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Abstract

Post-mastectomy pain syndrome (PMPS) is a common and often disabling complication of breast
cancer treatment that may persist long after surgical recovery and substantially impair quality of
life among survivors. Recent estimates suggest that PMPS affects approximately 20-68% of women
following breast surgery, with significant long-term consequences for physical functioning, sleep
quality, emotional well-being, and participation in daily activities [1-3]. Historically, PMPS has
been conceptualized primarily as a localized postsurgical neuropathic condition resulting from
peripheral nerve injury sustained during breast surgery [4].

However, growing evidence indicates that persistent pain following mastectomy reflects a more
complex and enduring condition that extends beyond peripheral nerve damage alone. Sustained
immune activation, chronic neuroinflammation, microglial dysregulation, central sensitization, and
altered neuroendocrine stress-response signaling appear to play central roles in pain persistence,
consistent with mechanisms described in chronic postsurgical and cancer-related pain states [5-7].

From an integrative oncology perspective, PMPS may be more accurately understood as a
neuroimmune disorder arising from the convergence of peripheral nerve injury, persistent
inflammatory signaling, disruption of the local tissue microenvironment following surgery
or radiation therapy, and maladaptive central nervous system plasticity [2,3,8]. Drawing on
contemporary literature from pain neuroscience, immunology, neuroendocrinology, and cancer
survivorship research, this article synthesizes key biological mechanisms implicated in persistent
post-mastectomy pain. These include cytokine-mediated nociceptor sensitization, microglial
activation and glial-neuronal crosstalk, impaired neural repair processes, autonomic nervous
system dysregulation, and sleep disturbance, all of which contribute to pain chronification [5,8-10].

By integrating these mechanisms within a unified neuroimmune framework, this review provides a
clinically relevant conceptual foundation for mechanism-informed, multimodal, and opioid-sparing
approaches to PMPS management [6,11]. Reframing PMPS in this manner may help guide future
research priorities, inform clinical innovation, and support the development of individualized,
integrative strategies that more fully address the multidimensional biological and psychosocial
burden of chronic pain in breast cancer survivorship [3,12].

Keywords: Post-mastectomy pain syndrome; Breast cancer survivorship; Neuroimmune
dysregulation; Central sensitization; Integrative oncology; Multimodal pain management;
Opioid-sparing strategies

Introduction

post-mastectomy pain syndrome (PMPS) is a common and often debilitating complication of
breast cancer treatment, affecting a substantial proportion of survivors long after the completion
of surgery, radiation therapy, and systemic therapies. Contemporary studies estimate that PMPS
occurs in approximately 20-68% of women following breast cancer surgery, with many patients
reporting persistent symptoms months to years after initial treatment [1-3]. As breast cancer
survival continues to improve, PMPS has emerged as a major contributor to long-term morbidity
within survivorship populations, aligning with guidelines that increasingly emphasize the enduring

Remedy Publications LLC., | http://anncaserep.com/ 1 2026 | Volume 11 | Article 2825



Kathy M. Mahalati, et al.,

Annals of Clinical Case Reports - Integrative Oncology

burden of chronic symptoms and quality-of-life impairment among
long-term breast cancer survivors [13].

Persistent post-mastectomy pain is associated with substantial
impairments in physical functioning, sleep quality, emotional well-
being, and participation in daily activities [14,15]. Many survivors’
report difficulty returning to work, maintaining physical activity, and
fully engaging in social and family roles, underscoring the profound
functional and psychosocial consequences of this condition. Despite
advances in surgical techniques, perioperative pain management,
and adjuvant oncologic therapies, PMPS remains a largely unmet
challenge in survivorship care, with many patients experiencing
incomplete or unstained pain relief using conventional treatment
approaches [3,16]. This persistent gap in effective long-term pain
control has contributed to growing interest in integrative and
multimodal approaches to cancer pain management that extend
beyond isolated pharmacologic or procedural interventions [17].

Historically, PMPS has been conceptualized primarily as a
localized neuropathic pain condition attributed to intraoperative
nerve injury, scar formation, or mechanical irritation of peripheral
nerves during breast surgery [4]. While peripheral nerve trauma
clearly contributes to symptom onset, this nerve-centric framework
does not adequately explain the marked clinical heterogeneity
of PMPS, the frequent mismatch between symptom severity and
structural findings, or the persistence of pain long after apparent
tissue healing. Increasing evidence from chronic postsurgical pain
research suggests that ongoing pain may reflect failures of resolution
and maladaptive neuroplasticity rather than continued peripheral
nerve damage alone [7,8]. Continued reliance on narrowly peripheral
explanations may therefore limit both clinical understanding and
therapeutic effectiveness, particularly in patients with complex or
treatment-refractory symptoms.

Emerging literature supports a broader conceptualization of
PMPS as a dynamic and evolving sustained inflammatory signaling,
immune dysregulation, system
plasticity, and altered neuroendocrine stress-response pathways.
Neuroimmune mechanisms—including central sensitization, glial
activation, and cytokine-mediated amplification of nociceptive
signaling—have been implicated across diverse chronic pain states
and are increasingly recognized as relevant to cancer-related and
postsurgical pain syndromes [5,18]. Dysregulation of hypothalamic—
pituitary—adrenal axis signaling and autonomic stress responses may
further contribute to pain persistence by impairing endogenous
pain modulation, prolonging immune activation, and delaying
resolution of inflammatory processes [14]. In cancer populations,
chronic stress has been linked to biologically meaningful alterations
in neuroendocrine and immune signaling that influence treatment
outcomes and long-term recovery trajectories, underscoring the

maladaptive central nervous

clinical relevance of stress-mediated neuroimmune dysregulation in
survivorship contexts [19].

Clinical observations further reinforce this expanded view. Breast
cancer survivors who experience postoperative complications—
including surgical site infection, delayed wound healing, radiation-
induced tissue injury, lymphedema, or reconstructive complications—
appear to be at heightened risk for the development and persistence
of chronic post-mastectomy pain [1,2,20]. These clinical contexts are
characterized by prolonged immune activation, disruption of the local
tissue microenvironment, and sustained nociceptive input, which
may promote maladaptive neuroimmune signaling, glial activation,

and central sensitization, thereby facilitating pain chronification and
treatment resistance [8,16].

Importantly, the present work does not introduce new primary
clinical or experimental data. Rather, its contribution lies in the
integrative synthesis of existing evidence across pain neuroscience,
immunology, neuroendocrinology, and cancer survivorship research
to advance a unified neuroimmune conceptual framework for PMPS.
By explicitly integrating these domains, this review seeks to clarify
mechanisms of pain chronification, account for clinical heterogeneity
and treatment resistance, and provide a biologically grounded
foundation for mechanism-informed, multimodal, and integrative
approaches to PMPS management.

Taken together, these findings support growing recognition that
PMPS may be more accurately conceptualized as a neuroimmune
disorder rather than purely peripheral neuropathy. From an
integrative oncology perspective, PMPS can be understood as a
condition driven by dynamic interactions among peripheral nerve
injury, immune and glial activation, neuroendocrine stress responses,
and central pain amplification mechanisms [5,6]. This framework
is particularly well suited to survivorship care, where patients are
often presented with overlapping biological, psychological, and
treatment-related vulnerabilities that are not readily addressed by
single-mechanism interventions. Reframing PMPS in this way carries
important implications for research design, risk stratification, and
clinical management, supporting the development of mechanism-
based, multimodal, and compassionate care strategies that better
reflect the complexity of breast cancer survivorship [12].

Conceptual Framework: A Neuroimmune
Model of Post-Mastectomy Pain Syndrome

Building on the limitations of peripheral nerve-centric
models outlined above, this article proposes a unifying conceptual
framework that reframes post-mastectomy pain syndrome (PMPS) as
a neuroimmune disorder rather than a purely localized neuropathy.
This framework is intended as a hypothesis-generating synthesis that
integrates established findings from pain neuroscience, immunology,
neuroendocrinology, and cancer survivorship research to explain
the persistence of pain, marked clinical heterogeneity, and limited
durability of conventional treatment approaches observed in many
breast cancer survivors. Contemporary pain science increasingly
characterizes chronic pain as a disorder of maladaptive system-level
regulation rather than a consequence of ongoing structural injury
alone, particularly in postsurgical and cancer-related contexts [5,6,8].
Survivorship research further emphasizes that persistent pain after
cancer treatment often reflects intertwined biological, psychological,
and social processes that extend beyond traditional biomedical
definitions of pain [21].

Central to this framework is a shift in clinical reasoning
away from isolated tissue or nerve damage and toward dynamic
interactions among four interrelated domains: persistent immune
activation, maladaptive system  plasticity,
dysregulation of autonomic and neuroendocrine stress-response
systems, and sustained nociceptive input from the peripheral and
local tissue environment. Neuroimmune processes such as prolonged

central nervous

inflammatory signaling, glial activation, and central sensitization
have been implicated across diverse chronic pain conditions and
provide a biologically plausible explanation for pain persistence
following mastectomy, even in the absence of ongoing peripheral
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pathology [5,7,18]. Advances in neuroplasticity research further
support the concept that chronic pain reflects enduring alterations in
neural networks governing sensory processing, affective regulation,
and threat appraisal, reinforcing pain states long after apparent tissue
healing has occurred [22].

Within this model, dysregulation of neuroendocrine stress
systems—including hypothalamic-pituitary-adrenal axis signaling
and autonomic tone—plays a modulatory role by impairing
endogenous pain inhibition, amplifying immune activation,
and delaying resolution of inflammatory processes [14]. These
mechanisms are particularly relevant in breast cancer populations,
where cumulative treatment exposures, psychosocial stressors, and
survivorship-related uncertainty may contribute to sustained stress-
system activation. In this context, neuroimmune and neuroendocrine
dysregulation may act synergistically to reinforce central sensitization
and promote pain chronification.

Importantly, this framework is tailored to the clinical realities of
PMPS. Breast cancer survivors frequently encounter postoperative
and treatment-related complications—such as surgical site infection,
delayed wound healing, radiation-induced tissue injury, lymphedema,
and reconstructive complications—that are characterized by
prolonged immune activation and disruption of the local tissue
microenvironment. These peripheral processes can serve as ongoing
sources of nociceptive and inflammatory signaling, which, when
coupled with central and stress-system vulnerability, may accelerate
maladaptive neuroimmune signaling and increase the likelihood of
persistent pain [8,16]. This convergence of peripheral insult, immune
dysregulation, and central plasticity distinguishes PMPS from
many other chronic pain syndromes and underscores the need for a
condition-specific neuroimmune model.

By conceptualizing PMPS as a neuroimmune disorder, this
framework supports mechanism-informed, multimodal, and opioid-
sparing approaches to pain management that are aligned with
survivorship priorities and whole-person oncology care. Rather than
focusing exclusively on symptom suppression, the model emphasizes
restoration of functional capacity, sleep regulation, emotional well-
being, and system-level resilience as meaningful therapeutic targets.
This orientation is consistent with contemporary integrative oncology
guidelines and survivorship-focused pain care models that advocate
coordinated, evidence-based strategies for managing cancer- and
treatment-related pain [12,23].

While not intended as a definitive explanatory model, the
framework presented here provides a structured foundation for
future research and clinical innovation. By explicitly integrating
neuroimmune, neuroendocrine, and survivorship perspectives,
it aims to guide more nuanced clinical assessment, inform
individualized treatment strategies, and support more compassionate
and durable approaches to care for individuals living with persistent
pain after breast cancer treatment.

Proposed Neuroimmune Pathophysiology
of Post-Mastectomy Pain Syndrome

Post-mastectomy pain syndrome (PMPS) emerges from the
convergence of multiple biological processes that extend beyond
isolated peripheral nerve injury. Surgical trauma initiates nociceptive
signaling through direct nerve damage accompanied by local
inflammation, cytokine release, oxidative stress, and immune-cell
recruitment within the surgical field [2,3]. While this inflammatory

response typically resolves with tissue healing, a clinically
meaningful subset of patients—particularly those who experience
postoperative complications such as infection, delayed wound
healing, radiation-induced tissue injury, or lymphedema—develop
persistent inflammatory signaling that fails to resolve appropriately.
This prolonged inflammatory state sustains nociceptive input and
promotes peripheral sensitization, facilitating the transition from
acute postoperative pain to chronic pain states. Increasingly, this
process is understood as pain chronification rather than a marker of
ongoing tissue pathology [7,8,24].

At the peripheral level, sustained release of pro-inflammatory
mediators—including
prostaglandins, and reactive oxygen species—lowers nociceptor
activation thresholds and may induce spontaneous or ectopic
neural firing. These molecular changes increase the excitability of
primary afferent neurons and amplify nociceptive signaling from the
surgical site [5,25]. Experimental and translational models further
demonstrate that persistent immune-neuronal interactions can
induce hyperalgesic priming, a state in which prior inflammatory or
injury-related insults sensitize nociceptive pathways and predispose
individuals to exaggerated and prolonged pain responses following
subsequent stimuli [26]. Sustained afferent input from sensitized
peripheral nerves thus serves as a critical driver of downstream central
nervous system adaptations, promoting the progression from acute
postoperative pain to chronic neuropathic pain phenotypes [24,26].

tumor necrosis factor-a, interleukins,

Within the central nervous system, ongoing nociceptive input
promotes activation of microglia and astrocytes within the spinal
dorsal horn and higher-order pain-processing regions. Activated glial
cells release pro-inflammatory cytokines, chemokines, brain-derived
neurotrophic factors, and excitatory neurotransmitters, which
collectively enhance synaptic transmission, suppress inhibitory
signaling, and reinforce central sensitization [5,27]. In parallel,
network-level neuroplastic changes alter functional connectivity
across cortical and subcortical regions involved in sensory
discrimination, affective regulation, and cognitive appraisal of pain
[28]. Clinically, these central adaptations manifest as allodynia,
hyperalgesia, expansion of pain fields, and persistence of pain in the
absence of ongoing tissue injury—features characteristic of centrally
mediated pain amplification rather than unresolved peripheral
pathology [18].

Neuroimmune signaling in PMPS is further shaped by
dysregulation of neuroendocrine and autonomic stress-response
pathways. Chronic pain, cancer treatment exposures, and psychosocial
stressors can disrupt hypothalamic-pituitary-adrenal axis function
and autonomic balance, leading to altered cortisol signaling and
impaired immune regulation. These changes weaken endogenous
pain-modulating systems and interfere with physiologic mechanisms
that normally constrain inflammation and support recovery [14,18].
Emerging evidence suggests that pain and autonomic regulation share
overlapping central compensatory pathways, reflected in consistent
alterations in heart rate variability across chronic pain conditions
[29]. Sleep disturbance—highly prevalent among breast cancer
survivors—further exacerbates pain persistence by amplifying pain
perception and impairing restorative neurophysiologic processes
[10]. Preclinical models demonstrate that spontaneous nociceptor
activity can directly fragment non-rapid eye movement sleep, thereby
reinforcing neuroimmune dysregulation and sustaining chronic pain
states [30].
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Importantly, PMPS is also shaped by abnormalities within the
local tissue microenvironment. Conditions such as lymphedema,
fibrosis, radiation-induced injury, and impaired wound healing
perpetuate mechanical stress and inflammatory signaling around
vulnerable neural structures, reinforcing peripheral nociceptive
input [2,3]. These peripheral factors interact bidirectionally with
central neuroimmune and stress-related mechanisms, sustaining
maladaptive pain circuits and contributing to the marked clinical
heterogeneity and treatment resistance observed among breast cancer
survivors with PMPS.

Taken together, these observations support a unifying
pathophysiologic model in which PMPS arises from sustained
neuroimmune dysregulation across peripheral, central, and
systemic domains rather than from isolated nerve injury alone [5,8].
Conceptualizing PMPS through this lens provides a biologically
coherent rationale for therapeutic strategies that extend beyond
single-target symptom suppression and instead address immune
signaling, glial activation, neural plasticity, autonomic balance, sleep
regulation, and psychosocial contributors to pain. This approach
aligns with contemporary calls for mechanism-based, multimodal,
and integrative strategies for managing chronic neuropathic pain in
cancer survivorship [12,23].

Neuroimmune Mechanisms Contributing to
Persistent Post-Mastectomy Pain

While the preceding section outlined the broader neuroimmune
pathophysiologic trajectory of post-mastectomy pain syndrome
(PMPS), the present section focuses on specific neuroimmune
mechanisms that actively sustain pain persistence once chronification
has occurred. Rather than reiterating the full peripheral-to-central
cascade, this section highlights discrete immune, glial, and neural
network processes that help explain why pain becomes self-
perpetuating, clinically heterogeneous, and resistant to conventional
interventions in a subset of breast cancer survivors.

PMPS has historically been attributed to peripheral nerve injury
incurred during breast cancer surgery, particularly involving the
intercostobrachial and adjacent sensory nerves [2,3]. Surgical evidence
demonstrates that operative handling of these nerves—including
preservation, dissection, or significantly
influence postoperative pain outcomes, underscoring nerve injury
as an important initiating factor rather than the sole determinant of
chronic pain [31,32]. Increasing evidence from chronic postsurgical
pain research indicates that long-term pain persistence reflects
maladaptive neuroimmune signaling and central nervous system
adaptations rather than unresolved structural injury alone [7,24].

reconstruction—can

At the peripheral neuroimmune interface, dysregulated
inflammatory signaling plays a key role in maintaining nociceptive
drive. Pro-inflammatory mediators—including tumor necrosis
factor-a, interleukins, prostaglandins, and reactive oxygen species—
lower nociceptor activation thresholds and promote spontaneous
or ectopic neural firing, thereby amplifying peripheral nociceptive
input [5,25]. Failure of endogenous resolution pathways, including
specialized pro-resolving mediator signaling, may further sustain
inflammatory activity and prolong neuroimmune activation in
chronic pain states [33]. Experimental and translational studies
demonstrate that persistent immune-neuronal interactions can
induce hyperalgesic priming, a state in which prior inflammatory or
injury-related insults sensitize nociceptive pathways and predispose

individuals to exaggerated and prolonged pain responses following
subsequent stimuli [26]. These mechanisms are particularly relevant
in PMPS patients with ongoing tissue stressors such as radiation
injury, lymphedema, or delayed wound healing [3,20].

Within the central nervous system, sustained peripheral input
facilitates activation of microglia and astrocytes within the spinal
dorsal horn and higher-order pain-processing regions. Activated
glial cells release pro-inflammatory cytokines, chemokines, brain-
derived neurotrophic factors, and excitatory neurotransmitters,
which enhance excitatory synaptic transmission, suppress inhibitory
signaling, and reinforce maladaptive synaptic plasticity [5,27]. These
processes contribute to central sensitization, a core neuroimmune
mechanism underlying persistent pain amplification. Importantly,
emerging human studies demonstrate that chronic pain states
can be predicted using intracranial neural biomarkers, supporting
the concept that persistent pain reflects a stable and identifiable
brain network state rather than ongoing peripheral pathology [34].
Complementary work has linked chronic pain to increased neural
entropy within prefrontal cortical networks, suggesting disorganized
information processing and impaired top-down modulation in
regions critical for pain regulation and affective integration [35].

Clinical expression of these central neuroimmune changes
includes allodynia, hyperalgesia, expansion of pain fields, and
pain intensity disproportionate to peripheral finding features
commonly reported in refractory PMPS. Increasingly, such features
are identifiable through structured diagnostic frameworks and
quantitative sensory testing approaches applied to cancer-related
pain populations [18,36]. These findings further support the view that
persistent PMPS reflects centrally mediated pain amplification rather
than ongoing tissue injury.

Neuroimmune mechanisms in PMPS are further modulated
by psychosocial and survivorship-related factors. Psychological
stress, mood disturbances, and trauma-related experiences—highly
prevalent among breast cancer survivors—interact bidirectionally
with immune regulation and pain-processing systems through
shared neuroimmune pathways [37,38]. In parallel, treatment-
related factors such as radiation exposure, infection, delayed wound
healing, lymphedema, and reconstructive complications can prolong
inflammatory signaling and disrupt thelocal tissue microenvironment,
reinforcing maladaptive peripheral-central feedback loops [2,3,20].
Together, these interacting biological and psychosocial influences
help explain the marked clinical heterogeneity and treatment
resistance observed in PMPS populations [16].

Taken together, this mechanistic evidence supports recognition
of PMPS as a multisystem pain disorder sustained by interacting
immune, glial, neural network, endocrine, autonomic, and
psychosocial mechanisms rather than a condition driven solely
by peripheral nerve injury. By delineating specific neuroimmune
processes that maintain pain persistence, this section complements
the broader pathophysiologic framework and reinforces the rationale
for mechanism-informed, multimodal approaches that address
immune signaling, central sensitization, neuromodulatory pathways,
and system-level dysregulation in parallel [5,7,8,39].

Peripheral Immune Activation and

Sustained Inflammatory Signaling

While earlier sections describe the initiation and central
amplification of post-mastectomy pain syndrome (PMPS), this
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section focuses specifically on peripheral immune mechanisms that
maintain nociceptive signaling once pain has become persistent. In
this maintenance phase, unresolved inflammatory activity within
the local tissue microenvironment continues to reinforce nociceptor
sensitization and provide ongoing input to central pain circuits, even
in the absence of overt tissue pathology.

Following mastectomy, surgical injury initiates an acute
inflammatory response characterized by the release of pro-
inflammatory ~ cytokines, chemokines, and danger-associated
molecular patterns (DAMPs) that activate innate immune pathways
and sensitize peripheral nociceptors [24,25]. DAMPs released from
injured or stressed cells are recognized by pattern-recognition
receptors, including toll-like receptors, thereby amplifying sterile
inflammatory signaling in the postoperative setting [40,41]. Under
normal healing conditions, this inflammatory response resolves as
tissue repair progresses. However, postoperative complications—
including infection, delayed wound healing, radiation exposure,
and lymphatic disruption—may prolong immune activation and
interfere with appropriate inflammatory resolution, sustaining
nociceptive input well beyond the expected period of surgical
recovery [3]. Persistent DAMP-mediated immune signaling has also
been implicated in broader postoperative inflammatory sequelae,
underscoring the clinical relevance of unresolved danger signaling
following surgery [42].

Sustained elevations of inflammatory mediators such as tumor
necrosis factor-a, interleukin-1pB, interleukin-6, and interferon-y
lower nociceptor activation thresholds and promote spontaneous or
ectopic neural firing, thereby contributing to peripheral sensitization
[5,25]. In parallel, inflammatory signaling induces durable changes in
ion channel expression, receptor density, and intracellular signaling
pathways within primary afferent neurons, resulting in heightened
neuronal excitability that may persist long after apparent tissue
healing. Cytokines are increasingly recognized not only as peripheral
mediators but also as active regulators of synaptic function and
plasticity within the central nervous system, providing a mechanistic
bridge between sustained peripheral inflammation and long-term
alterations in pain processing [43]. Foundational work has established
the critical role of voltage-gated sodium channels, particularly
NaV1.7—in regulating nociceptor excitability and pain persistence
[44,45], and more recent studies have identified pathological
modulation of specific NaV1.7 domains as a driver of chronic pain
maintenance in inflammatory contexts [46].

Failure of inflammatory resolution is further shaped by immune
memory and priming mechanisms within the innate immune
system. Emerging evidence indicates that macrophages can develop
persistent, altered inflammatory responsiveness following tissue
injury, a phenomenon described as innate immune memory or
trained immunity, which may perpetuate low-grade inflammation
even in the absence of ongoing tissue damage [47]. Experimental
models also demonstrate that peripheral injury can induce long-
lasting changes in neuroimmune signaling, supporting the concept
that surgical tissue injury may leave a durable imprint on immune-
neural communication that predisposes individuals to chronic pain
states [48].

Lymphatic dysfunction represents an additional peripheral
mechanism that sustains inflammatory signaling by impairing
immune clearance and promoting inflammatory stasis within
the postoperative tissue microenvironment. Lymphatic pain—

manifesting as aching, soreness, or tenderness associated with fluid
accumulation—is a recognized late effect among breast cancer
survivors and contributes to ongoing symptom burden [49]. Breast
cancer-related lymphedema has also been associated with long-
term reductions in health-related quality of life extending up to
a decade after treatment, reflecting chronic physical, functional,
and psychosocial consequences that may interact with persistent
nociceptive signaling [50]. Beyond the peripheral compartment,
emerging evidence highlights the role of meningeal lymphatic
drainage in regulating immune surveillance and inflammatory
clearance within the central nervous system, suggesting a potential
pathway by which impaired lymphatic function may contribute to
sustained neuroimmune activation in chronic pain states [51].

Clinical observations from complex survivorship contexts further
support the relevance of peripheral immune maintenance mechanisms
in PMPS. Persistent inflammation, delayed wound healing, and
refractory pain following mastectomy have been documented in
patients requiring integrative therapeutic approaches, highlighting
how unresolved peripheral immune activation and altered tissue
microenvironments can continuously reinforce nociceptive input.
In this setting, sustained peripheral immune dysregulation acts as a
stabilizing force for chronic pain circuits, favoring the maintenance
of neuropathic pain long after the initial surgical insult.

Microglial
Sensitization

Activation and Central

Whereas preceding sections describe peripheral immune
maintenance and neuroimmune mechanisms that initiate and
sustain nociceptive input, this section focuses specifically on
central glial-mediated amplification processes that stabilize and
perpetuate pain once post-mastectomy pain syndrome (PMPS) has
become established. In this phase, maladaptive interactions between
microglia, astrocytes, and neurons within the central nervous system
act as self-reinforcing drivers of pain persistence, largely independent
of ongoing peripheral tissue pathology.

Persistent afferent signaling following mastectomy provides
a critical trigger for glial activation within the spinal dorsal horn
and higher-order pain-processing regions [5,25]. In the context of
PMPS, this process unfolds within a uniquely sensitizing biological
milieu shaped by surgical nerve injury, cancer-related inflammation,
radiotherapy exposure, and survivorship-associated stress biology.
Together, these factors increase the likelihood that glial activation will
persist, amplify, and resist resolution compared with uncomplicated
postsurgical pain states.

Although microglia have traditionally been emphasized as
primary mediators of central sensitization, accumulating evidence
indicates that astrocytes play a critical and complementary role in
sustaining neuroimmune signaling and synaptic dysregulation during
pain chronification [52,53]. Activated microglia and astrocytes release
a broad array of pro-inflammatory mediators—including cytokines,
nitric oxide, reactive oxygen species, and neurotrophic factors such as
brain-derived neurotrophic factor (BDNF)—that enhance excitatory
neurotransmission, suppress inhibitory control, and promote
the persistent neuronal hyperexcitability characteristic of central
sensitization [27,54]. Importantly, astrocytic signaling contributes to
the maintenance of these maladaptive states by sustaining extracellular
glutamate levels, altering synaptic homeostasis, and reinforcing long-
term changes in network excitability.
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At a molecular level, BDNF-mediated signaling represents a key
pathway through which microglial activation alters spinal inhibitory
tone. Experimental models demonstrate that microglial BDNF
release activates TrkB receptors on dorsal horn neurons, leading to
downregulation of the potassium-chloride cotransporter KCC2 and
consequent impairment of GABAergic inhibition. This disinhibition
facilitates dynamic allodynia and persistent pain amplification,
providing a mechanistic link between immune activation and durable
alterations in synaptic balance that extend well beyond the period of
peripheral tissue injury [55].

Microglial priming is particularly relevant within cancer
survivorship contexts. Chronic stressors associated with breast
cancer treatment, including surgical trauma, systemic inflammation,
radiotherapy, and psychological stress—can induce long-lasting
reprogramming of microglial activation states, effectively lowering
the threshold for subsequent neuroimmune responses and rendering
central pain circuits disproportionately responsive to later nociceptive
input [56,57]. Complementary evidence further demonstrates that
chronic stress itself shapes microglial activation dynamics, reinforcing
priming responses that persist over time and amplify vulnerability to
central sensitization following additional insults [58]. In this setting,
survivorship-related stress biology does not merely coexist with pain
but actively modulates glial responsiveness and pain-processing
capacity.

Clinically, these central glial-mediated processes manifest as
allodynia, hyperalgesia, expansion of pain fields, and symptom
fluctuations linked to stress and sleep disruption—features
commonly reported among breast cancer survivors with refractory
PMPS. Increasingly, validated clinical tools demonstrate convergent
evidence of central sensitization in this population, supporting the
translational relevance of glial-driven neuroimmune mechanisms
for phenotyping, risk stratification, and treatment selection in
survivorship care [59,60].

Taken together, this evidence positions glial-driven neuroimmune
plasticity—particularly coordinated microglial and
astrocytic signaling—as a central amplification module in persistent
PMPS. By stabilizing maladaptive synaptic and network-level pain
processing, these mechanisms help explain why pain remains resistant
to single-target or peripherally focused interventions. Recognition of
this central glial contribution reinforces the need for mechanism-
informed, multimodal approaches that address central sensitization
in parallel with peripheral immune maintenance and psychosocial
contributors to pain.

involving

Neuroendocrine and Autonomic

Dysregulation

Beyond peripheral immune maintenance and central glial
amplification, persistent post-mastectomy pain syndrome (PMPS)
is further shaped by neuroendocrine and autonomic dysregulation
that modulates immune activity, neural excitability, and stress
responsiveness over time. Rather than serving as primary initiators
of pain, alterations in hypothalamic-pituitary-adrenal (HPA) axis
function and autonomic balance act as systems-level regulators that
stabilize and amplify existing pain circuits, particularly in the context
of prolonged cancer-related stress and survivorship.

Repeated exposure to physiological and psychological stressors—
including surgical injury, oncologic treatments, inflammatory

burden, and ongoing nociceptive input—can progressively disrupt
normal stress-response regulation, leading to maladaptive cortisol
signaling and impaired homeostatic control [14,61]. Importantly,
these alterations often persist beyond the completion of cancer
treatment, reflecting a shift from adaptive stress responses toward
dysregulated neuroendocrine states that increase vulnerability to pain
chronification in survivorship.

Systematic analyses in oncology populations demonstrate that
both sustained hypercortisolemia and blunted cortisol responsiveness
are common manifestations of cancer-related stress physiology,
indicating impaired HPA axis feedback sensitivity and reduced
capacity for dynamic stress adaptation [62]. Such dysregulation
compromises glucocorticoid-mediated restraint of inflammatory
signaling, thereby facilitating immune activation and heightened
nociceptive sensitivity. In breast cancer specifically, emerging
evidence supports the presence of bidirectional brain-body feedback
loops in which altered central stress-processing networks reinforce
peripheral endocrine abnormalities, creating a self-perpetuating
stress—pain cycle that increases susceptibility to persistent pain
following mastectomy [63]. Consistent with this model, altered
cortisol and cortisone profiles have been associated with disease
course and survivorship outcomes, underscoring the clinical
relevance of persistent neuroendocrine imbalance in this population
[64].

Autonomic dysregulation further modulates pain persistence
by shaping both peripheral inflammatory tone and central
nociceptive processing. Heightened sympathetic nervous system
activity promotes peripheral vasoconstriction, tissue ischemia, and
neurogenic inflammation—processes that intensify nociceptive
signaling and reinforce peripheral sensitization following surgical
nerve injury [65]. In parallel, reduced parasympathetic tone weakens
vagally mediated anti-inflammatory pathways that normally
constrain immune activation and facilitate tissue recovery. The role
of the vagus nerve in regulating inflammatory responses has been well
established through the concept of the inflammatory reflex, providing
a mechanistic framework linking autonomic imbalance to sustained
immune and pain signaling [66]. In breast cancer populations,
objective measures of autonomic function—including reduced heart
rate variability—have been shown to correlate with inflammatory
markers and anxiety-related symptom burden, further supporting
the relevance of autonomic-immune coupling in cancer-related pain
and distress [67].

Sleep disruption, and affective
prevalent among individuals with PMPS—further interact with
neuroendocrine and autonomic systems to modulate pain-processing
circuits. Disturbed sleep has been shown to amplify inflammatory
signaling, impair descending inhibitory pain pathways, and heighten
pain perception, functioning as an active biological contributor
to pain persistence rather than merely a secondary consequence
of chronic pain [68]. Contemporary pain research increasingly
conceptualizes sleep disturbance as a key driver of chronic pain
vulnerability, reinforcing stress-related neuroimmune feedback
loops that perpetuate nociceptive hypersensitivity [69]. In oncology
populations, disruptions in stress-regulatory and neuroinflammatory
pathways have been associated with more severe and persistent pain
phenotypes, highlighting the clinical significance of stress-linked
neuroimmune modulation in cancer-related pain states [70].

anxiety,

distress—highly
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Figure 1. Schematic representation of the proposed neuroimmune model underlying post-mastectomy pain syndrome (PMPS). Surgical injury initiates peripheral
sensitization, characterized by nerve damage, local inflammation, cytokine release, and heightened nociceptor excitability. Persistent peripheral nociceptive input
promotes central sensitization through activation of spinal and supraspinal pain-processing networks, including microglial and astrocytic activation, enhanced
excitatory neurotransmission, and altered central pain connectivity. Concurrent immune dysregulation, reflected by sustained pro-inflammatory signaling and glial—
immune interactions, further amplifies pain processing. These peripheral, central, and immune mechanisms interact bidirectionally, contributing to persistent pain
even in the absence of ongoing tissue injury. The model illustrates how neuroimmune integration, rather than isolated nerve damage, may drive the persistence
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Collectively, these neuroendocrine, autonomic, and behavioral
processes form a modulatory layer that shapes the intensity,
persistence, and variability of post-mastectomy pain over time. By
influencing immune regulation, central sensitization, and circadian
stability, stress-system dysregulation helps stabilize maladaptive
pain states and contributes to treatment resistance in breast cancer
survivorship. Recognition of this modulatory role reinforces the
importance of mechanism-informed, multimodal approaches that
address stress physiology, autonomic balance, and sleep regulation
alongside peripheral and central neuroimmune contributors to
persistent PMPS.

Integration of Peripheral, and

Systemic Mechanisms

Central,

Taken together, the mechanisms described above support
conceptualizing post-mastectomy pain syndrome (PMPS) as a
disorder of maladaptive neuroimmune integration rather than the
direct consequence of isolated peripheral nerve injury. Contemporary
pain science increasingly characterizes chronic pain as a system-level
condition in which persistent immune activation, glial reactivity,
and central nervous system plasticity interact dynamically to sustain
pain beyond the expected period of tissue healing [5,71]. Within this
framework, surgical nerve injury and oncologic treatments are best
understood as initiating events, while long-term pain persistence
reflects a failure of coordinated recovery across peripheral, central,
and regulatory domains [72].

In PMPS, sustained peripheral nociceptive input engages
spinal and supraspinal neuroimmune circuits, where microglial

and astrocytic activation amplifies nociceptive transmission and
promotes maladaptive synaptic plasticity. These central processes
are further shaped by systemic stress-response dysregulation,
including neuroendocrine and autonomic alterations that interfere
with inflammatory resolution and descending pain inhibition.
Conceptualizing cancer and its treatments as a prolonged homeostatic
challenge provides a useful lens for understanding how immune,
neural, endocrine, and autonomic systems become persistently
dysregulated, reinforcing pain vulnerability during survivorship
[73,24].

Central sensitization offers a unifying construct through which
these peripheral, central, and systemic processes converge. Initially
defined as an amplification of neural signaling within the central
nervous system that leads to pain hypersensitivity [74], central
sensitization is now understood as a heterogeneous, multifactorial
phenomenon with important implications for phenotyping and
mechanism-informed care [75]. Inbreast cancer survivors, recognition
of central sensitization as a contributor to PMPS supports a shift away
from uniform treatment approaches toward individualized, systems-
informed models of pain management [59,76].

Thisintegrated neuroimmune perspective provides the foundation
for understanding why single-target interventions frequently yield
incomplete or transient benefit in PMPS and underscores the need
to consider coordinated, multimodal strategies that reflect the
distributed nature of pain maintenance in survivorship contexts
[12,17]. The sections that follow build on this framework to examine
clinical implications for assessment, stratification, and mechanism-
informed intervention in post-mastectomy pain.
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Post-Mastectomy Pain Syndrome as a
Neuroimmune Condition

Building on the mechanistic pathways outlined above, post-
mastectomy pain syndrome (PMPS) can be more precisely
understood as a neuroimmune condition, in which persistent pain
reflects dysregulated interactions among peripheral nerve injury,
immune signaling, and central pain-processing networks rather than
isolated structural pathology. Contemporary chronic pain research
increasingly emphasizes immune-neural crosstalk as a core driver of
pain persistence, reframing chronic pain as a disorder of maladaptive
neuroimmune integration rather than a direct consequence of
ongoing tissue damage alone [24,77].

Within this framework, peripheral nerve trauma associated
with mastectomy represents an initiating event, while sustained
inflammatory signaling, immune cell activation, and central nervous
system plasticity act as maintaining and amplifying processes that
can become partially autonomous from the original injury. Immune
populations—including macrophages, T cells, and glial cells—actively
shape nociceptive signaling through cytokine release and direct
neuroimmune interactions, reinforcing pain chronification and
relative resistance to conventional, peripherally focused treatments
[24,78]. In PMPS, these mechanisms help explain why pain may
persist despite apparent surgical healing and the absence of ongoing
structural pathology.

Clinical and survivorship-focused research further supports the
relevance of this neuroimmune conceptualization in breast cancer
populations. Persistent pain following breast cancer treatment
is increasingly recognized as a substantial survivorship burden
characterized by sensory amplification, functional limitation, and
frequent overlap with systemic symptoms such as fatigue, sleep
disturbance, and emotional distress [79]. Systematic reviews of PMPS
consistently highlight the multifactorial nature of the condition and
the limited effectiveness of approaches that focus exclusively on
localized nerve injury or anatomical pathology [80]. Contemporary
phenotyping frameworks further underscore the heterogeneity of
pain mechanisms among breast cancer survivors, reinforcing the
need for systems-informed models that account for neuroimmune
contributions to symptom persistence [76].

Postoperative and treatment-related factors may further shape
neuroimmune vulnerability in susceptible individuals. Prolonged
inflammatory impaired resolution,
central sensitization processes have been associated with persistent
postsurgical pain, particularly in contexts of repeated nociceptive input
and sustained physiological stress [81]. In breast cancer survivors,
radiation therapy represents an additional immune challenge, with
emerging evidence linking radiation-induced tissue inflammation
to subsequent development of PMPS [20]. Complementary findings
suggest that baseline and treatment-induced systemic inflammatory
indices may predict late radiation-related toxicity and long-term
symptom burden, supporting a role for sustained immune activation
in shaping pain trajectories after breast cancer treatment [82].

responses, immune and

Viewed through this neuroimmune lens, PMPS reflects a failure
of coordinated recovery across immune, neural, and regulatory
systems following surgical and oncologic stressors. Integrative
models of cancer-related symptomology increasingly recognize
shared neuroimmune mechanisms underlying pain and other
survivorship challenges, providing a biologically coherent framework

for understanding symptom clustering, treatment resistance, and
variability in recovery following breast cancer treatment [83,84]. This
conceptualization sets the stage for more precise phenotyping and
mechanism-informed approaches to assessment and management in
breast cancer survivorship.

Clinical Reframing of Post-Mastectomy
Pain Syndrome: From Nerve Injury to
Neuroimmune Dysfunction

Traditional clinical models have approached post-mastectomy
pain syndrome (PMPS) primarily as alocalized neuropathic condition
arising from surgical nerve injury, often emphasizing nerve-directed
procedures, regional interventions, or stepwise pharmacologic
escalation. While these strategies may provide meaningful benefit for
selected patients, clinical reviews consistently demonstrate that nerve-
focused paradigms alone fail to fully account for the heterogeneity,
chronicity, and treatment resistance commonly observed in real-
world PMPS populations [2,80,84].

Reframing PMPS through a neuroimmune lens shifts clinical
interpretation from a search for unresolved structural pathology
toward recognition of dysregulated system-level pain maintenance.
Within this framework, persistent pain is understood as the
downstream consequence of altered immune signaling, central
nervous system plasticity, autonomic imbalance, and stress-response
dysregulation, rather than as evidence of incomplete surgical
healing or ongoing nerve damage alone [24,72,77]. Importantly, this
reframing does not negate the role of nerve injury as an initiating
event but situates it within a broader biological process that governs
pain persistence.

This shift has direct clinical implications. Survivorship research
demonstrates that persistent pain following breast cancer treatment
is frequently accompanied by altered pain processing, low-grade
inflammation, sleep disturbance, fatigue, and psychological
stress—features that extend beyond the boundaries of localized
neuropathic injury and are increasingly recognized as characteristic
of neuroimmune dysregulation and central sensitization [79,85,86].
Contemporary phenotyping frameworks further highlight substantial
heterogeneity in underlying pain mechanisms among breast cancer
survivors, reinforcing the limitations of uniform, nerve-centered
treatment strategies [76].

Clinical studies also illustrate how this reframing clarifies patterns
commonly encountered in practice. Breast cancer survivors with
PMPS often engage in prolonged and diverse pain self-management
behaviors months or years after completion of primary treatment,
reflecting persistent symptom burden that is incompletely addressed
by peripheral interventions alone [87]. State-of-the-art clinical models
now identify central sensitization as a key mechanism underlying
pain disproportionate to physical findings, symptom fluctuation
with stress or sleep disruption, and incomplete or transient responses
to procedural or pharmacologic escalation—patterns frequently
observed in PMPS [59,75].

Viewed through a neuroimmune framework, features such as
widespread sensitivity, autonomic symptoms, pain variability, and
partial treatment response should not be interpreted as diagnostic
ambiguity or treatment failure. Rather, they represent expected
manifestations of sensitized pain networks operating within a
dysregulated Recognizing this
distinction may help reduce unnecessary diagnostic escalation, limit

immune-neural environment.
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Table 1: Clinical Patterns and Mechanistic Interpretation of Neuroimmune-Driven Post-Mastectomy Pain Syndrome.

Clinical Pattern Observed in PMPS

Mechanistic Interpretation (Neuroimmune Framework)

Clinical Reasoning Implication

Persistent pain despite apparent surgical healing

Ongoing neuroimmune signaling and central nervous system
plasticity maintain pain independent of tissue damage

Suggests pain persistence is not due to
unresolved structural pathology

Pain that fluctuates with stress, sleep disruption, or
systemic illness

Stress-responsive neuroendocrine and immune pathways
modulating central pain processing

Indicates dynamic pain modulation rather
than fixed neuropathic injury

Gradual expansion of pain beyond the original
surgical distribution

Central sensitization and maladaptive cortical reorganization

Supports central amplification rather than
localized nerve pathology

Widespread hypersensitivity, allodynia, or

hyperalgesia impaired inhibitory control

Enhanced excitability within central nociceptive networks and

Points toward nociplastic and centrally
mediated pain mechanisms

Autonomic symptoms (e.g., temperature
dysregulation, palpitations, Gl disturbance)

Dysregulated autonomic—immune interactions influencing
nociception and inflammation

Suggests system-level dysregulation
beyond peripheral nerve injury

Limited or transient response to nerve blocks or

peripheral neuropathy—targeted therapies despite local interventions

Persistent immune activation and glial signaling sustaining pain Explains treatment resistance to single-

target or procedural approaches

History of radiation therapy, infection, delayed wound

healing, or lymphedema resolution

Prolonged inflammatory signaling and impaired immune

Indicates sustained immune priming
contributing to pain chronification

and emotional distress

symptom clustering

Co-occurrence of pain with fatigue, sleep disturbance, Shared neuroimmune and stress-system pathways driving

Reinforces multisystem involvement rather
than isolated pain pathology

This table summarizes clinical patterns observed in post-mastectomy pain syndrome (PMPS) and their mechanistic interpretation within a neuroimmune framework,

presented as phenotypic indicators rather than diagnostic criteria.

repeated invasive procedures with diminishing returns, and support
more coherent, validating communication with patients living with
persistent post-mastectomy pain.

Importantly, this clinical reframing redirects care away from
isolated symptom suppression and toward restoration of system-level
balance. Rather than asking only which nerve is injured, clinicians are
encouraged to consider how immune activation, central sensitization,
autonomic tone, sleep quality, emotional stress, and patient-driven
behaviors interact to sustain pain over time. This perspective aligns
with emerging survivorship care models and integrative oncology
guidelines that emphasize coordinated, multimodal, and patient-
centered approaches to cancer-related pain management [88,89]. The
sections that follow build on this reframing to examine implications
for assessment, phenotyping, and mechanism-informed intervention
in post-mastectomy pain syndrome.

Clinical Patterns
Neuroimmune-Driven
Pain Syndrome

Suggestive of
Post-Mastectomy

Clinical experience, supported by contemporary pain
neuroscience, suggests that certain symptom patterns observed in
post-mastectomy pain syndrome (PMPS) are more consistent with
neuroimmune-driven pain mechanisms than with isolated peripheral
nerve injury alone. Phenotype-based approaches to chronic pain
increasingly emphasize that persistent pain may reflect maladaptive
central and immune-mediated amplification rather than ongoing
tissue damage, particularly when symptoms are disproportionate
to physical findings or persist despite apparent surgical healing
[90,91]. Recognizing these patterns can provide clinicians with a
practical framework for identifying patients in whom neuroimmune
mechanisms are likely contributing to pain persistence.

One commonly observed clinical pattern involves pain that
fluctuates over time and is modulated by psychological stress, sleep
disruption, systemic illness, or inflammatory stressors, rather than
remaining fixed or anatomically stable. Longitudinal survivorship
studies indicate that biopsychosocial phenotypes present during or
shortly after cancer treatment may shape long-term pain trajectories,
supporting a dynamic rather than static model of pain persistence
[92]. Population-based data further demonstrate that sleep
disturbance is independently associated with increased incidence of
chronic and high-impact chronic pain, underscoring the bidirectional
relationship between sleep dysregulation and pain chronification
[93]. In clinical practice, stress- and sleep-sensitive pain variability

often signals altered neuroendocrine and immune modulation of
central pain processing rather than unresolved peripheral pathology.

Another pattern suggestive of neuroimmune-driven PMPS is the
presence of widespread hypersensitivity, allodynia, hyperalgesia, or
gradual expansion of pain beyond the original surgical distribution.
Such features are commonly interpreted as manifestations of central
sensitization or nociplastic pain processes. Although the precise causal
role of central sensitization continues to be refined, recent critical
reviews and clinical frameworks consistently highlight its association
with persistent pain states and its relevance for clinical phenotyping
and mechanism-informed reasoning [94,95]. Neuroimaging studies
further support altered central pain network function in chronic pain
conditions, reinforcing the contribution of central amplification to
symptom persistence [96].

Autonomic features may provide additional phenotypic clues
in patients with neuroimmune-driven PMPS. Symptoms such
as temperature dysregulation, abnormal sweating, palpitations,
gastrointestinal disturbance, or orthostatic intolerance suggest
dysregulation of autonomic-immune interactions, which have been
described across complex chronic pain conditions, including complex
regional pain syndrome and cancer-related pain syndromes. Clinical
and mechanistic studies demonstrate that autonomic nervous system
activity can modulate both nociceptive signaling and immune
responses, contributing to sustained pain and inflammation [97-100].
In breast cancer survivors, lymphatic dysfunction and associated pain
further illustrate how immune and autonomic dysregulation may
contribute to persistent symptom burden following treatment [101].

A further clinical signal supporting neuroimmune involvement
is limited, incomplete, or transient response to nerve-directed
interventions or single-mechanism pharmacologic therapies, such as
regional nerve blocks or treatments targeting peripheral neuropathy
alone. Contemporary neuroimmune models of chronic pain
describe how immune cell activation, glial signaling, and persistent
neuroinflammation within peripheral and central nervous systems
can reinforce pain even in the absence of ongoing structural pathology,
providing a biologically plausible explanation for treatment resistance
frequently observed in PMPS [77].

Clinical history often provides additional context for
neuroimmune interpretation. Postoperative infection, radiation
exposure, delayed wound healing, lymphedema, or reconstructive
complications may increase the likelihood that sustained immune

activation has contributed to pain chronification. Updated reviews of
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chronic postsurgical pain consistently identify inflammatory burden,
surgical complications, and impaired recovery as key risk factors for
long-term pain persistence [102]. Symptom cluster analyses in breast
cancer populations similarly demonstrate that pain frequently co-
occurs with fatigue, sleep disturbance, and psychological distress,
reinforcing the value of a multisystem perspective when evaluating
persistent post-mastectomy pain [103].

Although these clinical patterns are not diagnostic, their
presence can serve as important phenotypic indicators supporting a
neuroimmune formulation of PMPS. Framing such features within
a neuroimmune context may reduce diagnostic uncertainty, validate
patient experiences, and support more coherent, mechanism-
informed clinical reasoning and management strategies for
individuals living with persistent pain after breast cancer treatment
[25,71,96].

Neuroimmune Interactions and Pain

Persistence in Cancer Contexts

Beyond general mechanisms of neuroimmune pain maintenance,
cancer-related pain
syndrome (PMPS)—exhibit distinct biological features shaped by
tumor biology, oncologic treatments, and cancer-specific tissue
remodeling. In this context, neuroimmune interactions are not
merely downstream consequences of surgical injury but are actively
influenced by immune activation associated with malignancy,
tumor-nerve crosstalk, and treatment-induced alterations in neural

states—including post-mastectomy pain

and immune microenvironments.

Emerging evidence indicates that peripheral sensory neurons
function as active participants in neuroimmune signaling within
cancer contexts rather than passive conduits of nociceptive input.
Integrative reviews describe bidirectional communication between
sensory neurons, immune cells, and glial networks at tumor-nerve
interfaces, highlighting how neural activity can shape local immune
responses and sustain nociceptive signaling in cancer-related pain
states [104]. In breast cancer-specific preclinical models, sensory
neuron activation and neuroimmune pathways—including transient
receptor potential vanilloid 1 (TRPV1)-mediated signaling—have
been shown to modulate local inflammation and pain-related

behaviors, supporting a role for persistent peripheral neuroimmune
activation in pain maintenance following cancer treatment [105].

In addition to neuron-immune crosstalk, Schwann cells have
emerged as important modulators of cancer-associated neuroimmune
remodeling. Experimental studies demonstrate that interactions
between Schwann cells and peripheral cancers can reshape both
immune microenvironments, inﬂuencing axonal
structure, immune cell recruitment, and inflammatory signaling.
These changes may contribute to sustained nociceptive input and
relative resistance to conventional nerve-directed therapies in cancer
survivors with persistent pain [106].

neural and

Cancer-related neuroimmune interactions also help explain
why PMPS is frequently accompanied by systemic and non-sensory
symptoms, including sleep disturbance, fatigue, anxiety, and
autonomic dysfunction. Such features are difficult to reconcile with
purely localized nerve injury models but are increasingly recognized
as hallmarks of chronic pain states driven by sustained neuroimmune
dysregulation. Longitudinal population-based data demonstrate
that sleep deficiency significantly increases the risk of developing
chronic and high-impact chronic pain, supporting a bidirectional
relationship between sleep disruption and pain chronification in
cancer populations [93,107]. In parallel, autonomic manifestations
observed in PMPS align with evidence from chronic pain models
demonstrating that autonomic nervous system activity modulates
both nociceptive processing and immune responses, thereby
contributing to persistent pain and inflammation [97,98].

Together, these oncology-specific neuroimmune processes suggest
that PMPS arises within a biologically distinct pain environment
shaped by tumor-nerve-immune interactions and treatment-
related neuroimmune remodeling, rather than as a straightforward
extension of postsurgical neuropathy. Recognizing these features
adds important nuance to neuroimmune models of pain persistence
and helps explain the complexity, symptom clustering, and treatment
resistance observed in breast cancer survivorship.

Common clinical patterns suggestive of neuroimmune-driven
post-mastectomy pain syndrome and their mechanistic interpretation
are summarized in Table 2.

Table 2: Clinical Stratification of Post-Mastectomy Pain Syndrome Within a Neuroimmune Framework.

Observed Clinical Pattern Likely Dominant Mechanisms

Neuroimmune Interpretation

Clinical Reasoning Implication

Pain persists despite apparent surgical |Central sensitization; glial
healing and absence of structural activation; maladaptive synaptic
pathology plasticity

Pain is maintained by central
neuroimmune amplification rather
than ongoing tissue injury

Further nerve-targeted escalation alone is
unlikely to provide a durable benefit

Neuroendocrine dysregulation;
autonomic imbalance; immune—
stress interactions

Pain fluctuates with stress, sleep
disturbance, iliness, or inflammation

Stress-responsive neuroimmune
modulation of pain networks

Variability reflects system-level dysregulation
rather than instability or nonadherence

Pain extends beyond original surgical | Central sensitization; altered
or nerve distribution cortical pain network integration

Spatial generalization of pain due to |Supports nociplastic/neuroimmune phenotype
central amplification

over focal neuropathy

Widespread hypersensitivity, allodynia,  Glial-mediated disinhibition;
or hyperalgesia impaired inhibitory control

Heightened central excitability driven
by immune—glial signaling

Mechanism-informed phenotyping warranted

Limited or transient response to nerve
blocks or peripheral neuropathy
treatments

Persistent neuroimmune loops;
central network stabilization

Treatment resistance reflects a
mismatch between the mechanism
and the intervention

Signals need for a multimodal, system-level
approach

Co-occurring fatigue, sleep disruption,
mood disturbance, or cognitive
symptoms

Shared neuroimmune and stress-
regulatory pathways

Symptom clustering reflects a
common biological substrate

Pain should be assessed within a broader
survivorship context

Autonomic symptoms (temperature
dysregulation, palpitations, GI
disturbance, orthostasis)

Autonomic—-immune dysregulation;
impaired vagal modulation

Pain embedded in dysregulated
autonomic—-immune network

Supports inclusion of autonomic and stress
physiology in assessment

History of infection, radiation injury,
delayed healing, lymphedema, or
reconstruction complications

Sustained immune activation;
impaired inflammatory resolution

Enhanced vulnerability to
neuroimmune pain chronification

Identifies higher-risk survivorship subgroup
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This table summarizes common clinical patterns observed in post-
mastectomy pain syndrome (PMPS) and their interpretation within a
neuroimmune framework. The patterns described are not diagnostic
but may assist clinicians in recognizing phenotypic features suggestive
of immune-neural dysregulation, central sensitization, and system-
level pain maintenance. The table is intended to support mechanism-
informed clinical reasoning and to complement, rather than replace,
individualized assessment in breast cancer survivorship care.

Limitations of Existing PMPS Models and
the Need for a Neuroimmune Framework

Post-mastectomy pain syndrome (PMPS) has traditionally been
conceptualized as a neuropathic pain condition driven primarily by
peripheral nerve injury, including intercostal nerve trauma, neuroma
formation, and localized tissue damage during breast surgery. While
peripheral nerve integrity is clearly relevant to pain initiation,
accumulating clinical and experimental evidence indicates that
nerve-centric models alone do not adequately account for the marked
heterogeneity, chronicity, and treatment resistance observed in many
breast cancer survivors with persistent pain [102].

Recent randomized surgical studies further highlight these
limitations. Although intercostal nerve coaptation and other nerve-
directed techniques may reduce postoperative pain in selected
patients, they do not reliably prevent or resolve chronic pain
syndromes, underscoring the limited explanatory and therapeutic
reach of peripheral-focused interventions alone [32]. In clinical
practice, many patients report pain that persists despite technically
successful surgical repair, appears disproportionate to identifiable
nerve damage, or fluctuates in response to systemic factors such as
psychological stress, sleep disruption, infection, or inflammatory
illness. Similar dissociations between tissue injury and pain severity
have been described across nociplastic and centrally mediated
pain conditions, challenging the sufficiency of strictly peripheral
explanations for chronic pain persistence [108].

Limitations of nerve-centric models are further reflected in the
modest and often transient efficacy of conventional PMPS treatments.
Pharmacologic strategies such as gabapentinoids, antidepressants,
opioids, and regional nerve blocks may provide partial symptom relief
but are frequently associated with limited durability and cumulative
adverse effects, particularly within long-term survivorship contexts
[109,110]. Neuroablative procedures, including radiofrequency
ablation, may benefit specific patient subsets but demonstrate
variable outcomes and carry procedure-related risks, underscoring
the shortcomings of destructive, single-target approaches in
multifactorial chronic pain states [111].

Existing PMPS frameworks have also tended to underappreciate
the contribution of systemic and contextual factors that shape
pain persistence after breast cancer treatment. Postoperative
complications such as infection, radiation-induced tissue injury,
lymphedema, delayed wound healing, and systemic inflammatory
insults introduce sustained immune and inflammatory stressors
that extend beyond localized nerve damage and may amplify pain
chronification [101,102,112,113]. Similarly, neuroendocrine and
psychosocial factors—including stress reactivity, sleep fragmentation,
anxiety, and trauma-related responses—are highly prevalent among
breast cancer survivors and increasingly recognized as biologically
active modulators of immune signaling and pain processing

[93,107,114,115].

Together, these limitations highlight the need for a broader
conceptual framework capable of integrating peripheral injury
with immune activation, central nervous system plasticity, and
systemic stress physiology. Reframing PMPS as a neuroimmune
disorder provides a more coherent explanation for symptom
variability, multisystem involvement, and treatment resistance,
while aligning with emerging evidence that integrative, multimodal
pain management strategies yield superior outcomes compared
with unidimensional approaches in chronic pain and oncology
populations [116-118].

Clinical and Therapeutic Implications of a
Neuroimmune Model of PMPS

Reframing post-mastectomy pain syndrome (PMPS) as a
neuroimmune disorder shifts clinical reasoning away from a narrow
focus on localized nerve injury and toward recognition of system-level
pain maintenance involving immune activation, central sensitization,
glial reactivity, and stress-response dysregulation [25,77,90]. In
clinical practice, this perspective helps explain why many individuals
with PMPS experience persistent pain despite technically successful
surgery or nerve-directed interventions, and why single-mechanism
approaches frequently provide limited or short-lived benefit
[109,110].

Within a neuroimmune framework, therapeutic decision
making in PMPS prioritizes mechanism alignment over escalation of
isolated interventions. Rather than progressing sequentially through
nerve-focused or pharmacologic options, clinicians are encouraged
to consider how peripheral inflammation, central amplification,
autonomic imbalance, and survivorship-related stressors interact to
sustain pain over time. Contemporary pain models and oncology
survivorship literature increasingly support coordinated, multimodal
strategies as more appropriate for patients with refractory PMPS,
particularly those with complex postoperative courses or prolonged
inflammatory and psychosocial stress exposure [25,77,117,119,120].

This shift is especially relevant in breast cancer survivors whose
clinical histories suggest sustained immune or inflammatory
activation, including postoperative infection, radiation-induced tissue
injury, delayed wound healing, or lymphedema. These conditions
introduce persistent immune stressors that may maintain nociceptive
signaling well beyond expected tissue recovery and are consistently
associated with pain chronification and relative treatment resistance
in PMPS [101,102,112,113]. Emerging perioperative evidence further
suggests that anesthetic and analgesic strategies may influence long-
term pain trajectories, underscoring the potential importance of early
neuroimmune modulation in shaping PMPS outcomes [32,102,121].

Adopting a neuroimmune perspective also reframes therapeutic
goals in PMPS. Rather than emphasizing pain intensity reduction
alone, clinical priorities shift toward restoration of physical function,
improvement in sleep quality, emotional regulation, and reduction
of pain-related fear and hypervigilance—outcomes that more closely
align with patient-reported priorities in breast cancer survivorship
[90,101,110]. Oncology and survivorship research consistently
demonstrate that meaningful improvements in function and quality
of life may occur even in the presence of residual pain, highlighting
the limitations of numeric pain scores as sole indicators of clinical
success [103,117,118].
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Figure 2: Integrative, Neuroimmune-Informed Approaches to the Management of Post-Mastectomy Pain Syndrome (PMPS)

Conceptual illustration of integrative, neuroimmune-informed strategies for the management of post-mastectomy pain syndrome (PMPS). The central figure
represents the patient as an integrated neuroimmune system in which persistent pain arises from interactions between peripheral sensitization, central sensitization,
immune dysregulation, and stress-response pathways. Surrounding domains depict complementary therapeutic targets that align with the neuroimmune model,
including modulation of peripheral inflammation and nociceptor sensitization, immune and glial regulation, autonomic nervous system balance, psychosocial
stress reduction, sleep optimization, nutritional support, mind—body therapies, and rehabilitative interventions. Together, these domains illustrate a coordinated,
multimodal approach that emphasizes functional recovery, symptom resilience, and long-term survivorship rather than isolated symptom suppression.
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A neuroimmune framework further provides a biologically
grounded rationale for opioid-sparing approaches in PMPS. Pain
driven by immune activation and central sensitization often responds
incompletely to long-term opioid therapy and may be complicated
by tolerance, opioid-induced hyperalgesia, and paradoxical pain
amplification [5,25,122]. Neuroimmune mechanisms—including
microglial activation and pro-inflammatory cytokine signaling—
have been directly implicated in opioid-related pain dysregulation,
supporting cautious use of opioids and consideration of alternative
strategies that support endogenous pain modulation and system-level
balance [5,77,90,117].

Finally, reframing PMPS as a neuroimmune condition
emphasizes the importance of early identification and risk
stratification across the perioperative and survivorship continuum.
Patients exhibiting prolonged inflammatory states, complex surgical
recoveries, or early features of central sensitization may benefit
from proactive, coordinated care aimed at modulating immune-
nervous system interactions before maladaptive pain circuits become
entrenched [102,112]. Transitional pain service models that integrate
perioperative and survivorship care have shown promise in reducing
pain chronification and improving long-term functional outcomes
following surgery, with emerging relevance for breast cancer
populations at heightened risk for persistent pain [24,123,124].

Implications for Oncology

Practice

Integrative

Integrative oncology provides a clinically appropriate and
evidence-informed setting in which a neuroimmune model of post-
mastectomy pain syndrome (PMPS) can be translated into routine

care. By design, integrative oncology emphasizes coordinated
approaches that address biological, psychological, and social
dimensions of cancer-related symptoms alongside conventional
oncologic treatment. Contemporary consensus documents and
clinical guidelines jointly developed by the Society for Integrative
Oncology and the American Society of Clinical Oncology explicitly
endorse integrative therapies as complementary strategies for
symptom management across the cancer care continuum, including
survivorship [125]. Foundational definitions of integrative oncology
emphasize whole-person, systems-based care that
augments—rather than replaces—standard oncologic treatment
[126]. Conceptualizing PMPS through a neuroimmune lens aligns

similarly

closely with this framework by framing persistent pain as an emergent
property of interacting immune, neural, autonomic, and psychosocial
systems rather than the consequence of a single localized lesion.

Within integrative oncology practice, a neuroimmune-informed
perspective supports the thoughtful coordination of pharmacologic
and non-pharmacologic strategies selected according to individual
clinical context rather than applied in isolation. Survivorship-
focused guidelines, including recent National Comprehensive
Cancer Network Insights, increasingly emphasize individualized,
multimodal symptom management for cancer survivors with
persistent treatment-related sequelae [127]. Integrative survivorship
models similarly advocate combining neuromodulatory and
immune-modulating therapies with rehabilitation, movement-
based interventions, mind-body approaches, and lifestyle-oriented
strategies, sequenced according to each patient’s treatment history,
symptom burden, and functional priorities [90,117,128]. Evidence
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from multidisciplinary cancer care further demonstrates that
coordinated rehabilitation and supportive interventions can improve
both physical and psychological outcomes, reinforcing the relevance
of systems-based care in oncology populations [62].

Importantly, integrative oncology clinicians frequently care for
breast cancer survivors who express a preference for conservative, non-
invasive, or opioid-sparing approaches, often shaped by prior adverse
effects, cumulative treatment fatigue, or personal values formed
during the cancer experience. Surveys and preference-based studies
consistently indicate that many cancer survivors seek integrative and
complementary strategies for symptom management, particularly
when conventional pharmacologic options provide limited benefit
or unacceptable side effects [110,129]. A neuroimmune framework
provides a biologically coherent rationale for contextualizing these
preferences within evidence-informed care, particularly in chronic
pain states where immune activation and central sensitization
constrain the effectiveness of single-mechanism interventions.

This perspective also supports the inclusion of autonomic and
stress-regulatory strategies as biologically relevant components
of pain care rather than ancillary or purely supportive measures.
Experimental and translational studies demonstrate that autonomic
dysregulation and sustained sympathetic activation can amplify
nociceptive and immune signaling, whereas interventions that
enhance parasympathetic tone may attenuate neuroimmune
activation [97,98]. Clinical evidence supports the role of mind-body
interventions in reducing cancer-related pain and improving quality
of life, with systematic reviews and meta-analyses demonstrating
benefit across adult oncology populations [130]. Emerging breast
cancer—specific research further suggests that targeted modulation
of autonomic pathways, including transcutaneous vagus nerve
stimulation, may influence symptom burden through neuroimmune
mechanisms [131]. Within a neuroimmune framework, such
approaches are understood as adjunctive strategies that influence
pain-maintaining systems rather than as standalone treatments.

From a systems perspective, adopting a neuroimmune framework
within integrative oncology practice may also help bridge longstanding
gaps between oncology, pain medicine, rehabilitation, and supportive
care disciplines. Policy statements and guideline-based survivorship
models emphasize the importance of coordinated, multidisciplinary
care planning to address the complex and long-term needs of cancer
survivors [127,132]. This integration is particularly relevant for breast
cancer survivors with complicated postoperative courses, in whom
fragmented or siloed management may inadvertently contribute
to prolonged symptom burden, delayed functional recovery, and
escalation of treatment intensity.

Finally, incorporating neuroimmune concepts into integrative
oncology practice encourages a shift away from narrow symptom
suppression toward restorative, systems-oriented care that prioritizes
long-term function, quality of life, and resilience. Evidence from
contemporary multimodal pain management literature indicates
that interdisciplinary approaches are associated with meaningful
improvements in health-related quality of life and functional
outcomes across chronic pain populations [117,133]. Within breast
cancer survivorship, this approach aligns closely with patient-
centered goals and supports a clinically coherent, compassionate, and
durable response to persistent post-mastectomy pain.

Emerging Clinical Evidence Supporting
Neuroimmune-Informed Care in PMPS

While much of the neuroimmune framework for post-
mastectomy pain syndrome (PMPS) has been derived from
mechanistic and translational research, emerging clinical evidence
increasingly supports its relevance for patient care. In breast cancer
survivorship populations, persistent pain has been shown to correlate
more closely with central pain processing, stress-related factors,
and symptom network interactions than with peripheral pathology
alone, reinforcing the clinical limitations of nerve-centric models
[25,77,90,134].

Recent randomized clinical trial data provide particularly relevant
support for mechanism-informed,
aligned with a neuroimmune framework. In breast cancer survivors
with chronic pain,
neuroscience education with graded exposure to movement have
demonstrated meaningful reductions in pain and improvements
in physical function, highlighting the clinical value of addressing
central sensitization, threat appraisal, and movement avoidance
alongside nociceptive symptoms [135]. These findings underscore the
importance of patient education and functional restoration as active
components of pain care rather than adjunctive measures.

non-invasive interventions

integrative approaches combining pain

In parallel, growing evidence points to the role of autonomic
and interoceptive regulation in shaping pain outcomes among
breast cancer survivors. Measures of cardiac vagal control and
emotional awareness have been shown to correlate with pain
experience, supporting a contribution of parasympathetic function
and interoceptive processing to neuroimmune pain modulation
[136]. Such observations align with broader chronic pain literature
demonstrating that autonomic imbalance and stress dysregulation
can amplify immune signaling and central sensitization, thereby
sustaining pain even in the absence of ongoing tissue injury.

Together, these emerging clinical findings complement
mechanistic models by demonstrating that interventions targeting
central processing, autonomic regulation, and functional recovery
can meaningfully influence pain trajectories in PMPS. Rather than
replacing conventional pain management strategies, these approaches
support a neuroimmune-informed shift in clinical priorities—
toward early identification of sensitization, restoration of movement
confidence, and modulation of stress-responsive pain-maintaining
systems within breast cancer survivorship care.

Implications for Pain Assessment and Risk
Stratification

A neuroimmune model of post-mastectomy pain syndrome
(PMPS) refines clinical assessment and risk stratification by shifting
attention toward earlier identification of individuals vulnerable
to pain chronification following breast cancer surgery. Rather
than relying predominantly on surgical variables or the presence
of identifiable nerve injury, this framework emphasizes immune,
inflammatory, autonomic, and systemic factors that shape long-
term pain trajectories. Clinical and epidemiologic studies of chronic
postsurgical pain consistently demonstrate that baseline inflammatory
burden, postoperative complications, and broader survivorship
context are critical determinants of persistent pain outcomes
[102,137]. Survivorship-focused guidelines similarly emphasize that
ongoing symptoms after cancer treatment frequently arise from
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complex interactions among treatment exposures, host biology, and
psychosocial stressors rather than isolated surgical pathology [127].

Within this framework, postoperative complications—including
infection, delayed wound healing, radiation-induced tissue injury,
lymphedema, and prolonged physiological stress responses—are
best understood as **active contributors to sustained immune
activation** rather than incidental comorbidities. Experimental and
clinical evidence demonstrates that persistent inflammatory signaling
following surgery can promote central sensitization and durable
alterations in pain processing, particularly when immune activation
is prolonged or compounded by radiation-related tissue injury
[5,62,112]. In breast cancer survivors, these processes may interact
with lymphatic dysfunction and tissue fibrosis, amplifying nociceptive
input and delaying recovery, thereby increasing vulnerability to
persistent pain beyond the expected period of surgical healing.

From a clinical assessment standpoint, a neuroimmune-informed
approach supports **multidimensional evaluation** extending
beyond pain intensity and anatomical distribution. Assessment
may incorporate indicators of inflammatory burden, autonomic
symptoms, sleep disruption, affective distress, and behavioral
features of pain amplification, including allodynia, hyperalgesia, and
widespread sensitivity. Contemporary pain neuroscience emphasizes
that pain is shaped by interacting sensory, emotional, cognitive,
and contextual factors, underscoring the limitations of assessment
strategies that rely exclusively on numeric pain scores [138]. Clinical
frameworks integrating these dimensions provide a more accurate
reflection of the biological and psychosocial mechanisms underlying
persistent pain states [90].

Identification of central sensitization is particularly relevant
for phenotyping and risk stratification in PMPS. Clinical studies
demonstrate that features such as pain disproportionate to tissue
findings, expansion of pain beyond the original surgical site, and
heightened sensitivity to normally non-painful stimuli are common in
chronic pain conditions characterized by neuroimmune dysregulation
[139]. Validated tools, including the Central Sensitization Inventory
and its short form, have demonstrated utility in breast cancer
survivorship populations and may support structured clinical
assessment [60]. Complementary approaches such as quantitative
sensory testing further allow objective characterization of altered
sensory processing following breast cancer surgery [140]. Recent
conceptual advances emphasizing nociplastic pain mechanisms in
cancer survivors provide an additional framework for integrating
these findings into routine clinical reasoning without attributing
symptoms solely to ongoing peripheral pathology [90].

Sleep disturbance and autonomic dysregulation represent
additional, clinically meaningful risk markers within a neuroimmune
assessment  framework.  Longitudinal studies
demonstrate that sleep disruption is highly prevalent among breast
cancer survivors and may persist or worsen over time, contributing to
pain chronification and impaired recovery [141]. Growing evidence
further suggests that autonomic imbalance, reflected in altered
heart rate variability, is associated with pain severity, fatigue, and
neuropathic symptoms in cancer populations. Systematic reviews
highlight the potential utility of heart rate variability as an accessible
marker of autonomic and inflammatory dysregulation relevant to
chronic pain states [142].

survivorship

Takentogether, theseconsiderationsillustratehowaneuroimmune

framework refines pain assessment and risk stratification in PMPS by
identifying biological and systemic markers of vulnerability before
pain becomes entrenched. Early recognition of immune activation,
central sensitization, sleep disruption, and autonomic imbalance
may support more timely, mechanism-informed clinical decision-
making and provide a foundation for improving long-term pain and
functional outcomes in breast cancer survivorship.

Implications for Therapeutic Strategy and
Treatment Sequencing

If post-mastectomy pain syndrome (PMPS) is sustained by
convergent neuroimmune mechanisms, therapeutic strategies
based solely on sequential, single-target escalation are unlikely to
provide durable relief in refractory cases. In conventional clinical
practice, persistent pain is often managed through iterative trials
of medications or procedures, frequently without systematic
consideration of immune dysregulation, central sensitization, glial
activation, or broader systemic contributors to pain persistence.
Contemporary reviews of neuropathic and postsurgical pain
management consistently demonstrate that such single-mechanism
approaches commonly yield partial, transient, or inconsistent benefit,
particularly in patients with centrally amplified or immune-mediated
pain states [25,109]. Epidemiologic analyses of cancer-related pain
further indicate that treatment-resistant pain represents a substantial
and underrecognized clinical burden, highlighting persistent gaps
between guideline recommendations and real-world outcomes [143].

Importantly, a neuroimmune-informed approach does not
require abandonment of established pharmacologic or procedural
therapies. Rather, it reframes their use within a coordinated,
mechanism-informed strategy that integrates standard treatments
with interventions targeting immune signaling, central nervous
system sensitization, autonomic regulation, and functional recovery.
Within this framework, treatment sequencing is guided not by
symptom persistence alone, but by early identification of dominant
pain-maintaining mechanisms, including sustained inflammation,
central amplification, stress-related neuroregulatory imbalance,
and behavioral contributors to pain persistence. Addressing these
interacting processes in parallel is more consistent with the biology
of chronic pain and may reduce the prolonged cycling of isolated
therapies that characterizes refractory pain care [25,77,117].

Clinical observations of treatment resistance in chronic
postsurgical and neuropathic pain underscore the limitations of
trial-and-error escalation. Patients with persistent pain following
surgery frequently cycle through multiple pharmacologic agents
with diminishing returns, reflecting a mismatch between narrowly
targeted interventions and the multisystem biology underlying pain
chronification [102]. Survivorship studies in breast cancer populations
further demonstrate that ongoing pain often leads patients to adopt
self-management strategies months or years after completion of
primary treatment, underscoring both the chronicity of symptoms
and the perceived inadequacy of medication-centered approaches
when applied in isolation [87]. Preference-based research similarly
highlights that medication escalation is frequently constrained by
limited efficacy, tolerability concerns, and cumulative treatment
burden, reinforcing the need for more coherent, mechanism-aligned
therapeutic strategies [110].

Within a neuroimmune framework, therapeutic sequencing
emphasizes early integration rather than delayed escalation.
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Pharmacologic treatments, physical rehabilitation, psychological
and behavioral strategies, and educational interventions are viewed
as complementary components of a unified care plan rather than as
discrete steps applied sequentially. Mechanism-based pain treatment
frameworks highlight that these modalities may exert synergistic
effects when selected and sequenced according to the dominant
drivers of pain in an individual patient, rather than introduced only
after failure of prior interventions [77,90]. Authoritative oncology
guidelines support this integrative, opioid-sparing approach,
endorsing coordinated multimodal pain management strategies
across the cancer care continuum [116].

Educational and rehabilitative interventions that explicitly
address central sensitization and pain-related fear are particularly
relevant within this sequencing model. Pain neuroscience education
tailored to breast cancer survivorship has demonstrated promise
in improving pain understanding, reducing threat perception, and
supporting functional recovery when incorporated into broader
multimodal care pathways [89]. Evidence from interdisciplinary pain
programs further demonstrates that integrated approaches combining
education, and psychological
support are associated with meaningful improvements in quality
of life and functional outcomes across chronic pain populations,
reinforcing their relevance for refractory PMPS [117,133].

movement-based rehabilitation,

Taken together, these considerations suggest that therapeutic
strategy and treatment sequencing in PMPS may be optimized
by shifting away from reactive, stepwise escalation toward early,
mechanism-informed integration of complementary interventions.
Aligning treatment selection and sequencing with underlying
neuroimmune contributors to pain persistence has the potential to
reduce ineffective cycling of therapies, limit cumulative treatment
burden, and improve patient engagement, while supporting more
durable recovery in breast cancer survivors living with chronic post-
mastectomy pain.

Implications for Opioid Use and Long-Term
Safety

Conceptualizing post-mastectomy pain syndrome (PMPS) as
a neuroimmune condition reframes the role of opioid therapy in
long-term pain management. While opioids may provide short-
term reductions in pain intensity, they do not directly target core
drivers of pain persistence in PMPS, including immune activation,
glial sensitization, altered cytokine signaling, and centrally mediated
amplification of nociceptive processing. As a result, their effectiveness
in chronic neuropathic and postsurgical pain states is frequently
limited over time, particularly when pain is sustained by maladaptive
neuroimmune interactions rather than unresolved tissue injury
[109,144,145]. This limitation is especially relevant in PMPS, where
persistent pain reflects dysregulated immune-nervous system
signaling rather than continued peripheral pathology.

Beyond limited durability of analgesia, prolonged opioid exposure
may further disrupt neuroimmune homeostasis and contribute
to adverse pain outcomes. Experimental and translational studies
demonstrate that opioids can activate neuroinflammatory pathways,
including microglial signaling, altered cytokine release, and changes
in central pain modulation, processes that may paradoxically increase
pain sensitivity and promote opioid-induced hyperalgesia [5,25,146].
Emerging mechanistic evidence implicates central nervous system

targets such as thalamic T-type calcium channels in opioid-related
pain amplification, underscoring the complexity of opioid—
neuroimmune interactions in chronic pain states [147].

In cancer-related neuropathic pain, these limitations are further
shaped by treatment-induced vulnerability of immune and nervous
system function. Neuroinflammatory alterations following surgery,
chemotherapy, and radiation have been associated with persistent
somatosensory dysfunction, cognitive and emotional symptoms,
and heightened central pain sensitivity in breast cancer survivors
[148,149]. Within this context, opioid-refractory neuropathic
pain states are increasingly recognized in oncology populations,
reflecting the limited capacity of opioids to modulate immune-driven
and centrally maintained pain processes [150]. Viewed through a
neuroimmune lens, diminishing opioid responsiveness may therefore
serve as a clinical indicator of dominant central and immune-
mediated pain mechanisms rather than as evidence of treatment
nonadherence or failure.

Clinical evidence further indicates that long-term opioid
therapy offers limited sustained benefit for chronic neuropathic
pain and carries meaningful safety considerations, particularly in
cancer survivorship populations with complex treatment histories.
Patient-centered studies consistently highlight that tolerance, side-
effect burden, functional impairment, and neurocognitive trade-offs
frequently constrain the long-term utility of opioid-based strategies,
even when initial analgesia is achieved [110,151,152]. In parallel, a
growing body of literature has raised concern regarding potential
associations between opioid exposure and adverse oncologic
outcomes, including immune modulation and cancer recurrence.
While causality remains incompletely defined, these observations
reinforce the importance of judicious, risk-aware opioid use within
survivorship care [153-155].

A neuroimmune-informed approach therefore supports opioid-
sparing strategies that prioritize functional recovery, sleep restoration,
emotional regulation, and stabilization of immune-nervous system
signaling rather than short-term analgesia alone. Contemporary
multimodal pain care models emphasize coordinated interventions
acting across peripheral, central, and systemic levels, reducing reliance
on opioids while addressing the biological complexity of chronic
pain states [90,117,156,157]. Evidence from interdisciplinary pain
programs and pain neuroscience-informed interventions further
demonstrates that non-opioid-centered approaches are associated
with meaningful improvements in quality of life, pain-related
disability, and patient self-efficacy across chronic pain populations,
including breast cancer survivors [81,133].

Within cancer survivorship care, this perspective aligns closely
with guideline-based recommendations emphasizing long-term
safety, symptom burden reduction, and quality of life rather than
narrow analgesic targets. Procedure-specific and survivorship-
focused guidelines consistently support individualized, multimodal
pain management strategies designed to minimize cumulative
harm while promoting durable recovery [127,158,159,160]. Viewed
through a neuroimmune framework, opioid use in PMPS is best
understood as a limited, adjunctive tool rather than a foundational
long-term therapy, reinforcing the value of early, mechanism-
aligned, and integrative approaches to pain management in breast
cancer survivors.
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Implications for Survivorship and Long-
Term Recovery

From a conceptualizing post-
mastectomy pain syndrome (PMPS) as a neuroimmune condition
provides an essential framework for understanding and validating
persistent pain that continues long after surgical healing is complete.
Population-level analyses and systematic reviews consistently
demonstrate that pain remains a common and often under-recognized
concern across the cancer continuum, including among long-term
survivors, challenging assumptions that pain reliably resolves with
the completion of treatment [161,162]. Longitudinal survivorship
research further indicates that symptom burden often emerges early
and may persist, fluctuate, or evolve over time rather than follow a
linear trajectory toward resolution [163,164]. Within this context,
persistent pain is best understood not as a failure of tissue healing,
coping, or psychological resilience, but as the clinical expression of
sustained biological and systemic dysregulation following cancer and
its treatments.

survivorship perspective,

Qualitative and patient-centered survivorship research reinforces
this interpretation by highlighting the lived experience of individuals
navigating persistent symptoms over extended periods. Long-term
breast cancer survivors frequently describe the ongoing work of
symptom self-management, uncertainty, and adaptation that extends
well beyond active treatment, underscoring the disconnect that can
arise when survivorship care models implicitly assume recovery
has been achieved [165]. Additional qualitative studies document
persistent unmet needs related to pain, functional limitation, and
emotional well-being, alongside a clear desire for survivorship
approaches that recognize survivorship as an active, evolving
process rather than a static post-treatment phase [166,167]. Patient-
reported outcome research further demonstrates that pain, fatigue,
and functional limitations frequently persist across survivorship and
are often best captured through patient-reported measures rather
than objective clinical findings alone [168]. Together, these findings
support reframing persistent pain as an expected and biologically
grounded survivorship challenge rather than an anomalous or
psychosomatic complaint.

Persistent pain also exerts a substantial influence on long-term
recovery, functional reintegration, and quality of life among cancer
survivors. Survivorship outcome studies consistently demonstrate
associations between chronic pain and reduced physical functioning,
impaired participation in daily activities, and diminished overall
well-being [162,169]. Long-term follow-up research further shows
that health-related quality of life may remain altered for years
following breast cancer treatment, reflecting the enduring nature of
survivorship challenges when pain and related symptoms are not
adequately addressed [164]. Pain frequently co-occurs with fatigue,
emotional distress, and disruption of social and occupational roles,
compounding recovery challenges and contributing to prolonged
functional impairment [170]. These data reinforce the importance
of viewing pain as a central determinant of survivorship outcomes
rather than a residual postoperative issue of secondary importance.

A neuroimmune perspective further supports the development
of longitudinal survivorship care pathways that adapt over time
in response to evolving biological, psychological, and social
contexts. Expert consensus statements emphasize that high-quality
survivorship care must move beyond episodic follow-up toward

coordinated, proactive, and patient-centered management of chronic
symptoms and late effects, including persistent pain [171]. Emerging
survivorship models similarly highlight the value of proactive care
pathways designed to anticipate changing needs, support self-efficacy,
and promote sustained recovery across the survivorship continuum
[172]. Clinical guidance on the management of persistent pain in
cancer survivors underscores the need for individualized, flexible
strategies that balance symptom control, safety, and functional goals
over extended periods of survivorship [173]. Viewed through this
lens, PMPS is not a static complication of surgery, but a dynamic
condition requiring ongoing reassessment and adjustment as
survivorship needs evolve.

Taken together, these perspectives highlight how integrating
neuroimmune conceptsinto survivorship carereshapesunderstanding
of long-term recovery in PMPS. Recognizing persistent pain as a
biologically grounded, system-level condition can reduce stigma,
validate patient experiences, and support survivorship care models
that prioritize long-term function, participation, and quality oflife. By
aligning survivorship care with both the lived realities of patients and
the underlying biology of chronic pain, a neuroimmune framework
offers a more compassionate, coherent, and clinically meaningful
foundation for supporting recovery well beyond the completion of
breast cancer treatment.

Discussion: Integrated Clinical and

Survivorship Implications

Taken together, the preceding evidence supports the need
for coordinated, systems-oriented approaches to refractory post-
mastectomy pain syndrome (PMPS) that extends beyond isolated
symptom suppression. Contemporary pain theory increasingly
recognizes persistent pain as an emergent property of interacting
biological and psychosocial processes rather than the consequence ofa
single dominant lesion, challenging linear and reductionist treatment
models that remain common in clinical practice [90,174]. In breast
cancer populations, real-world clinical studies further demonstrate
that conventional pain management strategies frequently fail to
accommodate the complexity, variability, and persistence of post-
treatment pain, underscoring the need for more adaptive and
comprehensive models of care [130,175].

An integrative, neuroimmune-informed perspective provides a
coherent framework for aligning emerging biological insights with
the realities of long-term cancer survivorship. Survivorship-specific
guidance increasingly emphasizes minimizing cumulative treatment-
related harm while prioritizing functional recovery, symptom burden
reduction, and quality oflife over prolonged pharmacologic escalation
alone [17,127]. Neuroimmune-informed care models support the
intentional coordination of pharmacologic, rehabilitative, behavioral,
and supportive strategies within a unified clinical plan that remains
responsive to changing survivorship needs and patient priorities
[17,176]. From a systems perspective, these models acknowledge
that persistent pain reflects ongoing interactions among immune
activation, neural plasticity, stress physiology, and behavioral
adaptation rather than a single pathological pathway [177-179].

Functional recovery and quality-of-life outcomes are increasingly
recognizedas centralindicators of successful survivorship careinbreast
cancer populations. Persistent pain has been consistently associated
with limitations in physical functioning, reduced participation in
daily activities, and diminished overall well-being, highlighting the
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inadequacy of care strategies focused narrowly on pain intensity
reduction alone [169,170]. Expert consensus statements emphasize
that high-quality survivorship care should be longitudinal, adaptive,
and multidisciplinary, explicitly addressing chronic symptoms such
as pain as integral components of comprehensive survivorship
planning rather than residual or secondary concerns [171]. Integrative
survivorship frameworks further emphasize that sustained recovery
is best supported when care models proactively address biological
vulnerability, psychosocial stressors, and functional goals over time,
rather than relying on episodic or reactive interventions [120,175].

Viewed through this integrative lens, PMPS is most coherently
understood not as a static postoperative complication, but as
an evolving survivorship condition shaped by neuroimmune
dysregulation across biological, psychological, and social domains.
Emphasizing coordinated, systems-based care that prioritizes
function, safety, participation, and quality of life offers a more
durable and compassionate response to persistent post-treatment
pain than models centered exclusively on localized nerve injury or
symptom suppression. In this way, a neuroimmune framework aligns
clinical management of PMPS with the long-term realities of cancer
survivorship, supporting care strategies that honor both biological
complexity and lived experience.

Clinical Take-Home Concepts for Integrative
Oncology Practice

Post-mastectomy pain syndrome is not solely a nerve
injury disorder

Persistent PMPS is best understood as a neuroimmune condition
involving sustained immune activation, central sensitization,
autonomic imbalance, and maladaptive stress responses that may
persist long after apparent tissue healing. Contemporary pain
frameworks increasingly emphasize system-level dysregulation
rather than isolated peripheral pathology, providing a more coherent
explanation for chronic pain persistence following cancer treatment
[27,174]. Clinically, this perspective supports reframing conversations
away from “what went wrong surgically” toward understanding how
cancer and its treatments can leave lasting imprints on immune-
nervous system regulation.

Pain persistence does not imply ongoing structural
damage

Continued pain following mastectomy often reflects a failure of
neuroimmune and central nervous system resolution rather than
unresolved surgical pathology. Advances in neuroimaging and
network neuroscience demonstrate that chronic pain is associated
with enduring alterations in brain network organization, complexity,
and information processing—even in the absence of ongoing tissue
injury—helping explain why symptoms may persist despite normal
imaging or healed surgical sites [28,35]. Recognizing this distinction
may reduce unnecessary diagnostic escalation and help validate
patient experiences when conventional testing appears reassuring,
but symptoms remain severe.

Clinical heterogeneity reflects system-level dysregulation

Marked variability in pain severity, distribution, and treatment
response among breast cancer survivors is more consistent with
differences in immune activation, central nervous system plasticity,
autonomic tone, sleep disruption, and psychosocial stress exposure
than with differences in nerve injury alone. Reviews of central
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Figure 3: Clinical take-home concepts for neuroimmune-informed
management of post-mastectomy pain syndrome. This figure summarizes
key clinical insights derived from a neuroimmune framework of PMPS,
highlighting system-level contributors to pain persistence, limitations of
single-mechanism interventions, and the rationale for integrative, multimodal

survivorship care. That single sentence makes the figure journal-appropriate.

sensitization highlight that pain phenotypes emerge from dynamic
interactions among multiple neural and immune processes,
accounting for the heterogeneity commonly observed in chronic pain
populations [94,139]. Emerging evidence linking stress physiology
and hypothalamic-pituitary—adrenal axis dysregulation to persistent
symptoms further underscores the relevance of brain-body feedback
loops in refractory PMPS [63].

Single-mechanism interventions
limited or transient benefit

frequently provide

Therapies targeting isolated pathways—such as regional nerve
blocks or monotherapy pharmacologic approaches—often fail
to address the interacting biological processes that sustain pain
in refractory PMPS. Clinical and translational pain literature
consistently demonstrates that reductionist treatment strategies
are poorly matched to the multisystem nature of chronic pain and
are therefore unlikely to yield durable benefit when neuroimmune
amplification is present [109, 71]

Symptom patterns can guide mechanism-informed care

Pain that is disproportionate to physical findings, fluctuates
with stress or sleep disturbance, extends beyond the original surgical
distribution, or is accompanied by autonomic symptoms and limited
response to nerve-directed interventions is more consistent with
neuroimmune or centrally mediated pain states than with purely
peripheral neuropathy. Clinical phenotyping approaches grounded
in pain neuroscience emphasize recognition of these patterns to
support more appropriate, mechanism-aligned management [90,97].

Remedy Publications LLC., | http://anncaserep.com/

2026 | Volume 11 | Article 2825



Kathy M. Mahalati, et al.,

Annals of Clinical Case Reports - Integrative Oncology

Survivorship research further indicates that a subset of breast cancer
survivors carries a disproportionately high symptom burden across
multiple domains, highlighting the importance of early identification
and tailored intervention [180].

Treatment goals should extend beyond pain scores alone

For many breast cancer survivors, improvements in physical
function, sleep quality, emotional regulation, and overall quality of life
represent more meaningful indicators of recovery than reductions in
pain intensity alone. Patient-reported outcome research underscores
the importance of aligning pain management with survivor-defined
goals and functional priorities rather than narrowly focusing on
analgesia [168,169].

Integrative oncology is well suited to operationalize
neuroimmune-informed care

Because integrative oncology emphasizes systems-based,
multimodal, and opioid-sparing approaches, it is uniquely positioned
to translate neuroimmune concepts into longitudinal survivorship
care for PMPS. Integrative frameworks that combine pharmacologic,
rehabilitative, behavioral, educational, and supportive strategies
align closely with emerging pain science and survivorship guidance,
offering a practical pathway for addressing the complexity of
persistent cancer-related pain [88,117,125]. Educational strategies
such as pain neuroscience education may further support patient
engagement and self-efficacy by helping individuals reconceptualize
pain in a non-threatening, biologically grounded manner [181].

Future Directions

Further research is needed to refine the conceptualization of post-
mastectomy pain syndrome (PMPS) as a neuroimmune disorder and
to translate emerging mechanistic insights into clinically actionable
survivorship care pathways. Prospective, longitudinal investigations
integrating immune, neurophysiological, and psychosocial domains
represent a critical next step for delineating patient subgroups at
heightened risk for pain chronification and clarifying the relative
contributions of immune activation, central sensitization, and
autonomic dysregulation over time [90,174]. In parallel, growing
interest in inflammatory and immune biomarkers as predictors of
persistent symptoms underscores the potential value of incorporating
peripheral blood markers and immune profiling into survivorship
research, particularly as tools for early risk stratification and
mechanism-informed intervention planning [182,183]. Advances
in predictive analytics, including machine learning models applied
to postoperative breast cancer pain, further suggest that data-driven
approaches may augment—rather than replace—clinical phenotyping
and improve early identification of individuals at risk for persistent
pain [167].

Future studies should also prioritize multidimensional outcome
measures that extend beyond pain intensity alone. Functional
capacity, sleep quality, emotional regulation, fatigue, and patient-
reported quality of life are increasingly recognized as central
indicators of recovery in cancer survivorship and may more
accurately reflect meaningful neuroimmune resolution than numeric
pain scores in isolation [168,169,171]. Mixed-methods research
incorporating patient-reported outcomes alongside qualitative data
can further illuminate how individuals adapt to persistent symptoms
over time, providing essential context for interpreting clinical
trajectories and treatment responses [87]. Longitudinal designs that
integrate quantitative and experiential dimensions may therefore be

particularly well suited to capturing the evolving course of recovery
following breast cancer treatment.

Translational and clinical research evaluating multimodal, opioid-
sparing strategies remains a high priority within this framework.
Neuroimmune-informed interventions that combine pharmacologic,
rehabilitative, behavioral, and lifestyle-oriented components warrant
systematic investigation to determine optimal sequencing, duration,
and patient selection across the survivorship continuum [125,173].
Pragmatic trials embedded within real-world survivorship care
settings may be especially valuable for assessing feasibility, safety,
and effectiveness, while minimizing barriers to implementation.
Emerging work in implementation science and pragmatic oncology
provides a methodological foundation for bridging efficacy and
effectiveness, helping ensure that promising neuroimmune-informed
strategies can be successfully integrated into routine clinical practice
[184-186]. Notably, breast cancer-specific pragmatic trial protocols
evaluating pain education and activity-based coaching illustrate how
mechanism-informed approaches can be operationalized within
survivorship care pathways [175].

Beyond intervention development, continued investigation
of the evolving interface between immune modulation and pain
biology in cancer populations represents an important translational
frontier. Emerging evidence linking immune cell activity to cancer-
related neuropathic pain, as well as exploratory associations between
immunotherapy pathways and pain mechanisms, highlights
opportunities for advancing both risk assessment and therapeutic
targeting [187,78]. While much of this work remains early-stage, it
underscores the need for sustained cross-disciplinary collaboration
among pain scientists, immunologists, oncologists, rehabilitation
specialists, and data scientists.

Finally, well-documented case series and mixed-methods
investigations can play a valuable role in bridging mechanistic
models and clinical practice, particularly in complex or refractory
presentations that are underrepresented in randomized trials.
Integrative case reports describing whole-person approaches to
persistent post-mastectomy pain and wound-healing complications
have begun to illustrate the potential clinical relevance of
neuroimmune-informed care in survivorship settings [188,189].
Importantly, such reports should be viewed as hypothesis-generating
and complementary to larger prospective studies, highlighting
the need for broader validation across diverse populations and
care contexts. Collectively, these research directions can inform
the development of more coherent, compassionate, and evidence-
informed strategies for managing persistent pain in breast cancer
survivorship and advance the field toward more personalized and
sustainable models of care.

Conclusion

Post-mastectomy pain syndrome (PMPS) represents a complex
and often persistent condition that cannot be adequately explained
by peripheral nerve injury alone. Accumulating evidence from pain
neuroscience and cancer survivorship research increasingly supports
a neuroimmune framework in which sustained immune activation,
central sensitization, autonomic dysregulation, and maladaptive stress
responses interact dynamically to drive pain persistence long after
apparent tissue healing has occurred [90,174]. Continued reliance on
narrow, structurally focused models may therefore limit both clinical
understanding and therapeutic effectiveness, particularly in patients
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whose symptom burden remains disproportionate to identifiable
tissue pathology. By contrast, a neuroimmune model offers a more
coherent explanation for the clinical heterogeneity of PMPS, the
frequent mismatch between pain severity and imaging findings, and
the limited durability of single-mechanism interventions.

Viewed through this neuroimmune lens, persistent post-
mastectomy pain is best understood as a system-level disorder
with important implications for assessment, risk stratification,
and treatment strategy. Neuroimaging and clinical pain research
increasingly demonstrate that chronic pain states are associated
with enduring alterations in central neural networks, immune
signaling, and autonomic regulation rather than ongoing peripheral
injury, reinforcing the need for multimodal, mechanism-informed
approaches to care [94]. Within breast cancer survivorship, such
approaches align closely with contemporary guidance emphasizing
opioid-sparing strategies, restoration of function, sleep regulation,
emotional resilience, and quality-of-life outcomes over pain intensity
reduction alone [171,173]. Importantly, qualitative survivorship
research underscores that persistent symptoms are frequently
experienced as invalidating or minimized, highlighting the clinical
importance of frameworks that explicitly acknowledge chronic
pain as biologically real, multifactorial, and deserving of sustained,
compassionate care [166].

Emerging integrative and case-based literature further illustrates
how whole-person, neuroimmune-informed strategies may offer
clinically meaningful benefit for select breast cancer survivors
with refractory post-mastectomy pain and related complications
[188,189]. While such observations remain preliminary, they provide
valuable translational insight into how multimodal, patient-centered
approaches can be operationalized in real-world survivorship settings
characterized by biological complexity and clinical heterogeneity.
In this context,
methods investigations serve as important hypothesis-generating
complements to mechanistic and trial-based research. Consistent
with this perspective, evidence from supported self-management
pathways suggests that when survivorship care explicitly incorporates
patient priorities, education, and longitudinal support, meaningful
improvements in quality of life and healthcare utilization may occur
even in the presence of persistent symptoms [190,191].

well-documented case series and mixed-

Looking forward, advancing care for patients with PMPS will
require not only continued mechanistic and clinical investigation,
but also deliberate attention to implementation, dissemination, and
sustainability. Implementation science frameworks offer practical
tools for translating neuroimmune-informed survivorship models
into routine oncology practice, helping bridge the gap between
emerging evidence and durable clinical impact across diverse
care settings [184]. Collectively, these insights support a more
compassionate, biologically grounded, and survivorship-focused
approach to post-mastectomy pain—one that validates patient
experience, reframes chronic pain as a system-level condition,
prioritizes long-term function and quality of life, and aligns scientific
understanding with the lived realities of breast cancer survivorship.
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