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ARTICLE INFO ABSTRACT

Keywords: Psychosocial adaptation to cancer involves interactions among emotional, cognitive, and biological processes.
Cancer Although the efficacy of psychological interventions is well documented, the mechanisms linking psychological
ISt;ess . adaptation to physiological outcomes remain fragmented across disciplines. The Special Issue of the International
nflammation

Journal of Clinical and Health Psychology, “Advancing Health Psychology Research in Oncology: Biobehavioral
Models, Stress Pathways, and Stress-Management Interventions for Cancer Patients” addresses this gap and this
paper serves as an overview.

As an overview for the Special Issue, this paper proposes an integrative biobehavioral model that synthesizes
findings on brain function, stress-response systems, and psychosocial variables to explain how stress management
interventions— including those delivered via digital platforms—may influence health trajectories in cancer care.

Using a targeted narrative approach, we draw upon recent empirical findings and prior integrative reviews
conducted by the authors to examine: (a) the impact of perceived stress and inflammation across the cancer
continuum,; (b) brain-body stress response pathways linking affective, neuroendocrine, and immune function; (c)
the evidence for psychological interventions to modulate these systems and improve behavioral and health
outcomes; (d) future challenges for this line of research and cancer care.

Evidence suggests that cancer-related distress is associated with neural and immune dysregulation, with
inflammation emerging as a central pathway. Stress management interventions, based on cognitive-behavioral
theory and using digital delivery modalities, show promise in altering these biobehavioral mechanisms,
thereby enhancing resilience, quality of life, and potentially long-term health outcomes in cancer survivors.

Psychological intervention
Biobehavioral model
Digital health

Adaptation

Introduction

A cancer diagnosis often carries a life-threatening prognosis, con-
fronting patients with profound psychological and physical challenges.
This journey, spanning diagnosis, treatment, remission or progression,
and survivorship or end-of-life care, imposes unique emotional demands
at each stage (Deshields et al., 2014; Sheikh-Wu et al., 2023; Young
et al., 2020). Emotional instability, loss of autonomy, and dependency
frequently elevate cancer-related distress, which often manifests as
anxiety and depression. These emotional states are not only distressing
but when persisting are also associated with poorer health outcomes,
including reduced quality of life and increased mortality risk (Mehnert
et al., 2014; Mitchell et al., 2012; Okeke et al., 2023; Spiegel, 2012;
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Zabora et al., 2001). Beyond psychological burden, symptoms such as
fatigue, sleep disturbances, and impaired concentration further com-
pound the challenges faced by patients (Blaxton et al., 2017; Bovbjerg,
2003; Payne et al., 2006; Roscoe et al., 2007; Strollo et al., 2020).

The biological mechanisms underpinning cancer-related distress
involve the activation of key stress-response systems, including the
sympathetic nervous system (SNS)-associated activation of brainstem
and noradrenergic neurons along the spinal ganglia and the
sympathetic-adrenal-medullary (SAM) and hypothalamic-pituitary-
adrenal (HPA) axes (Gianaros & Wager, 2015). Chronic stress, howev-
er, can disrupt these systems, leading to maladaptive responses,
including the sustained release of catecholamines and glucocorticoids,
which can promote angiogenesis, tumor progression, and immune
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dysfunction, exacerbating both cancer outcomes and comorbidities
(Antoni et al., 2006; Chang et al., 2022; Cole et al., 2015; Falcinelli et al.,
2021; Petrova et al., 2021; Spiegel, 2012). For example, chronic stress
has been shown to increase levels of pro-inflammatory cytokines, such
as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a) (Antoni
et al., 2006; Coussens & Werb, 2002) which can promote tumor growth
and metastasis (Ben-Baruch, 2022; Chen et al., 2022). Chronic stress
may also contribute to cancer-accelerated aging (Guida et al., 2019;
Mandelblatt et al., 2024) hastening immune senescence and athero-
sclerosis, which may amplify comorbid conditions in cancer survivors
(Reis et al., 2020). These pathways, while well-established in isolation,
have rarely been examined together through an integrative neurobio-
logical perspective, which we propose is central to understanding the
health effects of cancer-related distress and stress management in-
terventions. This highlights the importance of addressing distress
comprehensively to mitigate both its psychological and physiological
impacts. Understanding the bidirectional communication between the
brain and body systems is fundamental to elucidating how stress con-
tributes to health and disease. This complex interaction is especially
relevant in chronic conditions such as cancer, where psychological stress
and biological processes intersect, influencing emotional states, immune
function, and overall health outcomes (Dantzer, 2018; Pavlov & Tracey,
2017a). Neuroimaging studies have provided critical insights into the
neural mechanisms underlying stress and resilience, revealing changes
in brain regions associated with emotional regulation and stress pro-
cessing in cancer patients (Reis et al., 2020a, 2023, 2020b). The evi-
dence reviewed in this paper reflects targeted, empirically grounded
selections from the literature, informed by our prior integrative review
(Reis et al., 2020a). While not systematic in scope, this narrative
approach allows for a coherent synthesis of emerging cross-domain ev-
idence relevant to stress-related adaptation in cancer. Furthermore,
stress management interventions, including Cognitive-Behavioral Stress
Management (CBSM), have been shown to improve psychological
adaptation, modulate neuroendocrine and immune responses, and
enhance clinical outcomes, such as disease-free survival and overall
survival (Antoni et al., 2023).

The present overview. Psychosocial adaptation to cancer involves
dynamic interactions among emotional, cognitive, and biological pro-
cesses. Although the efficacy of psychological interventions is well
documented in facilitating adaptation, the mechanisms linking psy-
chological adaptation to physiological outcomes remain fragmented
across disciplines. This Special Issue of the International Journal of
Clinical and Health Psychology, “Advancing Health Psychology Research
in Oncology: Biobehavioral Models, Stress Pathways, and Stress-
Management Interventions for Cancer Patients” addresses this gap in
the literature and this paper serves as an overview for the Special Issue.

To better understand these complex interactions, we previously
proposed an integrative biobehavioral model that underscores the
interconnected pathways through which stress, neural processing, and
immune responses influence cancer trajectories (Reis et al., 2020a). This
model organizes key processes into seven domains, encompassing psy-
chosocial adaptation, neurobiological mechanisms, biobehavioral
pathways, tumor biology, health behaviors, clinical outcomes, and
stress-management interventions. The present overview builds on our
integrative model, incorporating recent advancements in biobehavioral
research and psychosocial interventions, with emphasis on specific do-
mains relevant to cancer-related stress and adaptation. What distin-
guishes this article is its integration of updated findings linking
CNS/brain activity with peripheral biobehavioral processes, and its
emphasis on how behavioral, and in some cases, pharmacological in-
terventions, may modulate both systems to optimize health outcomes in
cancer patients. We begin by exploring the physiological and neural
mechanisms through which stress influences cancer progression, high-
lighting the role of the SNS, HPA axis, and immune dysregulation. Next,
we delve into the bidirectional communication between the brain and
body, emphasizing how cognitive and emotional processes shape
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physiological responses and how peripheral signals, such as cytokines,
influence brain function and behavior. We then examine the impact of
psychosocial stress on cancer biology, including the role of the
Conserved Transcriptional Response to Adversity (CTRA) (Cole et al.,
2015) and the effects of chronic stress on tumor progression and
metastasis. Additionally, we discuss the influence of social and envi-
ronmental determinants, such as neighborhood disadvantage, on cancer
outcomes and the potential of social support to mitigate these effects.
Finally, we review the efficacy of CBT-based interventions including
those categorized as stress management interventions (SMIs) in
improving psychological adaptation, modulating biobehavioral pro-
cesses, and enhancing clinical outcomes. Finally, we address the chal-
lenges and limitations of implementing digital SMIs, such as low
engagement and accessibility barriers, while highlighting their potential
to expand the reach of evidence-based care. By integrating these in-
sights, we aim to provide a comprehensive perspective on the biobe-
havioral processes underlying cancer-related distress and to inform
future research and clinical applications aimed at improving patient
well-being and outcomes.

From brain to body: how stress shapes health and disease

While acute stress responses are evolutionarily adapted to enhance
short-term survival, chronic stress leads to sustained dysregulation of
the SNS and HPA axis, disrupting brain function and peripheral physi-
ological systems, including the cardiovascular, immune, and endocrine
systems (Davidson & McEwen, 2012; McEwen et al., 2016). These ef-
fects can persist long-term, as psychological stress experienced during
childhood and adolescence has been associated with an increased risk of
health problems across the lifespan, with inflammation recognized as a
key underlying mechanism (Chiang et al., 2022). Psychological stress
arises from the cognitive appraisal of events perceived as threats
(Scherer & Moors, 2019). As the central regulator of stress and adap-
tation, the brain integrates sensory, cognitive, and emotional inputs to
appraise events and orchestrate physiological and behavioral responses
aimed at maintaining adaptive regulation (McEwen, 2012).

Physiological responses to stress

Stress triggers a set of physiological responses: SNS activation of the
locus coeruleus (LC) in the Pons, which produces norepinephrine (NE)
and stimulates noradrenergic ganglia along the spinal column and their
projections to release NE into multiple organs; and activation of the
sympathetic-adrenomedullary (SAM) axis, which releases NE and
epinephrine (E) from the adrenal medulla, and activation of the HPA
axis, which releases cortisol from the adrenal cortex into the circulation
(Godoy et al., 2018; Russell & Lightman, 2019). When these systems are
persistently activated, stress-related pathways can disrupt immune and
inflammatory processes, contributing to a cascade of effects that exac-
erbate health conditions (Alotiby, 2024; Bower & Irwin, 2016; Gupta &
Agarwal, 2024). For example, chronic stress has been shown to suppress
immune function, increasing susceptibility to infections and potentially
accelerating tumor growth (Bernabe, 2021; Cui et al., 2021; Lutgendorf
& Sood, 2011; Mravec et al., 2020).

Stress and cancer progression

Psychosocial adversity, including emotional distress, has been shown
to worsen clinical outcomes, reducing survival times and compromising
quality of life in cancer (Antoni et al., 2006; Giese-Davis et al., 2011;
Lutgendorf & Andersen, 2015; Zhou et al., 2020). For instance, chronic
stress has been associated with increased angiogenesis and immune
evasion in breast cancer models, highlighting the complex interplay
between stress and tumor biology (Antoni et al., 2006; Bernabe, 2021;
Cui et al., 2021; Eckerling et al., 2021a; Falcinelli et al., 2021; Giese--
Davis et al., 2011; Lutgendorf & Andersen, 2015; Zhou et al., 2020).
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Table 1
Neuroendocrine stress response: implications for cancer and intervention targets.
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Neuroendocrine Pathway Key Brain Regions

and Structures Consequences

Mechanism of Activation and Physiological

Implications in Cancer Intervention Targets

Hypothalamic-pituitary- Releases CRH
adrenal axis

(slower response)

Hypothalamus

into the bloodstream

Locus coeruleus in
the pons
Sympathetic ganglia
Adrenal medulla

Sympathetic nervous
system
and sympathetic-
adrenomedullary axis
(fast response)

Locus coeruleus produces NE

nodes)

into circulation

Stimulates the pituitary gland to release ACTH
Prompts the adrenal cortex to release cortisol

Stimulates sympathetic ganglia to release NE
to peripheral organs (e.g., heart, lungs, lymph

Activates adrenal medulla to release NE and E

Chronic stress led to prolonged
cortisol exposure

Associated with immune
suppression and tumor progression
Linked to shorter survival and
reduced quality of life in cancer
patients

Chronic/Repeated SNS activation —
increased NE/E levels

Promotes angiogenesis and immune
evasion in tumors

Associated with distress and tumor
aggressiveness

Stress management (e.g., CBT,
mindfulness)

Regulation of HPA activity
Targeting cortisol-related
pathways in clinical care

Relaxation training, vagal
nerve stimulation
Pharmacologic modulation of
adrenergic signaling
Psychological interventions
enhancing stress resilience

This table outlines the principal neuroendocrine pathways activated by psychological stress: the hypothalamic-pituitary-adrenal (HPA) axis, which mediates slower
hormonal responses, and the sympathetic nervous system (SNS), including the sympathetic-adrenomedullary (SAM) axis, responsible for rapid physiological responses.
Dysregulation of these systems can impair immune function and contribute to cancer progression. Evidence-based psychosocial and biological intervention targets

relevant to each are also summarized.

HPA, hypothalamic-pituitary-adrenal; SNS, sympathetic nervous system; NE, norepinephrine; E, epinephrine; CRH, corticotropin-releasing hormone; ACTH, adre-

nocorticotropic hormone.

These may explain the established association between chronic states of
distress and shorter disease-free interval and overall survival. To clarify
the physiological and clinical relevance of these stress-related mecha-
nisms, Table 1 summarizes the major neuroendocrine pathways acti-
vated by psychological stress, their effects on cancer progression, and
key psychosocial and biological intervention targets.

Stress and neural processes in cancer patients

Although evidence links stress to cancer outcomes, the neural
mechanisms underlying individual variations in emotional responses
remain insufficiently explored. Understanding these mechanisms is
critical, as they may explain why some individuals exhibit greater
resilience to stress, while others are more susceptible to its adverse ef-
fects on health. Stress appraisals and coping processes are mediated by a
network of brain regions involved in evaluating environmental threats
and orchestrating physiological and behavioral adaptations (McEwen,
2012, 2017a; Peters et al., 2017). Key regions implicated in this process
include the lateral prefrontal cortex (IPFC), ventromedial prefrontal
cortex (vmPFC), anterior cingulate cortex (ACC), and insula, which
process sensory and emotional information, enabling adaptive responses
to uncertainty (Peters et al., 2017; Reis et al., 2020a). Uncertainty—a
defining feature of stress in cancer patients—activates these neural
networks (Peters et al., 2017), leading to dynamic interactions between
cognitive appraisal, decision-making, and emotional regulation
(Ahadzadeh & Sharif, 2018; Mishel, 1988, 1999).

A review of neuroimaging studies with cancer patients that examined
the associations between negative affect (distress) and differences in the
metabolism or structure of brain regions such as the prefrontal cortex,
thalamus, amygdala, hippocampus, cingulate cortex (mainly subgenual
area), hypothalamus, basal ganglia (striatum and caudate), and insula,
which are associated with greater anxiety, distress, depression, and
posttraumatic stress disorder (PTSD) symptoms (Reis et al., 2020a).
More recent studies with metastatic breast cancer patients, showed that
higher perceived stress is associated with reduced activity in regions
such as the insula, thalamus, and hypothalamus, while greater perceived
stress management skill efficacy correlates with enhanced activity in
these areas (Reis et al., 2023, 2020b). These findings underscore the
possible role of these brain circuits in mediating resilience and
emotional  adaptation in  cancer patients.  Interestingly,
mindfulness-based stress reduction (MBSR) has been shown to increase
activity in the ACC and vmPFC, regions associated with emotional
regulation and stress resilience (Creswell, 2017).

Integrating these insights into clinical practice is essential. By tar-
geting the neural mechanisms underlying stress and resilience,
neuroscience-informed psychosocial interventions have the potential to
enhance brain function, alleviate distress, and improve psychological
well-being and clinical outcomes in cancer care. Future research should
prioritize multidisciplinary approaches that combine psychosocial as-
sessments with neuroimaging, immune, and neuroendocrine markers.
Such efforts will be essential for developing targeted interventions to
enhance outcomes in cancer care. For example, personalized treatment
approaches could use biomarkers to tailor interventions to individual
patients.

Body to brain, brain to body: the bidirectional dance of
communication

Understanding the dynamic bidirectional communication between
the brain and body is essential for uncovering how psychosocial stress
interacts with and influences cancer biology and health outcomes. This
communication operates through both top-down and bottom-up path-
ways, creating a continuous feedback loop where cognitive and
emotional processes influence physiological responses, and peripheral
signals inform and modulate brain function. While top-down pathways
regulate physiological systems through cognitive and emotional control,
bottom-up pathways play a complementary role by transmitting im-
mune and sensory signals to brain regions (Dantzer, 2018; Mravec et al.,
2008; Pavlov & Tracey, 2017b; Reardon et al., 2018; Taylor et al., 2010).

Brain to body: cognitive and emotional regulation

Top-down pathways emphasize cognitive and emotional regulation,
such as cognitive appraisals of stressors and coping processes, which
shape both emotional responses and physiological adaptations
(Davidson & McEwen, 2012; Franks & Roesch, 2006; McEwen, 2009,
2017b). Interventions like cognitive-behavioral therapy (CBT) leverage
these mechanisms by employing techniques such as cognitive reframing
to reinterpret stressors and modify maladaptive thoughts (Hofmann
et al., 2013). These interventions not only reduce subjective reports of
distress but also positively modulate neuroendocrine and autonomic
systems, which could improve health outcomes (Nakao et al., 2021). For
example, psychosocial interventions including CBT and relaxation
training reduce cortisol in breast cancer patients (Antoni et al., 2023;
Meészaros Crow et al., 2023).
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Table 2
Bidirectional brain-body communication in psychosocial stress and cancer.
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Communication
Pathway

Key Brain Regions and
Body Mechanisms

Biological Consequences

Implications in Cancer Intervention Targets of Stress

Management Interventions

Top-down (Brain to Cognitive appraisal
Body) Emotion regulation
Prefrontal cortex, ACC arousal
Bottom-up (Body to
Brain)

Cytokine signaling
Vagus nerve input
Insula, hypothalamus

anhedonia)

plasticity
Interoception and
Allostasis

ACC, insula, hypothalamus
Predictive brain-body
regulation

Modulates HPA and ANS activity
Reduces cortisol and sympathetic
Triggers sickness behavior (fatigue,
Influences mood, cognition, and neural
Balances internal demands and energy

Chronic dysregulation leads to
inflammation, metabolic dysfunction

Poor regulation linked to heightened
distress

May affect immune suppression and
tumor progression

Linked to cancer-related cognitive

Cognitive reappraisal
Emotional regulation training

Vagal stimulation

impairment Biofeedback
Promotes inflammation and fatigue Pharmacological anti-inflammatory
approaches

Associated with accelerated
biological aging

May contribute to comorbidities (e.
g., cardiovascular disease)

Interoceptive exposure (CBT)
Regulation of allostatic load via
cognitive-behavioral therapies

This table illustrates top-down and bottom-up pathways involved in brain-body communication during psychosocial stress. It highlights relevant mechanisms such as
interoception and allostasis, their implications for cancer outcomes, and targeted psychosocial interventions.
ACC, anterior cingulate cortex; HPA, hypothalamic-pituitary-adrenal axis; ANS, autonomic nervous system; CBT, cognitive behavioral therapy.

Body to brain: peripheral signals and brain activity

In contrast, bottom-up pathways highlight the role of peripheral
signals in shaping brain activity. Cytokine signaling exemplifies bottom-
up communication. Cytokines (e.g., IL-1, IL-6, and TNF-a), transmit
information about inflammation and immune responses to the brain,
influencing emotional regulation, behavior, and cognitive functions
(Goshen & Yirmiya, 2009; Kronfol & Remick, 2000; Quan & Banks,
2007; Wilson et al., 2002; Yirmiya & Goshen, 2011). One of these in-
fluences is the trigger of “sickness behaviors™ like fatigue and anhedonia
(Dantzer et al., 2008; Dantzer & Kelley, 2007). In cancer patients,
pro-inflammatory cytokines mediate these pathways, exacerbating
cognitive dysfunction (often referred to as “cancer-related cognitive
impairment” or CRCI) (Hurria et al., 2007) and stress-related symptoms
(Kesler, 2014). Interventions such as biofeedback and vagus nerve
stimulation target these pathways to enhance emotional resilience and
systemic health (Taylor et al., 2010). These interactions underscore the
complex feedback loops through which immune and neural dysregula-
tion perpetuate one another.

Interoception and allostasis: bridging brain and body

To better understand these feedback loops, it is essential to consider
the roles of interoception and allostasis in bidirectional brain-body
communication. Interoception refers to the brain’s capacity to
perceive and interpret sensory signals from within the body, providing
an internal map of physiological states (Strigo & Craig, 2016). This
process, encompassing dimensions such as attention, accuracy, sensi-
tivity, and insight, is fundamental to shaping how individuals experi-
ence and respond to bodily signals (Khalsa et al., 2018). Through key
brain regions like the ACC, insula, and hypothalamus, interoception
translates physiological states into conscious experiences, shaping
emotion, behavior, and stress responses. Allostasis complements this
process by dynamically regulating internal states to ensure adaptive
responses to changing demands. This system relies on the interplay be-
tween top-down predictions and bottom-up interoceptive signals to
fine-tune energy management. Allostasis emphasizes predictive regula-
tion, enabling the brain to anticipate and meet energy needs by
balancing resources proactively (Barrett & Simmons, 2015; Hutchinson
& Barrett, 2019; Sterling, 2012). However, chronic dysregulation of this
system can lead to overestimations of energy requirements, disrupting
homeostasis and contributing to immune dysfunction and systemic
inflammation (Barrett & Simmons, 2015) with long-term effects on the
viability of immune cells and poor health outcomes. For instance, allo-
static load refers to energetic burden required to support allostasis and
stress-induced energy needs (Bobba-Alves et al., 2022) with a resultant
breakdown in immune defenses, poor metabolic control (rising HbAlc

levels) and chronic generation of inflammatory signals, which may lead
to cellular hypermetabolism or excess energy beyond an organism’s
optimal range, and is hypothesized to drive biological aging (Picard
et al., 2018). This may explain the confluence of cancer, its treatments
and chronic stress on accelerated biological aging (Antoni et al., 2023;
Guida et al., 2019) and the development of co-morbidities such as car-
diovascular disease (Mehta et al., 2018).

Psychosocial interventions: targeting interoceptive and allostatic
dysregulation

Psychosocial interventions, such as CBT, directly target interoceptive
and allostatic dysregulation by enhancing emotional regulation and
fostering greater awareness and mastery over the interpretation of
bodily sensations. CBT employs techniques such as interoceptive expo-
sure to help individuals confront and reinterpret distressing internal
sensations, reducing avoidance behaviors and maladaptive responses
(Funaba et al., 2021; Lee et al., 2006). These interventions have been
shown to restore functionality in brain regions central to interoception,
including the ACC, insula, and prefrontal cortex (PFC) (Aupperle et al.,
2013; Goldapple et al., 2004; Konig et al., 2025). By recalibrating
interoceptive pathways, these interventions aim to restore balance
within the broader allostatic system (Deacon et al., 2013).

In conclusion, integrating insights from stress neuroscience, biobe-
havioral processes, and psychosocial interventions provides a compre-
hensive framework for understanding cancer-related distress. By
addressing interoceptive and allostatic dysregulation, psychosocial in-
terventions offer a pathway to improve emotional regulation and sys-
temic health. Future research should prioritize multidisciplinary
approaches that combine psychosocial assessments with neuroimaging,
immune, and neuroendocrine markers. Such efforts will be essential for
developing targeted interventions to enhance outcomes in cancer care.
For example, personalized medicine approaches could use biomarkers to
tailor interventions to individual patients, while digital health tools (e.
g., biofeedback, CBT and mindfulness apps) could enhance accessibility
and effectiveness. To visually synthesize the core mechanisms discussed,
Table 2 presents a summary of the bidirectional brain-body communi-
cation pathways involved in psychosocial stress and their relevance to
cancer biology and care.

Biobehavioral perspectives on cancer: linking psychosocial
stress, immunity, and health outcomes

Neuroendocrine and immune pathways linking adversity to cancer
progression

Several recent reviews have focused on research establishing
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associations between indicators of psychological adaptation, biobehav-
ioral processes and clinical health outcomes in cancer (Antoni et al.,
2023; Chang et al., 2022; Eckerling et al., 2021b).There is an emerging
consensus, based on studies of animal models and humans, that expo-
sure to persisting and uncontrollable stressors and social isolation, and
experiencing depression, anxiety and chronic stress are associated with:
(1) Neuroendocrine dysregulation - Characterized by elevated cortisol
levels and disrupted diurnal secretion patterns, increased norepineph-
rine levels, and altered leukocyte and tumor gene expression reflecting
SNS activation (e.g., upregulation of cyclic adenosine monophosphate
(cAMP) response element-binding protein (CREB)) and glucocorticoid
resistance; (2) Immune system dysregulation — Marked by weakened
cellular immune function and down-regulated leukocyte expression of
anti-viral genes (e.g., interferon type I and II), and increased circulating
pro-inflammatory cytokines. Additionally, leukocytes show upregula-
tion of genes involved in inflammatory cytokines, chemokine signaling,
oxidative stress, and wound healing; (3) Cancer progression and
pro-metastatic processes - Including angiogenesis,
epithelial-to-mesenchymal transition (EMT), and anoikis resistance, all
of which contribute to tumor survival and dissemination and, (4) Clinical
health outcomes - Such as cancer metastasis and increased mortality risk.

The neuroimmune patterning revealed in these studies often con-
verges on an association between states of threat and adversity with a
distinct transcriptional signature involving the differential expression of
53 genes in immune and tumor cells. This pattern, known as the
Conserved Transcriptional Response to Adversity (CTRA), is characterized
by: (1) down-regulation of “protective” genes involved in anti-viral and
anti-tumor immune responses; and (2) upregulation of pro-
inflammatory and pro-metastatic genes, which promote chronic
inflammation, tumor progression and metastasis (Cole et al., 2015). This
transcriptional shift underscores the biological embedding of psycho-
social stress, linking it to immune dysfunction and cancer progression
through well-defined molecular pathways. Several studies have estab-
lished a strong link between elevated CTRA expression, psychosocial
adversity, and poorer clinical outcomes in cancer patients. For example,

Table 3
Biobehavioral mechanisms linking psychosocial stress and cancer outcomes.
Biobehavioral Pathophysiological Molecular/ Clinical
Mechanism Processes Cellular Consequences
Markers
Neuroendocrine Elevated cortisol, 1 Cortisol, 1 NE; ~ Poor immune
Dysregulation disrupted diurnal altered CREB regulation,
rhythm; increased expression tumor growth,
norepinephrine; metastasis
glucocorticoid
resistance
Immune | cellular immunity; 1 1 Pro- Increased
Dysregulation inflammation; | inflammatory fatigue,
antiviral gene cytokines (IL-6, cognitive
expression TNF-a), | IFN-y dysfunction,
faster disease
progression
CTRA Gene Downregulation of | IFN-related Poor prognosis,
Expression antiviral/antitumor genes, 1 IL1, reduced
Profile genes; upregulation of ~ IL6, MMPs, survival,
inflammation and CREB genes immune
metastasis-related evasion
genes
Social & Neighborhood t CTRA, t Shorter
Environmental disadvantage, social Cortisol, 1 NE, survival, more
Determinants isolation, chronic altered CREBin  aggressive
adversity tumors tumors

SNS, Sympathetic Nervous System; HPA axis, Hypothalamic-Pituitary-Adrenal
axis; SAM axis, Sympathetic-Adrenomedullary axis; NE, Norepinephrine; E,
Epinephrine (Adrenaline); CRH, Corticotropin-Releasing Hormone; ACTH, Ad-
renocorticotropic Hormone; CTRA, Conserved Transcriptional Response to
Adversity; CREB, cAMP Response Element-Binding Protein; PM cortisol, After-
noon/Evening (Post-Meridian) Cortisol Levels; ADI, Area Deprivation Index.
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in women with ovarian cancer, higher tumor CTRA expression has been
associated with greater depression and lower social support (Chang
et al.,, 2022). Conversely, interventions that reduce stress appear to
mitigate CTRA expression and improve health outcomes. In breast
cancer patients, stress management through Cognitive-Behavioral Stress
Management (CBSM) has been shown to lower leukocyte CTRA
expression, a change that parallels reductions in negative affect and
predicts longer disease-free survival (Antoni et al., 2016). These findings
underscore the intricate interplay between psychosocial factors, im-
mune system regulation, and cancer progression, suggesting that tar-
geted stress management may offer a pathway to improved clinical
outcomes.

Social and environmental determinants of health in cancer: biobehavioral
processes

Over the past few years there has been a growing interest in applying
this biobehavioral oncology approach to better understand the mecha-
nisms underlying well-documented disparities in cancer outcomes
linked to sociodemographic factors such as race, ethnicity, and socio-
economic status (Miller et al., 2017). One key area of research attention
focuses on the role of chronic adversity states to explain the poorer
health outcomes in women with breast cancer (Goel et al., 2024). Work
using geo-epidemiological methods has identified how structural fea-
tures in the neighborhoods and living conditions of breast cancer pa-
tients in the U.S. are linked to poorer survival, even after controlling for
disease and treatment factors (Goel et al., 2023). These sources of
chronic adversity may contribute to cancer progression and poor clinical
outcomes through stress-related “biobehavioral” pathways, reflected in
immune and tumor cell activity linked to the CTRA gene expression
profile (Goel et al., 2024). Recent findings indicate that breast cancer
patients living in more disadvantaged neighborhoods - determined
using geocoding systems like the Area Deprivation Index (Kind &
Buckingham, 2018) exhibit higher circulating levels of cortisol and
increased anxiety symptoms (as assessed by interviews) (Goel et al.,
2023), and more aggressive tumors (Goel et al., 2023). In a separate
cohort of patients greater ADI was associated with elevated SNS activity,
reflected in the expression of stress-responsive genes such as CREB
(cAMP response element-binding protein) and with CTRA-patterned
gene expression in their tumors (Goel et al., 2024) both of which were
in turn related to poorer recurrence-free survival. Furthermore, higher
perceived overall subjective reports of neighborhood adversity and
concerns over safety were also strongly associated to greater tumor SNS
activity and CTRA-patterned gene expression (Goel et al., 2024) in this
cohort suggesting that some processes (e.g., stressor appraisals) may be
modifiable with CBT-based stress management interventions.

Among the potentially modifiable targets being studied in this
context are social support and stress management skill efficacy. Evi-
dence suggests that perceived social support and stress management
skill efficacy may moderate (buffer) the effects of both cancer-related
and environmental stressors on psychological outcomes (e.g., anxiety),
neuroendocrine responses (e.g., cortisol levels), and inflammatory
markers and leukocyte inflammatory gene expression in breast cancer
patients (Diaz et al., 2021; Jutagir et al., 2017; Reis et al., 2022; Taub
et al., 2019). Recently investigators observed that the effects of neigh-
borhood disadvantage on cortisol elevations were mitigated in
post-surgical breast cancer patients reporting greater social support
(Hernandez et al., 2025a). Similarly, in another cohort of over 5000
breast cancer patient’s greater neighborhood disadvantage (measured
by higher ADI scores) predicted shorter survival. However, this effect
was mitigated in patients living in an ethnic enclave—a geo-region
characterized by high Hispanic density (Hernandez et al., 2025b).
Another study found among breast cancer patients living in Higher ADI
neighborhoods that those reporting greater stress management skill ef-
ficacy and active coping and social support showed lower subjective
neighborhood adversity (Taub et al., 2025). Together these studies
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reinforce the need for interventions that build stress management skills
and foster supportive social environments. Such interventions can help
modulate neural-mediated psychological adaptation (e.g., mood,
distress, sense of efficacy), regulate neuroendocrine processes (e.g., HPA
axis, SNS activity) and reduce leukocyte and tumor CTRA expression,
ultimately improving health outcomes (recurrence-free and overall
survival) in cancer patients.

CBT skill training can be particularly beneficial in helping breast
cancer patients manage stress and improve psychological resilience.
Techniques that focus on modifying stressor appraisals, such as cogni-
tive restructuring and coping skills training, can help patients develop
more adaptive ways of interpreting and responding to stress. Addition-
ally, strategies aimed at reducing anxiety and SNS activation, including
relaxation techniques, may contribute to improved emotional regulation
and physiological stability. Enhancing communication skills is another
crucial aspect, as training in assertiveness and social resource utilization
can help patients build, maintain, and effectively engage with their
support networks.

Recent work suggests that CBT-based SMIs such as group-based
Cognitive-Behavioral Stress Management (CBSM), lowers anxiety and
PM cortisol levels in breast cancer patients from high-disadvantage
neighborhoods (Ream et al., 2025). These findings indicate potential
clinical benefits, particularly for underserved populations, by addressing
both psychological distress and stress-related biological pathways that
may influence cancer progression and overall health outcomes. How-
ever, it is anticipated that these interventions will have to be modified to
be relevant to the unique stressors experienced by these populations.
Table 3 integrates findings across Sections 4.1 and 4.2, highlighting the
main biobehavioral processes through which psychosocial stress, im-
mune function, and contextual adversity contribute to cancer progres-
sion and poorer health outcomes

Impact of psychological interventions on psychological,
biobehavioral and clinical outcomes

CBT and stress management interventions (SMIs)

Over the past decade several scoping reviews and meta-analyses
have summarized the effects of CBT-based interventions including
those categorized as SMIs on a wide variety of outcomes in cancer pa-
tients (Antoni et al., 2023). This body of research provides evidence for
improvements in psychological adaptation such as reductions in anxiety,
depressive symptoms and distress as well as enhancements in quality of
life (Getu et al., 2021). Additionally, SMIs have been shown to alleviate
physical symptoms and treatment-related side effects, including sleep
disturbances and fatigue (Cobeanu & David, 2018). Their impact ex-
tends to biobehavioral processes as demonstrated by changes in serum,
cellular and molecular markers of neuroendocrine function, cellular
immune activity and inflammation (Antoni et al., 2023; Antoni &
Dhabhar, 2019). Moreover, evidence suggests that these interventions
may influence clinical health outcomes, including disease-free survival
and overall survival (Eckerling et al., 2021a; Mirosevic et al., 2019; Oh
et al., 2016). In addition to demonstrating the efficacy of psychological
interventions, this research—supported by a strong evidence base—has
also identified potential biobehavioral mechanisms that may explain
their long-term effects on clinical outcomes. Despite these promising
findings, a major contemporary challenge of psycho-oncology is effec-
tively disseminating these interventions to cancer centers where pri-
mary oncology care is delivered, ensuring they are both cost-effective
and accessible to the most disadvantaged populations, who are likely to
benefit the most. Persistent cultural, ethnic, and racial disparities in
cancer morbidity and mortality further underscore the urgency of this
issue, yet there is limited data on whether SMIs can help reduce these
disparities (Antoni et al., 2023). This gap in knowledge likely stems from
barriers to accessing evidence-based behavioral interventions among
lower SES and marginalized cancer patients, particularly those in remote
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areas who lack proximity to specialized cancer centers. Even in
well-funded settings, staffing shortages limit the widespread imple-
mentation of these interventions. Addressing these challenges in acces-
sibility and healthcare resources requires harnessing technological
advances in telecommunication while also recognizing the need to tailor
interventions to the unique needs of diverse populations. Here, we focus
on recent technological innovations for delivering empirically validated
SMIs.

Technology-enhanced and remote interventions

Recent reviews have highlighted numerous ways in which
technology-enhanced and remotely delivered behavioral and psycho-
logical interventions can expand the reach of patient-centered care in
oncology. One review identified several innovations that may improve
symptom management, health-related quality of life, and other patient-
reported outcomes (Penedo et al., 2020). These include integrating
psychological interventions and measurement tools into electronic
health records (EHRs) and leveraging patient portals to enhance
communication between patients and providers (Penedo et al., 2020).
However, the review also underscored significant challenges related to
accessibility, scalability, and implementation, which must be addressed
for these approaches to be effectively integrated into routine care.

Since this review, a growing number of studies have provided evi-
dence supporting the feasibility, acceptability, and preliminary efficacy
of various electronic (e-Health) and mobile-based (m-Health) in-
terventions across different cancer populations. These interventions
have been delivered and tested either independently or as hybrid
models, using both synchronous and asynchronous formats. They
include: (1) telehealth sessions facilitated by human providers, (2) web-
based platforms and mobile applications, and (3) virtual human agents.

Telehealth sessions

Telehealth is broadly defined as the use of remote or virtual tech-
nologies in healthcare. However, in the practice of psychological in-
terventions, it most commonly refers to synchronous, scheduled sessions
facilitated by a therapist via phone or videoconferencing. These sessions
can be delivered in individual, dyadic, or group-based formats (Walsh,
Safren, Penedo & Antoni, 2024). Recent completed clinical trials using
videoconferencing to deliver CBT-based interventions have demon-
strated feasibility and acceptability across various cancer populations,
including: (a) middle-to-older-aged breast cancer patients undergoing
primary treatment (Walsh et al., 2023); (b) older Spanish-speaking men
who recently completed treatment for prostate cancer (Penedo et al.,
2018); (c) breast cancer patients on a long-term adjuvant endocrine
therapy (AET) regimens (Jacobs et al., 2022); and, (d) young adult
cancer survivors (Fox et al., 2024; Oswald et al., 2022). These studies
have also identified key patient characteristics associated with higher
engagement and benefit from these interventions. Ongoing efforts aim
to further refine and adapt these approaches to maximize accessibility
and uptake, considering factors such as disease severity and socio-
demographic characteristics (Walsh et al., 2023, 2024)

Websites and mobile applications (Apps)

Websites and mobile applications are designed as asynchronous re-
sources, allowing users to access them at their convenience. While these
platforms often lack direct interaction with a facilitator or therapist,
they may include interactive components such as diaries, chat functions,
and bulletin boards to enhance user engagement. Many of these in-
terventions have been tested in women with breast cancer. A recent
scoping review (Walsh et al., 2024) identified poor engagement as a key
limitation of asynchronous platforms and emphasized the need for more
precise measurement tools beyond standard usage metrics. The review
advocated for applying objective engagement measures using the FITT
model (Frequency, Intensity, Time/Duration, and Type of Engagement),
originally developed to quantify participation in physical exercise trials.
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This review analyzed 56 studies published through 2023 that utilized
asynchronous telehealth interventions for breast cancer patients,
revealing a wide variability in platform types and engagement levels.
The reviewed interventions fell into six primary modalities: (1) com-
puter/ web-based platforms; (2) smartphone mobile applications
(including one commercial app); (3) virtual assistants (e.g., Amazon
Alexa); (4) tablet-based interventions; (5) social media-based in-
terventions, and (6) text message interventions.

The intervention content varied significantly, including CBT,
mindfulness-based stress reduction, psychoeducation, exercise pro-
gramming, communication training, prosocial skills training, and coping
effectiveness strategies. This review highlighted both the rapid expan-
sion of digital health interventions in oncology and the inconsistent
measurement of engagement across studies. Notably, only about half of
the studies assessed the relationship between engagement and patient
outcomes. The authors recommended integrating Human-Centered
Design principles to improve telehealth development and provided
strategies to optimize patient engagement in asynchronous telehealth
interventions (Walsh et al., 2024).

Recently completed efficacy trials have demonstrated the potential
of standalone mobile applications (apps) that can be either prescribed by
an oncologist or independently downloaded by patients. Additionally,
trials have evaluated apps integrated within electronic health records
(EHRs) to enable continuous monitoring of psychological status and
symptom-based algorithms for personalized intervention.

The RESTORE trial, was a national decentralized randomized
controlled trial that evaluated a 10-module CBSM-based app called
ATTUNE. The study compared ATTUNE to CERENA, a time-matched
health information app, in a sample of 449 patients with non-
metastatic (Stage I-III) cancers who were either currently receiving
systemic treatment or had completed treatment within the past six
months (Zion et al., 2023). Over a 12-week period, patients assigned to
ATTUNE demonstrated: (a) significantly greater reductions in anxiety
and depression symptoms compared to those using CERENA (Zion et al.,
2023); and (b) decreased cancer-specific distress and improved quality
of life (Taub et al., 2024), further reinforcing the efficacy of CBSM-based
digital interventions in oncology care.

Another trial in Norway compared the effects of a CBT-based stress
management app and a mindfulness-based stress management app to
treatment as usual in 430 women diagnosed with breast cancer 6 - 9
months prior (Svendsen et al., 2023). Each intervention consisted of 10
modules, with 9-16 brief steps per module, covering various stress
management techniques, including diaphragmatic breathing, visuali-
zation, and attentional focus. These exercises were presented through
text, audio, video, and illustrations, making them multimodal and
accessible. Although self-guided, the interventions included a built-in
3-day pause between module releases to encourage reflection and
practice. The primary outcome of this trial is changes in perceived stress
over six months, with secondary outcomes including health-related
quality of life, anxiety and depression, fatigue, mindfulness, sleep, and
coping skills. Results are pending. Beyond breast cancer, CBT-based
apps have also been developed to support adults and children under-
going hematologic stem cell transplants (HSCT) for blood cancers,
addressing psychological distress and symptom management (Newcomb
et al., 2024; Racioppi et al., 2021; Skeens et al., 2022).

Integration of digital interventions with electronic health records (EHRs)
Another research line has focused on integrating distress and
depression screening via EHR systems with the use of app-based in-
terventions in cancer patients (Yanez et al., 2023). In this approach,
cancer patients with elevated depressive symptoms, identified through
screenings done through the patient portal in two large comprehensive
cancer centers in the U.S., are participating in a pragmatic Type 1
effectiveness-implementation hybrid study. The trial evaluates the
impact of a 7-week CBSM-based app, My Well-Being Guide, compared to
treatment as usual, which involves referrals to supportive care within
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the participating cancer centers. The primary outcomes include changes
in depressive symptoms and implementation outcomes over a 12-month
period. The trial in ongoing.

Another hospital-based intervention tested CARES, a web-based
stepped collaborative care (SCC) model, in 29 oncology outpatient
clinics (Steel et al., 2024). Eligible patients presented with elevated
levels of at least one of three symptoms—depression, pain, or fatigue.
The intervention involved: (a) weekly 50-60-minute CBT-based tele-
health sessions delivered by care coordinators via telephone or video-
conferencing; (b) pharmacotherapy adjustments, as needed, based on
clinician recommendations or patient preference, and (c) a control
group receiving standard care, which included symptom screening and
referral to healthcare providers. Patients randomized to SCC demon-
strated greater improvements in health-related quality of life over six
months, with benefits persisting at 12 months (Steel et al., 2024). They
also showed greater gains in emotional, functional, and physical
well-being, along with reductions in depression, pain, and fatigue
symptoms, which were sustained over a 12-month period. Additionally,
SCC reduced healthcare costs, as patients in this condition had shorter
hospital stays, fewer emergency room visits, and lower 90-day read-
mission rates. However, SCC did not influence inflammatory cytokines,
and its effects on long-term clinical health outcomes are yet to be
reported.

Virtual humans (VH) as Al-Based telehealth interventions

positioned between human-delivered telehealth and fully automated
digital apps and websites, virtual humans (VH) represent an emerging
Al-driven approach that integrates the relational aspects of a tele-
therapist with the scalability of eHealth and mHealth platforms (Loveys
et al., 2023a). These Al-powered agents are designed with human-like
embodiments, featuring customizable appearance, voice, and lan-
guage, along with full-range facial and body expressions that enable
real-time emotional and interpersonal interactions. Using “affective
computing” (Pei et al., 2024) VHs can mirror users’ facial expressions
and analyze vocal cues, transforming speech into text to interpret
emotional states. In conversations, VHs collect auditory and visual data,
classify facial muscle movements, words, and nonverbal behaviors, and
generate verbal and nonverbal responses based on multimodal
emotional analysis (Chattopadhyay et al., 2020). This allows them to
emulate human-like “empathy” in therapeutic interactions. They have
been programmed to engage with humans, conduct interviews and as-
sessments, and deliver a range of interventions including health edu-
cation (e.g., diet and physical activity guidance) and CBT-based stress
management, such as CBSM modules (Loveys et al., 2023a).

Recent randomized controlled trials comparing VH-delivered in-
terventions to teletherapist-led, chatbot-based, and e-manual stress
management approaches have demonstrated feasibility, acceptability,
and preliminary efficacy in reducing stress and inducing relaxation or
mindfulness states across diverse populations, from college students to
distressed middle-aged adults (Karhiy et al., 2024; Loveys et al., 2023a;
Loveys et al., 2022). Current research is exploring VH-delivered psy-
chological interventions for individuals undergoing cancer treatment. In
the future, VHs may also incorporate dynamic digital models of psy-
choneuroimmunological responses to stress, illustrating how stress im-
pacts cancer progression and how CBT-based interventions can mitigate
these effects, thereby enhancing patient motivation for behavioral
change (Loveys et al., 2023a).

Summary of remotely-delivered interventions in cancer

Remotely delivered stress management interventions (SMIs) offer
key advantages, including scalability, healthcare cost savings, and
broader accessibility. While increasing evidence supports their efficacy
in improving health literacy and stress management skills, research on
their effects on biobehavioral processes and clinical health outcomes in
cancer patients remains limited. Preliminary evidence from RCTs sug-
gests that teletherapist-led CBSM interventions can modulate immune
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Table 4

Technology-enhanced and remote interventions in cancer care.
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Format/Type

Description

Key Findings / Evidence

Limitations / Challenges

Implications for Care

Telehealth Sessions

Websites and
Mobile
Applications

EHR-Integrated
Interventions

Stepped
Collaborative
Care

Virtual Humans

Synchronous sessions with therapists
(phone or video); individual, dyadic,
or group format.

Asynchronous, interactive
platforms; may include diaries, chat,
videos, etc.

Apps integrated into patient portals
and electronic health records.

Structured, multi-step care via web
or phone; combines CBT, meds, and
monitoring.

Al-based embodied agents for CBT
and stress management; use affective

Feasible and acceptable across cancer
populations; reduces anxiety, distress,
and improves quality of life.
Improves stress, sleep, and emotional
regulation; apps like ATTUNE effective
in reducing distress.

Improves monitoring, screening, and
personalization of care; example: My
Well-Being Guide.

Improves HRQoL, reduces depression,
pain, fatigue; lowers healthcare costs.

Feasible and acceptable; early trials show
stress reduction and relaxation.

Access and engagement may vary
by demographic and disease-
related factors.

Low engagement common;
engagement measurement
inconsistent.

Effectiveness and implementation
outcomes still under
investigation.

Does not impact inflammation
markers; needs clinical outcome
data.

Technology still developing;
limited cancer-specific data.

Promising delivery method;
requires personalization and
access facilitation.

Requires human-centered design
and engagement metrics.

Streamlines distress screening
and tailored interventions.

Effective in reducing symptom
burden and cost.

Scalable, interactive digital
therapy with emotional

computing.

engagement potential.

HRQoL, Health Related Quality of Life; CBT, Cognitive Behavior Therapy; HER, Eletronic Health Records.

system functioning in breast cancer patients, yet their effects on long-
term clinical outcomes are still unknown (Antoni et al., 2022). No
studies to date have assessed the impact of mobile apps or VH-based
SMIs on biobehavioral processes or clinical outcomes (Antoni et al.,
2022). Moving forward, comparative effectiveness trials are needed to
assess the cost-benefits of various remote delivery methods compared to
traditional face-to-face (F2F) approaches. Additionally, research should
expand its focus beyond psychological adaptation to include biobehav-
ioral and clinical health outcomes across diverse cancer populations.
Future research should explore strategies to optimize adherence and
personalize interventions based on patient needs. Ultimately, the
optimal balance between efficacy and scalability may involve a hybrid
approach, combining brief teletherapist- or VH-guided training for
initial stress management skills with ongoing mobile app-based training,
monitoring and reinforcement to help patients apply techniques to
real-world stressors throughout cancer treatment and survivorship.
Given the breadth of technology-based approaches currently under
investigation, Table 4 summarizes the key intervention formats, delivery
modalities, and emerging evidence supporting their use in
psycho-oncology.

Summary, conclusions, and implications

This article explored the complex interplay between psychological
stress and cancer progression, emphasizing the dynamic and bidirec-
tional communication between brain and body systems. Cancer patients
frequently endure significant psychological distress, which can
adversely affect treatment outcomes and survival rates. Chronic stress
activates neuroendocrine pathways (e.g., the SNS and HPA axis) and
leads to immune dysregulation, fostering inflammation (e.g., IL-6, TNF-
o) and tumor growth through mechanisms such as the Conserved
Transcriptional Response to Adversity (CTRA). Biobehavioral mecha-
nisms matter: stress-induced inflammation (e.g., CTRA gene expression)
and neural alterations can contribute to disease progression, under-
scoring the importance of integrated psychobiological approaches in
cancer care.

Neuroimaging studies show that stress-related changes in brain re-
gions involved in emotional regulation (e.g., prefrontal cortex, insula)
are linked to poorer adjustment. However, psychosocial interventions
such as Cognitive-Behavioral Stress Management (CBSM) demonstrate
promising effects in improving emotional resilience and modulating
biological stress responses. Social determinants—like neighborhood
disadvantage and low social support—can amplify stress-related health
disparities. Conversely, strong social support and evidence-based stress
management may buffer these effects. Although CBSM interventions can
enhance resilience, reduce stress biomarkers, and potentially improve
survival, their accessibility remains limited. We reviewed scalable,

technology-enhanced interventions (e.g., telehealth, mobile applica-
tions, and virtual humans), which hold promise for addressing these
limitations. Digital tools show promise, but their sustained engagement
and long-term impact still require refinement.

To move the field forward we further develop a multilevel and
integrative framework from what we have previously proposed to
explain the links between psychological distress and cancer-related
outcomes. This evolving updated model builds upon our earlier work
by integrating insights from psychoneuroimmunology, biobehavioral
oncology, cognitive neuroscience, and molecular cancer biology. Future
research should incorporate cutting-edge methodologies—such as neu-
roimaging, transcriptomic profiling (e.g., CTRA), and real-time digital
phenotyping—to uncover how stress affects immune function, tumor
biology, and clinical outcomes.

Clarifying these brain-body pathways will enable the development of
more precise, theory-driven interventions—including CBSM,
mindfulness-based therapies, and Al-enhanced digital tools—targeting
key processes such as SNS activation, HPA axis dysregulation and
inflammation. The integration of digital phenotyping (e.g., smart-
phones, wearables, ecological momentary assessment methodology)
(Insel, 2017; Jenciute et al., 2023) into psycho-oncology studies will
allow for the capture of real-time, high-resolution characterization of
patients’ behavioral, emotional, cognitive, and physiological patterns
using data collected passively and actively from digital devices (e.g.,
smartphones, wearables). This approach offers an ecologically valid way
to monitor cancer patients’ psychological and physical well-being
outside clinical settings, capturing dynamic fluctuations in stress,
mood, sleep, physical activity, and social interaction throughout the
cancer experience, paving the way for personalized interventions and
just-in-time adaptive interventions (Nahum-Shani et al., 2018). These
precision approaches may not only reduce distress but also interrupt
biological pathways linked to tumor progression, ultimately improving
both survival and quality of life.

Translating these insights into real-world clinical impact will require
coordinated efforts among researchers, clinicians, and policymakers.
Priorities include: validating scalable digital interventions across diverse
patient populations; integrating biomarker-informed stress management
into standard oncology care; and addressing disparities by tailoring in-
terventions for high-risk groups (e.g., individuals in underserved com-
munities). To translate these findings into actionable improvements in
cancer care, several key strategies should be implemented. First, routine
psychosocial screening should become an integral part of standard
oncology workflows. By systematically monitoring distress, healthcare
providers can identify high-risk patients early and intervene before
psychological symptoms escalate or interfere with treatment adherence.
Second, it is essential to prioritize evidence-based stress management
interventions (SMIs)—particularly those grounded in cognitive-
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Fig. 1. This integrative framework illustrates how psychosocial distress—shaped by individual, social, and contextual factors—influences cancer outcomes through
central nervous system (CNS) mechanisms and biobehavioral processes. Stress-related dysregulation of the hypothalamic-pituitary—adrenal (HPA) axis, sympathetic
nervous system (SNS), and immune system contributes to tumor progression and adverse clinical outcomes. Mediating variables include alterations in brain regions
involved in emotion regulation and inflammatory signaling pathways. The model highlights multiple levels of intervention, including evidence-based stress man-
agement interventions (e.g., Cognitive-Behavioral Stress Management, CBSM), pharmacologic strategies (e.g., beta-blockade), lifestyle approaches (e.g., anti-
inflammatory diets, exercise), and digital health tools (e.g., mobile apps, virtual humans, and just-in-time adaptive interventions). Preventive strategies are orga-
nized by risk level, encompassing primary, secondary, and tertiary prevention efforts.

behavioral therapy (CBT). These interventions have demonstrated effi-
cacy in reducing anxiety and depression among cancer patients (Antoni
et al., 2023). When possible, delivering them through blended mod-
els—which combine human support with digital tools—can enhance
accessibility, personalization, and engagement. Finally, addressing
health disparities must be a central focus. Patients from low-income or
socially disadvantaged backgrounds often face greater psychological
burdens and barriers to care. Community-partnered approaches that are
culturally sensitive and tailored to the needs of these populations can
help bridge the gap and ensure more equitable access to psychosocial
support.

Psychosocial oncology care is increasingly recognized as a human
right and a critical component of high-quality cancer treatment. In this
review, we have highlighted current scientific evidence demonstrating
the complex, bidirectional interactions between psychological distress
and biological processes in cancer. These mind-body dynamics not only
contribute to emotional suffering but may also influence disease pro-
gression and survival. Psycho-oncological interventions play a pivotal
role in interrupting these negative pathways, transforming them into
opportunities for improved adaptation, resilience, and ultimately, better
clinical outcomes. Fig. 1 presents the integrative model proposed and
outlines key targets for future intervention and research in this field.

Declaration of competing interest

Joaquim C. Reis and Luzia Travado declare no competing interests.

Michael H. Antoni is funded by grants from the NIH (R0O1CA206456,
UG3 CA260317, R61 CA263335, R37 CA255875), PCORI (AD-2020C3-
21171), the Florida Breast Cancer Foundation, and a Cancer Center
Support Grant (1P30CA240139-01).

References

Ahadzadeh, A. S., & Sharif, S. P. (2018). Uncertainty and quality of life in women with
breast cancer: Moderating role of coping styles. Cancer Nursing, 41(6), 484-490.
https://doi.org/10.1097/NCC.0000000000000552

Alotiby, A. (2024). Immunology of stress: A review article. Journal of Clinical Medicine, 13
(21), 6394. https://doi.org/10.3390/jcm13216394

Antoni, M. H., Bouchard, L. C., Jacobs, J. M., Lechner, S. C., Jutagir, D. R.,
Gudenkauf, L. M., Carver, C. S., Lutgendorf, S. K., Cole, S. W., Lippman, M., &
Blomberg, B. B. (2016). Stress management, leukocyte transcriptional changes and
breast cancer recurrence in a randomized trial: An exploratory analysis.
Psychoneuroendocrinology, 74(6188), 269-277. https://doi.org/10.1016/j.
psyneuen.2016.09.012

Antoni, M. H., & Dhabhar, F. S. (2019). The impact of psychosocial stress and stress
management on immune responses in patients with cancer. Cancer, 125(9),
1417-1431. https://doi.org/10.1002/cncr.31943

Antoni, M. H., Lutgendorf, S. K., Cole, S. W., Dhabhar, F. S., Sephton, S. E.,

McDonald, P. G., Stefanek, M., & Sood, A. K. (2006). The influence of bio-
behavioural factors on tumour biology: Pathways and mechanisms. Nature Reviews
Cancer, 6(3), 240-248. https://doi.org/10.1038/nrc1820

Antoni, M. H., Moreno, P. I, & Penedo, F. J. (2023). Stress management interventions to
facilitate psychological and physiological adaptation and optimal health outcomes in
cancer patients and survivors. Annual Review of Psychology, 74(1). https://doi.org/
10.1146/annurev-psych-030122-124119

Antoni, M. H., Walsh, E., Ream, M., Taub, C., Perdomo, D., Zaydlin, M., O’Neil, D.,
Mahtani, R., Kesmodel, S., Diaz, A., Frasca, D., & Frasca, D. (2022). Video-
conferenced stress management and relaxation training (VSMART) improves
psychological adaptation and influenza vaccine response in distressed older women
during breast cancer treatment. In Paper presented at the american psychsomatic society
meeting.

Aupperle, R. L., Allard, C. B., Simmons, A. N., Flagan, T., Thorp, S. R., Norman, S. B.,
Paulus, M. P., & Stein, M. B. (2013). Neural responses during emotional processing
before and after cognitive trauma therapy for battered women. Psychiatry Research:
Neuroimaging, 214(1), 48-55. https://doi.org/10.1016/j.pscychresns.2013.05.001

Barrett, L. F., & Simmons, W. K. (2015). Interoceptive predictions in the brain. Nature
Reviews Neuroscience, 16(7), 419-429. https://doi.org/10.1038/nrn3950

Ben-Baruch, A. (2022). Tumor necrosis factor o: Taking a personalized road in cancer
therapy. Frontiers in Immunology, 13. https://doi.org/10.3389/fimmu.2022.903679

Bernabe, D. G. (2021). Catecholamines mediate psychologic stress-induced cancer
progression. Cancer Research, 81(20), 5144-5146. https://doi.org/10.1158/0008-
5472.CAN-21-3077

Blaxton, J. M., Bergeman, C. S., Whitehead, B. R., Braun, M. E., & Payne, J. D. (2017).
Relationships among nightly sleep quality, daily stress, and daily affect. Journals of


https://doi.org/10.1097/NCC.0000000000000552
https://doi.org/10.3390/jcm13216394
https://doi.org/10.1016/j.psyneuen.2016.09.012
https://doi.org/10.1016/j.psyneuen.2016.09.012
https://doi.org/10.1002/cncr.31943
https://doi.org/10.1038/nrc1820
https://doi.org/10.1146/annurev-psych-030122-124119
https://doi.org/10.1146/annurev-psych-030122-124119
http://refhub.elsevier.com/S1697-2600(25)00072-9/sbref0007
http://refhub.elsevier.com/S1697-2600(25)00072-9/sbref0007
http://refhub.elsevier.com/S1697-2600(25)00072-9/sbref0007
http://refhub.elsevier.com/S1697-2600(25)00072-9/sbref0007
http://refhub.elsevier.com/S1697-2600(25)00072-9/sbref0007
http://refhub.elsevier.com/S1697-2600(25)00072-9/sbref0007
https://doi.org/10.1016/j.pscychresns.2013.05.001
https://doi.org/10.1038/nrn3950
https://doi.org/10.3389/fimmu.2022.903679
https://doi.org/10.1158/0008-5472.CAN-21-3077
https://doi.org/10.1158/0008-5472.CAN-21-3077

J.C. Reis et al.

Gerontology - Series B Psychological Sciences and Social Sciences, 72(3), 363-372.
https://doi.org/10.1093/geronb/gbv060

Bobba-Alves, N., Juster, R. P., & Picard, M. (2022). The energetic cost of allostasis and
allostatic load. Psychoneuroendocrinology, 146. https://doi.org/10.1016/j.
psyneuen.2022.105951

Bovbjerg, D. H. (2003). Circadian disruption and cancer: Sleep and immune regulation.
Brain, Behavior, and Immunity, 17(1), 48-50. https://doi.org/10.1016/50889-1591
(02)00066-1

Bower, J. E., & Irwin, M. R. (2016). Mind-body therapies and control of inflammatory
biology: A descriptive review. Brain, Behavior, and Immunity, 51, 1-11. https://doi.
org/10.1016/j.bbi.2015.06.012

Chang, A., Sloan, E. K., Antoni, M. H., Knight, J. M., Telles, R., & Lutgendorf, S. K.
(2022). Biobehavioral pathways and cancer progression: Insights for improving well-
being and cancer outcomes. Integrative Cancer Therapies, 21, Article
153473542210960. https://doi.org/10.1177/15347354221096081

Chattopadhyay, D., Ma, T., Sharifi, H., & Martyn-Nemeth, P. (2020). Computer-
controlled virtual humans in patient-facing systems: Systematic review and meta-
analysis. Journal of Medical Internet Research, 22(7), Article e18839. https://doi.org/
10.2196/18839

Chen, J., Wei, Y., Yang, W., Huang, Q., Chen, Y., Zeng, K., & Chen, J. (2022). IL-6: The
link between inflammation, immunity and breast cancer. Frontiers in Oncology, 12.
https://doi.org/10.3389/fonc.2022.903800

Chiang, J. J., Lam, P. H., Chen, E., & Miller, G. E. (2022). Psychological stress during
childhood and adolescence and its association with inflammation across the lifespan:
A critical review and meta-analysis. Psychological Bulletin, 148(1-2), 27-66. https://
doi.org/10.1037/bul0000351

Cobeanu, O., & David, D. (2018). Alleviation of side effects and distress in breast cancer
patients by cognitive-behavioral interventions: A systematic review and meta-
analysis. Journal of Clinical Psychology in Medical Settings, 25(4), 335-355. https://
doi.org/10.1007/s10880-017-9526-7

Cole, S. W., Nagaraja, A. S., Lutgendorf, S. K., Green, P. A., & Sood, A. K. (2015).
Sympathetic nervous system regulation of the tumour microenvironment. Nature
Reviews Cancer, 15(9), 563-572. https://doi.org/10.1038/nrc3978

Coussens, L. M., & Werb, Z. (2002). Inflammation and cancer. Nature, 420(6917),
860-867. https://doi.org/10.1038/nature01322

Creswell, J. D. (2017). Mindfulness interventions. Annual Review of Psychology, 68,
491-516. https://doi.org/10.1146/annurev-psych-042716-051139

Cui, B., Peng, F., Lu, J., He, B., Su, Q., Luo, H., Deng, Z., Jiang, T., Su, K., Huang, Y., Ud
Din, Z., Lam, E. W.-F., Kelley, K. W., & Liu, Q. (2021). Cancer and stress: NextGen
strategies. Brain, Behavior, and Immunity, 93, 368-383. https://doi.org/10.1016/j.
bbi.2020.11.005

Dantzer, R. (2018). Neuroimmune interactions: From the brain to the immune system
and vice versa. Physiological Reviews, 98(1), 477-504. https://doi.org/10.1152/
physrev.00039.2016

Dantzer, R., & Kelley, K. W. (2007). Twenty years of research on cytokine-induced
sickness behavior. Brain, Behavior, and Immunity, 21(2), 153-160. https://doi.org/
10.1016/j.bbi.2006.09.006

Dantzer, R., O’Connor, J. C., Freund, G. G., Johnson, R. W., & Kelley, K. W. (2008). From
inflammation to sickness and depression: When the immune system subjugates the
brain. Nature Reviews Neuroscience, 9(1), 46-56. https://doi.org/10.1038/nrn2297

Davidson, R. J., & McEwen, B. S. (2012). Social influences on neuroplasticity: Stress and
interventions to promote well-being. Nature Neuroscience, 15(5), 689-695. https://
doi.org/10.1038/nn.3093

Deacon, B., Kemp, J. J., Dixon, L. J., Sy, J. T., Farrell, N. R., & Zhang, A. R. (2013).
Maximizing the efficacy of interoceptive exposure by optimizing inhibitory learning:
A randomized controlled trial. Behaviour Research and Therapy, 51(9), 588-596.
https://doi.org/10.1016/j.brat.2013.06.006

Deshields, T. L., Potter, P., Olsen, S., & Liu, J. (2014). The persistence of symptom
burden: Symptom experience and quality of life of cancer patients across one year.
Supportive Care in Cancer, 22(4), 1089-1096. https://doi.org/10.1007/s00520-013-
2049-3

Diaz, A., Taub, C. J., Lippman, M. E., Antoni, M. H., & Blomberg, B. B. (2021). Effects of
brief stress management interventions on distress and leukocyte nuclear factor kappa
B expression during primary treatment for breast cancer: A randomized trial.
Psychoneuroendocrinology, 126, Article 105163. https://doi.org/10.1016/j.
psyneuen.2021.105163

Eckerling, A., Ricon-Becker, ., Sorski, L., Sandbank, E., & Ben-Eliyahu, S. (2021a). Stress
and cancer: Mechanisms, significance and future directions. Nature Reviews Cancer,
21(12), 767-785. https://doi.org/10.1038/s41568-021-00395-5

Eckerling, A., Ricon-Becker, 1., Sorski, L., Sandbank, E., & Ben-Eliyahu, S. (2021b). Stress
and cancer: Mechanisms, significance and future directions. Nature Reviews Cancer,
21(12), 767-785. https://doi.org/10.1038/541568-021-00395-5

Falcinelli, M., Thaker, P. H., Lutgendorf, S. K., Conzen, S. D., Flaherty, R. L., & Flint, M. S.
(2021). The role of psychological stress in cancer initiation: Clinical relevance and
potential molecular mechanisms. Cancer Research, 81(20). https://doi.org/10.1158/
0008-5472.CAN-21-0684

Fox, R. S., Torres, T. K., Badger, T. A., Katsanis, E., Yang, D., Sanford, S. D.,

Victorson, D. E., Yanez, B., Penedo, F. J., Antoni, M. H., & Oswald, L. B. (2024).
Delivering a group-based quality of life intervention to young adult cancer survivors
via a web platform: Feasibility trial. JMIR Cancer, 10. https://doi.org/10.2196/
58014. e58014-e58014.

Franks, H. M., & Roesch, S. C. (2006). Appraisals and coping in people living with cancer:
A meta-analysis. Psycho-Oncology, 15(12), 1027-1037. https://doi.org/10.1002/
pon.1043

Funaba, M., Kawanishi, H., Fujii, Y., Higami, K., Tomita, Y., Maruo, K., Sugawara, N.,
Oe, Y., Kura, S., Horikoshi, M., Ohara, C., Kikuchi, H., Ariga, H., Fukudo, S.,

10

International Journal of Clinical and Health Psychology 25 (2025) 100615

Sekiguchi, A., & Ando, T. (2021). Hybrid cognitive behavioral therapy with
interoceptive exposure for irritable bowel syndrome: A feasibility study. Frontiers in
Psychiatry, 12. https://doi.org/10.3389/fpsyt.2021.673939

Getu, M. A., Chen, C., Panpan, W., Mboineki, J. F., Dhakal, K., & Du, R. (2021). The effect
of cognitive behavioral therapy on the quality of life of breast cancer patients: A
systematic review and meta-analysis of randomized controlled trials. Quality of Life
Research, 30(2), 367-384. https://doi.org/10.1007/s11136-020-02665-5

Gianaros, P. J., & Wager, T. D. (2015). Brain-body pathways linking psychological stress
and physical health. Current Directions in Psychological Science, 24(4), 313-321.
https://doi.org/10.1177/0963721415581476

Giese-Davis, J., Collie, K., Rancourt, K. M. S., Neri, E., Kraemer, H. C., & Spiegel, D.
(2011). Decrease in depression symptoms is associated with longer survival in
patients with metastatic breast cancer: A secondary analysis. Journal of Clinical
Oncology, 29(4), 413-420. https://doi.org/10.1200/JC0.2010.28.4455

Godoy, L. D., Rossignoli, M. T., Delfino-Pereira, P., Garcia-Cairasco, N., & Umeoka, E. H.
de L (2018). A comprehensive overview on stress neurobiology: Basic concepts and
clinical implications. Frontiers in Behavioral Neuroscience, 12, Article 373385. https://
doi.org/10.3389/FNBEH.2018.00127/BIBTEX

Goel, N., Hernandez, A. E., Antoni, M. H., Kesmodel, S., Pinheiro, P. S., Kobetz, E.,
Merchant, N., & Cole, S. W. (2024). ZIP code to genomic code: Neighborhood
disadvantage, aggressive breast cancer biology, and breast cancer outcomes. Annals
of Surgery, 280(1), 1-10. https://doi.org/10.1097/SLA.0000000000006283

Goel, N., Hernandez, A. E., Ream, M., Clarke, E. S., Blomberg, B. B., Cole, S., &
Antoni, M. H. (2023). Effects of neighborhood disadvantage on cortisol and
interviewer-rated anxiety symptoms in breast cancer patients initiating treatment.
Breast Cancer Research and Treatment, 202(1), 203-211. https://doi.org/10.1007/
$10549-023-07050-7

Goel, N., Hernandez, A., Kwon, D., Antoni, M. H., & Cole, S. (2023). Impact of
neighborhood disadvantage on high-risk oncotype DX recurrence scores and breast
cancer survival. Annals of Surgery. https://doi.org/10.1097/
SLA.0000000000006082

Goel, N., Hernandez, A., Thompson, C., Choi, S., Westrick, A., Stoler, J., Antoni, M. H.,
Rojas, K., Kesmodel, S., Figueroa, M. E., Cole, S., Merchant, N., & Kobetz, E. (2023).
Neighborhood Disadvantage and Breast Cancer-Specific Survival. JAMA Network
Open, 6(4), Article E238908. https://doi.org/10.1001/
JAMANETWORKOPEN.2023.8908

Goldapple, K., Segal, Z., Garson, C., Lau, M., Bieling, P., Kennedy, S., & Mayberg, H.
(2004). Modulation of cortical-limbic pathways in major depression. Archives of
General Psychiatry, 61(1), 34. https://doi.org/10.1001/archpsyc.61.1.34

Goshen, I, & Yirmiya, R. (2009). Interleukin-1 (IL-1): A central regulator of stress
responses. Frontiers in Neuroendocrinology, 30(1), 30-45. https://doi.org/10.1016/].
yfrne.2008.10.001

Guida, J. L., Ahles, T. A., Belsky, D., Campisi, J., Cohen, H. J., DeGregori, J., Fuldner, R.,
Ferrucci, L., Gallicchio, L., Gavrilov, L., Gavrilova, N., Green, P. A., Jhappan, C.,
Kohanski, R., Krull, K., Mandelblatt, J., Ness, K. K., O’Mara, A., Price, N., &
Hurria, A. (2019). Measuring aging and identifying aging phenotypes in cancer
survivors. Journal of the National Cancer Institute, 111(12), 1245-1254. https://doi.
org/10.1093/JNCI/DJZ136

Gupta, A., & Agarwal, V. (2024). Inflammation as a shared mechanism of chronic stress
related disorders with potential novel therapeutic targets. Naunyn-Schmiedeberg’s
Archives of Pharmacology, 397(11), 8383-8394. https://doi.org/10.1007/500210-
024-03205-5

Hernandez, A. E., Aizpurua-Perez, 1., Borrwsky, P. A., Ream, M., Taub, C. J., Kanaya, M.,
Plotke, R., Blomberg, B., Antoni, M. H., & Goel, N. (2025a). Social support moderates
the impact of neighborhood disadvantage on serum cortisol levels in post-surgical
breast cancer patients. International Journal of Clinical and Health Psychology, Under
Review.

Hernandez, A. E., Borowsky, P. A., Nahodyl, L., Pinheiro, P. S., Kobetz, E. N.,
Antoni, M. H., & Goel, N. (2025b). A neighborhood-level Hispanic paradox: The
interaction among hispanic density, neighborhood disadvantage, and survival in
patients with breast cancer. Cancer Epidemiology, Biomarkers & Prevention, OF1-OF8.
https://doi.org/10.1158/1055-9965.EPI-24-1242

Hofmann, S. G., Asmundson, G. J. G., & Beck, A. T. (2013). The science of cognitive
therapy. Behavior Therapy, 44(2), 199-212. https://doi.org/10.1016/j.
beth.2009.01.007

Hurria, A., Somlo, G., & Ahles, T. (2007). Renaming “chemobrain”. Cancer Investigation,
25(6), 373-377. https://doi.org/10.1080/07357900701506672

Hutchinson, J. B., & Barrett, L. F. (2019). The power of predictions: An emerging
paradigm for psychological research. Current Directions in Psychological Science.
https://doi.org/10.1177/0963721419831992

Insel, T. R. (2017). Digital phenotyping: Technology for a new science of behavior. JAMA
- Journal of the American Medical Association, 318(13), 1215-1216. https://doi.org/
10.1001/jama.2017.11295

Jacobs, J. M., Post, K., Massad, K., Horick, N. K., Walsh, E. A., Cohn, J., Rapoport, C. S.,
Clara, A. J., Antoni, M. H., Safren, S. A., Partridge, A. H., Peppercorn, J. M.,
Park, E. R., Temel, J. S., & Greer, J. A. (2022). A telehealth intervention for symptom
management, distress, and adherence to adjuvant endocrine therapy: A randomized
controlled trial. Cancer, 128(19), 3541-3551. https://doi.org/10.1002/cncr.34409

Jenciute, G., Kasputyte, G., Buneviciené, 1., Korobeinikova, E., Vaitiekus, D., Incitra, A.,
Jarusevicius, L., Bunevicius, R., Krikstolaitis, R., Krilavic¢ius, T., Juozaityté, E., &
Bunevicius, A. (2023). Digital phenotyping for monitoring and disease trajectory
prediction of patients with cancer: Protocol for a prospective observational cohort
study. JMIR Research Protocols, 12. https://doi.org/10.2196/49096

Jutagir, D. R., Blomberg, B. B., Carver, C. S., Lechner, S. C., Timpano, K. R.,
Bouchard, L. C., Gudenkauf, L. M., Jacobs, J. M., Diaz, A., Lutgendorf, S. K.,
Cole, S. W., Heller, A. S., & Antoni, M. H. (2017). Social well-being is associated with


https://doi.org/10.1093/geronb/gbv060
https://doi.org/10.1016/j.psyneuen.2022.105951
https://doi.org/10.1016/j.psyneuen.2022.105951
https://doi.org/10.1016/S0889-1591(02)00066-1
https://doi.org/10.1016/S0889-1591(02)00066-1
https://doi.org/10.1016/j.bbi.2015.06.012
https://doi.org/10.1016/j.bbi.2015.06.012
https://doi.org/10.1177/15347354221096081
https://doi.org/10.2196/18839
https://doi.org/10.2196/18839
https://doi.org/10.3389/fonc.2022.903800
https://doi.org/10.1037/bul0000351
https://doi.org/10.1037/bul0000351
https://doi.org/10.1007/s10880-017-9526-7
https://doi.org/10.1007/s10880-017-9526-7
https://doi.org/10.1038/nrc3978
https://doi.org/10.1038/nature01322
https://doi.org/10.1146/annurev-psych-042716-051139
https://doi.org/10.1016/j.bbi.2020.11.005
https://doi.org/10.1016/j.bbi.2020.11.005
https://doi.org/10.1152/physrev.00039.2016
https://doi.org/10.1152/physrev.00039.2016
https://doi.org/10.1016/j.bbi.2006.09.006
https://doi.org/10.1016/j.bbi.2006.09.006
https://doi.org/10.1038/nrn2297
https://doi.org/10.1038/nn.3093
https://doi.org/10.1038/nn.3093
https://doi.org/10.1016/j.brat.2013.06.006
https://doi.org/10.1007/s00520-013-2049-3
https://doi.org/10.1007/s00520-013-2049-3
https://doi.org/10.1016/j.psyneuen.2021.105163
https://doi.org/10.1016/j.psyneuen.2021.105163
https://doi.org/10.1038/s41568-021-00395-5
https://doi.org/10.1038/s41568-021-00395-5
https://doi.org/10.1158/0008-5472.CAN-21-0684
https://doi.org/10.1158/0008-5472.CAN-21-0684
https://doi.org/10.2196/58014
https://doi.org/10.2196/58014
https://doi.org/10.1002/pon.1043
https://doi.org/10.1002/pon.1043
https://doi.org/10.3389/fpsyt.2021.673939
https://doi.org/10.1007/s11136-020-02665-5
https://doi.org/10.1177/0963721415581476
https://doi.org/10.1200/JCO.2010.28.4455
https://doi.org/10.3389/FNBEH.2018.00127/BIBTEX
https://doi.org/10.3389/FNBEH.2018.00127/BIBTEX
https://doi.org/10.1097/SLA.0000000000006283
https://doi.org/10.1007/S10549-023-07050-7
https://doi.org/10.1007/S10549-023-07050-7
https://doi.org/10.1097/SLA.0000000000006082
https://doi.org/10.1097/SLA.0000000000006082
https://doi.org/10.1001/JAMANETWORKOPEN.2023.8908
https://doi.org/10.1001/JAMANETWORKOPEN.2023.8908
https://doi.org/10.1001/archpsyc.61.1.34
https://doi.org/10.1016/j.yfrne.2008.10.001
https://doi.org/10.1016/j.yfrne.2008.10.001
https://doi.org/10.1093/JNCI/DJZ136
https://doi.org/10.1093/JNCI/DJZ136
https://doi.org/10.1007/s00210-024-03205-5
https://doi.org/10.1007/s00210-024-03205-5
http://refhub.elsevier.com/S1697-2600(25)00072-9/sbref0050
http://refhub.elsevier.com/S1697-2600(25)00072-9/sbref0050
http://refhub.elsevier.com/S1697-2600(25)00072-9/sbref0050
http://refhub.elsevier.com/S1697-2600(25)00072-9/sbref0050
http://refhub.elsevier.com/S1697-2600(25)00072-9/sbref0050
https://doi.org/10.1158/1055-9965.EPI-24-1242
https://doi.org/10.1016/j.beth.2009.01.007
https://doi.org/10.1016/j.beth.2009.01.007
https://doi.org/10.1080/07357900701506672
https://doi.org/10.1177/0963721419831992
https://doi.org/10.1001/jama.2017.11295
https://doi.org/10.1001/jama.2017.11295
https://doi.org/10.1002/cncr.34409
https://doi.org/10.2196/49096

J.C. Reis et al.

less pro-inflammatory and pro-metastatic leukocyte gene expression in women after
surgery for breast cancer. Breast Cancer Research and Treatment, 165(1), 169-180.
https://doi.org/10.1007/s10549-017-4316-3

Karhiy, M., Sagar, M., Antoni, M., Loveys, K., & Broadbent, E. (2024). Can a virtual
human increase mindfulness and reduce stress? A randomised trial. Computers in
Human Behavior: Artificial Humans, 2, Article 100069. https://doi.org/10.1016/j.
chbah.2024.100069

Kesler, S. R. (2014). Default mode network as a potential biomarker of chemotherapy-
related brain injury. Neurobiology of Aging, 35(SUPPL.2), S11-S19. https://doi.org/
10.1016/j.neurobiolaging.2014.03.036

Khalsa, S. S., Adolphs, R., Cameron, O. G., Critchley, H. D., Davenport, P. W.,
Feinstein, J. S., Feusner, J. D., Garfinkel, S. N., Lane, R. D., Mehling, W. E.,
Meuret, A. E., Nemeroff, C. B., Oppenheimer, S., Petzschner, F. H., Pollatos, O.,
Rhudy, J. L., Schramm, L. P., Simmons, W. K., Stein, M. B., & Zucker, N. (2018).
Interoception and mental health: A roadmap. Biological Psychiatry: Cognitive
Neuroscience and Neuroimaging, 3(6), 501-513. https://doi.org/10.1016/j.
bpsc.2017.12.004

Kind, A. J. H., & Buckingham, W. R. (2018). Making neighborhood-disadvantage metrics
accessible — The neighborhood atlas. New England Journal of Medicine, 378(26),
2456-2458. https://doi.org/10.1056/nejmp1802313

Konig, P., Zwiky, E., Kiittner, A., Uhlig, M., & Redlich, R. (2025). Brain functional effects
of cognitive behavioral therapy for depression: A systematic review of task-based
fMRI studies. Journal of Affective Disorders, 368, 872-887. https://doi.org/10.1016/j.
jad.2024.09.084

Kronfol, Z., & Remick, D. G. (2000). Cytokines and the brain: Implications for clinical
psychiatry. American Journal of Psychiatry. https://doi.org/10.1176/appi.
ajp.157.5.683

Lee, K., Noda, Y., Nakano, Y., Ogawa, S., Kinoshita, Y., Funayama, T., & Furukawa, T. A.
(2006). Interoceptive hypersensitivity and interoceptive exposure in patients with
panic disorder: Specificity and effectiveness. BMC Psychiatry, 6. https://doi.org/
10.1186/1471-244X-6-32

Loveys, K., Antoni, M., Donkin, L., Sagar, M., & Broadbent, E. (2023a). Comparing the
feasibility and acceptability of a virtual human, teletherapy, and an e-manual in
delivering a stress management intervention to distressed adult women: Pilot study.
JMIR Formative Research, 7. https://doi.org/10.2196/42390

Loveys, K., Antoni, M., Donkin, L., Sagar, M., Xu, W., & Broadbent, E. (2022). Effects of
cognitive behavioral stress management delivered by a virtual human, teletherapy,
and an e-manual on psychological and physiological outcomes in adult women: An
experimental test. Multimodal Technologies and Interaction, 6(11), 99. https://doi.
org/10.3390/mti6110099

Lutgendorf, S. K., & Andersen, B. L. (2015). Biobehavioral approaches to cancer
progression and survival. American Psychologist, 70(2), 186-197. https://doi.org/
10.1037/a0035730

Lutgendorf, S. K., & Sood, A. K. (2011). Biobehavioral factors and cancer progression.
Psychosomatic Medicine, 73(9), 724-730. https://doi.org/10.1097/
PSY.0b013e318235be76

Mandelblatt, J. S., Antoni, M. H., Bethea, T. N., Cole, S., Hudson, B. I, Penedo, F. J.,
Ramirez, A. G., Rebeck, G. W., Sarkar, S., Schwartz, A. G., Sloan, E. K., Zheng, Y.-L.,
Carroll, J. E., & Sedrak, M. S. (2024). Gerotherapeutics: Aging mechanism-based
pharmaceutical and behavioral interventions to reduce cancer racial and ethnic
disparities. JNCI: Journal of the National Cancer Institute. https://doi.org/10.1093/
jnci/djae211

McEwen, B. S. (2009). The brain is the central organ of stress and adaptation.
NeuroImage, 47(3), 911-913. https://doi.org/10.1016/j.neuroimage.2009.05.071

McEwen, B. S. (2012). Brain on stress: How the social environment gets under the skin.
Proceedings of the National Academy of Sciences, 109(Supplement_2), 17180-17185.
https://doi.org/10.1073/pnas.1121254109

McEwen, B. S. (2017a). Allostasis and the epigenetics of brain and body health over the
life course. JAMA Psychiatry, 74(6), 551. https://doi.org/10.1001/
jamapsychiatry.2017.0270

McEwen, B. S. (2017b). Allostasis and the epigenetics of brain and body health over the
life course. JAMA Psychiatry, 74(6), 551. https://doi.org/10.1001/
jamapsychiatry.2017.0270

McEwen, B. S., Nasca, C., & Gray, J. D. (2016). Stress effects on neuronal structure:
Hippocampus, amygdala, and prefrontal cortex. Neuropsychopharmacology, 41(1),
3-23. https://doi.org/10.1038/npp.2015.171

Mebhnert, A., Bréhler, E., Faller, H., Harter, M., Keller, M., Schulz, H., Wegscheider, K.,
Weis, J., Boehncke, A., Hund, B., Reuter, K., Richard, M., Sehner, S., Sommerfeldt, S.,
Szalai, C., Wittchen, H.-U., & Koch, U. (2014). Four-week prevalence of mental
disorders in patients with cancer across major tumor entities. Journal of Clinical
Oncology, 32(31), 3540-3546. https://doi.org/10.1200/JC0.2014.56.0086

Mehta, L. S., Watson, K. E., Barac, A., Beckie, T. M., Bittner, V., Cruz-Flores, S., Dent, S.,
Kondapalli, L., Ky, B., Okwuosa, T., Pina, I. L., & Volgman, A. S. (2018).
Cardiovascular disease and breast cancer: Where these entities intersect: A scientific
statement from the American Heart Association. Circulation, 137(8), e30-e66.
https://doi.org/10.1161/CIR.0000000000000556

Meészéros Crow, E., Lopez-Gigosos, R., Mariscal-Lopez, E., Agredano-Sanchez, M., Garcia-
Casares, N., Mariscal, A., & Gutiérrez-Bedmar, M. (2023). Psychosocial interventions
reduce cortisol in breast cancer patients: Systematic review and meta-analysis.
Frontiers in Psychology, 14. https://doi.org/10.3389/fpsyg.2023.1148805

Miller, J. W., Smith, J. L., Ryerson, A. B., Tucker, T. C., & Allemani, C. (2017). Disparities
in breast cancer survival in the United States (2001-2009): Findings from the
CONCORD-2 study. Cancer, 123, 5100-5118. https://doi.org/10.1002/cncr.30988

Mirosevic, S., Jo, B., Kraemer, H. C., Ershadi, M., Neri, E., & Spiegel, D. (2019). “Not just
another meta-analysis™: Sources of heterogeneity in psychosocial treatment effect on

11

International Journal of Clinical and Health Psychology 25 (2025) 100615

cancer survival. Cancer Medicine, 8(1), 363-373. https://doi.org/10.1002/
cam4.1895

Mishel, M. H. (1988). Uncertainty in illness. Jornal of Nursing Scholarship, 20(4),
225-232. http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingp
age&an=00006416-200305000-00009.

Mishel, M. H. (1999). Uncertainty in chronic illness. Annual Review of Nursing Research,
17, 269-294, 0739-6686 (Print) http://www.ncbi.nlm.nih.gov/pubmed/10418661.

Mitchell, A. J., Meader, N., Davies, E., Clover, K., Carter, G. L., Loscalzo, M. J.,
Linden, W., Grassi, L., Johansen, C., Carlson, L. E., & Zabora, J. (2012). Meta-
analysis of screening and case finding tools for depression in cancer: Evidence based
recommendations for clinical practice on behalf of the Depression in Cancer Care
consensus group. Journal of Affective Disorders, 140(2), 149-160. https://doi.org/
10.1016/j.jad.2011.12.043

Mravec, B., Gidron, Y., & Hulin, I. (2008). Neurobiology of cancer: Interactions between
nervous, endocrine and immune systems as a base for monitoring and modulating
the tumorigenesis by the brain. Seminars in Cancer Biology, 18(3), 150-163. https://
doi.org/10.1016/j.semcancer.2007.12.002

Mravec, B., Tibensky, M., & Horvathova, L. (2020). Stress and cancer. Part I: Mechanisms
mediating the effect of stressors on cancer. Journal of Neuroimmunology, 346(June),
Article 577311. https://doi.org/10.1016/j.jneuroim.2020.577311

Nahum-Shani, I., Smith, S. N., Spring, B. J., Collins, L. M., Witkiewitz, K., Tewari, A., &
Murphy, S. A. (2018). Just-in-time adaptive interventions (JITAIs) in mobile health:
Key components and design principles for ongoing health behavior support. Annals
of Behavioral Medicine, 52(6), 446-462. https://doi.org/10.1007/s12160-016-9830-
8

Nakao, M., Shirotsuki, K., & Sugaya, N. (2021). Cognitive-behavioral therapy for
management of mental health and stress-related disorders: Recent advances in
techniques and technologies. BioPsychoSocial Medicine, 15(1). https://doi.org/
10.1186/513030-021-00219-w

Newcomb, R., Traeger, L., Jones, B., Reynolds, M., Tse, A., Reese, J. B., Dizon, D.,
Bober, S. L., Greer, J. A., Vanderklish, J., Pensak, N., DeFilipp, Z., Chen, Y.-B.,
Temel, J. S., & El-Jawahri, A. (2024). Design and development of a multimodal
digital intervention (SHIFT App) to address sexual dysfunction in hematopoietic
stem cell transplant (HSCT) survivors. Transplantation and Cellular Therapy, 30(11).
https://doi.org/10.1016/j.jtct.2024.08.012, 1106.e1-1106.e13.

Oh, P. J,, Shin, S. R., Ahn, H. S., & Kim, H. J. (2016). Meta-analysis of psychosocial
interventions on survival time in patients with cancer. Psychology & Health, 31(4),
396-419. https://doi.org/10.1080/08870446.2015.1111370

Okeke, B., Hillmon, C., Jones, J., Obanigba, G., Obi, A., Nkansah, M., Odiase, N.,
Khanipov, K., & Okereke, I. C. (2023). The relationship of social determinants and
distress in newly diagnosed cancer patients. Scientific Reports, 13(1). https://doi.org/
10.1038/541598-023-29375-5

Oswald, L. B., Lyleroehr, M., Gudenkauf, L. M., Armstrong, G. E., Tometich, D. B.,
Sanford, S. D., Loecher, N., Geiss, C., Rodriguez, Y., Scheel, K. L., Nieves-Lopez, A.,
Jim, H. S. L., Gonzalez, B. D., Antoni, M. H., Penedo, F. J., Reed, D., Katsanis, E.,
Salsman, J. M., Victorson, D., & Fox, R. S. (2022). Development and initial testing of
TOGETHER-YA: An eHealth-delivered and group-based psychosocial intervention for
young adult cancer survivors. Supportive Care in Cancer, 30(12), 10067-10076.
https://doi.org/10.1007/s00520-022-07382-y

Pavlov, V. A, & Tracey, K. J. (2017a). Neural regulation of immunity: Molecular
mechanisms and clinical translation. Nature Neuroscience, 20(2), 156-166. https://
doi.org/10.1038/nn.4477

Pavlov, V. A., & Tracey, K. J. (2017b). Neural regulation of immunity: Molecular
mechanisms and clinical translation. Nature Neuroscience, 20(2), 156-166. https://
doi.org/10.1038/nn.4477

Payne, J., Piper, B., Rabinowitz, I., & Zimmerman, B. (2006). Biomarkers, fatigue, sleep,
and depressive symptoms in women with breast cancer: A pilot study. Oncology
Nursing Forum, 35(4), 635-642. https://doi.org/10.1188/06.0NF.775-783

Pei, G., Li, H., Lu, Y., Wang, Y., Hua, S., & Li, T. (2024). Affective computing: Recent
advances, challenges, and future trends. Intelligent Computing, 3. https://doi.org/
10.34133/icomputing.0076

Penedo, F. J., Antoni, M. H., Moreno, P. 1., Traeger, L., Perdomo, D., Dahn, J.,

Miller, G. E., Cole, S., Orjuela, J., Pizarro, E., & Yanez, B. (2018). Study design and
protocol for a culturally adapted cognitive behavioral stress and self-management
intervention for localized prostate cancer: The Encuentros de Salud study.
Contemporary Clinical Trials, 71, 173-180. https://doi.org/10.1016/j.
cct.2018.06.010

Penedo, F. J., Oswald, L. B., Kronenfeld, J. P., Garcia, S. F., Cella, D., & Yanez, B. (2020).
The increasing value of eHealth in the delivery of patient-centred cancer care. The
Lancet Oncology, 21(5), e240-e251. https://doi.org/10.1016/51470-2045(20)
30021-8

Peters, A., McEwen, B. S., & Friston, K. (2017). Uncertainty and stress: Why it causes
diseases and how it is mastered by the brain. Progress in Neurobiology. https://doi.
org/10.1016/j.pneurobio.2017.05.004

Petrova, D., Redondo-Sanchez, D., Rodriguez-Barranco, M., Romero Ruiz, A., Catena, A.,
Garcia-Retamero, R., & Sanchez, M. (2021). Physical comorbidities as a marker for
high risk of psychological distress in cancer patients. Psycho-Oncology, 5632. https://
doi.org/10.1002/pon.5632. pon.

Picard, M., McEwen, B. S., Epel, E. S., & Sandi, C. (2018). An energetic view of stress:
Focus on mitochondria. Frontiers in Neuroendocrinology, 49, 72-85. https://doi.org/
10.1016/j.yfrne.2018.01.001

Quan, N., & Banks, W. A. (2007). Brain-immune communication pathways. Brain,
behavior, and immunity. https://doi.org/10.1016/j.bbi.2007.05.005

Racioppi, A., Dalton, T., Ramalingam, S., Romero, K., Ren, Y., Bohannon, L., Arellano, C.,
Jonassaint, J., Miller, H., Barak, L., Fish, L. J., Choi, T., Gasparetto, C., Long, G. D.,
Lopez, R. D., Rizzieri, D. A., Sarantopoulos, S., Horwitz, M. E., Chao, N. J., &


https://doi.org/10.1007/s10549-017-4316-3
https://doi.org/10.1016/j.chbah.2024.100069
https://doi.org/10.1016/j.chbah.2024.100069
https://doi.org/10.1016/j.neurobiolaging.2014.03.036
https://doi.org/10.1016/j.neurobiolaging.2014.03.036
https://doi.org/10.1016/j.bpsc.2017.12.004
https://doi.org/10.1016/j.bpsc.2017.12.004
https://doi.org/10.1056/nejmp1802313
https://doi.org/10.1016/j.jad.2024.09.084
https://doi.org/10.1016/j.jad.2024.09.084
https://doi.org/10.1176/appi.ajp.157.5.683
https://doi.org/10.1176/appi.ajp.157.5.683
https://doi.org/10.1186/1471-244X-6-32
https://doi.org/10.1186/1471-244X-6-32
https://doi.org/10.2196/42390
https://doi.org/10.3390/mti6110099
https://doi.org/10.3390/mti6110099
https://doi.org/10.1037/a0035730
https://doi.org/10.1037/a0035730
https://doi.org/10.1097/PSY.0b013e318235be76
https://doi.org/10.1097/PSY.0b013e318235be76
https://doi.org/10.1093/jnci/djae211
https://doi.org/10.1093/jnci/djae211
https://doi.org/10.1016/j.neuroimage.2009.05.071
https://doi.org/10.1073/pnas.1121254109
https://doi.org/10.1001/jamapsychiatry.2017.0270
https://doi.org/10.1001/jamapsychiatry.2017.0270
https://doi.org/10.1001/jamapsychiatry.2017.0270
https://doi.org/10.1001/jamapsychiatry.2017.0270
https://doi.org/10.1038/npp.2015.171
https://doi.org/10.1200/JCO.2014.56.0086
https://doi.org/10.1161/CIR.0000000000000556
https://doi.org/10.3389/fpsyg.2023.1148805
https://doi.org/10.1002/cncr.30988
https://doi.org/10.1002/cam4.1895
https://doi.org/10.1002/cam4.1895
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&tnqh_x0026;an=00006416-200305000-00009
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&tnqh_x0026;an=00006416-200305000-00009
http://www.ncbi.nlm.nih.gov/pubmed/10418661
https://doi.org/10.1016/j.jad.2011.12.043
https://doi.org/10.1016/j.jad.2011.12.043
https://doi.org/10.1016/j.semcancer.2007.12.002
https://doi.org/10.1016/j.semcancer.2007.12.002
https://doi.org/10.1016/j.jneuroim.2020.577311
https://doi.org/10.1007/s12160-016-9830-8
https://doi.org/10.1007/s12160-016-9830-8
https://doi.org/10.1186/s13030-021-00219-w
https://doi.org/10.1186/s13030-021-00219-w
https://doi.org/10.1016/j.jtct.2024.08.012
https://doi.org/10.1080/08870446.2015.1111370
https://doi.org/10.1038/s41598-023-29375-5
https://doi.org/10.1038/s41598-023-29375-5
https://doi.org/10.1007/s00520-022-07382-y
https://doi.org/10.1038/nn.4477
https://doi.org/10.1038/nn.4477
https://doi.org/10.1038/nn.4477
https://doi.org/10.1038/nn.4477
https://doi.org/10.1188/06.ONF.775-783
https://doi.org/10.34133/icomputing.0076
https://doi.org/10.34133/icomputing.0076
https://doi.org/10.1016/j.cct.2018.06.010
https://doi.org/10.1016/j.cct.2018.06.010
https://doi.org/10.1016/S1470-2045(20)30021-8
https://doi.org/10.1016/S1470-2045(20)30021-8
https://doi.org/10.1016/j.pneurobio.2017.05.004
https://doi.org/10.1016/j.pneurobio.2017.05.004
https://doi.org/10.1002/pon.5632
https://doi.org/10.1002/pon.5632
https://doi.org/10.1016/j.yfrne.2018.01.001
https://doi.org/10.1016/j.yfrne.2018.01.001
https://doi.org/10.1016/j.bbi.2007.05.005

J.C. Reis et al.

Sung, A. D. (2021). Assessing the feasibility of a novel mHealth app in hematopoietic
stem cell transplant patients. Transplantation and Cellular Therapy, 27(2). https://doi.
org/10.1016/j.jtct.2020.10.017, 181.e1-181.e9.

Ream, M., Plotke, R., Taub, C. J., Borowsky, P. A., Hernandez, A., Blomberg, B., Goel, N.,
& Antoni, M. H. (2025). Cognitive behavioral stress management effects on cancer-
related distress and neuroendocrine signaling in breast cancer: Differential effects by
neighborhood disadvantage. Breast Cancer Research and Treatment. https://doi.org/
10.1007/510549-025-07631-8

Reardon, C., Murray, K., & Lomax, A. E. (2018). Neuroimmune communication in health
and disease. Physiological Reviews, 98(4), 2287. https://doi.org/10.1152/
PHYSREV.00035.2017

Reis, J. C., Antoni, M. H., & Travado, L. (2020). Emotional distress, brain functioning,
and biobehavioral processes in cancer patients: A neuroimaging review and future
directions. CNS Spectrums, 25(1), 79-100. https://doi.org/10.1017/
$1092852918001621

Reis, J. C., Travado, L., Antoni, M. H., Oliveira, F. P. M., Almeida, S. D., Almeida, P.,
Heller, A. S., Sousa, B., & Costa, D. C. (2020). Negative affect and stress-related brain
metabolism in patients with metastatic breast cancer. Cancer, 126(13), 3122-3131.
https://doi.org/10.1002/cncr.32902

Reis, J. C., Travado, L., Heller, A. S., Francisco, Oliveira, P. M., Almeida, S. D., Sousa, B.,
Durval, Costa, C., Antoni, M. H., Oliveira, F. P. M., & Costa, D. C (2023). Greater
perceived stress management skills and heightened brain metabolic activity in
cortical and subcortical stress processing regions in metastatic breast cancer patients.
Brain Imaging and Behavior, 1, 3. https://doi.org/10.1007/s11682-023-00821-2

Reis, J. C., Travado, L., Seixas, E., Sousa, B., & Antoni, M. H. (2022). Low social and
family well-being is associated with greater RAGE ligand s100A8/A9 and
interleukin-1 beta levels in metastatic breast cancer patients. Brain, Behavior, &
Immunity - Health, 21, Article 100433. https://doi.org/10.1016/j.bbih.2022.100433

Roscoe, J. A., Kaufman, M. E., Matteson-Rusby, S. E., Palesh, O. G., Ryan, J. L., Kohli, S.,
Perlis, M. L., & Morrow, G. R. (2007). Cancer-related fatigue and sleep disorders. The
Oncologist, 12 Suppl 1(Supplement 1), 35-42. https://doi.org/10.1634/
theoncologist.12-S1-35

Russell, G., & Lightman, S. (2019). The human stress response. Nature Reviews
Endocrinology, 15(9), 525-534. https://doi.org/10.1038/541574-019-0228-0

Scherer, K. R., & Moors, A. (2019). The emotion process: Event appraisal and component
differentiation. Annual Review of Psychology, 70(1), 719-745. https://doi.org/
10.1146/annurev-psych-122216-011854

Sheikh-Wu, S., Anglade, D., & Downs, C. (2023). A cancer survivorship model for holistic
cancer care and research. Canadian Oncology Nursing Journal, 33(1), 4-16. https://
doi.org/10.5737/236880763314

Skeens, M., Sezgin, E., Stevens, J., Landier, W., Pai, A., & Gerhardt, C. (2022). An
mHealth app to promote adherence to immunosuppressant medication and track
symptoms in children after hematopoietic stem cell transplant: Protocol for a mixed
methods usability study. JMIR Research Protocols, 11(7), Article e39098. https://doi.
org/10.2196,/39098

Spiegel, D. (2012). Mind matters in cancer survival. Psycho-Oncology, 21(6), 588-593.
https://doi.org/10.1002/pon.3067

Steel, J. L., George, C. J., Terhorst, L., Yabes, J. G., Reyes, V., Zandberg, D. P., Nilsen, M.,
Kiefer, G., Johnson, J., Marsh, C., Bierenbaum, J., Tageja, N., Krauze, M.,
VanderWeele, R., Goel, G., Ramineni, G., Antoni, M., Vodovotz, Y., Walker, J., &
Geller, D. A. (2024). Patient, family caregiver, and economic outcomes of an
integrated screening and novel stepped collaborative care intervention in the
oncology setting in the USA (CARES): A randomised, parallel, phase 3 trial. The
Lancet, 403(10434), 1351-1361. https://doi.org/10.1016/50140-6736(24)00015-1

Sterling, P. (2012). Allostasis: A model of predictive regulation. Physiology and Behavior,
106(1), 5-15. https://doi.org/10.1016/j.physbeh.2011.06.004

Strigo, 1. A., & Craig, A. D.(Bud) (2016). Interoception, homeostatic emotions and
sympathovagal balance. Philosophical Transactions of the Royal Society of London B:
Biological Sciences, 371(1708), 1-9. https://doi.org/10.1098/rstb.2016.0010

Strollo, S. E., Fallon, E. A., Gapstur, S. M., & Smith, T. G. (2020). Cancer-related
problems, sleep quality, and sleep disturbance among long-term cancer survivors at
9-years post diagnosis. Sleep Medicine, 65, 177-185. https://doi.org/10.1016/j.
sleep.2019.10.008

Svendsen, K., Nes, L. S., Meland, A., Larsson, I. M., Gjelsvik, Y. M., Bgrgsund, E.,

Rygg, C. M., Myklebust, T.f\., Reinertsen, K. V, Kiserud, C. E., Skjerven, H.,
Antoni, M. H., Chalder, T., Mjaaland, I., Carlson, L. E., Eriksen, H. R., & Ursin, G.
(2023). Coping after breast cancer: Protocol for a randomized controlled trial of
stress management eHealth interventions. JMIR Research Protocols, 12, Article
e47195. https://doi.org/10.2196/47195

Taub, C. J., Lippman, M. E., Hudson, B. I., Blomberg, B. B., Diaz, A., Fisher, H. M.,
Nahin, E. R., Lechner, S. C., Kwak, T., Hwang, G. H., & Antoni, M. H. (2019). The

12

International Journal of Clinical and Health Psychology 25 (2025) 100615

effects of a randomized trial of brief forms of stress management on RAGE-associated
S100A8/A9 in patients with breast cancer undergoing primary treatment. Cancer,
125(10), 1717-1725. https://doi.org/10.1002/cncr.31965

Taub, C. J., Zion, S. R., Ream, M., Ramiller, A., Heathcote, L. C., Eich, G.,
Mendelsohn, M., Birckbichler, J., Ganz, P. A., Cella, D., Penedo, F. J., Antoni, M., &
Shumay, D. M. (2024). Cognitive behavioral digital therapeutic effects on distress
and quality of life in patients with cancer: National randomized controlled trial.
Journal of Consulting and Clinical Psychology, 92(11), 727-741. https://doi.org/
10.1037/ccp0000911

Taub, H. A., Borowsky, P., Ream, M., Plotke, R., Lubarsky, M., Reguero, E., Kesmodel, S.,
Antoni, M. H., & Goel, H. (2025). Distinct sources of social adversity, stress, and
coping mechanisms among breast cancer patients to identify areas for intervention.
Cancer Epidemiology, Biomarkers, and Prevention (CEBP). in press.

Taylor, A. G., Goehler, L. E., Galper, D.1., Innes, K. E., & Bourguignon, C. (2010). Top-
down and bottom-up mechanisms in mind-body medicine: Development of an
integrative framework for psychophysiological research. EXPLORE: The Journal of
Science and Healing, 6(1), 29-41. https://doi.org/10.1016/j.explore.2009.10.004

Walsh, E. A., Popok, P. J., Ream, M., Bainter, S., Perdomo, D., Taub, C., Saez-Clarke, E.,
Kesmodel, S., Blomberg, B. B., & Antoni, M. H. (2023). Predictors of initial
engagement with an asynchronous cognitive behavioral stress management website
among older women with nonmetastatic breast cancer. Supportive Care in Cancer, 31
(8), 466. https://doi.org/10.1007/s00520-023-07939-5

Walsh, E. A., Post, K., Massad, K., Horick, N., Antoni, M. H., Penedo, F. J., Safren, S. A.,
Partridge, A. H., Peppercorn, J., Park, E. R., Temel, J. S., Greer, J. A., & Jacobs, J. M.
(2024). Identification of patient subgroups who benefit from a behavioral
intervention to improve adjuvant endocrine therapy adherence: A randomized-
controlled trial. Breast Cancer Research and Treatment, 204(3), 547-559. https://doi.
org/10.1007/510549-023-07228-Z

Walsh, E. A,, Safren, S. A., Penedo, F. J., & Antoni, M. H. (2024). If we build it, will they
come? A scoping review of objective engagement metrics in asynchronous
psychosocial telehealth interventions for breast cancer survivors. Clinical Psychology
Review, 107. https://doi.org/10.1016/J.CPR.2023.102374

Wilson, C. J., Finch, C. E., & Cohen, H. J. (2002). Cytokines and cognition - The case for a
head-to-toe inflammatory paradigm. Journal of the American Geriatrics Society.
https://doi.org/10.1046/j.1532-5415.2002.50619.x

Yanez, B., Czech, K. A., Buitrago, D., Smith, J. D., Schueller, S. M., Taub, C. J., Kircher, S.,
Garcia, S. F., Bass, M., Mercer, A. M., Silvera, C. A., Scholtens, D., Peipert, J. D.,
Psihogios, A. M., Duffecy, J., Cella, D., Antoni, M. H., & Penedo, F. J. (2023).
Effectiveness and implementation of an electronic health record-integrated digital
health intervention for managing depressive symptoms in ambulatory oncology: The
My Well-Being Guide study rationale and protocol. Contemporary Clinical Trials, 127,
Article 107121. https://doi.org/10.1016/j.cct.2023.107121

Yirmiya, R., & Goshen, I. (2011). Immune modulation of learning, memory, neural
plasticity and neurogenesis. Brain, Behavior, and Immunity, 25(2), 181-213. https://
doi.org/10.1016/j.bbi.2010.10.015

Young, A. M., Charalambous, A., Owen, R. I., Njodzeka, B., Oldenmenger, W. H.,
Alqudimat, M. R., & So, W. K. W. (2020). Essential oncology nursing care along the
cancer continuum. The Lancet Oncology, 21(12), e555-e563. https://doi.org/
10.1016/S1470-2045(20)30612-4

Zabora, J., BrintzenhofeSzoc, K., Curbow, B., Hooker, C., & Piantadosi, S. (2001). The
prevalence of psychological distress by cancer site. Psycho-Oncology, 10(1), 19-28.
https://doi.org/10.1002/1099-1611(200101,/02)10:1<19::AID-PON501 >3.0.CO;2-
6

Zhou, J., Liu, Z., Zhang, L., Hu, X., Wang, Z., Ni, H., Wang, Y., & Qin, J. (2020).
Activation of p2-adrenergic receptor promotes growth and angiogenesis in breast
cancer by down-regulating PPARy. Cancer Research and Treatment : Official Journal of
Korean Cancer Association, 52(3), 830-847. https://doi.org/10.4143/CRT.2019.510

Zion, S. R., Taub, C. J., Heathcote, L. C., Ramiller, A., Tinianov, S., McKinley, M.,
Eich, G., Penedo, F. J., Ganz, P. A., Antoni, M., & Shumay, D. M. (2023). Effects of a
cognitive behavioral digital therapeutic on anxiety and depression symptoms in
patients with cancer: A randomized controlled trial. JCO Oncology Practice, 19(12),
1179-1189. https://doi.org/10.1200/0P.2300210

Further reading

Loveys, K., Sagar, M., Antoni, M., & Broadbent, E. (2023b). The impact of virtual humans
on psychosomatic medicine. Psychosomatic Medicine, 85(7), 619-626. https://doi.
org/10.1097/PSY.0000000000001227


https://doi.org/10.1016/j.jtct.2020.10.017
https://doi.org/10.1016/j.jtct.2020.10.017
https://doi.org/10.1007/s10549-025-07631-8
https://doi.org/10.1007/s10549-025-07631-8
https://doi.org/10.1152/PHYSREV.00035.2017
https://doi.org/10.1152/PHYSREV.00035.2017
https://doi.org/10.1017/S1092852918001621
https://doi.org/10.1017/S1092852918001621
https://doi.org/10.1002/cncr.32902
https://doi.org/10.1007/s11682-023-00821-2
https://doi.org/10.1016/j.bbih.2022.100433
https://doi.org/10.1634/theoncologist.12-S1-35
https://doi.org/10.1634/theoncologist.12-S1-35
https://doi.org/10.1038/s41574-019-0228-0
https://doi.org/10.1146/annurev-psych-122216-011854
https://doi.org/10.1146/annurev-psych-122216-011854
https://doi.org/10.5737/236880763314
https://doi.org/10.5737/236880763314
https://doi.org/10.2196/39098
https://doi.org/10.2196/39098
https://doi.org/10.1002/pon.3067
https://doi.org/10.1016/S0140-6736(24)00015-1
https://doi.org/10.1016/j.physbeh.2011.06.004
https://doi.org/10.1098/rstb.2016.0010
https://doi.org/10.1016/j.sleep.2019.10.008
https://doi.org/10.1016/j.sleep.2019.10.008
https://doi.org/10.2196/47195
https://doi.org/10.1002/cncr.31965
https://doi.org/10.1037/ccp0000911
https://doi.org/10.1037/ccp0000911
http://refhub.elsevier.com/S1697-2600(25)00072-9/sbref0123
http://refhub.elsevier.com/S1697-2600(25)00072-9/sbref0123
http://refhub.elsevier.com/S1697-2600(25)00072-9/sbref0123
http://refhub.elsevier.com/S1697-2600(25)00072-9/sbref0123
https://doi.org/10.1016/j.explore.2009.10.004
https://doi.org/10.1007/s00520-023-07939-5
https://doi.org/10.1007/S10549-023-07228-Z
https://doi.org/10.1007/S10549-023-07228-Z
https://doi.org/10.1016/J.CPR.2023.102374
https://doi.org/10.1046/j.1532-5415.2002.50619.x
https://doi.org/10.1016/j.cct.2023.107121
https://doi.org/10.1016/j.bbi.2010.10.015
https://doi.org/10.1016/j.bbi.2010.10.015
https://doi.org/10.1016/S1470-2045(20)30612-4
https://doi.org/10.1016/S1470-2045(20)30612-4
https://doi.org/10.1002/1099-1611(200101/02)10:1&tnqh_x003C;19::AID-PON501&tnqh_x003E;3.0.CO;2-6
https://doi.org/10.1002/1099-1611(200101/02)10:1&tnqh_x003C;19::AID-PON501&tnqh_x003E;3.0.CO;2-6
https://doi.org/10.4143/CRT.2019.510
https://doi.org/10.1200/OP.2300210
https://doi.org/10.1097/PSY.0000000000001227
https://doi.org/10.1097/PSY.0000000000001227

	Advancing health psychology research in oncology: Biobehavioral models, stress pathways, and stress-management intervention ...
	Introduction
	From brain to body: how stress shapes health and disease
	Physiological responses to stress
	Stress and cancer progression
	Stress and neural processes in cancer patients

	Body to brain, brain to body: the bidirectional dance of communication
	Brain to body: cognitive and emotional regulation
	Body to brain: peripheral signals and brain activity
	Interoception and allostasis: bridging brain and body
	Psychosocial interventions: targeting interoceptive and allostatic dysregulation

	Biobehavioral perspectives on cancer: linking psychosocial stress, immunity, and health outcomes
	Neuroendocrine and immune pathways linking adversity to cancer progression
	Social and environmental determinants of health in cancer: biobehavioral processes

	Impact of psychological interventions on psychological, biobehavioral and clinical outcomes
	CBT and stress management interventions (SMIs)
	Technology-enhanced and remote interventions
	Telehealth sessions
	Websites and mobile applications (Apps)
	Integration of digital interventions with electronic health records (EHRs)
	Virtual humans (VH) as AI-Based telehealth interventions
	Summary of remotely-delivered interventions in cancer


	Summary, conclusions, and implications
	Declaration of competing interest
	References
	Further reading


