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KEY POINTS

� Functional radiosurgery provides a targeted, non-invasive solution for managing refrac-
tory cancer pain, addressing both nociceptive and neuropathic mechanisms.

� Techniques such as hypophysectomy, cingulotomy, thalamotomy, and celiac plexus ra-
diosurgery enable precise modulation of specific pain pathways and neuroanatomical
targets.

� Combined approaches, such as pairing hypophysectomy with cingulotomy, enhance
therapeutic outcomes by addressing multiple dimensions of pain simultaneously.

� Advances in imaging and treatment planning have improved the precision, safety, and ef-
ficacy of radiosurgical interventions for cancer pain management.

� Functional radiosurgery represents a crucial component of multidisciplinary palliative
care, reducing reliance on pharmacologic treatments and improving patients’ quality of
life.
INTRODUCTION

Cancer-related pain is a prevalent and debilitating symptom that significantly dimin-
ishes the quality of life for patients with advanced malignancies. Studies estimate
that 50% to 90% of patients with terminal cancer experience pain,1 with many
enduring moderate to severe pain despite conventional management strategies. As
the global burden of cancer continues to rise, addressing this complex and multidi-
mensional pain becomes a critical focus of palliative care.
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Abbreviations

ACC anterior cingulate cortex
CM centromedian
CNS central nervous system
CT computed tomography
DRG dorsal root ganglia
NSAIDs non-steroidal anti-inflammatory drugs
SRS stereotactic radiosurgery
VPL ventroposterolateral
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Pain in cancer patients can result from direct tumor involvement, treatment-related
complications, or systemic effects of the disease. Conventional pain management
typically includes pharmacologic agents, such as opioids, non-steroidal anti-inflam-
matory drugs (NSAIDs), and adjuvant therapies, alongside interventional approaches
like nerve blocks and neurolysis. However, these strategies often fall short for patients
with refractory pain, who require innovative solutions to achieve meaningful relief.
Functional radiosurgery has emerged as a promising alternative for managing

cancer-related pain, offering a non-invasive, targeted, and effective option for patients
who do not respond to standard treatments. This advanced modality leverages pre-
cise, high-dose radiation to selectively target neural structures involved in pain trans-
mission and processing, minimizing damage to adjacent healthy tissues. By
modulating pain pathways at various levels—from peripheral nerve roots to central
processing centers—functional radiosurgery addresses both nociceptive and neuro-
pathic pain syndromes with high precision and low morbidity.
Recent advancements in imaging, treatment planning, and delivery technologies

have expanded the scope of functional radiosurgery, allowing for increasingly sophis-
ticated interventions. These developments enable radiation oncologists to tailor treat-
ments to individual patients’ pain mechanisms and neuroanatomical considerations,
improving outcomes and reducing complications.
This review systematically explores the role of functional radiosurgery in managing

cancer-related pain, focusing on its neuroanatomical underpinnings, clinical applica-
tions, technical considerations, and patient outcomes. It also highlights emerging
research and technologies that aim to further enhance its efficacy and safety. By
bridging the gap between conventional and advanced pain management strategies,
functional radiosurgery offers new hope to patients facing the dual challenges of can-
cer and unrelenting pain.

NEUROANATOMY AND PAIN MECHANISMS

The neurobiology of cancer pain is complex, reflecting the diverse mechanisms by
which malignancies interact with the nervous system. Effective application of func-
tional radiosurgery requires a detailed understanding of the pathways and pro-
cesses that mediate nociceptive and neuropathic pain, as well as the central
processing of pain signals. Cancer pain often involves both peripheral and central
mechanisms, which can coexist or evolve over the course of disease progression
and treatment.2

CATEGORIES OF CANCER PAIN
Nociceptive Pain

Nociceptive pain (Fig. 1) results from the activation of nociceptors, typically by me-
chanical, thermal, or chemical stimuli. In cancer, nociceptive pain often arises due to:
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Fig. 1. Spinal and supraspinal pathways of pain. (Charlotte E. Steeds, The anatomy and phys-
iology of pain, Surgery (Oxford), 27 (12), 2009, 507-511, https://doi.org/10.1016/j.mpsur.
2009.10.013.)
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� Tumor invasion: Compression or infiltration of tissues and organs, leading to
persistent activation of nociceptors.

� Inflammation: Tumor-induced inflammatory responses exacerbate peripheral
sensitization and nociceptor activity.

� Bonemetastases: These are a common source of severe nociceptive pain, driven
by the release of pain-inducing mediators from both tumor and bone cells.

� Visceral involvement: Pain originating from the visceral organs is mediated by no-
ciceptors with diffuse and poorly localized pain patterns.

Neuropathic Pain

Neuropathic pain arises from damage to the nervous system itself, either due to the direct
effects of the tumor or secondary to cancer treatments. Contributing factors include:

� Nerve infiltration: Tumor growth within or near nerves causes direct injury.
� Treatment-related neuropathy: Chemotherapy-induced peripheral neuropathy or
radiation-induced plexopathy can result in persistent, often debilitating neuro-
pathic pain.
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� Central sensitization: Chronic pain can lead to amplification of pain signals within
the central nervous system (CNS), resulting in heightened pain perception.3

Mixed Pain Syndromes

Many cancer patients experience a combination of nociceptive and neuropathic pain,
reflecting the interplay of peripheral and central mechanisms. Addressing these mixed
syndromes often requires targeting multiple pain pathways.

Pain Pathway Considerations

Pain signals are transmitted via a highly integrated network of peripheral and central
pathways, each offering potential targets for radiosurgical intervention.

Peripheral Pathways

� Primary afferent neurons: These neurons detect noxious stimuli and transmit sig-
nals to the dorsal horn of the spinal cord.

� Dorsal root ganglia (DRG): DRG neurons are key relay stations where peripheral
sensory input is modulated before entering the spinal cord.

� Spinal nerve roots: These structures are common sites of compression or infiltra-
tion by tumors, particularly in lumbosacral or cervical regions.

Central Pathways

� Spinal cord: Pain signals ascend via the spinothalamic tract, transmitting
sensory-discriminative information to the brain.

� Thalamus: The thalamus acts as a relay hub, processing sensory and affective
components of pain. Specific nuclei, such as the ventroposterolateral (VPL)
and centromedian (CM) nuclei, are key targets for stereotactic interventions.

� Cingulate cortex: This region processes the emotional and cognitive aspects of
pain, making it a target for cingulotomies.

� Brainstem: Structures like the periaqueductal gray and reticular formation play
roles in descending pain modulation.

� Limbic system: Involved in the affective dimension of pain, the limbic system con-
nects emotional and memory responses to pain perception.

� Somatosensory cortex: Processes the localization, intensity, and quality of pain
signals.

MECHANISMS OF PERIPHERAL AND CENTRAL SENSITIZATION
Peripheral Sensitization

Peripheral sensitization occurs when nociceptors in the damaged or inflamed tissues
become hyperesponsive. Factors include:

� Release of inflammatory mediators (eg, prostaglandins, bradykinin, and cyto-
kines) by tumor cells and the immune system.

� Increased ion channel expression on nociceptive neurons, lowering their activa-
tion threshold.

Central Sensitization

Central sensitization involves increased excitability of CNS neurons, leading to ampli-
fied pain signals and reduced thresholds for activation.4 This process is driven by:

� Persistent nociceptive input from the periphery.
� Structural and functional reorganization of synaptic networks in the dorsal horn of
the spinal cord.
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� Upregulation of excitatory neurotransmitters (eg, glutamate) and downregulation
of inhibitory mechanisms.
Relevance to Functional Radiosurgery

The anatomic and functional complexity of cancer pain necessitates individualized ap-
proaches in functional radiosurgery. Key neuroanatomical targets include:

� CM and centrolateral (CL) thalamic nuclei: These are central to modulating sen-
sory and affective pain components.

� Anterior cingulate cortex (ACC): Critical for addressing the emotional and cogni-
tive aspects of pain.

� Hypophysis: Modulates key elements of the brain’s hypothalamic/hypophyseal
signaling axis.

� Celiac plexus: Ideal for managing visceral pain, particularly in pancreatic and
gastrointestinal cancers.

� Dorsal root ganglia and nerve roots: Targets for alleviating peripheral neuropathic
pain.

By understanding the intricacies of pain mechanisms and pathways, clinicians can
leverage functional radiosurgery to precisely target and modulate these systems,
providing relief for even the most refractory cases of cancer pain.
Clinical Applications and Techniques

Functional radiosurgery offers a suite of targeted, minimally invasive interventions to
modulate pain pathways in patients with refractory cancer pain. These techniques
address both peripheral and central pain mechanisms, providing durable relief for spe-
cific pain syndromes that are often unresponsive to conventional treatments.

Thalamotomies
Radiosurgical thalamotomy targets specific nuclei within the thalamus, a critical relay
center for sensory and affective pain pathways. This approach is particularly effective
for patients with central or neuropathic pain syndromes.
Anatomic Targets and Their Roles

1. CM Nucleus (Fig. 2)
� Key role in processing poorly localized, widespread pain.
� Particularly effective for bilateral pain syndromes, such as cancer-related central
pain.

� Target coordinates: the CM parafascicular complex can be localized 4 to 6 mm
lateral to the wall of the third ventricle, 8 mm posterior to the midpoint, and 2 to
3 mm superior to intercommissural line.5

� Prescription dose: 140 to 150 Gy in a single fraction.
2. CL Nucleus

� Involved in sensory-discriminative aspects of pain, particularly localized pain.
� Often targeted in conjunction with the VPL nucleus for neuropathic pain.
� 7 to 12 mm lateral (x), depending on the width of the third ventricle; 1 to 2 mm
anterior to the posterior commissure (y); and 4 to 6 mm above the level of the in-
tercommissural plane (z).6

� Prescription dose: 130 to 140 Gy, with a focus on avoiding adjacent structures
like the internal capsule.
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Fig. 2. Three-dimensional close-up of the 4-mm shot for a centromedian thalamotomy.
(Lovo E E, Torres B, Campos F, et al. (December 19, 2019) Stereotactic Gamma Ray Radiosur-
gery to the Centromedian and Parafascicular Complex of the Thalamus for Trigeminal Neu-
ralgia and Other Complex Pain Syndromes. Cureus 11(12): e6421. DOI 10.7759/cureus.6421.)
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Clinical Outcomes

� CM nucleus: Relief in 60% to 75% of cases, with effects typically observed 2 to
4 weeks post-treatment.

� CL nucleus: Success rates of 65% to 80%, often with faster onset of relief (1 –
3 weeks).

Complications

� Temporary somnolence or attention changes with CM targeting, usually self-
limiting.

� Sensory disturbances and transient motor symptoms with CL targeting, particu-
larly if dose constraints are exceeded.

Cingulotomies

Radiosurgical cingulotomy targets the ACC, a central hub for the emotional and cogni-
tive dimensions of pain. This technique is particularly useful for patients with severe
affective pain components, such as those experiencing cancer-related depression
and anxiety.

KEY TECHNICAL CONSIDERATIONS

� Target definition: ACC (Brodmann areas 24 and 32), w2 to 5 mm above the
corpus callosum and w7 to 8 mm lateral to the midline.

� Prescription dose: 140 to 160 Gy, often delivered bilaterally.
� Volume constraints: Target volume typically 0.5 to 1.0 cc per side, with sharp
dose falloff to protect adjacent structures (eg, corpus callosum, superior sagittal
sinus).
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Clinical Outcomes

� Significant improvement in 60% to 70% of patients, with onset of effect within 1
to 3 weeks.7

Complications

� Acute: Headache and mood changes, usually transient.
� Chronic: Rare cognitive changes, such as mild attention or personality shifts.

Hypophysectomy

The pituitary gland, a small but highly influential structure located at the base of the
brain, plays a central role in regulating the hypothalamic-pituitary axis, which governs
hormonal production and endocrine function throughout the body. For patients with
hormone-sensitive malignancies, such as metastatic prostate or breast cancer, this
axis can significantly influence tumor progression, symptoms, and pain syndromes.
Hypophysectomy, or targeted ablation of the pituitary gland, has long been utilized
as a treatment for refractory cancer pain, particularly when conventional therapies
have failed to provide adequate relief.
Stereotactic radiosurgery (SRS) for hypophysectomy offers a non-invasive, precise

alternative to traditional surgical hypophysectomy. By delivering high-dose radiation
to the pituitary gland and stalk, this technique disrupts hormonal signaling pathways,
alleviating pain associated with hormone-sensitive cancers and potentially modulating
central pain mechanisms. Additionally, it avoids the risks and recovery time associ-
ated with open surgery, making it a valuable option for patients with limited perfor-
mance status or significant comorbidities.
Radiosurgical hypophysectomy also exerts broader effects beyond hormonal mod-

ulation. Emerging evidence suggests that ablation of the pituitary gland can influence
pain pathways directly through neuroendocrine interactions, providing relief for certain
refractory pain syndromes. Advances in imaging and radiation planning have further
enhanced the safety and efficacy of this approach, allowing for precise targeting of
the pituitary while protecting critical structures such as the optic chiasm and brain-
stem. There are a number of competing hypotheses on the mechanism of action.

POTENTIAL MECHANISM OF ACTION

� Interruption of the hypothalamic-pituitary axis reduces hormone-driven tumor
activity.

� Direct modulation of central pain pathways through neuroendocrine effects.
� Dysregulation of oxytocin storage facilitating continual release of central hypo-
thalamic production.

TECHNICAL PARAMETERS

� Target: Entire pituitary gland and stalk when feasible.
� Dose: 150 to 180 Gy to the target center, with a minimum of 130 Gy to the
periphery.

� Critical structures: Optic chiasm and nerves, cavernous sinuses, and brainstem.

CLINICAL OUTCOMES

� Overall pain relief in 70% to 80% of patients, with complete response rates of
40% to 50%.8

� Rapid onset of effects within 48 to 72 hours.
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� Duration of relief: 6 to 12 months, with some cases showing permanent effects.

COMPLICATIONS

� Expected hypopituitarism, requiring hormone replacement for patients with life
expectancy greater than 6 months

� In patients living long enough, hypocortisolism, hypothyroidism, and sometimes
diabetes insipidus

CELIAC PLEXUS RADIOSURGERY

The celiac plexus, also known as the solar plexus, is a dense network of autonomic
ganglia and nerve fibers located anterior to the aorta at the T12–L1 vertebral level. It
plays a critical role in transmitting pain signals from the upper abdominal and retroper-
itoneal organs, including the pancreas, stomach, liver, and kidneys. As a central hub
for visceral pain, the celiac plexus is a key target for intervention in patients with intrac-
table cancer pain, particularly those with malignancies such as pancreatic or upper
gastrointestinal cancers.
Celiac plexus radiosurgery offers a minimally invasive alternative to traditional

chemical neurolysis or surgical approaches, providing precise, high-dose radiation
to the plexus while sparing surrounding vital structures. Unlike chemical or surgical
neurolysis, which may carry risks of complications such as infection, hemorrhage,
or inadequate analgesia, SRS minimizes procedural risk and offers durable pain relief.
The ability to deliver targeted radiation through non-invasive techniques makes this
approach particularly advantageous for patients with limited performance status or
significant comorbidities.
Advances in imaging, treatment planning, and motion management have further

refined the delivery of celiac plexus radiosurgery, enabling highly conformal dose dis-
tributions and improved safety profiles.9

TECHNICAL CONSIDERATIONS

� Target volume: Bilateral ganglia anterior to the aorta at the T12–L1 level.
� Dose: Single-fraction delivery of 25 Gy, with conformal planning to minimize
exposure to adjacent structures (eg, pancreas, duodenum, and kidneys) (Fig. 3).

� Imaging requirements: High-resolution computed tomography (CT) with intrave-
nous contrast for precise localization.

CLINICAL OUTCOMES

� �2-point reduction in pain scores in 53% of patients at 3 weeks.
� Median duration of response: 6 to 9 months.

COMPLICATIONS

� Acute: Abdominal pain, fatigue, and nausea
� Rare: Gastrointestinal bleeding or duodenal perforation.

DORSAL SPINAL NERVE ROOT RADIOSURGERY

The dorsal spinal nerve roots and associated DRG are integral components of the so-
matosensory system, responsible for transmitting pain and sensory signals from pe-
ripheral tissues to the CNS. In cancer patients, these structures are frequently
implicated in neuropathic pain syndromes caused by tumor compression, infiltration,
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Fig. 3. Example of a celiac plexus stereotactic body radiation therapy treatment plan. (Data
from Lawrence, Yaacov R, Marcin Miszczyk, Laura A. Dawson, Dayssy Alexandra Diaz Pardo,
Artur Aguiar, Dror Limon, Raphael M. Pfeffer and colleagues “Celiac plexus radiosurgery for
pain management in advanced cancer: a multicentre, single-arm, phase 2 trial.” The Lancet
Oncology 25, no. 8 (2024): 1070-1079. (Used with permission).)
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or treatment-related damage. Conditions such as lumbosacral plexopathy, brachial
plexopathy, and thoracic radiculopathy represent common and often debilitating
manifestations of cancer-induced neuropathy.
Dorsal spinal nerve root radiosurgery is an innovative, non-invasive approach

that precisely targets these structures with high-dose radiation, providing relief
for localized neuropathic pain syndromes. Unlike systemic treatments or tradi-
tional interventional techniques, such as epidural injections or nerve blocks, radio-
surgery offers the advantage of delivering durable pain relief while minimizing
systemic side effects and procedural risks. This is particularly valuable for patients
with limited life expectancy or those who have exhausted other pain management
strategies.
Recent advancements in imaging and treatment delivery have further optimized

dorsal spinal nerve root radiosurgery, enabling highly conformal dose distributions
and protecting adjacent critical structures, including the spinal cord and major blood
vessels. High-resolution CT and MRI fusion, along with motion management strate-
gies, ensure precise targeting even in anatomically challenging or previously irradiated
regions. By selectively ablating the sensory nerve pathways while sparing motor fi-
bers, this technique provides a targeted and effective solution for cancer patients
suffering from intractable radicular pain.10

� Typical dose: 15 to 45 Gy.
� Response rates: Pain relief in 65% to 75% of cases.
� Best outcomes in patients with limited disease burden and no prior high-dose ra-
diation (Table 1).

COMBINED APPROACHES IN FUNCTIONAL RADIOSURGERY

Cancer-related pain is often multifaceted, involving both nociceptive and neuropathic
components, as well as sensory and emotional dimensions. For many patients, a sin-
gle modality of pain management may be insufficient to address the complex interplay
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Table 1
Oncologic pain relief outcomes for various functional radiosurgery procedures

Technique Target Areas Pain Type

Typical
Point Max
Dose

Response
Rate Onset Duration

Thalamotomy CM, CL nuclei Neuropathic 130–150 Gy 60%–80% 2–10 wk Months–years

Cingulotomy Anterior
cingulate
cortex

Affective 140–160 Gy 60%–70% 1–6 wk 6–18 mo

Hypophysectomy Pituitary gland Hormonal,
visceral

150–200 Gy 70%–80% 1–14 d 6–12 mo

Celiac plexus
radiosurgery

Celiac plexus Visceral 25 Gy 53% 3 wk 6–9 mo

Dorsal spinal
nerve root

Dorsal root
ganglia,
nerve roots

Neuropathic 25–90 Gy 65%–75% 1–4 wk 6–8 mo
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of physical, psychological, and neuroanatomical factors contributing to their pain.
Combined approaches in functional radiosurgery leverage the strengths of multiple in-
terventions, targeting distinct aspects of pain processing to achieve comprehensive
relief.
Rationale for Combined Approaches:
The use of combined radiosurgical techniques allows for:

1. Holistic pain relief: Addressing both the sensory and affective components of pain.
2. Enhanced efficacy: Targeting multiple pain pathways simultaneously can improve

outcomes for refractory cases.
3. Personalized treatment: Tailoring interventions to the specific pain mechanisms

and anatomic considerations of the patient.
4. Reduced reliance on pharmacologic agents: Minimizing opioid-related side effects

and improving quality of life.

Example of Combined Techniques: Hypophysectomy and Bilateral Cingulotomy
Hypophysectomy and bilateral cingulotomy represent a powerful combination for

patients experiencing both visceral pain from hormone-sensitive malignancies and se-
vere affective pain components. The hypophysectomy addresses the nociceptive and
neuroendocrine contributors to visceral pain, while the cingulotomy modulates the
emotional and cognitive dimensions of pain processing. Together (Fig. 4), these inter-
ventions provide a synergistic effect that can significantly improve pain relief and pa-
tient well-being.

1. Hypophysectomy:
� Target: Pituitary gland and stalk.
� Mechanism: Disruption of the hypothalamic-pituitary axis to reduce hormone-
driven tumor activity and associated pain.

� Primary Indication: Hormone-sensitive malignancies, such as metastatic pros-
tate or breast cancer.

2. Bilateral Cingulotomy:
� Target: ACC (Brodmann areas 24 and 32).
� Mechanism: Modulation of the affective and cognitive components of pain.
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Fig. 4. Example of combined approach (A) SRS hypophysectomy (left) and (B) bilateral ante-
rior cingulotomy (right). 80 Gy at the 50% IDL was prescribed the pituitary, and 75 Gy at the
50% IDL was prescribed to each cingulate gyrus. (Used with permission of the author – Dr
Evan Thomas, not previously published.)
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� Primary Indication: Pain with significant emotional distress or refractory to
sensory-focused interventions.
CLINICAL EXAMPLE
Patient Profile

� Age/Gender: 42-year-old female.
� Primary Diagnosis: Metastatic breast cancer with bone metastases and cuta-
neous metastatic nodules.

� Pain History:

� Severe pain of bones and cutaneous nodules, refractory to high-dose opioids,
NSAIDs, and ketamine.

� Significant emotional distress, including anxiety and depression-related to
cancer prognosis and pain.

� Prior Treatments: Hormonal therapy, bisphosphonates, and palliative radio-
therapy with limited efficacy.
TREATMENT PLAN

1. Hypophysectomy:
� Goal: Target hormone-driven pain from metastatic disease.
� Technical Details: Single-fraction SRS delivering 160 Gy to the pituitary gland
with precise sparing of the optic apparatus.

� Outcome: Reduction in nociceptive pain within 48 to 72 hours.
2. Bilateral Cingulotomy:

� Goal: Address the affective component of pain and improve emotional well-
being.

� Technical Details: 150 Gy delivered bilaterally to the ACC
� Outcome: Improvement in emotional distress and pain-related anxiety within 1 to
3 weeks.
FOLLOW-UP

� Short-term Outcomes: Marked reduction in opioid use, significant improvement
in pain scores, and enhanced emotional resilience.

� Long-term Outcomes: Sustained pain relief and improved quality of life over
6 months, with potential for repeat treatment if symptoms recur.
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BENEFITS AND FUTURE DIRECTIONS FOR COMBINED APPROACHES

1. Enhanced personalization: Advances in imaging and functional mapping will allow
more precise targeting for individualized treatment plans.

2. Reduced complications: Leveraging complementary techniques can achieve effec-
tive pain relief at lower radiation doses.

3. Integration with multimodal care: Combined functional radiosurgery can serve as a
cornerstone of interdisciplinary pain management, working alongside pharmaco-
logic, psychological, and physical therapies.

4. Research priorities: Future studies should explore the efficacy of combined ap-
proaches in controlled trials, examining outcomes such as pain relief, emotional
well-being, and quality of life.
SUMMARY

Functional radiosurgery has emerged as a transformative approach in the manage-
ment of cancer pain, offering hope to patients with refractory symptoms that have
not responded to conventional therapies. By precisely targeting the neuroanatomical
substrates of pain, functional radiosurgery minimizes risks and maximizes therapeutic
outcomes, often reducing the need for pharmacologic interventions and their associ-
ated side effects. Techniques such as hypophysectomy, cingulotomy, thalamotomy,
celiac plexus radiosurgery, and dorsal spinal nerve root radiosurgery address the
diverse mechanisms of cancer pain, from nociceptive to neuropathic components,
while also modulating the emotional and cognitive dimensions of pain.
Advancements in imaging technologies, treatment planning systems, and multidis-

ciplinary care have significantly improved the precision, safety, and efficacy of func-
tional radiosurgery. These innovations have also expanded its applications, allowing
clinicians to tailor treatments to the unique pain mechanisms and neuroanatomy of
each patient. For particularly complex or multifaceted pain syndromes, combined ap-
proaches have proven effective in addressing multiple dimensions of pain simulta-
neously, paving the way for more holistic management strategies.
Future research should focus on randomized controlled trials to validate these inter-

ventions further, as well as on refining patient selection criteria, optimizing dose deliv-
ery, and exploring novel targets. Emerging technologies, including real-time imaging,
adaptive radiation therapy, and machine learning, hold great promise in enhancing the
accuracy and personalization of functional radiosurgery.
As the field continues to evolve, functional radiosurgery will undoubtedly play an

increasingly central role in the palliative care of cancer patients, not only alleviating
pain but also improving quality of life. This minimally invasive, yet effective modality
exemplifies the integration of cutting-edge science with compassionate care,
providing relief and dignity to patients in their most challenging moments.
CLINICS CARE POINTS

� Pearl: Functional radiosurgery offers a highly effective, non-invasive option for managing
refractory cancer pain, particularly in patients who cannot tolerate systemic therapies or
invasive procedures. Careful patient selection based on pain type and neuroanatomical
considerations is critical for optimal outcomes.

� Pitfall: Inadequate imaging or target delineation during planning can lead to suboptimal
results or unintended damage to critical structures, such as the optic chiasm in
hypophysectomy or motor fibers during dorsal nerve root targeting.
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� Pearl: Combining techniques, such as hypophysectomy for visceral pain and cingulotomy for
emotional distress, can address the multidimensional nature of cancer pain and provide
synergistic relief.

� Pitfall: Radiosurgical treatments require precise dose planning and delivery. Variations in
dose gradients or motion management errors may result in treatment failure or
unnecessary complications.

� Pearl: Functional radiosurgery reduces reliance on opioids, reducing the risk of associated
side effects like sedation and dependency, and is especially beneficial in patients with
advanced disease and limited life expectancy.
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