K, Verkasalo PK, Kaprio J, Teppo L, Helenius H, Koskenvuo M. Stressful life events and risk 
of breast cancer in 10,808 women: A cohort study. American Journal of Epidemiology. 2003; 
157:415–423.10.1093/aje/kwg002 [PubMed: 12615606] 

Lutgendorf SK, De Geest K, Bender D, Ahmed A, Goodheart MJ, Dahmoush L, Sood AK. Social 
influences on clinical outcomes of patients with ovarian cancer. Journal of Clinical Oncology. 
2012; 30:2885–2890.10.1200/JCO.2011.39.4411 [PubMed: 22802321] 

Lutgendorf and Andersen Page 18

Am Psychol. Author manuscript; available in PMC 2015 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Lutgendorf SK, DeGeest K, Dahmoush L, Farley D, Penedo F, Bender D, Cole SW. Social isolation is 
associated with elevated tumor norepinephrine in ovarian carcinoma patients. Brain, Behavior, and 
Immunity. 2011; 25:250–255.10.1016/j.bbi.2010.10.012

Lutgendorf SK, DeGeest K, Sung CY, Arevalo JMG, Penedo F, Lucci JAI, Cole SW. Depression, 
social support, and beta-adrenergic transcription control in human ovarian cancer. Brain, Behavior, 
and Immunity. 2009; 23:176–183.10.1016/j.bbi.2008.04.155

Lutgendorf SK, Johnsen EL, Cooper B, Anderson B, Sorosky JI, Buller RE, Sood AK. Vascular 
endothelial growth factor and social support in patients with ovarian carcinoma. Cancer. 2002; 
95:808–815.10.1002/cncr.10739 [PubMed: 12209725] 

Lutgendorf SK, Lamkin D, Anderson B, DeGeest K, McGinn S, Maiseri H, Lubaroff DM. Depressed 
and anxious mood and T-cell cytokine producing populations in ovarian cancer patients. Brain, 
Behavior, and Immunity. 2008; 22:890–900.10.1016/j.bbi.2007.12.012

Lutgendorf SK, Lamkin DM, Jennings NB, Arevalo JMG, Penedo F, DeGeest K, Sood AK. 
Biobehavioral influences on matrix metalloproteinase expression in ovarian carcinoma. Clinical 
Cancer Research. 2008; 14:6839–6846.10.1158/1078-0432.CCR-08-0230 [PubMed: 18980978] 

Lutgendorf SK, Sood AK, Anderson B, McGinn S, Maiseri H, Dao M, Lubaroff DM. Social support, 
psychological distress, and natural killer cell activity in ovarian cancer. Journal of Clinical 
Oncology. 2005; 23:7105–7113.10.1200/JCO.2005.10.015 [PubMed: 16192594] 

Lutgendorf SK, Weinrib AZ, Penedo F, Russell D, DeGeest K, Costanzo ES, Lubaroff D. 
Interleukin-6, cortisol, and depressive symptoms in ovarian cancer patients. Journal of Clinical 
Oncology. 2008; 26:4820–4827.10.1200/JCO.2007.14.1978 [PubMed: 18779606] 

Mathews HL, Konley T, Kosik KL, Krukowski K, Eddy J, Albuquerque K, Janusek LW. Epigenetic 
patterns associated with the immune dysregulation that accompanies psychosocial distress. Brain, 
Behavior, and Immunity. 2011; 25:830–839.10.1016/j.bbi.2010.12.002

McGregor B, Antoni M, Boyers A, Alferi S, Blomberg B, Carver C. Effects of cognitive behavioral 
stress management on immune function and positive contributions among women with early-stage 
breast cancer. Psychosomatic Medicine. 2000; 62:120.

McGregor BA, Antoni M, Boyers A, Alferi S, Blomberg B, Carver C. Cognitive-behavioral stress 
management increases benefit finding and immune function among women with early-stage breast 
cancer. Journal of Psychosomatic Research. 2004; 56:1– 8.10.1016/S0022-3999(03)00036-9 
[PubMed: 14987957] 

Miller GE, Chen E, Parker KJ. Psychological stress in childhood and susceptibility to the chronic 
diseases of aging: Moving toward a model of behavioral and biological mechanisms. 
Psychological Bulletin. 2011; 137:959–997.10.1037/a0024768 [PubMed: 21787044] 

Mitchell AJ, Chan M, Bhatti H, Halton M, Grassi L, Johansen C, Meader N. Prevalence of depression, 
anxiety, and adjustment disorder in oncological, haematological, and palliative-care settings: A 
meta-analysis of 94 interview-based studies. Lancet Oncology. 2011; 12:160–174.10.1016/
S1470-2045(11)70002-X

Moran TJ, Gray S, Mikosz CA, Conzen SD. The glucocorticoid receptor mediates a survival signal in 
human mammary epithelial cells. Cancer Research. 2000; 60:867–872. [PubMed: 10706096] 

Mundy-Bosse BL, Thornton LM, Yang HC, Andersen BL, Carson WE. Psychological stress is 
associated with altered levels of myeloid-derived suppressor cells in breast cancer patients. 
Cellular Immunology. 2011; 270:80–87.10.1016/j.cellimm.2011.04.003 [PubMed: 21600570] 

Musselman DL, Miller AH, Porter MR, Manatunga A, Gao F, Penna S, Nemeroff CB. Higher than 
normal plasma interleukin-6 concentrations in cancer patients with depression: Preliminary 
findings. The American Journal of Psychiatry. 2001; 158(8):1252–1257.10.1176/appi.ajp.
158.8.1252 [PubMed: 11481159] 

Nausheen B, Carr NJ, Peveler RC, Moss-Morris R, Verrill C, Robbins E, Gidron Y. Relationship 
between loneliness and proangiogenic cytokines in newly diagnosed tumors of colon and rectum. 
Psychosomatic Medicine. 2010; 72:912–916.10.1097/PSY.0b013e3181f0bc1c [PubMed: 
20716709] 

Neeman E, Ben-Eliyahu S. Surgery and stress promote cancer metastasis: New outlooks on 
perioperative mediating mechanisms and immune involvement. Brain, Behavior, and Immunity. 
2013; 30(Suppl):S32–S40.10.1016/j.bbi.2012.03.006

Lutgendorf and Andersen Page 19

Am Psychol. Author manuscript; available in PMC 2015 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Nelson EL, Wenzel LB, Osann K, Dogan-Ates S, Chantana N, Reina-Patton A, Monk BJ. Stress, 
immunity, and cervical cancer: Biobehavioral outcomes of a randomzied clinical trial. Clinical 
Cancer Research. 2008; 14:2111–2118.10.1158/1078-0432.CCR-07-1632 [PubMed: 18381952] 

Nezu AM, Nezu CM, Felgoise SH, McClure KS, Houts PS. Project Genesis: Assessing the efficacy of 
problem-solving therapy for distressed cancer patients. Journal of Consulting and Clinical 
Psychology. 2003; 71:1036–1048.10.1037/0022-006X.71.6.1036 [PubMed: 14622079] 

Nielsen NR, Grønbæk M. Stress and breast cancer: A systematic update on the current knowledge. 
Nature Clinical Practice Oncology. 2006; 3:612–620.10.1038/ncponc0652

Osborn RL, Demoncada AC, Feuerstein M. Psychosocial interventions for depression, anxiety, and 
quality of life in cancer survivors: Meta-analyses. International Journal of Psychiatry in Medicine. 
2006; 36:13–34.10.2190/EUFN-RV1K-Y3TR-FK0L [PubMed: 16927576] 

Owen, J.; Punt, J.; Stranford, S. Kuby immunology. 7. New York, NY: W. H. Freeman; 2013. 

Palesh O, Butler LD, Koopman C, Giese-Davis J, Carlson R, Spiegel D. Stress history and breast 
cancer recurrence. Journal of Psychosomatic Research. 2007; 63:233–239.10.1016/j.jpsychores.
2007.05.012 [PubMed: 17719359] 

Parekh N, Chandran U, Bandera EV. Obesity in cancer survival. Annual Review of Nutrition. 2012; 
32:311–342.10.1146/annurev-nutr-071811-150713

Phillips KM, Antoni MH, Lechner S, Blomberg B, Llabre M, Avisar E, Carver C. Stress management 
intervention reduces serum cortisol and increases relaxation during treatment for non-metastatic 
breast cancer. Psychosomatic Medicine. 2008; 70:1044–1049.10.1097/PSY.0b013e318186fb27 
[PubMed: 18842742] 

Pinquart M, Duberstein PR. Associations of social networks with cancer mortality: A meta-analysis. 
Critical Reviews in Oncology/Hematology. 2010a; 75:122–137.10.1016/j.critrevonc.2009.06.003 
[PubMed: 19604706] 

Pinquart M, Duberstein PR. Depression and cancer mortality: A meta-analysis. Psychological 
Medicine. 2010b; 40:1797–1810.10.1017/S0033291709992285 [PubMed: 20085667] 

Price MA, Butow PN, Costa DS, King MT, Aldridge LJ, Fardell JE. Australian Ovarian Study Group 
Quality of Life Study Investigators. Prevalence and predictors of anxiety and depression in women 
with invasive ovarian cancer and their caregivers. Medical Journal of Australia. 2010; 193(5 
Suppl):S52–S57. [PubMed: 21542447] 

Reiche EM, Nunes SO, Morimoto HK. Stress, depression, the immune system, and cancer. Lancet 
Oncology. 2004; 5:617–625.10.1016/S1470-2045(04)01597-9

Richardson MA, Post-White J, Grimm EA, Moye LA, Singletary SE, Justice B. Coping, life attitudes, 
and immune responses to imagery and group support after breast cancer treatment. Alternative 
Therapies in Health and Medicine. 1997; 3(5):62–70. [PubMed: 9287446] 

Satin JR, Linden W, Phillips MJ. Depression as a predictor of disease progression and mortality in 
cancer patients: A meta-analysis. Cancer. 2009; 115:5349–5361.10.1002/cncr.24561 [PubMed: 
19753617] 

Schneider S, Moyer A, Knapp-Oliver S, Sohl S, Cannella D, Targhetta V. Pre-intervention distress 
moderates the efficacy of psychosocial treatment for cancer patients: A meta-analysis. Journal of 
Behavioral Medicine. 2010; 33:1–14.10.1007/s10865-009-9227-2 [PubMed: 19784868] 

Schrepf A, Clevenger L, Christensen D, DeGeest K, Bender D, Ahmed A, Lutgendorf SK. Cortisol 
and inflammatory processes in ovarian cancer patients following primary treatment: 
Relationships with depression, fatigue, and disability. Brain, Behavior, and Immunity. 2013; 
30(Suppl):S126–S134.10.1016/j.bbi.2012.07.022

Scully D, Kremer J, Meade MM, Graham R, Dudgeon K. Physical exercise and psychological well 
being: A critical review. British Journal of Sports Medicine. 1998; 32:111–120.10.1136/bjsm.
32.2.111 [PubMed: 9631216] 

Segerstrom SC, Miller GE. Psychological stress and the human immune system: A meta-analytic study 
of 30 years of inquiry. Psychological Bulletin. 2004; 130:601–630.10.1037/0033-2909.130.4.601 
[PubMed: 15250815] 

Sephton SE, Dhabhar FS, Keuroghlian AS, Giese-Davis J, McEwen BS, Ionan AC, Spiegel D. 
Depression, cortisol, and suppressed cell-mediated immunity in metastatic breast cancer. Brain, 
Behavior, and Immunity. 2009; 23:1148–1155.10.1016/j.bbi.2009.07.007

Lutgendorf and Andersen Page 20

Am Psychol. Author manuscript; available in PMC 2015 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Sephton SE, Lush ED, Dedert EA, Floyd AR, Rebholz WN, Gesler WN, Salmon P. Diurnal cortisol 
rhythm as a predictor of lung cancer survival. Brain, Behavior, and Immunity. 2013; 
30(Suppl):S163–S170.10.1016/j.bbi.2012.07.019

Sephton SE, Sapolsky RM, Kraemer HC, Speigel D. Early mortality in metastatic breast cancer 
patients with absent of abnormal diurnal cortisol rhythms. Journal of the National Cancer 
Institute. 2000; 92:994–1000.10.1093/jnci/92.12.994 [PubMed: 10861311] 

Sharma A, Greenman J, Sharp DM, Walker LG, Monson JR. Vascular endothelial growth factor and 
psychosocial factors in colorectal cancer. Psycho-Oncology. 2008; 17:66–73.10.1002/pon.1191 
[PubMed: 17410522] 

Sheard T, Maguire P. The effect of psychological interventions on anxiety and depression in cancer 
patients: Results of two meta-analyses. British Journal of Cancer. 1999; 80:1770–1780.10.1038/
sj.bjc.6690596 [PubMed: 10468295] 

Sica A, Mantovani A. Macrophage plasticity and polarization: In vivo veritas. Journal of Clinical 
Investigation. 2012; 122:787–795.10.1172/JCI59643 [PubMed: 22378047] 

Sloan EK, Priceman SJ, Cox BF, Yu S, Pimentel MA, Tangkanangnukul V, Cole SW. The 
sympathetic nervous system induces a metastatic switch in primary breast cancer. Cancer 
Research. 2010; 70:7042–7052.10.1158/0008-5472.CAN-10-0522 [PubMed: 20823155] 

Sood AK, Armaiz-Pena GN, Halder J, Nick AM, Stone RL, Hu W, Lutgendorf SK. Adrenergic 
modulation of focal adhesion kinase protects human ovarian cancer cells from anoikis. Journal of 
Clinical Investigation. 2010; 120:1515–1523.10.1172/JCI40802 [PubMed: 20389021] 

Spannuth WA, Sood AK, Coleman RL. Angiogenesis as a strategic target for ovarian cancer therapy. 
Nature Clinical Practice Oncology. 2008; 5:194–204.10.1038/ncponc1051

Spiegel D, Butler LD, Giese-Davis J, Koopman C, Miller E, DiMiceli S, Kraemer HC. Effects of 
supportive-expressive group therapy on survival of patients with metastatic breast cancer: A 
randomized prospective trial. Cancer. 2007; 110:1130–1138.10.1002/cncr.22890 [PubMed: 
17647221] 

Steel JL, Geller DA, Gamblin TC, Olek MC, Carr BI. Depression, immunity, and survival in patients 
with hepatobiliary carcinoma. Journal of Clinical Oncology. 2007; 25:2397–2405.10.1200/JCO.
2006.06.4592 [PubMed: 17557953] 

Teasdale JD, Segal ZV, Williams JM, Ridgeway VA, Soulsby JM, Lau MA. Prevention of relapse/
recurrence in major depression by mindfulness-based cognitive therapy. Journal of Consulting 
and Clinical Psychology. 2000; 68:615–623.10.1037/0022-006X.68.4.615 [PubMed: 10965637] 

Thornton LM, Andersen BL, Crespin TR, Carson WE. Individual trajectories in stress covary with 
immunity during recovery from cancer diagnosis and treatments. Brain, Behavior, and Immunity. 
2007; 21:185–194.10.1016/j.bbi.2006.06.007

Thornton LM, Andersen BL, Schuler TA, Carson WE. A psychological intervention reduces 
inflammatory markers by alleviating depressive symptoms: Secondary analysis of a randomized 
controlled trial. Psychosomatic Medicine. 2009; 71:715–724.10.1097/PSY.0b013e3181b0545c 
[PubMed: 19622708] 

Tsutsui S, Yasuda K, Suzuki K, Tahara K, Higashi H, Era S. Macrophage infiltration and its 
prognostic implications in breast cancer: The relationship with VEGF expression and 
microvessel density. Oncology Reports. 2005; 14:425–431. [PubMed: 16012726] 

van der Pompe G, Duivenvoorden HJ, Antoni MH, Visser A, Heijnen CJ. Effectiveness of a short-term 
group psychotherapy program on endocrine and immune function in breast cancer patients: an 
exploratory study. Journal of Psychosomatic Research. 1997; 42:453–466. [PubMed: 9194018] 

Varker KA, Terrell CE, Welt M, Suleiman S, Thornton L, Andersen BL, Carson WE. Impaired natural 
killer cell lysis in breast cancer patients with high levels of psychological stress is associated with 
altered expression of killer immunoglobulin-like receptors. Journal of Surgical Research. 2007; 
139:36–44.10.1016/j.jss.2006.08.037 [PubMed: 17292412] 

Volden PA, Conzen SD. The influence of glucocorticoid signaling on tumor progression. Brain, 
Behavior, and Immunity. 2013; 30(Suppl):S26–S31.10.1016/j.bbi.2012.10.022

Von Ah D, Kang D, Carpenter J. Stress, optimism, and social support: Impact on immune responses in 
breast cancer. Research in Nursing & Health. 2007; 30:72–83.10.1002/nur.20164 [PubMed: 
17243109] 

Lutgendorf and Andersen Page 21

Am Psychol. Author manuscript; available in PMC 2015 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Weihs KL, Enright TM, Simmens SJ. Close relationships and emotional processing predict decreased 
mortality in women with breast cancer: Preliminary evidence. Psychosomatic Medicine. 2008; 
70:117–124.10.1097/PSY.0b013e31815c25cf [PubMed: 18158376] 

Weiner, H. Perturbing the organism: The biology of stressful experience. Chicago, IL: University of 
Chicago Press; 1992. 

Weinrib A, Sephton SE, DeGeest K, Penedo F, Bender D, Zimmerman B, Lutgendorf SK. Diurnal 
cortisol dysregulation, functional disability, and depression in women with ovarian cancer. 
Cancer. 2010; 116:4410–4419.10.1002/cncr.25299 [PubMed: 20564155] 

Williams JB, Pang D, Delgado B, Kocherginsky M, Tretiakova M, Krausz T, Conzen SD. A model of 
gene–environment interaction reveals altered mammary gland gene expression and increased 
tumor growth following social isolation. Cancer Prevention Research. 2009; 2:850–
861.10.1158/1940-6207.CAPR-08-0238 [PubMed: 19789294] 

Wing RR, Matthews KA, Kuller LH, Meilahn EN, Plantinga P. Waist to hip ratio in middle-aged 
women: Associations with behavioral and psychosocial factors and with changes in 
cardiovascular risk factors. Arteriosclerosis and Thrombosis. 1991; 11:1250–
1257.10.1161/01.ATV.11.5.1250 [PubMed: 1911710] 

Witek-Janusek L, Albuquerque K, Chroniak KR, Chroniak C, Durazo-Arvizu R, Mathews HL. Effect 
of mindfulness based stress reduction on immune function, quality of life and coping in women 
newly diagnosed with early stage breast cancer. Brain, Behavior, and Immunity. 2008; 22:969–
981.10.1016/j.bbi.2008.01.012

Wu, SM.; Andersen, BL. Prevalence of mood and anxiety disorders in cancer patients: A systematic 
review and meta-analysis. Columbus, OH: The Ohio State University; 2011. 

Zhang C, Beckermann B, Kallifatidis G, Liu Z, Rittgen W, Edler L, Herr I. Corticosteroids induce 
chemotherapy resistance in the majority of tumour cells from bone, brain, breast, cervix, 
melanoma and neuroblastoma. International Journal of Oncology. 2006; 29:1295–1301. 
[PubMed: 17016664] 

Lutgendorf and Andersen Page 22

Am Psychol. Author manuscript; available in PMC 2015 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


