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A diagnosis of cancer and subsequent treatments place demands on psychological adaptation. Behavioral
research suggests the importance of cognitive, behavioral, and social factors in facilitating adaptation
during active treatment and throughout cancer survivorship, which forms the rationale for the use of
many psychosocial interventions in cancer patients. This cancer experience may also affect physiological
adaptation systems (e.g., neuroendocrine) in parallel with psychological adaptation changes (negative
affect). Changes in adaptation may alter tumor growth-promoting processes (increased angiogenesis,
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;‘;x‘:’raelnce migration and invasion, and inflammation) and tumor defense processes (decreased cellular immunity)
Cancer relevant for cancer progression and the quality of life of cancer patients. Some evidence suggests that

psychosocial intervention can improve psychological and physiological adaptation indicators in cancer
patients. However, less is known about whether these interventions can influence tumor activity and
tumor growth-promoting processes and whether changes in these processes could explain the psychoso-
cial intervention effects on recurrence and survival documented to date. Documenting that psychosocial
interventions can modulate molecular activities (e.g., transcriptional indicators of cell signaling) that gov-
ern tumor promoting and tumor defense processes on the one hand, and clinical disease course on the
other is a key challenge for biobehavioral oncology research. This mini-review will summarize current
knowledge on psychological and physiological adaptation processes affected throughout the stress of
the cancer experience, and the effects of psychosocial interventions on psychological adaptation, cancer
disease progression, and changes in stress-related biobehavioral processes that may mediate intervention
effects on clinical cancer outcomes. Very recent intervention work in breast cancer will be used to illu-
minate emerging trends in molecular probes of interest in the hope of highlighting future paths that
could move the field of biobehavioral oncology intervention research forward.

© 2012 Elsevier Inc. All rights reserved.

Biobehavioral processes

1. Psychological adaptation during the cancer experience
1.1. Psychological challenges in cancer

A diagnosis of cancer and its treatments are stressful. Chief con-
cerns of patients once diagnosed with cancer involve fears of recur-
rence, being damaged by adjuvant therapy, not seeing children
grow, premature death, and loss of social ties and activities (Stan-
ton, 2006; Spencer et al., 1999). Emotional distress and negative af-
fect states are common after a cancer diagnosis and treatment and
contribute to poorer psychological well being especially if persisting
after treatment (Cordova et al., 1995). Frequently reported psycho-
social phenomena during the cancer experience include increased
anxiety, depressed mood, social disruption, and sleep and fatigue-
associated disruption (Ganz et al., 2002; Stanton, 2006). Although
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quality of life (QoL) generally improves markedly after cancer treat-
ment and into the survivorship period (Bloom et al., 2007), this is
not always the case (Stein et al., 2008). Poorer psychological adapta-
tion after diagnosis and during treatment predicts diminished QoL
many years later (Carver et al., 2005; Steginga et al., 2009; Wenzel
et al., 2005) and may be associated with physiological processes
(e.g., neuroendocrine and immune system regulation) relevant for
their health status and QoL (Antoni et al., 2006a,b).

1.2. Cognitive, behavioral and social factors and adaptation to cancer

Individuals vary considerably in their psychological responses to
and recovery from the stress of diagnosis and treatment of cancer.
Work examining individual difference factors in psychological
adaptation suggests the importance of cognitive, behavioral and so-
cial factors, which forms the rationale for many of the psychosocial
interventions developed for cancer patients (see Antoni, 2003 for
review). A small sample of these is now listed. Cognitive factors
influencing how the experience of cancer is appraised (optimistic
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rational appraisals) may enhance adaptation and QoL during treat-
ment, during the year after surgery, and several years later (Broth-
ers and Andersen, 2009; Carver et al., 2005). Behavioral factors (e.g.,
having relaxation skills during cancer treatment) are associated
with less distress and better adaptation after cancer treatment
(Andersen et al., 2007a,b; Luebbert et al., 2001). Many other behav-
ioral factors are relevant for adaptation and health outcomes
including physical exercise, diet, and medication adherence as re-
viewed elsewhere (Andersen et al., 1994; McGregor and Antoni,
2009). Social support may be associated with both adaptation to
cancer (Talley et al., 2010) and to longer-term health outcomes
(Nausheen et al., 2009; Pinquart and Duberstein, 2010), The support
that cancer patients receive, often coming from spouse or family
members, is both the most helpful to patients in managing distress
and may also be the most harmful if mismanaged (Figueiredo et al.,
2004; Friedman et al., 2005; Wimberly et al., 2005). Thus, interper-
sonal skills may be particularly important for these patients as they
communicate their needs to their support network. Taken together,
this work suggests that cancer patients may psychologically adapt
better to the cancer experience if they possess the cognitive, behav-
ioral and social skills necessary to meet the challenges of treatment.
It is plausible that cancer patient’s physiological adaptation to
stressors may also mirror their psychological adaptation.

2. Physiological adaptation processes relevant during the
cancer experience

Cancer diagnosis and treatment induce acute and chronic stress
and reduced QoL, which may affect neuroimmune regulation pro-
moting inflammatory processes that could contribute to both symp-
tom exacerbation and metastasis (Antoni et al., 2006a,b; Andersen
et al., 1994). As noted elsewhere in this Special Issue of Brain,
Behavior and Immunity, chronic stress, negative affect and social
adversity have also been associated with biobehavioral alterations
(increased sympathetic nervous system [SNS] signaling, hypotha-
lamic pituitary adrenal [HPA] axis dysregulation, inflammation
and decreased cellular immunity), which could interact with the tu-
mor microenvironment to promote factors favoring tumor growth
(e.g., angiogenesis), invasion (e.g., tissue remodeling and epithe-
lial-mesenchymal transition), and metastatic signaling (e.g., anoi-
kis), during and after cancer treatment (Lutgendorf and Sood, 2011).

Animals with tumors and treated cancer patients show HPA axis
dysregulation - including elevated total and nocturnal cortisol out-
put and decreased diurnal variation - which may be aggravated by
stress and negative affect and could promote inflammatory pro-
cesses (Sephton and Spiegel, 2003). It is not clear to what extent
HPA dysregulation derives from stress and depression-induced
leukocyte glucocorticoid receptor resistance, or if it is secondary
to tumor- or treatment-produced inflammatory products, or both.
Chronic stress and negative affect may support inflammatory pro-
cesses, both by stimulating pro-inflammatory cytokine secretion
and disrupting HPA axis-related inflammatory control (Miller
et al., 2002). Importantly, altered diurnal cortisol dysregulation
also relates to poorer survival in women with metastatic breast
cancer (BCa) (Sephton et al., 2000).

Longitudinal studies show that while distress decreases after
adjuvant therapy begins and quality of life improves after treat-
ment for many cancer patients (Bloom et al., 2007), lingering phys-
ical challenges such as fatigue can peak during treatment and
persist thereafter in breast cancer patients (Schmidt et al., 2012)
and other cancer survivors (Stein et al., 2008). In some breast can-
cer patients, distress levels may remain elevated vs. matched
healthy controls up to 15 months after diagnosis (Hinnen et al.,
2008). In fact, there is a growing awareness of the need to screen
for psychological distress in all cancer patients (Jacobsen, 2007).

Some cancer patients’ ability to carry out daily activities decreases
during and after treatment, distress may increase, which can trig-
ger interpersonal strain, a cascade that may further deplete energy
resulting in negative mood, disrupted sleep and fatigue. Because
distress reactions appear to be a possible common denominator
contributing to multiple abnormalities (decreased psychological
adaptation, HPA axis, and cytokine dysregulation) characterizing
cancer treatment, then one component of effective treatment
might focus upon improving psychological adaptation via psycho-
social intervention. Cancer patients with less social support also
experience more anxiety, greater cortisol levels, and molecular
evidence consistent with impaired transcription of glucocorticoid
response genes, and increased activity of pro-inflammatory tran-
scription control pathways (Lutgendorf et al., 2010b). This suggests
that psychosocial interventions teaching stress management skills
(relaxation and coping strategies) to decrease distress and inter-
personal skills to build social support may be particularly relevant
for cancer patients (Antoni, 2003).

It is plausible that poorer psychological adaptation to cancer
could exacerbate stress-associated alterations in neuroendocrines,
cellular immune function, and pro- inflammatory signaling which
could promote cancer progression. To date there are very few stud-
ies that have experimentally demonstrated a stress-induced change
in either immune system indicators or tumor growth factors that
predicts survival and cancer recurrence in humans. Conducting
such a test essentially involves using a psychosocial intervention
to modulate psychological adaptation (decrease distress and adver-
sity states and improve positive states) in cancer patients, monitor-
ing changes in stress-associated biobehavioral processes (SNS
activation, HPA axis regulation, inflammation and cellular immune
functioning), processes that promote tumor growth (tissue model-
ing and invasion, angiogenesis, apoptosis, anoikis) and then follow-
ing these cohorts of patients for evidence of effects on disease
course (recurrence, mortality). This involves recruiting a cohort of
diagnosed cancer patients into a trial of a psychosocial intervention
at a critical juncture in the cancer continuum (e.g., at the time of
treatment for primary disease or at the point of disease recurrence),
monitoring for initial improvements in psychological adaptation
(reduced distress and depression and increased positive states);
and following them over months for intermediate changes in SNS
and HPA activity, inflammation, cellular immunity in plasma, circu-
lating immune cells, and tumor cells if possible; and then following
them for 5-10 years for clinical outcomes. There is now exciting
preliminary evidence that several of these biobehavioral changes
may indeed follow from psychological interventions designed to
help cancer patients adapt. Before detailing these studies we sum-
marize the research demonstrating the efficacy of psychosocial
interventions designed to help cancer patients adapt to treatment.

3. Psychosocial intervention effects on psychological
adaptation, stress-related biobehavioral processes,
and cancer progression

Because cognitive, behavioral and social factors can affect how
cancer patients adapt to diagnosis and treatment for cancer, many
investigators have evaluated the effects of psychosocial interven-
tions on psychological adaptation during cancer treatment. These
interventions were designed to cognitively modify outlook, stress
appraisals and coping via cognitive behavioral therapy (CBT);
behaviorally reduce tension, anxiety and distress through relaxa-
tion training, mindfulness, hypnosis, yoga, and other techniques;
and interpersonally build skills like assertiveness and anger man-
agement, in a group format to improve perceived social support
and communication. In sum, psychosocial interventions have been
developed to allow cancer patients to learn relaxation and other
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anxiety reduction strategies, modify cognitive appraisals, enact po-
sitive reframing and acceptance coping strategies to decrease dis-
tress, and use interpersonal skills to build and maintain social
support. As these interventions work to improve psychological
adaptation to the stressors of cancer diagnosis and treatment they
may directly (or indirectly through stress management) improve a
myriad of health behaviors such as physical exercise, diet, sleep,
and medication adherence, which can each in their own right, im-
pact health outcomes in cancer patients (Andersen et al., 1994). For
a recent review of these pathways in the context of breast cancer
see McGregor and Antoni (2009). The remainder of this review will
focus on summarizing the empirical evidence accrued over the past
10 years for the effects of psychosocial interventions that modify
cognitive, behavioral and social/interpersonal factors on psycho-
logical adaptation and how these changes in positive and negative
psychological adaptation parallel alterations in stress-related bio-
behavioral processes, and cancer progression. Because the largest
number of psychosocial intervention studies have involved women
with breast cancer (BCa) (Newell et al., 2002) we will emphasize
this work, though where relevant, we also highlight intervention
studies conducted in patients with other cancers.

3.1. Interventions targeting stress processes to facilitate psychological
adaptation

Over 300 trials of psychological interventions have been con-
ducted in cancer patients over the past 50 years, and most have
been conducted in women with BCa. Reviews covering the evi-
dence published through the early 2000s (e.g., Newell et al.,
2002) concluded that psychosocial interventions that teach relaxa-
tion and stress management, help patients ventilate feelings, im-
prove coping strategies, and provide social support are able to
improve QoL and help them manage pain and other physical symp-
toms. The sample sizes of these trials were generally small and effi-
cacy varied as a function of intervention content and format (group
vs. individual delivery) (Newell et al., 2002). More recent studies
with larger samples have generally supported positive effects for
psychosocial interventions on QoL indicators in BCa patients
(McGregor and Antoni, 2009). Among studies targeting non-meta-
static BCa patients published in the past 10 years, group-based
cognitive behavioral and coping skills training interventions (8-
24 sessions) have been shown to decrease anxiety, depressed
mood and improve QoL. Many effects were still apparent over a
12-month follow-up supporting the clinical utility of these ap-
proaches. Some of these interventions blended CBT and health
education (Andersen et al.,, 2004), CBT and sleep improvement
techniques (Savard et al., 2005), or CBT and interpersonal skills
training (e.g., cognitive behavioral stress management, CBSM,
Antoni et al., 2006a,b). For instance, BCa patients assigned to CBSM
(vs. a psychoeducational group) in the weeks after surgery but
prior to the onset of adjuvant therapy showed medium to large ef-
fect size decreases in negative affect (d = 0.33), thought intrusions
(d=1.22), rated anxiety (d=0.74), and interpersonal disruption
(d =0.53), and increases in positive affect (d = 0.31), benefit finding
(d = 0.82), and positive states of mind (d = 1.16) for up to one year
(Antoni et al., 2006¢,d). These studies collectively provide strong
evidence that group-based psychosocial interventions that target
stress management during active treatment can reliably modulate
indicators of stress, affect and adversity and support positive expe-
riences for extended periods of time in cancer patients.

3.2. Psychosocial intervention effects on disease progression,
recurrence and survival

One of the most controversial areas of psycho-oncology re-
search has concerned the question of whether psychosocial inter-

ventions can affect the clinical course of cancer (Spiegel, 2011). A
landmark study by Spiegel et al. (1989) indicated that women with
metastatic BCa who received a 12-month group-based supportive
expression therapy (SET) intervention (focused on emotional
expression, social support provision, and encouraging acceptance
of mortality and decreasing the anxiety surrounding death lived
twice as long (approximately 1.5 years longer) as women assigned
to standard cancer treatment. Over the subsequent two decades at-
tempts to replicate these effects have been mixed. Three particular
clinical trials have been published over the past 10 years, each
evaluating the effects of 12-month group-based psychosocial inter-
ventions on disease recurrence and survival in women with meta-
static disease (Goodwin et al., 2001; Kissane et al., 2007; Spiegel
et al., 2007). In each of these trials women with metastatic BCa
were assigned to a 12-month course of weekly group-based SET
or standard care and two of them (Goodwin et al., 2001; Kissane
et al,, 2007) showed no survival advantage for women assigned
to SET. However, in the Goodwin et al. (2001) study intervention
participants had higher levels of depression than controls at base-
line, and depression has been shown elsewhere to be a negative
prognostic indicator in this population (Giese-Davis et al., 2011).
Although the Spiegel et al. (2007) did not show an overall survival
effect for SET, secondary analyses found that the subset of women
with estrogen receptor (ER) negative tumors assigned to SET had
greater survival (Spiegel et al., 2007). This suggested that while
women with ER+ tumors may have had more effective medical
treatment options available, women with ER— tumors (including
those who are triple negative: ER—, PR—, Her2Neu—) could be
the major beneficiaries of psychosocial interventions going for-
ward. A subgroup analysis of the Kissane et al. (2007) trial did
not reveal a survival advantage for ER— women assigned to SET.
In view of the post hoc nature of the Spiegel et al. analysis, and
the lack of a similar finding in the Kissane et al. trial, the role of
ER status (and possibly other clinicopathologic characteristics) in
moderating the effects of psychosocial interventions in women
with metastatic breast cancer deserves further study. It is notewor-
thy that investigating the link between psychosocial adaptation
and disease course in patients with advanced cancers such as met-
astatic BCa may be complicated by advanced disease, and having
different treatment options available for different types of breast
cancer. What do we know about the effects of psychosocial inter-
ventions on disease outcomes in patients who are recruited earlier
in the disease process?

Two studies to date have used psychosocial interventions to
modulate psychological adaptation in patients treated for primary
disease, observed increases in biobehavioral (cellular immune) pro-
cesses, and then followed patients for evidence of intervention ef-
fects on disease course (recurrence, mortality) for at least
10 years (Andersen et al., 2004. 2008; Fawzy et al., 1990a,b, 1993,
2003). In the first of these (Fawzy et al., 1990a,b), patients with
malignant melanoma were randomized to 6 weeks of structured
group-based psychosocial intervention vs. usual care. Intervention
participants revealed increased active coping and decreased nega-
tive mood at 6 weeks (Fawzy et al., 1990a), increased interferon-
stimulated natural killer cell cytotoxicity (NKCC) at 6 months (Faw-
zy et al., 1990b), and decreased mortality and recurrence at 6 year
(Fawzy et al., 1993) and 10 year follow-up (Fawzy et al., 2003).
While the changes in biobehavioral processes (NKCC) at 6-month
follow-up did not predict the 6-yr clinical outcomes, intervention-
associated increases in active coping did predict clinical outcomes.
This suggested the possibility that other biobehavioral changes that
may have occurred in tandem with increases in active coping (pro-
angiogenic or pro-inflammatory processes) may have mediated the
effects of this intervention on disease outcomes.

Andersen et al. (2008) tested the effects of a group-based psy-
chosocial intervention on survival and recurrence in 227 women
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with non-metastatic BCa who received the intervention just after
surgery. Women were randomized to standard care vs. 4 months
of weekly group-based intervention and 8 months of monthly ses-
sions. The intervention included relaxation and stress reduction
exercises, coping skills training and health behavior change strate-
gies related to diet and exercise. Intervention participants showed
a significant reduction in overall and BCa specific mortality rates as
well as 45% reduced risk of cancer recurrence at a median of
11 years follow-up (Andersen et al., 2008). Those who did recur
were cancer free for an average of 6 months longer, after control-
ling for age, accrual site, disease stage and other clinicopathologi-
cal factors, cancer treatment. There were no group differences in
psychiatric medications and outside counseling received. Similarly
those in the intervention revealed 56% less risk of death from BCa
and 49% lower all-cause mortality risk at follow-up. Among those
who died from BCa median survival time in the intervention group
was 1.3 years longer (M = 6.1 yrs) than those assigned to standard
care (M = 4.8 yrs). In addition to demonstrating effects of psycho-
social intervention on clinical outcomes Andersen et al’s group
have also provided some evidence for intervention effects on bio-
behavioral mechanisms that may explain these effects.

The Andersen et al. psychosocial intervention produced altera-
tions in some stress-related immune processes that could contrib-
ute to improved general health and possibly altered disease course.
These included increases in cellular immunity measures (lympho-
cyte proliferative responses (LPR) to mitogens) (Andersen et al.,
2004) over the 4-month pre-post intervention period. Women in
the intervention did report decreased distress but also more
healthy eating habits, reduced smoking rates, and differed in the
range of chemotherapy doses received (Andersen et al., 2004). At
the 12-month follow up health and toxicity items rated by oncol-
ogy nurses revealed that intervention participants evidenced bet-
ter health status based on staff ratings. Within the intervention
condition, reductions in distress at the 4-month time point pre-
dicted better health at 12 months (Andersen et al., 2007a). This
team also conducted analyses of blood samples collected at long-
er-term follow-up during which women were monitored for health
status and disease recurrence. Specifically, in a subgroup of de-
pressed women monitored over the survival follow-up period,
those assigned to the intervention showed decreases in immuno-
logic markers consistent with active infection or chronic inflamma-
tory conditions (total white blood cells (WBC) and neutrophils)
compared to controls (Thornton et al., 2009). Though speculative,
these changes were posited by the authors to explain, in part, the
effects of this intervention on better overall physical health status
over the year after surgery (Andersen et al., 2007b), and disease
outcomes (recurrence and survival) observed over the subsequent
decade (Andersen et al., 2008).

Women whose cancer ultimately recurred revealed greater ser-
um cortisol and greater levels of WBC and neutrophils 17 months
prior to their recurrence compared to those who remained disease
free suggesting that these immunological changes in the interven-
tion group may have been relevant in explaining differences in clin-
ical outcomes between groups (Thornton et al., 2008). Interestingly
those women who experienced a distal recurrence at this point had
weaker cellular immune responses (NKCC, LPR to mitogens) and
greater elevations in WBC compared to those who experienced a lo-
cal recurrence. Thus one possible explanation for the positive ef-
fects of this intervention on recurrence may be the normalization
of stress- and treatment-associated neuroendocrine and immuno-
logic regulation during a critical period following treatment and
preceding recurrence. Previously it has been suggested that opti-
mizing neuroendocrine and immunologic status may mitigate the
“seeding” of micro-metastatic cells after primary treatment (Ben-
Eliyahu, 2003) thereby optimizing the environment for residual dis-
ease to thrive in. Thus normalizing these processes may be critical

following initial surgery and during recovery from adjuvant chemo-
therapy and radiation. Finally, this team followed women after the
point of disease recurrence and observed a reduced risk of death
over an 80-month follow-up among those who had been assigned
to the intervention arm (Andersen et al., 2010). During the 12-
month period following recurrence the intervention group also
showed improvements in psychological adaptation (decreased neg-
ative mood and increased social support) and greater lymphocyte
proliferative responses to mitogens, and greater NKCC. This trial
provides the best evidence to date that a psychosocial intervention
that improves psychological adaptation (decreased distress) may
increase cellular immune function (lymphocyte proliferation) early
in treatment, and decrease the odds of mortality and recurrence at
7-11 years. Moreover this study is the first to demonstrate that in a
subgroup of the most depressed women, intervention participants
showed reductions in indicators of inflammation at 17 months
prior to recurrence which were, in fact, predictive of recurrence. Fi-
nally this is the first study to show that having been in a psychoso-
cial intervention may promote persisting positive changes in
psychological adaptation, immune functioning and clinical out-
comes after disease recurs. This trial provides preliminary support
for the value of using psychosocial interventions to modulate psy-
chological adaptation, monitoring changes in biobehavioral pro-
cesses reflecting cellular immune functioning, inflammation and
other tumor-promoting processes, and following cohorts systemat-
ically for effects on clinical outcomes.

3.3. Psychosocial intervention effects on stress-related biobehavioral
processes during breast cancer treatment

Over the past 10 years, other trials have evaluated the effects of
stress reduction techniques such as cognitive behavioral stress
management [CBSM] and meditation-based stress reduction
(MBSR). These interventions have shown salutary effects on psy-
chological adaptation, neuroendocrine and immunologic indicators
in patients recruited during their medical treatment (see McGregor
and Antoni, 2009 for review of BCa studies). As noted previously
CBSM is a group based approach that blends cognitive, behavioral
and interpersonal skills training through in-session didactic and
role playing activities and homework and daily practice of stress
management techniques (Antoni, 2003). MBSR applies mindful-
ness meditation training as a stress management technique and
is often delivered in a group format over weekly training sessions
and a full-day or longer retreat. Briefly, the effects of CBSM and
MBSR have included decreases in late afternoon serum cortisol lev-
els and increases in lymphocyte proliferative response and Th1
cytokine production and Th1/Th2 production ratio (McGregor
and Antoni, 2009; Antoni et al., 2009; Carlson et al., 2007; Wi-
tek-Janusek et al., 2008). Since the MBSR trials were not random-
ized clinical trials caution is in order when interpreting the
validity of these findings. We now summarize the specific neuro-
endocrine and immune findings from studies in our lab using
CBSM.

We studied women who had completed surgery for non-meta-
static BCa and were preparing for the start of adjuvant therapy.
They were recruited in the weeks after surgery, competed baseline
assessments, and were assigned to either 10 weeks of group-based
CBSM or a one-day psychoeducational control group. Women com-
pleted questionnaires and provided blood samples at 6 and
12 month follow-up. Women in CBSM reported improvements in
negative and positive mood and a wide variety of quality of life
indicators as well as decreases in late afternoon serum cortisol,
and increases in IL-2 and IFN-y production from anti-CD3 stimu-
lated peripheral blood mononuclear cells (PBMCs) (Phillips et al.,
2008; Antoni et al., 2009). Thus this form of intervention, which
was previously associated with decreases in distress states, and in-



S92 M.H. Antoni/Brain, Behavior, and Immunity 30 (2013) S88-598

creases in positive states, was also related to reductions in cortisol
and increases in cellular immune function that are consistent with
a hastened recovery from cancer treatment. Showing reductions in
PM cortisol is important because flatter di-urnal cortisol slopes
(due partly to higher PM levels) have been associated previously
with decreased survival among women with metastatic BCa (Seph-
ton et al., 2000). Intervention effects on Th1 cytokine production
may be important for supporting cellular immune processes that
are involved in tumor eradication, such as antigen presenting cells,
cytotoxic- T-cells, and T regulatory cells (Disis and Lyerly, 2005).

In comparing the work in CBSM with the intervention of Ander-
sen et al. (2007b), which combined relaxation with CBT and health
behavior change strategies, it is noteworthy that in each trial, dis-
tress and/or cortisol decreases were paralleled by either increased
frequency of relaxation practice or increased confidence in using
relaxation to manage stress (Antoni et al., 2006a,b; Phillips et al.,
2011). This provides some insight into one of the possible “active
ingredients” of these interventions (i.e., anxiety-tension reduction)
and corresponding neuroendocrine changes that may explain their
effects on immunologic indicators. Since these are correlational
findings, however, it is necessary to conduct experiments to sepa-
rate the effects of relaxation training from other aspects of multi-
modal interventions such as CBSM. Across most of these psychoso-
cial intervention studies using patients with non-metastatic BCa it
is important to note that only trials showing psychological effects
demonstrated physiological effects, and in some the magnitude of
the changes in neuroendocrine and immune indicators paralleled
the size of the psychological effects (McGregor and Antoni,
2009). It is yet to be determined whether the patients enrolled in
these trials of psychosocial interventions that showed neuroendo-
crine and immune effects of stress management in women with
primary breast cancer in the past 10 years (e.g., Antoni et al.,
2009; Savard et al., 2005; Witek-Janusek et al., 2008) will demon-
strate less disease recurrence and greater survival as reported by
Andersen et al. (2008). However, it seems worthwhile to invest
in following these extant cohorts who have already completed
the intervention phase.

It is important to consider that psychosocial intervention effects
on disease outcomes may be mediated by other stress-related
behavioral and/or biologic processes. Some behavioral processes in-
clude improvements in health behaviors (more exercise, better
nutrition, less alcohol consumption, better cancer treatment adher-
ence) and whether psychosocial intervention participants actually
receive more effective medical treatment (e.g., co-intervention ef-
fects). For instance it is worth noting that women assigned to the
assessment arm of the Andersen et al., (2008) trial revealed greater
individual variability in chemotherapy dose intensity than those in
the intervention arm. Some biological processes that remain to be
studied to explain the effects of psychosocial interventions on clin-
ical outcomes in cancer patients include inflammation and those
processes that may play a role in directly supporting tumor growth
and metastasis, such as angiogenesis, tumor cell migration, tissue
remodeling, and anoikis and resistance to apoptosis (Lutgendorf
and Sood, 2011; Lutgendorf et al., 2010b). There is growing evi-
dence that neuroendocrine hormones such as glucocorticoids and
adrenergic hormones can influence communications between tu-
mor, endothelial, and stromal cells which appears to be critical in
modulating downstream signaling pathways important for disease
progression (Lutgendorf et al., 2010a).

One paradigm for examining the effects of psychosocial inter-
ventions on cell signaling pathways that are relevant to human can-
cer progression is to examine whether psychosocial interventions
with cancer patients are associated with transcriptional changes
in circulating leukocytes reflecting molecular pathways that affect
inflammation and cellular immune signaling as well as those that
promote invasion and metastasis. For instance, given that chronic

stress and negative affect are related to other biological processes
such as inflammation, which may have relevance for cancer pro-
gression (Cole, 2009a,b; Pierce et al., 2009), it is important to exam-
ine whether stress reduction interventions (e.g., CBSM) can affect
inflammatory indicators and stress-sensitive neuroendocrine pro-
cesses (e.g., glucocorticoid receptor sensitivity) that control inflam-
mation within circulating leukocytes. It would also be intriguing to
show that these interventions are associated with transcriptional
changes in genes controlling cellular immunity (e.g., interferon
activation pathways) within these cells. Molecular changes in sig-
naling profiles related to tissue modeling and invasion would also
provide evidence that these interventions are capable of working
directly on stress-related tumor promoting activities in circulating
leukocytes as a model for stress-induced effects in potential stromal
cells interacting in the tumor microenvironment (Lutgendorf and
Sood, 2011). Showing that these molecular changes happen in har-
mony with changes in psychological adaptation during and after
psychosocial intervention would help identify some of the biobe-
havioral mechanisms underlying the link between stress modula-
tion and the course of cancer. How close are we to demonstrating
such phenomena?

3.4. Intervention effects on stress-related leukocyte transcriptional
changes in cancer patients undergoing treatment

In an example of this emerging line of work we now summarize
a recent study that examined (a) the association of psychological
adaptation and leukocyte transcriptional dynamics in women
who had recently completed surgery for primary BCa; and (b) the
parallel effects of group-based CBSM on psychological adaptation
and transcriptional changes as these women moved through their
treatment and into the recovery period (Antoni et al., 2012). Using
frozen cells from women who had previously participated in an RCT
testing the effects of a 10-week CBSM intervention vs. an active
control (Antoni et al., 2009) we conducted genome-wide transcrip-
tional profiling and bioinformatic analysis (Cole, 2009a,b) at study
entry, and 6- and 12-month follow-up. We found that greater neg-
ative affect and less positive affect was associated with greater than
50% differential expression of 201 genes, including upregulated
expression of pro-inflammatory cytokines (IL1A, IL1B, IL6, TNF)
and metastasis-promoting genes (e.g., those involved in tissue
remodeling and epithelial-mesenchymal transition, LMNA, MMP9)
(Antoni et al., 2012). Gene Ontology analyses confirmed that these
transcripts were disproportionately involved in pro-inflammatory
cytokine function and wound healing. This is the first evidence that
individual differences in psychological adaptation status early in
BCa treatment (2-10 weeks after surgery) are significantly associ-
ated with a leukocyte transcriptional profile reflecting an up-regu-
lation of signaling pathways associated with inflammation,
invasion and metastasis. These effects were independent of disease
stage, time since surgery, sociodemographic factors and anxiolytics,
pain and sleep medications, and anti-depressants.

We next found that women assigned to CBSM showed de-
creases in negative affect and increases in positive affect, and also
showed altered expression of 91 genes by >50% at 6-12 month fol-
low-up (Antoni et al., 2012) (see Table 1 for description of genes,
and magnitude of CBSM effects). These changes included down-
regulation of 62 genes encoding pro-inflammatory cytokines, the
prostaglandin-synthesis enzyme COX2, inflammatory chemokines
and their receptors, and mediators of tissue remodeling and epi-
thelial-mesenchymal transition. Women in CBSM also revealed
29 upregulated genes relevant for cellular immune responding
including Type I interferon response, Type II interferon signaling,
and interferon signal transduction. Real-time Polymerase Chain
Reaction (RT-PCR) analysis confirmed microarray-indicated group
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Table 1

Valence and magnitude of cognitive behavioral stress management (CBSM) intervention effects on genomic indicators representing different biological pathways relevant to

carcinogenesis over a 6-12 month period in women with breast cancer.

Biological pathway*® Genomic indicator

Cell type origin® Valence Magnitude

(CBSM: control fold diff)

Inflammation

Pro-inflammatory cytokine IL1A, IL1B, IL6 Mo, pDC Down-regulation  0.35-0.59
Pro-inflammatory chemokines and their receptors CCL2, CCL3, CCL3L1, CCL3L3, CCL4L1, Mo, pDC Down-regulation  0.41-0.61
CCL4L2, CCL7, CXCL1, CXCL2, CXCR7

Prostaglandin-synthesis enzyme PTGS2 (a COX2 marker) Mo, pDC Down-regulation  0.46

Metastasis promotion

Tissue remodeling/epithelial- mesenchymal transition =~ G0S2, LMNA, MMP9, OSM Mo, pDC Down-regulation  0.55-0.63

Cellular immunity

Type I interferon response IFIT1, IFIT2, IFIT3, IFIT44, IFIT44L, Mo Up-regulation 1.68-2.08
ISG15, MX2, OAS2, OAS3

Type II interferon signaling IFNG Mo Up-regulation 1.54

Interferon signal transduction STAT1, STAT2 Mo Up-regulation 1.51-1.58

Mo: Monocyte.

pDC: plasmacytoid dendritic cell.
¢ Inferred from TeLis bioinformatics program (Cole, 2009a,b).
b Inferred from Transcript Origin Analysis (Cole et al., 2011).

differences in the between-group relative expression of a sample of
transcripts audited.

We then used promoter-based bio-informatic analyses to infer
the families of genes contributing to these alterations using TELiS
bioinformatic analysis of transcription factor-binding motif (TFBM)
distributions in promoters of differentially expressed genes (Cole,
2009a,b). Our results appeared mediated by decreased activity of
the transcription factors (TFs) for nuclear factor-kappa B (NFkB/
Rel) and the Globin Transcription Factor (GATA) family and in-
creased activity of interferon response factors. We also found that
the women in CBSM showed increased expression of genes con-
trolling the glucocorticoid receptor (GR) relative to controls. Paral-
lel analyses of gene transcription controlling for concurrent serum
cortisol levels showed an over-representation of GR response ele-
ments in the promoters of CBSM-up-regulated genes. Differential
transcription of genes bearing GR response elements was not
attributable to differential expression of genes encoding the GR.
These findings are provocative and suggest that the effect of CBSM
on gene profiles reflecting a down-regulation of inflammatory sig-
naling co-occur in tandem with an upregulation of GR. Since
chronic stress has been proposed to down-regulate GR and up-reg-
ulate inflammatory (NFkB) signaling in other populations (Miller
et al., 2008) it is plausible that the transcriptional changes in neu-
roendocrine and inflammatory factors observed after CBSM are
mediated by the decreases in chronic stress and negative affect
as noted above. Transcript Origin Analyses (Cole et al., 2011) impli-
cated monocytes and plasmacytoid dendritic cells (pDCs) as the
most likely cells involved in CBSM-induced transcriptional changes
with up-regulated genes deriving predominately from monocytes
and down-regulated transcripts associated with both monocytes
and pDCs. The effects of CBSM on gene expression profiles per-
sisted when controlling for clinicopathological, cancer treatment-
related, and psychiatric medications, as well as potential sociode-
mographic and behavioral confounders (Antoni et al., 2012).

Importantly, the genes down-regulated by CBSM included many
of the transcripts that were also up-regulated in women with greater
negative and less positive affect at baseline. This suggests a specificity
of CBSM impact on psychological adaptation-associated genes, spe-
cifically those involved in inflammation and tissue remodeling. The
immune cell types most likely mediating CBSM transcriptional alter-
ations-antigen presenting myeloid cells - have previously been
linked to distress states (Cole et al., 2011). Bioinformatic inferences
of TF activity (GATA- and NF-kB/Rel-family TFs) associated with
CBSM-induced transcriptional alterations have been linked to stress

and SNS signaling in prior work as well (Miller et al., 2009a; Lutgen-
dorf et al., 2009). Findings also suggest that CBSM induced GR activa-
tion, possibly representing a reversal of the distress-related GR
transcriptional down-regulation shown in other work on chronic
stress (Miller et al., 2008). Because these effects persisted after con-
trolling for individual differences in circulating cortisol levels (which
CBSM has shown to decrease, Phillips et al., 2008), they suggest that
CBSM affects GR target gene expression primarily by enhancing GR
functional sensitivity (i.e., reversing stress-induced GR desensitiza-
tion) (Stark et al., 2001). If this is true it opens the possibility that
CBSM and other stress reduction interventions may modulate
inflammatory signaling by mitigating stress-induced GR down-regu-
lation in the context of cancer treatment, and possibly in other
chronic medical and psychiatric conditions.

Although these findings are provocative, it must be kept in mind
that they are not definitive since only a partial sample of cases from
a prior RCT were available for analyses. If in fact CBSM was capable
of causing the changes in gene expression observed in this study it
is unclear whether the accompanying changes in CNS-mediated
mood changes precede or follow from changes in leukocyte signal-
ing. It is plausible that pro-inflammatory cytokines derived from
activated monocytes may signal to the brain to causally affect neu-
ral function and mood (Harrison et al., 2009; Eisenberger et al.,
2010), thus inducing a bi-directional regulatory circuit that could
explain associations between inflammation and CNS-mediated dis-
tress processes. These results justify future randomized trials of
similar psychosocial interventions in cancer patients utilizing tran-
scriptional analyses of specific leukocyte subsets, possibly along
with functional assays designed to probe the communication be-
tween neuroendocrines (e.g., glucocorticoids) and specific leuko-
cyte subpopulations (e.g., monocytes) and their association with
longer-term clinical outcomes in order to explore whether the ef-
fects of psychosocial interventions on these signaling pathways
are relevant to cancer disease progression.

Beginning this line of work with BCa patients makes sense be-
cause (a) this is a high prevalence disease and provides the avail-
ability of larges samples for clinical trials and mechanism
analysis, (b) because most of the evidence showing psychosocial
intervention effects on clinical outcomes in cancer populations
were in BCa (e.g., Andersen et al., 2008; Spiegel et al., 1989), (c)
the first work showing intervention effects on transcriptional
changes has been done in BCa (Antoni et al., 2012), and (d) the
growing understanding of the role of processes such as inflamma-
tion in promoting BCa disease progression (Cole, 2009a,b). Reduc-
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tions in pro-inflammatory cytokines (e.g., IL1A) and NF-kB activity
are notable in the context of BCa because chronic inflammation is
believed to contribute to BCa progression and recurrence after
treatment. (Pierce et al., 2009). CBSM also downregulated the
expression of specific genes known to play a role in cancer progres-
sion and metastasis (e.g., MMP9), a pattern of change which is asso-
ciated with reduced progression of cancer (Hanahan and Weinberg,
2011). It also appears that the women receiving CBSM show con-
temporaneous increases in gene expression associated with a
recovery of interferon-mediated cellular immunity, which may
be relevant for immunosurveillance of cancer micro-metastases
(Benish and Ben-Eliyahu, 2010) or opportunistic infections during
and after adjuvant treatment. Together these data suggest that in
addition to its beneficial effects on psychological adaptation, CBSM
can also alter immune cell gene expression in a manner that may
both reverse the biological impact of experienced stress during
treatment and could potentially influence disease progression in
BCa patients (Lutgendorf et al., 2010b).

3.5. Psychosocial intervention effects in other cancer populations

There is no reason to believe that these psychosocial interven-
tion effects are restricted to BCa. Since other cancer models have
shown strong evidence for the influence of stress physiology and
neuroendocrines on angiogenesis, invasion, and inflammation in tu-
mor and stromal cells (e.g., Ovarian cancer, Lutgendorf and Sood,
2011) it is reasonable to examine the effects of psychosocial inter-
ventions on other types of cancer. The effects of psychosocial inter-
ventions on biobehavioral processes in populations other than BCa
patients have only rarely been studied. One hallmark study noted
previously, showed that a 6-week group-based psychosocial inter-
vention focused on coping skills and interpersonal support was
associated with improved mood, increased NKCC, and greater sur-
vival and disease-free interval in patients with malignant mela-
noma followed up to 10 years (Fawzy et al., 2003). More recently,
immunological effects of some novel psychosocial interventions
have been reported in conjunction with other populations including
men with prostate cancer and women with gynecological cancers.
One study showed a 2-session stress management intervention
(deep breathing, guided imagery and adaptive coping skills) offered
to men prior to surgery for prostate cancer related to decreases in
mood disturbance and increases in NKCC one week pre- to 48 h
post-surgery (Cohen et al., 2011). This is an interesting finding in
view of prior work showing that a psychosocial intervention initi-
ated prior to surgery was associated with improved 10-year survival
in patients treated for gastrointestinal cancer (Kuchler et al., 2007).
Another study showed that telephone-delivered psychosocial coun-
seling intervention is associated with improved QoL and a shift to-
ward a more Th1/Th2 cytokine bias in women with cervical
cancer (Nelson et al., 2008). Finally, an integrative medicine ap-
proach - Healing Touch - was associated with a greater preserva-
tion of NKCC in women with cervical cancer as they went through
chemoradiation treatments as compared to controls (Lutgendorf
and Sood, 2011). There is also evidence that palliative care interven-
tion may decrease pain and depression on the one hand and increase
survival in metastatic lung cancer patients (Temel et al., 2010). All of
this work deserves replication in larger samples and longer follow-
ups to determine whether these interesting biobehavioral effects
during treatment predict longer-term clinical outcomes.

3.6. Exploring other clinical health outcomes in cancer patients

When designing studies of psychosocial interventions in cancer
patients it is reasonable to consider other stress-related clinical
health outcomes beyond survival and disease recurrence such as
the incidence of moderate to severe opportunistic infections (OI)

during and after the completion of surgical and adjuvant therapy
as well as the effects of cancer treatment on “late effects” including
insulin resistance-related cardiovascular disease and diabetes, con-
ditions, which in turn, may also influence cancer treatment efficacy
and disease progression (Pall and Hurria, 2010). Surgery and other
cancer-related treatment may compromise the immune system
sufficiently to place treated cancer patients at risk for opportunistic
disease during or after the treatment period (Antoni et al., 2006a).
Stress-related changes in upper respiratory infections, reactivation
of latent herpesvirus infections, and the progression of virally-
associated neoplastic processes are well established. Stress reduc-
tion interventions have been shown to modify neuroendocrine (de-
creased urinary cortisol and NE) and immune (increased naive T
cell reconstitution, decreased antibody titers to herpesviruses,
and decreased viral load) parameters as well as clinical disease
(cervical neoplasia, Antoni et al., 2008) in persons with infectious
disease such as Human Immunodeficiency Virus (HIV) (for review
see Carrico and Antoni, 2008).

Cancer survivors might also be at elevated risk for the development
of co-morbidities that are associated with alterations in insulin metab-
olism (abdominal obesity, dyslipidemia, cardiovascular disease and
diabetes mellitus) as delayed or “late effects” of successful cancer
treatment (Basaria et al., Thomson et al., 2009). For instance, adult sur-
vivors of childhood cancer show increased risk for metabolic syn-
drome indicators (hypertension, hypertriglyceridemia, abdominal
obesity) over a 17-yr follow-up period (Hoffman et al., 2008). It has
also been established that comorbidities before cancer treatment can
affect clinical outcomes (decreased survival, increased disease recur-
rence) (Patnaik et al., 2011). For instance, conditions such as diabetes
mellitus, may increase the risk for disease recurrence in colon cancer
(Pall and Hurria, 2010), while obesity, another sign of altered insulin
metabolism, has been associated with reduced efficacy of aromatase
inhibitors in ER+ breast cancer patients (Sestak et al., 2010). Interest-
ingly metformin, an insulin metabolism modulator, has been shown
to have potential as a cancer therapeutic, especially in breast and colon
cancers, which are associated with hyperinsulinemia (Dowling et al.,
2011). To the extent that psychosocial factors and stress physiology
can affect the pathogenesis of comorbidities related to insulin metab-
olism (Chrousos, 2000; Vitaliano et al., 2002; Schneiderman et al.,
2010) then psychological interventions, including stress management,
may mitigate the risk of and effects of these conditions in cancer sur-
vivorship. It seems reasonable that psychosocial intervention may be
able to affect the risk of opportunistic disease and some of the co-mor-
bidities listed here in treated cancer patients and may yield definitive
results in much shorter follow-up periods than are required for docu-
menting effects on disease recurrence and survival.

3.7. Caveats and methodological considerations

The cancer diagnosis and treatment may induce acute and
chronic stress and reduced quality of life. These changes may be
accompanied or followed by poor compliance to medical regimens,
increases in negative health behaviors and decreases in positive
health behaviors, which may combine with physiologic responses
to stress to encourage local and metastatic disease progression. A
major challenge in psychosocial intervention research in oncology
is finding ways to minimize and account for the confounding ef-
fects of different disease characteristics and cancer treatments on
biobehavioral indicators and clinical outcomes (Bovjberg, 1991;
van der Pompe et al., 1998). Using the example of breast cancer,
differences in clinicopathological characteristics can have prognos-
tic significance (stage, HER2-neu+/—, ER/PR+/-) (Biganzoli and
Boracchi, 2004; Woodward et al., 2003), and in at least one trial,
were found to moderate the effects of a psychological intervention
on clinical outcomes (Spiegel et al., 2007).
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Model for Psychosocial Intervention Effects on
Psychological Adaptation, Biobehavioral Processes and
Cancer Pathogenesis and Clinical Outcomes

PSY INTERVENTION

*Cognitive
:ésgir:ésals PSYCHOLOGICAL CANCER PATHOGENESIS
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Fig. 1. This model suggests an approach for tracking changes in psychological adaptation, biobehavioral processes and cancer pathogenesis and clinical outcomes following a
psychosocial intervention designed to address cognitive, behavioral and interpersonal processes as intervention targets to modulate cancer patients’ stress responses during
cancer treatment. Psychosocial interventions are hypothesized to decrease chronic stress, negative affect and social adversity. Improvements in psychological adaptation are
hypothesized to facilitate decreases in SNS activation, HPA axis dysregulation, inflammation and cellular immune deficits. These alterations in stress-related biobehavioral
processes may decrease the likelihood of cancer pathogenic processes associated with tumor cell survival, growth, invasion and metastasis, which could precede clinical
outcomes such as disease recurrence, co-morbidities and mortality. Alterations in stress-related biobehavioral processes may also influence clinical outcomes (e.g., co-

morbidities) independent of the cancer pathogenic processes listed.

Effects of adjuvant therapy can vary over short periods and reg-
imens are tailored from patient to patient. There is likely inter-
individual variation in neuroimmunological responses attributable
to surgery, chemotherapy, radiation, immunomodulators, anti-
emetics, and hormonal treatments (e.g., Tamoxifen), to name a
few of the major classes of treatment. This can affect the decisions
investigators make about the timing of their measurements. Deci-
sions about the timing of an intervention also depend on what le-
vel of prevention the investigator is targeting (Miller et al,,
2009a,b). Determining the timing of psychosocial intervention on-
set and measurement intervals involves minimizing confounders
of biobehavioral readouts by working around known treatment
regimens and monitoring the medical complications that occur
during and after treatment is completed. This involves balancing
the potential clinical yield of peri-treatment timing against the
rendering of questionable findings. In cancer patients receiving
adjuvant treatments, can we deliver a psychosocial intervention
during a patient’s peak point of stress and anxiety and still get
interpretable neuroendocrine and immune results? Is it better to
collect pre-intervention baseline data before the surgery or adju-
vant therapy begins, intervene during active treatment, and wait
for patients to complete the regimen before collecting follow-up
data to observe the shape of their recovery curve, and continue
to follow them over clinically meaningful periods? This latter ap-
proach may minimize some confounders of medical treatments
but many powerful medical treatments have unclear post-treat-
ment side effect kinetics. Because some have hypothesized that
the critical period for stress-mediated immunosuppression
increasing the risk of breast cancer metastatic spread is in the
weeks after surgery (Ben-Eliyahu, 2003), it seems as though some
intervention research in breast cancer patients may benefit by con-
tending with these timing issues head on as in the case of the
Andersen et al., (2008) trial. Going forward, potential confounds
might be minimized in psychosocial intervention trials by control-
ling for elapsed days since diagnosis and surgery for the pre-inter-
vention measures, elapsed days since most recent adjuvant

treatment for intercurrent follow-ups, as well as careful monitor-
ing of frequency/dosage of regimen, treatment actually received,
corticosteroids, anti-emetics, non-steroidal anti-inflammatory
agents, and other medications patients are receiving at each time
point.

Although research on the efficacy of psychosocial interventions
on disease progression in diagnosed cancer patients is promising,
identifying vulnerable populations of patients who will most ben-
efit from these interventions is an important direction for future
research. Such high-risk populations might be identified through
psychosocial criteria (e.g., depressed, highly distressed, socially
isolated, a socially disadvantaged minority group member) or be-
cause of a biological factor (e.g., hereditary risk, stage of disease,
tumor receptor status, or having a specific co-morbid condition like
HIV/AIDS). Understanding how physical and psychosocial chal-
lenges and responses manifest differently across the cancer contin-
uum from initial diagnosis, to curative and adjuvant treatment, to
early survivorship, to disease recurrence, and to the emergence of
late effects and the need for palliative care (Miller et al., 2009b)
will be key in tailoring the content of psychosocial interventions
developed for different cancer populations.

Examining new ways to deliver these interventions so that they
have greater reach may utilize technological advances in telecom-
munications (web-based and mobile-phone-based delivery, Heck-
man et al, 2006) in combination with community-based
participatory research methods to reach those populations that
are unable or hesitant to receive psychosocial intervention in a
medical facility. Using remote collection of biological samples
and psychosocial data in home-delivered intervention trials may
have real limits but could play a role in expanding the reach of
intervention research in cancer populations in real-world settings.
However, before these applications are developed it is important to
identify the optimal format (group, couples, family, or individual-
based) and dosage (number, frequency and duration of training
sessions and maintenance sessions) of face-to-face psychosocial
interventions needed to influence the psychological adaptation
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and biobehavioral processes necessary to produce a clinical out-
come. It is important to note that some of the most impressive ef-
fects of psychosocial interventions on clinical cancer outcomes in
breast cancer have been achieved with very high intensity inter-
ventions spanning 12 months of group-based therapeutic contact
(Andersen et al., 2008; Spiegel et al., 1989), though work in malig-
nant melanoma has documented effects on clinical outcomes with
a much shorter intervention of 6 weeks (Fawzy et al,, 1993). It
would be critical to see if other brief psychosocial interventions
(as few as 2 sessions) that have demonstrated effects on psycho-
logical adaptation and biobehavioral indicators (e.g., Cohen et al.,
2011) are also associated with positive clinical outcomes over time.

Finally, intervention research designed to elucidate biologic
pathways linking psychological adaptation processes to cancer
health outcomes has focused mostly on a limited number of neuro-
endocrine and immune indicators (for review see McGregor and
Antoni, 2009). It is important to expand our observations to ex-
plore the cellular, biochemical, and molecular activities underlying
tumor development and progression that have been related to
stress factors and other psychosocial phenomena in the past
10 years, and which may operate in concert with stress-related
immunologic changes in influencing disease outcomes (Lutgendorf
and Sood, 2011). As attention in cancer research has shifted to a
greater emphasis on the tumor microenvironment, it is now rea-
sonable to examine how psychosocial processes and interventions
affect the stromal cells (e.g., circulating and tumor-associated mye-
loid cells) that could interact in the tumor microenvironment and
how such changes relate to the clinical course of disease.

4. Conclusion

The evidence available to date demonstrates the ability of many
different psychosocial interventions to improve responses to the
stress and adversity of the cancer experience in order to improve
psychological adaptation. Improvements in psychological adapta-
tion (decreased negative affect and social disruption and increased
positive affect and quality of life) have been linked to an improved
physiological profile during and after treatment, which may in-
crease the odds for disease-free survival in some cancers. It is cru-
cial to both establish the reliable effects of these interventions on
clinical outcomes (recurrence and survival) in more cancer popula-
tions and a wider representation of the biobehavioral processes
that might explain these effects. Emerging technologies now allow
us to expand biobehavioral research in oncology by applying
microarray and bioinformatics analyses of immune and tumor cell
transcriptional activity. This could illuminate the juncture of neu-
roimmune communications underlying inflammatory and tumor
promoting cell signaling. Several leukocyte gene expression pro-
files that have been consistently tied to stress and adversity on
the one hand, and inflammation and tumor metastasis on the
other, are accessible for researchers conducting clinical trials of
psychosocial interventions in cancer patients. By co-examining
intervention-associated changes in psychological adaptation and
leukocyte transcriptional changes, and longer term follow-ups of
clinical disease, one could amass systematic biobehavioral evi-
dence for how these interventions work in patients undergoing
cancer treatment.

Although it is unclear when the optimal time to initiate these
interventions would be within cancer treatment it seems plausible
to begin by randomizing patients in the early post-diagnostic, post-
surgical or post-recurrence period, and establish a cohort of pa-
tients who can be followed systematically for changes in psycho-
logical adaptation, biobehavioral indicators and heath status over
time. One can then correlate intervention-associated “early and la-
ter changes” in biobehavioral processes with clinical course of dis-

ease over the subsequent period of years. Using a few of the
intervention studies conducted in breast cancer we have suggested
some of the ways one might proceed along these lines.

Fig. 1 presents a model for guiding this line of thinking by listing
some of the cognitive, behavioral and interpersonal intervention
components, and indicators of psychological adaptation, biobehav-
ioral processes, cancer pathogenesis, and health outcomes that
might be considered by those designing psychosocial intervention
studies in the future. Implicit in this model is a consideration of the
many potential confounders that may be operating on each of
these sets of variables, a discussion of which is beyond the scope
of this review. It is reasonable to propose that psychosocial inter-
ventions that address cancer patient’s focal concerns in the period
before and after surgery for primary disease may reduce stress-
associated exacerbations of biobehavioral processes that could
promote disease progression. Emerging work suggests the possibil-
ity that providing psychosocial interventions shortly after the diag-
nosis of recurrent disease may also facilitate psychological
adaptation and affect biobehavioral processes and/or clinical out-
comes (Andersen et al., 2010).

Basic research and preliminary intervention studies suggest
that stress factors and psychological interventions may modulate
biobehavioral processes in patients diagnosed with ovarian, cervi-
cal and prostate cancers. The next step is to test whether these
changes predict the clinical course of these diseases. It is important
to understand that though these conditions are collectively re-
ferred to as cancers, they are different diseases with different
causes, promoters, treatments, and prognostic course after initial
treatment and recurrence. Creating a rationale for examining psy-
chosocial intervention effects on health outcomes in each of these
conditions will require linking the most well-validated interven-
tion approaches to improved psychological adaptation in parallel
with changes in biobehavioral processes that are known to be re-
lated to the pathophysiology of each of these separate diseases.
The trajectory toward optimal health outcomes in the long term
may begin with differential recovery from medical treatment for
primary disease or newly diagnosed recurrent disease as measured
in psychological and physiological adaptation indicators that can
be targeted through pre-emptive psychosocial intervention.
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