Review Article

Palliative radiotherapy for advanced malignancies in a changing
oncologic landscape: guiding principles and practice implementation

Joshua A. Jones, Charles B. Simone II

Department of Radiation Oncology, Hospital of the University of Pennsylvania, Philadelphia, PA, USA
Correspondence to: Joshua A. Jones, MD, MA. Perelman Center for Advanced Medicine, 3400 Civic Center Boulevard, TRC 2 West, Philadelphia, PA

19104, USA. Email: joshua.jones@uphs.upenn.edu.

Abstract: Radiotherapy can provide safe, cost-effective, efficient palliation of various symptoms of advanced
cancer with minimal side effects. Radiotherapy can palliate pain related to bone metastases and growing
visceral metastases or primary cancers, neurologic symptoms related to brain and spine metastases, other
symptoms including cough and dyspnea from advanced cancers in the lung, bleeding from various internal
and external tumors, and obstructive symptoms. Palliative radiotherapy should be offered in the context of a
multidisciplinary oncology team including medical oncologists, palliative care clinicians and various surgical
and interventional subspecialists. The prescription of radiotherapy should balance the convenience and
fewer side effects associated with short, hypofractionated courses of radiotherapy with the potential greater
durability associated with longer courses of radiotherapy in patients with more prolonged life expectancies.
The judicious use of advanced techniques in radiotherapy, including intensity-modulated radiotherapy

and stereotactic radiotherapy (SRT), may be warranted in select patients, and they can potentially improve

symptom control and durability but are associated with increased technical and economic costs.
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Introduction

Palliative radiotherapy has provided a cornerstone of
symptom management for patients with advanced and
metastatic cancer for more than 100 years (1). Since shortly
after the discovery of the X-ray in 1896, clinicians have
been utilizing radiotherapy to help patients to manage
bothersome symptoms of advanced cancer, including pain
and bleeding. The ability to palliate symptoms of advanced
cancer that were deeper than skin or bone improved
dramatically with the advent of megavoltage radiation in the
1950s and 1960s, allowing radiation therapy to penetrate
deeper and provide relief from symptoms not previously well
palliated with kilovoltage irradiation, including neurologic
symptoms from brain metastases (2) and obstructive
symptoms from visceral tumors. By the 1960s, clinicians had
outlined certain principles of palliative radiotherapy that
were distinct from the principles of “curative” or “definitive”
radiotherapy: namely, that the provision of radiotherapy
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delivered for its palliative effect mandated minimization
of side effects, consideration of patient convenience and
consideration of cost (3). In addition, there was increasing
recognition that radiation oncologists must provide
palliation in the context of therapies provided by other
clinicians, including chemotherapy, surgery, pharmacologic
symptom management, and anesthesiology and other
interventional procedures.

Over the past 50 years, there have been many advances
in cancer imaging, cancer biology, and therapeutic advances
(including surgery, radiation techniques and chemotherapy,
as well as biologic therapies) that have changed the
experience of illness for patients with advanced cancer.
Moreover, the growth of the hospice and palliative care
movements from the 1960s to the 1980s has allowed for
intensive, specialist-level attention to symptom management
for patients with advanced cancer (4). The integration of
palliative radiotherapy with hospice and palliative care teams
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has not always been deliberate, as surveys show that only
10% of hospice providers consider radiation oncologists to
be part of the palliative care team (5). This is despite up to
40% of patients receiving some form of radiotherapy during
their treatment course, according to a SEER-Medicare
population-based study of more than 50,000 patients with
metastatic lung cancer, prostate cancer, breast cancer and
colorectal cancer who were diagnosed between 2000 and
2007 (6).

Palliative radiotherapy remains among the most effective
methods for symptomatic control in advanced malignancies,
but there are opportunities for improved collaboration
among medical oncologists, palliative care clinicians and
radiation oncologists in the provision of palliative care for
patients with advanced and metastatic cancer (7). In this
context, the current review will outline the indications for
palliative radiotherapy, the selection of appropriate dose-
fractionation schemes, the opportunities for integrating
advanced technologies in palliative radiotherapy programs,
and the possibilities for implementing collaborative
palliative radiotherapy programs.

Palliative radiotherapy: indications, benefits,
side effects

Palliative radiotherapy can be an effective treatment in
any location in which a local tumor is causing symptoms
for a patient. Table I outlines indications for palliative
radiotherapy by symptom. Each of these symptoms is
potentially amenable to treatment with a course of palliative
radiotherapy. As with any treatment for advanced cancer,
the treatment modality selected must balance the potential
treatment efficacy with burdens to patient and family. A
discussion of palliative radiotherapy with patients and
families must, of necessity, include a discussion of alternative
palliative approaches, many of which are outlined in great
detail in this issue of Annals of Palliative Medicine (APM) (8).
A list of common alternatives to palliative radiotherapy for
specific circumstances is included in Table 2. In addition
to considering alternatives to palliative radiotherapy,
radiation oncologists also must decide upon the most
appropriate dose-fractionation scheme for each patient and
each clinical scenario. Many studies have demonstrated
that short courses of radiotherapy are equivalent to longer
courses of radiotherapy in terms of immediate symptom
relief. However, there is a potential trade-off between these
hypofractionated courses that deliver high doses per fraction
with short overall treatment times when compared with
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Table 1 Indications for palliative radiotherapy by symptom

Symptom Etiology

Pain Bone metastases

Visceral metastases

Nerve root or spinal cord compression
or impingement

Brain metastases

Nerve root or spinal cord compression
or impingement

Neurologic
symptoms

Head and neck cancers

Skin cancers

Upper and lower gastrointestinal
cancers

Genitourinary cancers

Gynecologic cancers

Lung and airways/endobronchial
cancers

Metastases to any of the above sites

Bleeding

Obstructive
symptoms

Cough and dyspnea related to airway
obstruction

Dysphagia/odynophagia from
esophageal obstruction

Relief from biliary obstruction

Pelvic obstruction

Status post surgical Orthopedic stabilization of pathologic
instrumentation for fracture or impending pathologic
palliation of cancer  fracture

Decompression of brain metastasis
or spinal cord compression
Kyphoplasty, vertebroplasty

more prolonged courses that deliver lower doses per fraction
with more prolonged treatment times. Basic radiobiology
demonstrates that a higher total dose of radiation therapy is
more likely to eradicate a tumor; in addition, higher doses
per fraction (hypofractionation) is more likely to cause
long-term radiation side effects (9). Thus, a basic conflict
within palliative radiotherapy emerges: higher radiotherapy
doses may lead to more durable control of tumor, but what
is the cost to time required for patient treatment? What
is the cost in long-term side effects? What is the cost in
durability of treatment? With ongoing advances in systemic
therapies and subsequent improvements in patient survival,
consideration of these short- and long-term side effects of
treatment becomes more important. Prediction of survival
is critical to determining the optimal radiation dose-
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fractionation scheme, but this remains highly challenging
in spite of multiple prognostic models for various scenarios
encountered in palliative radiotherapy (10-13). The
remainder of this section will explore the issues of dose-
fractionation and side effects for palliative radiotherapy for
bone metastases, brain metastases, visceral metastases and
other indications for palliative radiotherapy.

Bone metastases

Over the past 50 years, dozens of randomized controlled
trials have evaluated differences in efficacy between various
dose-fractionation schemes with regard to palliative
radiation therapy. Multiple systematic reviews and meta-
analyses have led to the same conclusions: for uncomplicated
bone metastases, a single fraction of radiotherapy (8 Gy) is
equivalent in pain relief to a longer course of radiotherapy,
including 20 Gy in 5 fractions, 24 Gy in 6 fractions, 30 Gy
in 10 fractions and longer dose-fractionation schemes (14,15).
While “uncomplicated” bone metastases are defined differently
in the various clinical trials, the term “uncomplicated” bone
metastasis is generally taken to mean without pathologic
fracture, without spinal cord compression and potentially
without neuropathic pain or soft tissue component. The
analyses of uncomplicated bone metastases trials demonstrate
that approximately 25-40% of patients will have complete
pain relief and another 50-60% of patients will have at least
partial pain relief, with overall response rates to radiotherapy
in the range of 75-90%. A subset analysis of the Dutch Bone
Metastasis Trial (comparing 24 Gy in 6 fractions to 8 Gy
in a single fraction) found there was no difference in pain
control among single fraction radiotherapy and multi-
fraction radiotherapy for patients who live >1 year (16).
Rates of side effects were not significantly different, rates
of pathologic fracture were not significantly different,
and rates of subsequent spinal cord compression were
also not significantly different between single and multi-
fraction radiation arms (14). In the systematic review, the
only statistically significant difference between single and
multi-fraction radiation for uncomplicated bone metastases
was the rate of retreatment (20% in single fraction
regimens versus 8% in multi-fraction regimens), although
this difference may be explained, in part, by radiation
oncologists’ increased willingness to retreat after a single
fraction of radiation. In addition to equivalent pain response
rates and higher rates of retreatment with a single fraction
of palliative radiotherapy, some meta-analyses have also
demonstrated the pathological fracture rate was also higher
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Table 2 Alternatives to palliative external beam radiotherapy by
site

Bone Surgical resection and/or stabilization

metastases Bone modifying agents
Radio-pharmaceuticals
Systemic anti-neoplastic therapy
Supportive care without interventions or
anti-neoplastic therapies

Central Surgical resection

nervous system Systemic anti-neoplastic therapy that

metastases crosses the blood-brain barrier
Intrathecal therapy
Supportive care without interventions
or anti-neoplastic therapy, including
corticosteroids and anti-epileptics

Metastases to  Stent

organs witha  Laser, photodynamic therapy,

lumen brachytherapy and other intra-luminal or
ablative interventions
Surgical resection
Systemic anti-neoplastic therapy
Supportive care without interventions or
anti-neoplastic therapies

Metastases to Surgical resection

organs without Systemic anti-neoplastic therapy

a lumen Supportive care without interventions or
anti-neoplastic therapies

in single fraction radiotherapy arm patients (17), whereas
other analyses showed only trends towards an increased
risk for single fraction arm patients to develop pathological
fractures (15).

Even accounting for differences in retreatment rates, single
fraction radiotherapy remains more cost-effective than multi-
fraction radiotherapy for uncomplicated bone metastases (18).
The American Society of Radiation Oncology (ASTRO)
evidence based guideline suggests no more than 10 fractions
for treatment of uncomplicated bone metastases based on
this data (19). A more recent randomized study demonstrated
the non-inferiority of single fraction (8 Gy) versus multi-
fraction (20 Gy in 5 or 8 fractions) regimens in the setting of
palliative re-irradiation of uncomplicated bone metastases,
though there was a trend to improved pain response in the
multi-fraction arm (20).

Despite the equivalence of single versus multi-
fraction radiotherapy across numerous studies and patient
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populations, adoption of single fraction radiotherapy
has been slow in many geographic areas around the
world. Multiple patterns of practice studies, including
international studies and recent studies from Japan
and Korea, have demonstrated ongoing reluctance to
utilize single fraction radiotherapy for uncomplicated
bone metastases (21-23). In the United States, a recent
insurance claims-based analysis demonstrated that,
among more than 3,000 men with prostate cancer treated
with palliative radiation for bone metastases, only 3.3%
received a single fraction of radiotherapy while more than
50% received more than 10 fractions of radiotherapy (24).
Among a cohort of 1,574 patients with metastatic non-
small cell lung cancer who were followed prospectively, 194
patients received palliative radiotherapy to bone, but only
6% of that group received single fraction radiotherapy and
only 20% received five or fewer fractions (25). Thus, one
significant opportunity for collaboration among medical
oncologists, radiation oncologists and palliative care
clinicians is in referring patients with painful, uncomplicated
bone metastases for radiotherapy earlier with the goal of
increasing utilization of single fraction radiotherapy. Such
change in practice is possible, as evidenced by the rapid
access palliative radiotherapy clinics that have been utilized
in Canada (26).

The optimal dose-fractionation scheme for complicated
bone metastases (pathologic fracture, cord compression,
etc.) has not been studied in a randomized controlled trial.
Data from the uncomplicated bone metastases studies are
not generally extrapolated to patients who have had fixation
of pathologic fracture given the risk that progression of
disease in the area of fixation could disrupt hardware and
necessitate more surgery. As such, radiotherapy dose-
fractionation schemes after surgery remain an area open
to investigation, and many providers currently employ
10-fraction regimens in these patients.

The optimal treatment regimen for patients with
epidural spinal cord compression requires individualization
of treatment. While a randomized trial has analyzed the
role of surgical decompression followed by post-operative
radiotherapy and demonstrated the benefit of surgery
in terms of short- and long-term ambulatory status and
functional outcome, this trial was limited to patients with
a single area of spinal cord compression and less than 48
hours of paraplegia (27). For patients unable to undergo
surgery or for patients with longer duration of symptoms or
multiple areas of spinal cord compression, other randomized
controlled trials and prospective studies demonstrate
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equivalent short-term palliation of symptoms, but suggest
a potential benefit for dose escalation in patients with longer
likely survival (28-30). Rades and colleagues have developed
a prognostic score for patients with spinal cord compression
that incorporates six prognostic factors including tumor type,
interval between diagnosis and spinal cord compression,
other bone or visceral metastases, ambulatory status and
duration of motor deficits (31,32). The sum of the scores
ranges from 20 to 45 [see Ref (31) for details] and can be
utilized to predict six month survival and to help with
decision-making about which patients would benefit from
short courses of radiotherapy or supportive care without
radiotherapy and which patients might benefit from longer
courses of radiotherapy (or surgery).

The role of advanced techniques in radiotherapy
[intensity modulated radiation therapy (IMRT), stereotactic
radiotherapy (SRT)] for bone metastases, including spine
metastases, will be discussed separately below.

Brain metastases

The management of brain metastases has undergone a
revolution since whole brain radiotherapy was first introduced
in the 1950s. Early clinical trials explored various dose-
fractionation schemes for whole brain radiotherapy, similar to
those described for bone metastases above. In 1981, Borgelt
and colleagues published a study that compared outcomes of 1
or 2 fractions of whole brain radiation (10 Gy in 1 fraction or
12 Gy in 2 fractions) with longer dose-fractionation schemes
(20 Gy in 5 fractions or more) and found that, while short-
course radiotherapy has equivalent short-term benefit, the
durability and side effects of therapy were worse with short
course radiotherapy (33). As such, whole brain radiotherapy
delivered in fewer than 5 fractions is rarely indicated.
Changes in imaging (MRI), surgical techniques and
radiotherapy techniques have dramatically changed the
treatment options available for patients with brain metastases.
The most recent ASTRO guidelines for management of
brain metastases recommend utilizing a prognostic score and
suggested the diagnosis-specific graded prognostic index (DS-
GPA) to predict life expectancy and tailor management of
brain metastases appropriately to anticipated survival (34). The
DS-GPA was generated from data from nearly 4,000 patients
treated on various Radiation Therapy Oncology Group
(RTOG) clinical trials between 1985 and 2007 to update the
recursive partitioning analysis (RPA) that had been developed
in an earlier era (35). The DS-GPA udilizes factors significant
for prediction of survival for specific cancer histologies, with
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scores ranging from 0 to 4.0 and median survival estimates
ranging from 2.8 to 25.3 months (36). The factors that
contribute to the DS-GPA scores include performance status,
age, number of brain metastases, extra-cranial metastases
and sub-type for breast cancer patients. Based on anticipated
survival, treatment options can include corticosteroids alone,
surgical resection, whole brain radiotherapy, radiosurgery/SRT
(pinpoint high-dose radiotherapy that utilizes a coordinate
system to target radiation) or supportive care without anti-
neoplastic intervention.

Multiple randomized phase III trials have compared
different combinations of surgery, radiosurgery and whole
brain radiotherapy with or without radiation sensitizers
and chemotherapy (34). For specific populations with
good prognosis, surgery or radiosurgery may improve
survival as compared to whole brain radiotherapy alone,
particularly in patients with a single brain metastasis and
with well controlled extracranial disease (37). The addition
of whole brain radiotherapy to surgery or radiosurgery may
improve control of tumors distant to the site of surgery or
radiosurgery and may improve neurologic function, but
it does not improve overall survival. Radiosensitizers and
cytotoxic chemotherapies have not been shown to improve
clinical outcomes or survival and may worsen symptoms,
so combinations of radiosensitizers and chemotherapy with
whole brain radiotherapy are not routinely recommended.
Current areas of exploration in palliative radiotherapy
for brain metastases include using advanced radiotherapy
techniques [radiosurgery, hippocampal-sparing IMRT (38)]
as a way to avoid up front whole brain radiotherapy and
potentially spare patients neuro-cognitive side effects of
whole brain radiation. Other groups are currently assessing
dose painting strategies for whole brain radiotherapy, in
which the whole brain is treated to a lower dose per day while
the sites of intracranial metastases are treated to a higher
dose each day (39). Questions also still remain about the role
of whole brain radiotherapy in patients with poor prognoses
and brain metastases. The QUARTZ trial is ongoing and
compares whole brain radiotherapy (2,000 ¢Gy in 5 fractions)
versus supportive care without radiotherapy. An interim
analysis has not shown a significant benefit to whole brain
radiotherapy, though the study continues accrual (40).

Primary lung tumors, lung metastases, visceral metastases

Palliative radiotherapy for visceral tumors, including
primary and metastatic lung cancers, primary and metastatic
liver cancers and other primary and metastatic tumors
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is not as well studied as palliative radiotherapy is for bone
and brain metastases. While randomized controlled trials
have been conducted, the majority of the studies evaluating
palliative radiotherapy for visceral metastases are based
on small prospective and retrospective studies examining
different dose-fractionation schemes for symptom palliation.
A systematic review of palliation of dyspnea, cough and
other symptoms related to airway compression for lung
tumors demonstrated equal symptom palliation with a single
fraction (10 Gy), two fractions (17 Gy in 2 fractions) and
longer courses, but duration of symptom palliation and
overall survival were longer in patients treated with longer
dose fractionation schemes with an equivalent of 30 Gy
in 10 fractions or higher doses (41). Similarly, palliation
of patients with advanced hepatocellular carcinoma or
metastatic disease in the liver may benefit from palliative
radiation to the liver. Effective doses range from 8 Gy in
a single fraction to the entire liver for patients with short
life expectancy (based on a phase II study) (42) to the use
of stereotactic body radiotherapy to one or multiple liver
metastases either for symptomatic palliation or to provide
local control to limited sites of metastases (43). Palliative
radiotherapy may also provide relief from obstructive
symptoms including obstruction from advanced head and
neck cancer, esophageal obstruction, rectal or bladder
obstruction and even biliary obstruction (44).

There are few randomized trials to guide selection
of dose-fractionation schemes for patients with visceral
metastases, but higher doses using more prolonged
fractionation regimens of 10 fractions or more are more
likely to provide more durable control for patients with
longer life expectancy. One dose fractionation scheme
that can provide effective palliation while minimizing
side effects and patient/family burden has been tested
with both palliative radiation for head and neck cancers
and for symptomatic advanced pelvic malignancies has
been described as “quad shot” radiotherapy, consisting of
four fractions of hypofractionated radiation (350 to 400
cGy per fraction) delivered twice daily for 2 days (45-49).
Such a hypofractionated regimen is particularly ideal for
providing rapid relief to a large and symptomatic neck
node or to controlling vaginal bleeding faster than more
mild hypofractionation regimens would allow. Alternative
split course regimens include 400 cGy daily for 5 days
repeated (50). Depending on response and clinical status,
these regimens may be repeated monthly to improve
durability of symptom relief. Lutz and colleagues further
explored the topic of when palliative radiotherapy may be
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Table 3 Factors suggestive of more aggressive radiotherapy, simple palliative radiotherapy or supportive care without radiotherapy

Factors suggestive of a more
aggressive approach (highly conformal
or stereotactic treatment, or prolonged
fractionation)

Factors suggestive of a less aggressive

approach (less conformal treatment, short

fractionation)

Factors suggestive of palliative care without
radiotherapy intervention

Prognosis likely >6 months (see
accompanying text)
Good performance status (KPS >70)

Systemic disease well controlled

Effective systemic treatments available*

Large symptomatic tumor (less likely to
respond to lower doses of radiotherapy)

High likelihood of significant late side

Prognosis likely 1-6 months

Poor performance status (KPS <70)

Large burden of systemic disease

Few or no proven effective systemic
treatments available*

Small symptomatic tumor (more likely to
respond to lower doses of radiotherapy)

Low likelihood of significant late side

Prognosis likely <1 month

Very poor performance status/death
imminent

Overwhelming burden of symptoms—
radiotherapy affecting one symptom among
many

No effective systemic treatments available*

High likelihood of acute side effects that the

effects due to normal tissue exposure  effects
High morbidity of possible recurrence

High morbidity of retreatment

Few or no effective alternative palliative Range of effective alternative palliative

therapies therapies

Low morbidity of retreatment

patient may not survive

Low morbidity of possible recurrence

Retreatment in an area that would exceed
critical normal tissue tolerance

If radiotherapy prohibits other effective
palliative therapies (i.e., delay of referral to
hospice)

*, effective systemic treatments may be based on the histology and biology of the primary cancer (i.e., metastatic hormone
receptor positive metastatic breast cancer versus metastatic squamous cell carcinoma of the lung) and number and effect of prior
treatment regimens; **, psychosocial issues (such as transportation issues, wanting to live to experience a specific event, wanting
to spend time with family, etc.) that emerge in conversations with patients and family may cross categories in either direction.

Adapted from Jones (52).

worthwhile and when supportive care without radiotherapy
may be optimal (51). Table 3 provides a broad overview of
the factors that can be helpful in selecting an appropriate
dose-fractionation scheme for patients with metastatic
disease to liver, lung or other sites of visceral tumor causing

symptoms.

Advanced technology in palliative radiotherapy

An understanding of when advanced radiotherapy
techniques may be both efficacious and cost-effective in
palliative radiotherapy requires a basic background in the
various techniques involved in radiotherapy. See Tuble 4 for

common questions regarding terminology in radiotherapy.
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Conventional radiotherapy with two dimensional (2D)
planning utilizes simple beam arrangements, often with
opposed anterior and posterior fields, to treat tumors. This
treatment technique is quick to set up and has low rates of
side effects for areas treated with short course schemes such
as 8 Gy in a single fraction. However, treating with open
fields exposes larger amounts of tissue, including normal
tissues, to high doses of radiotherapy. Three dimensional
(3D) planning with CT simulation allows more complex
beam arrangements, increasing the conformality of the high
dose radiation region while potentially spreading out the
areas of low dose radiation in an attempt to reduce treatment
toxicity. A further step in radiotherapy complexity utilizes
modulation of radiotherapy beams (intensity-modulated
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Table 4 Common questions about terminology in radiation therapy

What is the measurement of dose in radiotherapy?
Gray (Gy) or centigray (cGy)
What is fractionation?
The delivery of small doses of radiation therapy separated in time, with the intent to allow normal tissues to heal and tumor cells
to cycle into more radiosensitive phases of the cell cycle
Standard fractionation: 1.8 to 2.0 Gy daily, often 20 to 40 fractions to total doses of 50-80 Gy
Hyperfractionation: <1.8 Gy daily or twice daily, often used for re-irradiation and specific cancers
Hypofractionation: >2.0 Gy daily, often a few fractions, commonly used in palliative XRT
What are some common fractionation schemes in palliative radiotherapy?
8 Gy x1 (8 Gy in a single treatment), 4 Gy x5 (20 Gy; 4 Gy daily for 5 days), 4 Gy x6 (24 Gy; 4 Gy daily for 6 days)
3 Gy x10 (30 Gy; 3 Gy daily for 10 days), 2.5 Gy x14 (35 Gy; 2.5 Gy daily for 14 days), 2.5 Gy x15 (37.5 Gy; 2.5 Gy daily for 15
days)
What is conformality?
A measure of how well the prescribed radiation dose matches the radiotherapy target volume
Types of external beam radiotherapy (EBRT) plans
2 dimensional (2D)
Clinical setup in which planning is based on fluoroscopy using bony anatomy or opaque markers
3D conformal
Utilizes cross-sectional imaging to develop a plan maximizing dose to the target volume while minimizing dose to surrounding
tissue
Intensity modulated radiotherapy (IMRT)
Utilizes a computer algorithm to create multiple small “beamlets” to generate highly conformal plans
Arc therapy
Treatment that is delivered utilizing beamlets of radiotherapy as the machine revolves around the patient; may be performed
using different technologies; generates highly conformal plans; may be used to deliver stereotactic radiotherapy
Stereotactic radiotherapy
Precisely directing radiation beams to a specific location using a coordinate system, can be completed on a standard linear
accelerator with IMRT or arc therapy, on a Gamma Knife Machine (for brain stereotactic radiosurgery; helmet with cobalt
sources) or on a Cyber Knife Machine (for brain stereotactic radiosurgery or for extracranial stereotactic body radiotherapy;

robotic linear accelerator with robotic couch)
Non-external beam: brachytherapy

Use of source seeds or catheters to deliver highly conformal radiation (temporary or permanent)

radiation therapy, termed IMRT) or arc radiotherapy,
allowing even higher conformality of high dose regions,
including irregular shapes to avoid normal structures.
SRT can be delivered to the body (termed stereotactic
body radiotherapy or stereotactic ablative radiotherapy)
or the brain (termed stereotactic radiosurgery) with more
intensive immobilization of the patient (using a frame or
full body mold). Stereotactic treatments use fiducials or
other markers to allow the treated area to be visualized

before and after treatment. This pinpoint radiotherapy may
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be utilized to treat areas with high dose radiation with rapid
dose fall-off immediately adjacent, potentially allowing
high doses of radiotherapy to be delivered with minimal
radiation doses to surrounding normal structures. This can
lead to higher biological effective doses of irradiation, and
thus improvements in tumor control, as well as fewer side
effects to structures outside of the high dose region. Proton
therapy is an alternative form of radiotherapy that utilizes
charged particles (protons) to allow the majority of the dose
to be delivered at the Bragg peak, without exit dose beyond
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this point. While the technical details of each type of
therapy is beyond the scope of this manuscript, the potential
for increased dose conformality of each of these advanced
techniques or therapy types offers potential dosimetric
advantages over conventional 2D or 3D radiotherapy for
patients referred for palliative radiotherapy: namely, with
advanced technologies, high doses of irradiation may be
delivered to the target volume with more limited doses to
surrounding normal structures, allowing local tumor control
and symptomatic relief with minimal side effects.

If the goal of palliative radiotherapy is to provide
durable symptomatic relief or prevent development of
symptoms, when are advanced technologies in palliative
radiotherapy warranted? As described previously, the
majority of patients will get clinical benefit from 2D or 3D
conformal radiotherapy with moderate doses of radiation
(8 Gy in a single fraction to 30 Gy in 10 fractions or 35-
37.5 Gy in 14-15 fractions), and these treatments are often
associated with minimal side effects. Thus, for the majority
of patients, IMRT, SRT, and other advanced techniques
are not necessary to achieve palliation. However, there
are a number of ongoing studies that seek to evaluate
questions about improving efficacy and durability of
radiation therapy or minimizing side effects of treatment.
RTOG 0631 is a randomized phase II-IIT study of patients
with uncomplicated spine bone metastases without cord
compression who are being randomized to single fraction
stereotactic body radiotherapy to 16 or 18 Gy versus
conventional radiotherapy in a single fraction of 8 Gy with
a primary endpoint of complete pain relief and secondary
endpoints including rapidity and durability of pain control,
as well as short- and long-term side effects (53). This
study could potentially change the treatment paradigm
for patients with uncomplicated bone metastases with
algorithms akin to those utilized in patients with brain
metastases. Another area in which advanced techniques are
being utilized more frequently is the re-irradiation setting,
particularly when there are concerns about normal tissue
tolerance of radiotherapy dose (54). In these circumstances,
SRT or IMRT are able to avoid critical structures to limit
side effects of radiation while still providing palliative
benefit. Similarly, early results of the phase II RTOG 0933
study suggest that advanced techniques using hippocampal-
sparing IMRT can preserve memory function in patients
treated with whole brain radiotherapy without increasing
risk of recurrence (55). Other questions remain regarding
the use of post-operative radiosurgery rather than whole
brain radiotherapy to decrease neurocognitive side effects of
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radiotherapy, again exploring whether conformal treatment
may be utilized to allow patients to get the benefits of local
tumor control from radiation therapy while minimizing side
effects. Another area of ongoing exploration involves the
treatment of oligometastatic disease (generally less than five
sites of metastatic disease) with SRT, often to metastases
in liver, lung, bone and brain (56). Such treatment of
oligometastatic disease may or may not include patients
who have symptomatic sites of metastases, although the
treatment of oligometastatic disease to improve progression
free survival and potentially overall survival is beyond the
scope of this review.

Implementing a palliative radiotherapy program

Palliative radiotherapy can often play a role in alleviating
symptoms for patients with advanced cancer. Questions
remain of how best to integrate palliative radiotherapy
into standard oncology care and palliative oncologic care
and medical management for patients with advanced
disease. While all radiation oncologists are able to deliver
radiotherapy with palliative intent, there may be benefit to
developing clinics and programs that specifically address
the needs of patients referred for palliative radiotherapy.
Multiple models have been described that allow integration
of palliative radiotherapy into broader palliative oncologic
care. In 1996, Chow and colleagues developed a rapid
access palliative radiotherapy clinic that has decreased
wait time for radiotherapy and allowed systematic
focus on management of patients referred for palliative
radiation. The palliative radiotherapy program has
been modeled at multiple other institutions around
Canada and continues to be clinically productive while
furthering the understanding of palliative radiation
therapy (57). The rapid access palliative radiotherapy
model has been built upon by other groups, with more
support for patients and families from palliative care
team members at various institutions (58-60). Integration
of palliative care into radiation oncology allows for more
in-depth multi-disciplinary assessment and management
of patients. Other novel programs are exploring more
rapid treatment planning and access to allow patients
to be seen and begin treatment more quickly and with
less discomfort (61,62). Some programs are taking this
rapid planning approach to allow integration of high
dose and highly conformal radiotherapy into a single
planning and treatment session to combine advanced
radiotherapy techniques with palliative care clinics while
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studying outcomes to determine if such highly conformal
radiotherapy might improve upon conventional palliative
radiotherapy treatments (63). Other programs are looking
to integrate palliative radiotherapy into hospice programs
to allow patients on hospice to receive radiotherapy when
appropriate (64). With the American Board of Radiology
accepting members participation in hospice and palliative
medicine certification, there is increased potential for
collaboration among fields with integration of palliative
care and radiation oncology (4). While there is certainly no
single model for integration of palliative care and radiation
oncology, local collaboration and cooperation in patient
care has the potential to improve patient referrals for
palliative radiation therapy and enhance overall symptom
control for patients with advanced and metastatic cancer.

Conclusions

Palliative radiotherapy is a safe, effective, time-efficient
method of palliating symptoms of advanced cancer. Patients
who develop symptoms, including pain, neurologic deficits,
bleeding or obstruction, related to local progression of
cancer could benefit from early referral for palliative
radiotherapy within the context of a palliative oncology
model. Advanced technologies, including SRT and
intensity-modulated radiotherapy, hold promise for
enhancing safe and effective palliation of symptoms in select
patients with advanced malignancies. Innovative models for
the provision of palliative radiotherapy, including programs
that integrate palliative care with radiation oncology, hold
promise for meeting patient and family needs beyond the
physical symptoms palliated by radiotherapy.
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