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Abstract: Radiation therapy (RT) provides an effective and often rapid means to alleviate symptomatic
progression in pediatric patients with advanced or metastatic cancer. As part of a comprehensive,
multimodality approach to pediatric palliative care, RT can be a useful tool to manage pain, spinal cord
compression, dyspnea, neurologic compromise, bleeding, and bowel or urinary obstruction. Whether such
symptoms present earlier in the disease course or in children and adolescents approaching the end of life,
they can significantly impact the quality of life of patients and caregivers. Control of symptoms is therefore
an important aspect in maximizing end of life care. Outcomes for palliative RT in both children and adults
are favorable. While RT has been widely adopted as a component of palliative oncologic care for many
adult malignancies, it remains infrequently utilized in pediatric patients despite the relative radiosensitivity
of many pediatric tumors. Potential barriers to palliative radiation for pediatric patients include insufficient
understanding by care providers regarding the utility of RT for a given symptom, lack of comfort in
discussing a transition away from definitive management, concern over radiation-related side effects, and
hesitancy toward radiation treatment on the part of parents and caregivers. Delivery of palliative RT can
also be impeded by logistical obstacles including lack of on-site radiation facilities, unavailability of radiation
oncologists comfortable with pediatric treatments, and the potential need for specialized medical care such
as pediatric anesthesia. The aim of this review is to foster a more complete understanding of the benefits and
limitations of palliative RT in the pediatric oncology setting, including common symptoms experienced by
children and adolescents with cancer that may be indications for the integration of RT into palliative care
paradigms, as well as the expected efficacy of treatment. We describe the logistics, delivery, common doses
for palliative radiation regimens, and management of potential side effects. While palliative RT is generally
well tolerated in the pediatric population, we also discuss potential side effects of RT to various body sites

and approaches for prevention or mitigation.
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Introduction suffering may go unrecognized by care providers unfamiliar
with the unique nature of pediatric malignancies (1,2).
The majority of pediatric patients who succumb to their
aspect of clinical oncology. Children and adolescents with malignancies will experience symptoms requiring palliation

cancer are a particularly vulnerable population and their at some point during their treatment, and in some instances

Palliation of cancer-related symptoms is a fundamental
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well before the end of life (3-7). An understanding of the
indications, timing, potential toxicity, and expected benefits
for palliative interventions is thus essential knowledge for
providers caring for pediatric cancer patients.

Pediatric palliative care is a broad discipline comprising
all physical and psychosocial interventions intended
to alleviate suffering and improve quality of life of
children and their families (8). In the oncology setting,
radiation therapy (RT) can be a valuable component of
a multispecialty approach to palliation of pain or other
symptoms arising in primary or metastatic cancers across
a variety of organ systems. Palliative RT delivers radiation
to symptomatic sites of disease or areas at high risk for
becoming symptomatic, with the goal of controlling or
reducing tumor burden. In contrast to RT given as part
of definitive oncologic management, which may involve
treatments delivered to a large area over the course of weeks
to months, palliative RT courses are typically more limited
in field extent, cumulative dose, and duration.

Palliative RT has been found to be effective in addressing
symptoms arising from primary or metastatic brain tumors
(9-11), painful bone metastases (12-14), spinal cord
compression (15,16), airway or vascular compression (17-19),
and bleeding (20-22), among other indications. Although RT
is most frequently employed for the management of solid
tumors across a variety of body sites, it has also been shown
to be useful for the palliation of symptoms secondary to
advanced hematologic cancers (23,24).

Pediatric malignancies represent a small subset of all
new cancer diagnoses. It is therefore unsurprising that
the overwhelming majority of studies evaluating palliative
radiotherapy have been conducted in adult patient
populations. Perhaps for this reason, the integration
of palliative RT into the pediatric oncology setting has
historically lagged behind utilization in adult oncology
(25,26). While studies have shown that up to half of all RT
treatments in adults are palliative in intent (27), a recent
analysis of practice patterns across pediatric oncology
centers found that palliative RT represented only 11% of all
radiation treatments in children and adolescents (28).

Given this comparative paucity of treatments and data
in children, interest and research into the use of pediatric
palliative RT has increased substantially in recent years.
When given appropriately, palliative RT can offer a
meaningful opportunity to improve quality of life in this
challenging group of patients. In this review, we present
published data and provide a practical overview for pediatric
oncologists, radiation oncologists, and other members
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of the care team regarding indications for RT as well as
general considerations for fractionation, dosing, planning,
and management of toxicities.

Symptoms in pediatric cancers

Childhood cancer encompasses a wide spectrum of
histologies including leukemias, lymphomas, primary
tumors of the brain and central nervous system, bone and
soft-tissue sarcomas, and embryonal solid tumors such
as Wilms tumor and neuroblastoma, among many other
rare malignancies. Outcomes in children with cancer have
improved dramatically in recent decades owing to advances
in diagnosis and treatment (29), but some patients will still
succumb to their disease. Among patients 0-14 years old,
the National Cancer Institute (NCI) estimates a total of
11,060 new cancer diagnoses in the United States in 2019,
resulting in 1,190 cancer-related deaths in children (30).
Cancer continues to represent the leading non-accidental
cause of death in the 1-14 age group (31).

Despite the decrease in death from malignancy, it
has been increasingly well recognized that children and
adolescents approaching the end of life as a result of their
cancers have a diverse and often significant symptom
burden. Retrospective studies in the United States and
Netherlands using questionnaires for parents of children
who recently died of their malignancies have attempted
to quantify these symptoms (32,33). The most frequently
reported in each study were pain, fatigue, and anorexia, with
70% or more of parents reporting each of these symptoms.
Children also experienced dyspnea, nausea, bleeding, and
seizures during the palliative phase of their care. Symptoms
were rarely observed in isolation, reflecting the often
multisystemic nature of end-stage malignancy.

Both local tumor progression and metastases to organs,
soft tissue and bones can lead to significant physical and
psychosocial distress. Growth of tumors in the abdomen and
pelvis may interfere with normal bowel or bladder function,
limit ability to tolerate oral intake, or cause vaginal bleeding
in females. Disease in the neck and mediastinum can result
in progressive dyspnea from obstruction of the trachea
or proximal bronchial tree, superior vena cava syndrome,
or dysphagia from esophageal compression. Intracranial
tumors may cause a variety of symptoms depending on
their location, including headache, seizures, nausea and
vomiting, dizziness or ataxia, cranial nerve palsies, or
various sensorimotor deficits. Pain is a potential symptom
for nearly all sites.
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Table 1 Response rates following palliative radiation therapy for selected pediatric tumor histologies

Histology Study Symptom response rate (partial or complete) (%) Reference
Neuroblastoma Rahn et al. 91 (35)
Halperin et al. 65 (36)
Paulino 67-80 37)
Caussa et al. 84 (38)
Wilms tumor Paulino 100 (39)
Ewing sarcoma Rahn et al. 76 (35)
Koontz et al. 84 (40)
Brown et al. 100 41)
Osteosarcoma Rahn et al. 54 (35)
Brown et al. 60 41)
Lombardi et al. 81 42)
Leukemia Rahn et al. 100 (35)
All histologies Bertsch et al. 80 (43)
Deutsch & Tersak 93 (44)
Bhasker et al. 97 (45)
Lazarev et al. 67 (46)

Basics of palliative radiotherapy

Palliative RT delivers high-energy X-rays, electrons,
or atomic particles to symptomatic primary tumors or
metastases, inducing death of replicating tumor cells by
accumulation of DNA damage. Palliative RT is provided
with one radiation treatment (or fraction) given daily over
a set number of days. Each fraction of RT usually requires
the patient to lie still on a treatment table for approximately
10-15 minutes while radiation is delivered from a linear
accelerator. Very young children or those unable to stay
adequately still may require treatment under anesthesia.

Palliative RT doses are typically lower than those
employed for definitive management of malignancies,
decreasing the risk of acute side effects from damage to
adjacent healthy tissue. While late radiation-induced
toxicities are a justifiable concern with definitive RT in
children and adolescents, they should not be a barrier in
the palliative setting owing to the generally limited life
expectancy of children receiving palliative RT. For example,
secondary malignancies are exceedingly unlikely in the
first 5 to 7 years following RT. The majority of palliative
regimens are completed in 10 or fewer fractions, or
two weeks of daily treatments.
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Palliative RT can effectively supplement multimodal
analgesia for pain control, antiemetic therapy, palliative
chemotherapy, and other quality of life measures. RT
can often be delivered concomitantly with additional
interventions, including some chemotherapies, to decrease
length of stay in hospitals or other inpatient facilities and
minimize the time spent by children away from home.

Indications for palliative radiotherapy and
expected outcomes of treatment

Extensive evidence exists for the utility of palliative RT in
improving or controlling symptoms in adult patients with
advanced cancer. While these data have frequently been
extrapolated to the pediatric setting, numerous differences
exist in the biology of childhood and adult cancers. Pediatric
tumor histologies are generally more radiosensitive than
adult malignancies (34), suggesting that responses to
palliative RT may be more robust in children. Palliative
response rates for selected histologies may be found in 7able 1.

There is an emerging body of literature investigating
symptomatic responses to palliative radiation in pediatrics.
Similar to the adult setting, RT appears to be effective in
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palliating common cancer-related symptoms in children
and adolescents, including bone pain, seizures or cranial
neuropathies from intracranial progression, bleeding, and
spinal cord compression.

Bertsch and colleagues assessed 90 children treated to 91
sites with urgent or emergent palliative RT, representing a
diverse group of tumor pathologies and anatomic sites (43).
Overall clinical response rate (improvement or stabilization)
was 80% following palliative RT: 93% for bone or soft
tissue pain, 85% for symptomatic spinal cord compression,
82% for intracranial neurologic compromise, 72% for
respiratory compromise, and 66% for abdominal problems.
Deutsch and Tersak reported similarly excellent control
of painful bone metastases with palliative RT in patients
under 19 years old (44); 55/59 of evaluable treatment
courses (93%) demonstrated symptomatic improvement.
Seventy-five percent of these treatments consisted
of <5 fractions of RT, with over a quarter treated in only a
single fraction, recapitulating data in the adult setting showing
effective pain palliation with abbreviated radiation courses.
Bhasker similarly showed a 97.5% symptom response rate
(60% good or complete response) using 1, 5, or 10 fraction RT
schedules for palliative RT in pediatric patients (45).

In Rahn er al’s review of 83 palliative RT courses in
45 children, overall symptom response rate was 72% (35).
When stratified by pathology, clinical responses to palliative
RT were greatest for leukemia (100%), neuroblastoma
(91%), and Ewing sarcoma (76%); osteosarcoma and
primary CNS tumors were less likely to respond to
treatment, with respective rates of 54% and 50%. Median
survival after palliative RT in this cohort was 6.5 months.
These histologic outcomes corroborate observations from
prior studies demonstrating favorable responses to palliative
RT in pediatric patients with metastatic or recurrent Ewing
sarcoma (40,41) and neuroblastoma (36-38). Metastatic
Wilms tumor has also been found to have high response
rates to palliative RT (39).

Less radio-responsive tumors including osteosarcoma
may still respond well to higher fractional doses. Lombardi
investigated a regimen of 36 Gy given in 6 fractions over
2 weeks for local or distant palliation and found response
rates of 81% with RT alone and 92% when RT was
combined with chemotherapy (42). Lazarev er al. reported
largely favorable outcomes in a single-institution analysis of
hypofractionated palliative RT regimens with doses up to
10 Gy/fraction, with 1- and 2-year local control rates
of 74% and 68%, respectively (46). Grade 3 or higher
toxicities in this analysis remained low at 6.7%, with no
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treatment-related mortality.

Children and adolescents with cancer typically have
fewer comorbid conditions than adults with cancer. Given
that symptom improvement or resolution with RT may take
days to weeks (47), care must still be taken to select patients
most likely to derive benefit from palliative RT. Varma
et al. compared clinical outcomes in children who received
palliative RT either prior to or within the last 30 days of
life (48). Symptomatic response rates were 89% when
RT was given prior to this period but decreased markedly
to only 28% for children who died within 30 days of
treatment. Data suggest that futile treatment at the end of
life is relatively uncommon for children, however. Median
survival following initiation of RT in the aforementioned
study was 124 days (48). Further, a retrospective analysis of
patients <21 years old treated with RT at Indiana University
and the University of Miami found that only 11/697 (1.6%)
died within 30 days of RT or were unable to complete their
treatment (49).

It is important for providers to clarify the intent
of treatment to patients and their families. Lee er al.
prospectively evaluated parental expectations following
delivery of palliative RT (50). Though parents had been
counseled on the indications and likely outcomes of
treatment prior to RT, 76% expected prolonged survival and
40% expected their child to be cured. This parallels earlier
work by Bluebond-Langner and colleagues suggesting that
parents of children with cancer have complex responses to
oncologist recommendations and the distinction between
definitive management and symptom-directed care becomes
frequently blurred (51).

Re-irradiation of pediatric brain tumors

The use of palliative RT in the setting of previously
irradiated pediatric brain tumors represents a unique
consideration. Recent studies support the use of repeat
radiation in the setting of progressive brainstem gliomas,
including diffuse intrinsic pontine glioma (DIPG) or
diffuse midline glioma (DMG) (52). Wolff and colleagues
conducted a retrospective analysis of individual treatments
for pediatric DIPG that had progressed following definitive
RT, primarily comprising systemic regimens but including
seven children treated with repeat irradiation (53). Partial
response was observed in 4/7 patients, exceeding the clinical
response rate for any other modality, with a median post-
RT event-free survival of nearly four months. Freese ez al.
reported on three additional cases of palliative RT to 20 Gy
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Table 2 Clinical outcomes following palliative re-irradiation for pediatric diffuse intrinsic pontine gliomas

Study Patient age range Clinical response Repeat radiation Median po§t-rad|at|on Reference

(years) dose (Gy) overall survival (months)

Wolff et al., 2012 Not reported 4/7 (57%) 20 Not reported (53)

Freese et al., 2017 2-26 2/3 (67%) 20 2 (54)
Janssens et al., 2017 2-16 24/31 (77%) 19.8-30 13.7 (55)
Lassaletta et al., 2018 2-13 13/16 (81%) 21.6-36 6.5 (56)

in 10 fractions for progressive DIPG, noting transient
symptom improvement in two of the three patients treated,
with no treatment-related toxicity (54).

In addition to symptomatic palliation, re-irradiation
for brainstem gliomas may improve survival. Janssens
et al. reported a case-control cohort study with 70 children
aged 2-16 with progressive DIPG following primary RT,
31 of whom received palliative RT (55). The patients were
matched by time to first progression to partially control
for selection and other biases. Median overall survival
was significantly improved at 13.7 months for those who
underwent RT compared to 10.7 months for those who
received chemotherapy or best supportive care. Lassaletta
et al. also demonstrated that palliative reirradiation for
progressive DIPG improved time from initial progression
to death as compared to a historical, non-re-irradiated
cohort (218 versus 92 days), with symptomatic improvement
in 13/16 patients (56).

These studies (summarized in 7izble 2) support the overall
safety and utility of moderately dosed courses of palliative
RT for incurable, devastating central nervous system
malignancies such as DIPG. It remains important to counsel
patients and parents that while repeat irradiation may be
beneficial, it is not intended or expected to be curative.

Potential barriers to palliative radiotherapy

Use of palliative radiotherapy in children and adolescents
lags behind that for the majority of adult cancers.
The reasons for this are complex and likely represent
a combination of care provider perceptions, parental
preferences, and logistical difficulties in accessing
radiotherapy.

With regard to beliefs of pediatric care providers,
studies have described diverse physician perceptions:
that involvement of palliative care represents a failure in
delivering definitive treatment (57), a perhaps too optimistic
view that cure is possible even in the very late stages of
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disease (58), and the emotional toll of discussing and
initiating a shift toward end-of-life care (59). Pediatric care
providers also may not recommend palliative RT due to an
incomplete understanding of its indications and potential
benefits in children and adolescents with advanced cancers.

Logistical barriers may also play a role in the relative
under-utilization of palliative RT in children and
adolescents. Although some children’s hospitals have on-
site radiation treatment facilities, this is not universally true.
Off-site treatment requires coordinating daily transport,
sometimes in a patient who may be symptomatic or require
advanced monitoring and support staff. In radiation clinics
that do not routinely treat pediatric patients, radiation
oncologists may be less comfortable with caring for children
and adolescents and providing management of side effects
and other issues while undergoing palliative RT.

Daily anesthesia can also be a logistical challenge. While
rarely needed for palliative RT in adults, anesthesia is not
uncommon in pediatric RT, particularly for very young
patients. Anesthesia was used in 38/365 (10.4%) cases
of palliative RT across a large pediatric consortium, the
majority for patients <5 years old (28); Mak et al. reported
use of general anesthesia in 27/76 (36%) pediatric palliative
RT courses (60). To our knowledge no studies have
directly examined the impact of an anesthesia requirement
on utilization of palliative RT in children. Given that
daily sedation is resource-intensive and requires trained
anesthesiologists or intensivists with particular expertise,
their lack of availability in certain centers is likely a barrier
to palliative pediatric RT.

Management of radiation side effects

Cumulative radiation doses for symptomatic palliation
are typically less than those used in definitive treatment.
Nevertheless, acute treatment-related toxicities remain
a possibility for children and adolescents undergoing
palliative RT. Similar to radiography, clinical radiation
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delivery is inherently painless. Discomfort or anxiety can
still arise during the RT treatment process owing to the
practical necessity of positioning and immobilization on
the treatment table. For patients too young or unable to
stay still, radiation treatments can also be performed under
general anesthesia.

Nausea is a common side effect of palliative RT in which
radiation beams pass through the stomach or bowel, and
can also be seen with intracranial RT. Nausea can present
after even a single fraction of radiation. In addition to
treatment of the abdominal or pelvic viscera, sites prone to
nausea during palliative RT include the lower thoracic and
lumbar spine, sacrum, bony pelvis, and lung bases. Routine
administration of antiemetics prior to daily treatments can
mitigate RT-induced nausea but may need to be continued
for several days after the completion of RT to allow for
resolution. Nausea secondary to intracranial RT and
refractory to antiemetics may require management with
corticosteroids such as dexamethasone. Loose stools can
similarly be seen with bowel radiation and can be managed
with anti-diarrheals when bothersome.

For palliative radiation treatments targeting sites in the
mediastinum, upper thoracic and cervical spine, or neck,
RT-induced esophagitis is possible and can result in throat
pain, dysphagia, or odynophagia. Esophagitis is typically
not symptomatic below cumulative RT doses of 30 Gy; it is
therefore less common at palliative dosing and then only at
the conclusion of RT or days immediately following RT. If
esophagitis occurs, local analgesics and/or pain medications
including opioids may be necessary to reduce discomfort
and encourage oral intake. These may be preferable to
narcotic agents owing to their short duration of action and
lack of systemic effects.

Conclusions

RT is an effective means of palliation for many of the most
common symptoms that arise in children and adolescents
with cancer. While numerous studies have validated
the effectiveness of palliative RT in the adult oncology
population, there is now a growing body of literature
demonstrating similarly favorable outcomes in the pediatric
population. The side effects of palliative RT in children
are generally mild and manageable in both the inpatient
and outpatient setting. Because effective palliation can
occasionally be achieved with as little as a single radiation
treatment, the judicious use of palliative RT may minimize
the need for narcotic medications, additional time spent in
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the hospital, more invasive interventions, and disruptions
to a child’s normal routine. These potential benefits make
palliative RT an indispensable addition to a comprehensive
palliative care effort for the pediatric cancer patient.
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