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Abstract: There is a growing body of prospective evidence describing an oligometastatic phenotype in
adults for whom local metastasis-directed therapy can improve outcomes in select patients. However, a
relative paucity of data for pediatric patients with oligometastatic disease creates challenges in choosing
optimal treatment. The purpose of this review is to evaluate the literature surrounding pediatric
oligometastatic disease and treatment, specifically focusing on the role of radiotherapy. A review of studies
ranging from 2008 to 2020 was performed. The radiotherapy techniques evaluated included conventionally
fractionated radiotherapy, stereotactic body radiotherapy (SBRT), and stereotactic radiosurgery (SRS).
Our search yielded 6 studies evaluating conventionally fractionated radiotherapy, 9 studies of SBRT, and
3 studies of spine SRS. Metastasis-directed therapy for treatment of pediatric oligometastasis is generally
well-tolerated, is associated with favorable local control, and is shown to improve event-free survival and
progression-free survival (PFS) outcomes in select pediatric patients. Pediatric patients with oligometastatic
disease may benefit from aggressive local therapy to metastatic sites in conjunction with a comprehensive
treatment paradigm. Retrospective data have led to promising prospective trials that will further clarify

patient selection and management. Additional data are needed to elucidate long term oncologic and toxicity

outcomes.

Keywords: Oligometastasis; pediatric cancer; radiotherapy; stereotactic body radiotherapy (SBRT)

Submitted Apr 25, 2020. Accepted for publication Sep 23, 2020.

doi: 10.21037/apm-20-1023

View this article at: http://dx.doi.org/10.21037/apm-20-1023

Evidence for treatment of oligometastatic
disease in pediatric malignancies

There were an estimated 11,050 new diagnoses of cancer
in children ages 0-14 years in 2019 with an estimated 1,190
cancer deaths in children ages 1-14 years (1). Of these
newly-diagnosed children, those presenting with metastatic
disease at initial diagnosis have lower 5-year survival rates,
particularly those with sarcomas. Metastases in children
with cancer have been treated with a definitive intent across
many diseases including neuroblastoma (2), Wilms tumor
(3-5), rhabdomyosarcoma (6,7), medulloblastoma (8),
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and Ewing’s sarcoma (6,9). However, there is limited data
evaluating oligometastatic disease specifically in childhood
cancer.

There is a growing body of evidence in the adult patient
population describing a spectrum of metastatic cancer
ranging from a single site of oligometastasis to a widely-
metastatic incurable state (10). Historically, metastatic
disease in adults with cancer diagnoses was treated with
palliative intent. With careful patient selection and recent
advances in systemic therapy, durable disease control has
become achievable with the addition of aggressive local
therapy for some adult patients with limited systemic disease
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(11-15). A growing body of phase II evidence demonstrates
improvements in progression-free survival (PFS) and overall
survival (OS) with definitive and ablative radiotherapy to
primary and oligometastatic sites of disease.

In the pediatric, adolescent, and young adult population,
Ewing sarcoma serves as an example of a diagnosis in
which metastatic disease has been evaluated, categorized,
and treatment approaches are in development. Twenty-
five percent of patients with Ewing sarcoma present with
metastatic disease at the time of diagnosis (16). Patients
with metastatic Ewing sarcoma limited to lung and bone are
considered curable with aggressive local therapy. Surgical
metastasectomy of pulmonary oligometastasis leading to
long-term event free survival has been described in case
studies dating back to the late 19" century (17) with more
recent data demonstrating durable disease-free survival
in select patients (18,19). The Euro-EWING 99 trial was
a prospective multi-institutional trial of chemotherapy
followed by local therapy to the primary tumor and/or sites
of metastases, followed by consolidation chemotherapy
and autologous stem-cell transplantation for pediatric
Ewing sarcoma patients with multiple extrapulmonary
metastases (9). The trial provided prognostic risk factors
for event-free survival and OS including age, tumor volume
and extent of metastatic spread. A secondary analysis
demonstrated the importance of adding aggressive local
therapy to sites of metastatic disease to systemic therapy
for patients with primary disseminated metastatic Ewing
sarcoma (PDMES) (16). In this collaborative analysis,
120 patients with PDMES to locations other than lung
received either no local treatment, local treatment to
their primary or metastatic disease, or local therapy to
both primary and metastatic disease. Conventionally
fractionated radiotherapy—either alone or in combination
with surgery—was utilized as local therapy to the primary
tumor in 51% of patients and to metastatic disease in 40%
of patients. Significant 3-year event free survival benefit
(P<0.001) was seen in patients receiving local therapy to
primary and metastatic disease (39%) compared to those
with less than comprehensive local therapy (17%) or no
local therapy (14%).

Local therapy included surgery and/or radiotherapy
either concurrently with chemotherapy or adjuvantly.
Interestingly, although patients with true oligometastatic
disease had the largest benefit, those with 2 to 5 and
>5 had significant improvement in EFS as well (on
univariate analysis), demonstrating that aggressive local
therapy may benefit patients with metastatic disease
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regardless of number of metastases.

While data is limited characterizing the oligometastatic
paradigm in other disease sites, there is evidence suggesting
improved outcomes in Rhabdomyosarcoma patients
with oligometastasis as observed in the Intergroup
Rhabdomyosarcoma Study IV (20). In this trial of children
treated with two variable chemotherapy regimens with
otherwise standard of care therapy, multivariate analysis
demonstrated improved 3-year OS and failure-free survival
(FFS) rates for patients with two or fewer metastatic sites,
regardless of histology, although embroyal patients with <2
metastatic sites showed 3-year FFS of 40% and OS of 47%.
We present the following article in accordance with the
NARRATIVE REVIEW reporting checklist (available at
http://dx.doi.org/10.21037/apm-20-1023).

Role for radiotherapy in metastasis-directed
therapy

Conventional radiotherapy

Radiotherapy is a well-established treatment modality
for improving local and regional control outcomes in
the definitive, adjuvant and neoadjuvant settings across a
spectrum of pediatric diseases.

Conventionally fractionated adjuvant and/or definitive
radiotherapy is standard of care for definitive management
of multiple types and stages of pediatric solid tumors (2-9).
Conventional radiotherapy has been utilized as metastasis-
directed therapy in multiple studies (16,21-25). As noted
above, conventionally fractionated RT was a component of
aggressive local therapy reviewed by Haeusler et 4/. in the
secondary analysis of the Euro-E.W.LN.G trial (16). Out of
the 120 patients in the study, 21 patients received surgery
and RT to the primary tumor, 40 received definitive RT
to the primary, 9 received surgery and RT to metastases,
and 33 received definitive RT to metastases. The authors
reported a significant event-free survival benefit at 3 years
for patients who underwent local therapy to involved
primary and metastatic sites. Another recent retrospective
study by Grewal et a/. demonstrated significantly improved
PFS among metastatic Ewing sarcoma patients who
received metastasis-directed RT compared to those who had
treatment to primary tumor alone (21). When considering
extent to which local control should be delivered in local
RT for metastatic rhabdomyosarcoma patients, there is
retrospective data suggesting improved outcomes with
comprehensive local treatment to all metastatic sites (22).
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The study included 35 pediatric patients, median age was
6.5 years (range, 1-16), with newly diagnosed stage IV
rhabdomyosarcoma treated with palliative RT at Texas
Children’s Hospital. Distant metastatic sites included lung
(57%), distant lymph nodes (31%), bone (29%), soft tissue
(26%) and bone marrow (11%). The authors reported
S5-year PFS and OS estimates of 20% and 25%, respectively,
for the entire cohort. However, the 5-year PFS and OS
were 31.3% and 37.3%, respectively, in patients receiving
local therapy to all sites of distant metastasis vs. 0% and
0% in those receiving local therapy to less than all sites
(P=0.002). Metastasis-directed therapy outcomes have also
been reported among pediatric neuroblastoma patients in
a small retrospective series (23). Of 37 patients with stage
4 neuroblastoma, 13 patients (35%) received metastasis-
directed RT. The authors reported no significant 5-year
OS or relapse-free survival difference with or without
metastasis-directed RT. For further details on these
data, Table 1 is a summary of recently published studies
investigating conventional radiotherapy for metastasis-
directed therapy for pediatric patients.

Advances in radiotherapy
Stereotactic body radiotherapy (SBRT)

Historically, radiotherapy was almost exclusively delivered
with fractionated courses using 2D treatment planning
methods. Improvements in imaging and treatment
modalities have led from 3D conformal treatments to
intensity-modulated radiotherapy (IMRT) with image
guidance, now resulting in ability to deliver more precise
and conformal treatment plans with lower radiation
doses to normal structures than in the past. With this
increase in conformality and precision came the concept of
hypofractionation in which biologically equivalent doses of
radiation were given in fewer treatments with higher dose
per fraction. When hypofractionation was shown to be safe
and efficacious for many diseases, the concept was taken
further with the emergence of extreme hypofractionation
by means of SBRT regimens. SBRT is generally categorized
as 5 or fewer fractions of >6 Gy per fraction (24,26). With
emerging data in the past two decades demonstrating the
safety and efficacy of SBRT and SRS in adult patients, these
techniques are now being studied in pediatric patients.
Caring for pediatric cancer patients presents challenges
that are unique compared to adult patients. These younger
patients may still be growing and developing, and therefore
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radiotherapy doses to their normal tissues risk causing
more significant late toxicities. Also, some of these patients
require daily anesthesia for their treatments. Some of these
challenges cause radiation oncologists to favor shorter
courses of highly-focused, hypofractionated radiotherapy.
Hypofractionated RT allows for accelerated return to
systemic therapy, which is the backbone of many pediatric
cancer treatment paradigms. It also allows for patients who
are students to more quickly return to school and/or to
their normal routines, and results in less burden to families
with fewer visits to the radiation oncology department.
With regard to toxicity, stereotactic radiotherapy allows
for utilization of motion management systems that allow
for smaller PTV expansions and utilizes multiple highly
conformal beams which results in less exposure of normal
tissue.

While mostly limited to single-institution retrospective
series, there are some compelling data reporting outcomes
with the use of SBRT in pediatric patients which can apply
to oligometastatic patients (27-38).

SBRT-bone metastases

"Two series reported in abstract form only, included patients
with multiple histologies including neuroblastoma, Ewing
sarcoma, rhabdomyosarcoma, and others (27,28). SBRT
for recurrent and metastatic osseous disease in pediatric
patients was again associated with excellent local control
and low rates of serious toxicity in a retrospective series
from Memorial Sloan Kettering Cancer Center (27).
Fifteen patients with 20 lesions were treated with SBRT
with median dose of 27 Gy in 3 fractions (range, 20-40 Gy,
3-5 fx). Local control at median follow-up of 22 months
was 75%, and crude rate of grade 3 toxicity was 15%. Of
note, 12 of the 20 lesions had previously been treated with
radiotherapy. Another retrospective series from St. Jude
Children’s Research Hospital reported outcomes for 33
pediatric patients with 69 metastatic or recurrent lesions
treated with SBRT of which 41 were treated with curative
intent and 28 with palliative intent (28). Median dose
was 40 Gy (20-41 Gy) with median dose per fraction of
6 Gy (range, 5-8 Gy). Radiographic response rate—which
included complete response or stable disease—was 91%
for bone lesions and 71.4% for soft tissue lesions. Median
duration of best response was 19.1 and 7.5 months per site,
respectively. Local control at 1 year was 77.4% with no
observed acute or late toxicity of grade 3 or higher. The 16
local recurrences were described by site with 5 in-field, 9
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marginal, and 1 outside local failures.

SBRT-sarcoma metastases

There have been multiple studies examining SBRT
specifically for treatment of metastatic sarcoma in patients
that can be applied to pediatric patients with oligometastatic
disease. Brown er al. reported favorable control outcomes
with SBRT in patients with metastatic Ewing sarcoma and
osteosarcoma (29). This retrospective series from Mayo
Clinic included 14 pediatric patients with 27 lesions of
recurrent or metastatic Ewing sarcoma or osteosarcoma
treated with SBRT. With a median dose of 40 Gy in 5
fractions, 2-year local control was excellent at 85% with no
grade 3 or greater acute toxicity reported. Late toxicity was
seen in three patients with one grade 3 (sacral plexopathy)
and two grade 2 (myositis, pathologic fracture/avascular
necrosis) toxicities. These adverse events are discussed
further in the “Toxicity for Aggressive Local Therapy”
section below. A Swedish retrospective series by Stragliotto
et al. examined dosimetric relationship to local control and
toxicity in 46 patients with 136 foci of metastatic sarcoma
treated with SBRT (30). While 67% of patients in this
cohort underwent SBRT to multiple metastatic lesions, the
authors did not further define metastatic or oligometastatic
disease. The age range of the cohort was 8-87 years old.
Overall response rate—defined as complete response,
partial response, or stable disease—for all evaluable tumors
was 88% at median follow-up of 21 months. Ten patients
with Ewing/PNET or osteosarcoma histologies received
treatment to 30 lesions. Local control with SBRT was 86%
for Ewing/PNET lesions (n=14) and 75% for osteosarcoma
lesions (n=16). Severe toxicity was seen in two patients,
one of whom developed a colon perforation and another
who had contracture of the hip region. Otherwise, the
authors report at least one side effect was reported in 68%
of patients, most commonly cough and dyspnea. Another
single-institutional retrospective series reported outcomes
for SBRT to recurrent or metastatic sarcoma (31). The
investigators included 24 patients ages 8-86 years old with
median age of 30 years. While the study included both
children and adults, 46% of patients had histology of either
Ewing sarcoma (25%) or osteosarcoma (21%) suggesting
applicability to pediatric patients. Median dose was 30 Gy
(8-40 Gy) delivered in 5 fractions [1-10]. The authors did
not report the number of lesions treated. Again, SBRT was
associated with excellent local control of 96% at median
follow-up of 5.9 months. There were no grade 3 toxicities
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reported, and grade 1-2 acute toxicity was seen in 25% of
patients. A retrospective series from the Cleveland Clinic
demonstrated favorable outcomes with SBRT for pediatric,
adolescent and young adult patients with metastatic
sarcoma (32). In this series, 22 patients underwent SBRT to
61 metastatic lesions with a median dose of 35 Gy (range,
16-60) in 5 fractions (range, 1-5) with a median PTV size
of 40 cc (range, 4-806). Local control was 87% at 6 months
and 77% at 12 months. There was no grade >3 acute
toxicities reported, and grade 1-2 acute toxicity was seen in
23% of patients. With regard to late toxicity, one patient
experienced grade 3 radiation enteritis of the jejunum
after undergoing re-irradiation to L3. Of note, this patient
experienced the enteritis after exposure to gemcitabine and
docetaxel 3 months after re-irradiation with SRS.

SBRT-lung metastases

With regard to efficacy and safety of SBRT for lung
metastases in pediatric malignancies, a case series from
SUNY Upstate Medical University reported favorable
outcomes. Three patients were treated with SBRT for 12
pulmonary lesions consisting of rhabdoid tumor, Ewing
sarcoma and Wilms tumor histologies (33). Two of the three
patients underwent SBRT for a single lung lesion, while one
patient with metastatic rhabdoid tumor underwent SBRT
to 10 lung lesions over a 2-year period. SBRT doses ranged
from 37.5-50 Gy in 3 to 5 fractions, and local control was
100% at minimum follow-up of 1.9 years. There were no
observed acute toxicities. One patient developed a late grade
2 rib fracture that may have been related to SBRT. The
patient with Wilms tumor experienced durable disease-free
survival without whole lung RT or further systemic therapy.

Spine stereotactic radiosurgery (SRS)

Anatomical location and histology can also guide the use of
SBRT in oligometastatic pediatric patients for whom the
line between definitive and palliative therapy is not clear.
For example, radioresistant histologies like sarcomas that
present with metastases in the spine present a significant risk
of morbidity with local progression. There are compelling
data suggesting safety and efficacy of aggressive local control
with ablative doses of RT for metastatic spinal sarcomas
(31,34,35,39-43). While safety and efficacy outcomes can
often be extrapolated to young patients, there are fewer
studies that reviewed outcomes in the pediatric population.
A series from South Korea studied outcomes for 27 patients
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ages 11-65 years old with sarcomas of the spine treated
with SRS, 17 of whom received treatment to metastatic
lesions (34). In this trial, 52% of patients had osteosarcoma,
and median single-session equivalent dose was 21.8 Gy.
Local control at 6 months and 24 months was 96.7% and
76.9%, respectively. Median local PFS for primary and
metastatic sarcoma was 41 vs. 23 months, respectively,
although this was not statistically significant. On
multivariate analysis, age >46 years was a risk factor for
worse local PFS compared to younger age (16 vs. 59 months,
P=0.009). A series from Cleveland Clinic reported outcomes
for 7 adolescent and young adult patients ages 15-29 years
old undergoing spine SRS for 11 lesions of metastatic
osteosarcoma and Ewing sarcoma (36). Median SRS dose
was 35 Gy [16-40] in 5 fractions [1-5], which led to 64%
local control rate at median follow-up of 11.1 months
(6.8-26.0 months) due to local failures in three lesions. Of
the three local failures, the two osteosarcoma failures were
marginal, and the one Ewing sarcoma failure was in-field.
While there were no acute grade 3 or higher toxicities, one
patient developed late grade 3 radiation enteritis, although
this patient had received SRS re-irradiation which was
also given concurrently with chemotherapy. No pain flare
or vertebral compression fractures were observed. MD
Anderson has published outcomes for 48 patients with
66 spinal sarcoma metastases treated with SRS, of whom
the median age was 53 years (range, 17-85) with 6% of
lesions representing osteosarcoma or Ewing sarcoma
metastases (35). While applicability to pediatric patients is
somewhat limited by these demographics, the results are
useful for efficacy and safety considerations when treating
oligometastatic pediatric patients. The authors reported
actuarial local control rate of 81% at 1 year for all patients.
Multivariate analysis revealed significantly improved local
control associated with biological equivalent dose (BED)
>48 Gy and involvement of a single vertebral body, while
there was a trend toward worse local control with post-
operative SRS compared to definitive (subhazard ratio
2.33, P=0.06). Of all local recurrences, 78% occurred at
the margin with the majority of recurrences located in
the epidural space. Late toxicities included 4 insufficiency
fractures and 3 cases of neuropathy. Of note, 2 of the 3
patients with osteosarcoma experienced local failure, while
the single patient with Ewing sarcoma had durable local
control at last follow-up.

Together, these data for SBRT and SRS demonstrate
favorable local control rates with acceptably low rates of
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late toxicity. For further details on these data, Table 2 is a
summary of recently published studies investigating SBRT
for metastasis-directed therapy for pediatric patients.

SBRT-clinical trials

We hope to learn more from the analyses of prospective
trials that incorporated SBRT into the treatment
paradigm. Local consolidative radiotherapy to primary
and metastatic disease has been incorporated into current
protocols for Ewing sarcoma. The St. Jude Ewing sarcoma
family of tumors (ESFT)13 (NCT01946529) is a trial of
novel systemic agents and local therapy for ESFT and
desmoplastic small round cell tumors. This trial utilizes
metastasis-directed radiotherapy at week 19 of systemic
therapy using either external beam radiotherapy (EBRT)
with 54 Gy in 30 fractions (fx) or hypofractionated SBRT
with 30 Gy in 6 fx (44). Additionally, the Children’s
Oncology Group (COG) EWS1221 (NCT02306161) is a
recently closed prospective phase III trial evaluating the
addition of Ganitumab to multi-agent chemotherapy for
newly-diagnosed metastatic Ewing sarcoma. This trial
utilized local therapy with either surgery or radiotherapy
to all initially involved sites of metastasis after completion
of consolidation chemotherapy. Radiotherapy was either
EBRT with 55.8 Gy in 31 fx or SBRT with 40 Gy in
5 fx, although SBRT was reserved for lesions less than
5 c¢m in maximum diameter (45). There is also a recently
closed multi-institutional single-arm phase II trial
(NCT01763970) of SBRT with 40 Gy in 5 fractions
for patients ages 3 to 40 years old with oligometastatic
pediatric sarcoma with local control at 6 months as the
primary endpoint (37). The authors define oligometastatic
disease as 1 to 5 bony sites of unresectable metastatic
disease, with greatest tumor dimension of all sites
<5.0 cm or total volume of metastatic disease <250 cc.
This trial utilizes a SBRT regimen of 40 Gy in 5 fx given
over 1 to 2 weeks. The early results have now been
presented in abstract form and included 14 patients who
underwent SBRT to 32 bony metastases (37). The primary
endpoint of lesion-specific local control at 6 months was
93%, and median PFS and OS were 6.8 and 23.3 months,
respectively. The median number of sites treated was 3
(range, 1-4 sites), and histologies included Ewing sarcoma
(50%), osteosarcoma (16%) and high-grade soft tissue
sarcoma (34%). Two grade 3 toxicities were observed
including radial fracture and dysphagia.
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Table 2 Metastasis-directed SBRT
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Treated Median prescription Factors
Study Patients ) Tumor histology P P Local control Toxicity associated with
lesions (range)
local control
Taunk 15 20 NB (45%); ES (35%); 27 Gy [20-40] in 75% Grade 3: 15% NR
etal. (27) RMS (10%); other 3 fx [3-5] (22 months)
(10%)
Tinkle 33 69 NR 40 Gy [20-41]; 7% Grade =3: none NR
et al. (28) 6 Gy/fraction [5-8] (9.9 months) Grade <2: 16.5%
(%]
Brown 14 27 OS (70%); ES (30%) 40 Gy [16-50] in 85% (2 years) Late Grade3:7% NR
et al. (29) 5 fx [1-10] Grade =4: none
Stragliotto 46 136 STS (61%); US (15%); Reported in EQD2: 88% 1 colonic Higher CR rate for
et al. (30) OS (11%); ES (11%); 70 Gy [26-162] in (21 months) perforation, 1 hip  uterine sarcoma
other (13%) 4 fx [1-5] contracture (71%)
Kim 24 NR ES (25%); CS (25%); 30 Gy [8-40]in5fx 96% Grade =3: none NR
etal. (31) OS (21%); other (29%) [1-10] (6 months)
Parsai 22 61 OS (45%); OS (32%); 35 Gy [16-60] in 87% (6 Grade 3 enteritis:  NR
etal. (32) other (23%) 5 fx [1-5] months); 77% 4.5%
(12 months)
Deck 3 12 ES (33%); other (67%) 40 Gy [37.5-50]in  100% None NR
et al. (33) 4 fx [4-5] (22 months)
Chang 27 32 OS (52%); other (48%) 21.8 Gy [16-45]in  96.7% NR Improved local
et al. (34) 1fx [1-3] (6 months); PFS if age <45
76.9% (2 years) (59 vs. 19 mo,
P=0.006)
Bishop 48 66 LMS (42%); epithelioid Reported in BED in  73% for single Grade =3: none () BED
et al. (35) (14%); MFH (12%); CS 1 fx (47%) fx (3 years) >48 Gy (SHR 0.21,
(9%); other (23%) P=0.006) and (Il)
single vertebral
body involved
(SHR 0.27,
P=0.03)
Parsai 7 11 ES (55%); OS (45%) 35 Gy [16-40] in 73% Grade 3 enteritis:  NR
et al. (36) 5 fx [1-5] (11 months) 14%
Elledge 14 32 ES (50%); OS (16%); 40 Gy in 5 fx 93% Grade 1: 43%; NR
etal. (37) STS (34%) (6 months) Grade 3: 14% (one
left radius fracture,
one dysphagia)
Chandy 14 18 ES (21%); MB (21%);  Intracranial: 19 Intracranial: Intracranial, late NR
et al. (38) ependymoma (21%); Gy [18-24] in 1 fx 75% (2 years); grade 3: 38%;
NB (14%) extracranial: 27 Gy  extracranial: extracranial: no

[27-42] in 3 fx [3-5]

50% (2 years)

late toxicity

ES, Ewing sarcoma; CS, chondrosarcoma; OS, osteosarcoma; LMS, leiomyosarcoma; RMS, rhabdomyosarcoma; SC, spindle cell; STS,
soft tissue sarcoma; FS, fibrosarcoma; MFH, malignant fibrous histiocytoma; HP, hemangiopericytoma; LS, liposarcoma; US, uterine

sarcoma; NB, neuroblastoma; MB, medulloblastoma; NR, not reported; fx, fraction; VCF, vertebral compression fracture.
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SBRT simulation and planning

CT-simulation should be customized to the location of the
targeted lesion. In general, thin-slice (1 or 1.5 mm) CT-
simulation images should be obtained in the treatment
position with utilization of appropriate motion management
systems. Simulation CT images are co-registered to a high-
definition treatment-planning MRI when the target lesion
is located in the spine, extremity, or pelvis. If unable to
obtain an MRI for a spine SRS patient, CT myelogram
imaging may be obtained instead. Images are often obtained
with intravenous and/or oral contrast depending on the
location of the target. Immobilization can be achieved by
means of vacuum immobilization devices for thoracic and
abdominal targets or for spine SRS, a 5-point Aquaplast
mask for spine SRS targets at the level of T'5 and above, and
smaller vacuum immobilization devices for extremity SBRT.
Motion management techniques like inspiratory breath
hold are often utilized for targets in the chest or upper
abdomen as they allow for smaller target volumes when
compared to abdominal compression with 4-dimensional
CT (4DCT). However, very young patients require careful
consideration in treatment planning as they are often unable
to successfully perform inspiratory breath hold and may not
tolerate abdominal compression. Additionally, very young
patients may require general anesthesia for simulation and
treatment. Targets and critical organs at risk are delineated
by the radiation oncologist on axial images. Targets include
a gross tumor volume (GTV) which is defined as visible
gross disease based on all available imaging. With the
exception of spine SRS, a clinical target volume (CTV) is
created as a volumetric expansion of the GTV to account
for microscopic disease within anatomically constrained
region. For spine SRS, specific contouring guidelines exist
for defining the CTV based on the location and size of
the gross disease within the vertebral body (46). Finally, a
planning target volume (PTV) is created which accounts for
intra-fraction motion as well as inter-fraction motion due to
potential setup error. Image-guidance is utilized with daily
cone-beam computed tomography (CBCT) in the presence
of a physician and physicist at the treatment console. For
patients that have received prior radiotherapy, a composite
of current and prior radiation plans is created to account
for accumulated dose to organs at risk. Please refer to
Figure 1 for a sample SBRT treatment plan for treatment of
oligometastatic osteosarcoma.
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SBRT dose and fractionation

SBRT is defined by the use of high doses of radiotherapy
per fraction delivered to highly conformal targets in an
extremely hypofractionated pattern, often 5 fractions or
fewer (24). A commonly used dose for children and young
adults is 40 Gy delivered in 5 fractions. However, for
young children less than the age of 10 years old, a reduced
dose of 35 Gy delivered in 5 fractions of 7 Gy per fraction
can be considered as was utilized on the NCT01763970
trial of pediatric SBRT (47). There are multiple studies
suggesting a spectrum of radiosensitivity among various
primary histologies of metastatic tumors treated with SBRT
(48,49). In the pediatric population, this concept applies
to osteosarcoma in particular which appears to exhibit
relatively radioresistant behavior compared with other
pediatric histologies treated with SBRT (50-54). The series
from MD Anderson Cancer Center above demonstrated
improved local control for spinal sarcoma metastases treated
with SBRT when the BED was >48 Gy (35). In the Swedish
trial of SBRT to metastatic sarcoma lesions, the authors
describe utilization of inhomogeneous dose distribution
within the PTV, with median PTV prescription isodose of
65% that allowed the central part of the PTV to receive
doses roughly 50% higher than the prescription dose (30).
The rationale for this technique is to deliver higher doses to

a hypothetically more radioresistant population of hypoxic
cells within the center of the PTV.

Palliative radiotherapy for pediatric cancer
patients

The utility of radiotherapy in palliating cancer symptoms is
well established in the pediatric population. Palliative RT
strategies for pediatric patients range from conventionally
fractionated external beam radiotherapy to hypofractionated
dose-escalated RT similar to SBRT regimens mentioned
above. Palliative radiotherapy for pediatric patients, often in
combination with single- or multi-agent systemic therapy,
is associated with pain relief as well as durable local control.
A retrospective series from MD Anderson Cancer Center
reported outcomes of conventional palliative RT delivered
in conjunction with chemotherapy or 153-Samarium
radioisotope therapy for pediatric patients with
osteosarcoma (25). Thirty-nine patients with a median age
of 14.7 years (range, 6-20) were treated with radiotherapy
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Figure 1 A sample SBRT treatment plan for treatment of oligometastatic osteosarcoma. (A) Axial CT images of SBRT plan of 40 Gy/5 fx
for oligometastatic osteosarcoma in the pelvis of a 17-year-old patient. Isodose lines are delineated in the legend, and organ at risk contours
include sacral nerves (pink), rectum (periwinkle) and small bowel (teal). (B) Dose volume histogram for the SBRT plan pictured in (A).
SBRT, stereotactic body radiotherapy.
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to 119 sites with a median dose of 30 Gy (range, 10-70)
in 10 fractions (range, 4-35). Most patients (80%) were
receiving chemotherapy concurrently, most commonly
ifosfamide or methotrexate. Of the painful sites, 76%
experienced improvement, 10% had no change, and 13%
had more pain after treatment. Local control, as determined
by persistent and sustained reduction of standard uptake
values on PET-CT and bone scan, was favorable with 72%
of patients exhibiting radiographic improvement, 25% with
stable findings, and 3% with progression. Metastasis-free
survival at 4 years was shown to be 39%, and the median
time to new metastasis at the time of RT was 15.2 months
(range, 2-28).

In addition to pain, palliative RT can also help ameliorate
dyspnea and neurologic symptoms. Retrospective data from
Stanford reports favorable symptom relief, local control
and toxicity outcomes after conventional dose-escalated
palliative RT for metastatic and recurrent pediatric
osteosarcoma (55). Twenty pediatric patients, median age of
17.9 years (range, 6.3-34.8), with symptomatic metastatic
or locally recurrent disease were treated with 32 courses
of palliative RT. Median RT dose in EQD2 was 40.0 Gy
(range, 20-60.4) delivered in a median of 15 fractions (range,
5-39), reflecting moderate dose-escalation compared to
typical palliative doses for less radioresistant histologies.
Symptom relief was seen in 75% of patients at median time
of 15.5 days (range, 3-43). Local failure was seen in 21.4%
of patients at median follow-up time of 17.5 months (range,
2-102), with median time to progression of 12.9 months
(range, 4-22). Higher EQD2 was correlated with more
durable local control (r=0.39, P=0.0003).

Compared with conventionally fractionated RT,
hypofractionated palliative RT has the advantage of
convenience due to fewer visits to the treatment center.
This can be especially relevant for significantly symptomatic
patients. Hypofractionated palliative RT was shown to have
favorable local control and response rates in pediatric patients
with metastatic and recurrent cancers in a retrospective series
from Memorial Sloan Kettering Cancer Center (24). Sixty-
two patients with median age of 12 years (range, 3—18) were
treated with hypofractionated RT to 104 lesions. Median
dose was 24 Gy (range, 15-40) in a median of 5 fractions
(range, 3-5), of whom 2D/3D Conformal RT technique was
used in 46%, SBRT in 25%, IMRT in 23%, Electron RT
in 4%, and Proton RT in 2%. Distribution of histology by
lesion were 48% neuroblastoma, 16% osteosarcoma, 13%
Ewing sarcoma, and 23 % other histologies.

Together, these data propose treatment strategies for
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utilization of palliative RT in treating oligometastatic
pediatric patients that may have poor performance status or
other limitations to more aggressive therapy.

Special considerations for the pediatric
population

Toxicity with aggressive local therapy

Toxicities from aggressive local radiotherapy can be
significant for pediatric patients. Late toxicity is a particular
concern when higher total doses and higher doses per
fraction are employed in treating radioresistant histologies
common to pediatric patients (56). Fortunately, with
technological advancement resulting in ability to deliver
highly conformal radiotherapy, toxicity profiles of SBRT
and other hypofractionated RT regimens are favorable as
shown above. Retrospective data from Memorial Sloan
Kettering Cancer Center reported toxicity outcomes for
15 patients treated with SBRT to 20 lesions of multiple
pediatric histologies including neuroblastoma, Ewing
sarcoma, rhabdomyosarcoma, and osteosarcoma (27).
Common toxicities included grade 1 dermatitis (45%) and
fatigue (40%), and crude grade 3 toxicity rate was 15%.

When it comes to characterizing and quantifying toxicity
associated with aggressive therapy for pediatric cancer,
it is unclear whether adolescent and young adult (AYA)
patients experience toxicity more similarly to adults or
young children. Investigators from Cincinnati Children’s
Hospital Medical Center are in the process of analyzing
toxicity profiles in AYA patients across heterogeneous
cancer diagnoses and treatment. The investigators are using
machine learning for this analysis having previously seen
promising results among acute lymphoblastic leukemia
patients as discussed at a recent COG breakout session on
toxicity.

Vertebral compression fracture is a well-recognized
adverse event observed in some patients after spine SRS.
While not specific to pediatric patients, retrospective data
from the adult population can inform dose and fractionation
selection for pediatric and AYA patients undergoing spine
SRS. A multi-institutional study evaluating risk factors
predicting VCF after spine SRS observed higher risk of
VCF on multivariable analysis when dose per fraction
exceeded 24 Gy (57).

Toxicity after re-irradiation

Management of locally recurrent oligometastatic disease in
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a previously irradiated area can be particularly challenging
with regard to acute and late toxicity, especially when
considering hypofractionated or stereotactic radiotherapy.
Concurrent chemotherapy and re-irradiation were both
associated with higher rates of toxicity in the retrospective
series above. Normal tissue that has received radiation in
the past does not completely repair damage by the time
a repeat course of radiation is given (56). Re-irradiation
with SBRT within 6 months of prior radiotherapy seems to
confer a higher risk of toxicity as seen in retrospective data
from Memorial Sloan Kettering Cancer Center (27). One
patient with neuroblastoma experienced extremely painful,
grade 3 myositis after re-irradiation to the scapula and distal
femur with a 27 Gy SBRT regimen. Both sites were areas
of synchronous oligometastasis that had received 30 Gy in
10 fractions within the previous 6 months. Another patient
with osteosarcoma suffered grade 3 neuropathy after SBRT
with 30 Gy in 3 fractions to the sacrum roughly 6 months
after 79.2 CGE fractionated proton RT. Gultekin er al.
report local control and toxicity outcomes for 23 pediatric
patients undergoing reirradiation with hypofractionated
SBRT, of whom 18% had extracranial disease, mostly in
the spine (58). No acute or late toxicity was reported in
the patients with extracranial disease. Similarly, in a series
from the Royal Marsden Hospital evaluating toxicity in
the setting of radiosurgery for oligometastatic patients
(median age 15), higher rates of toxicity were seen for
those with CNS treatment (38). This series found that a
cumulative BED (a/B of 2) of greater than 200 Gy resulted
in a higher probability of experiencing late toxicity (P=0.04).
In the study by Stragliotto et 4., 5 patients underwent re-
irradiation with SBRT. While the retrospective review was
limited in ability to evaluate toxicity, the authors reported
only two cases of serious side effects: one case of colonic
perforation and one case of hip contracture, neither of
which were fatal (30). Taunk ez 4/. reported a crude grade
3 toxicity rate of 15% among the 15 patients with 20
lesions treated with SBRT, 12 of which were previously
treated with radiotherapy (27). However, caution should be
exercised in interpreting these findings as they were only
presented in an abstract form and long-term follow-up data
are not available.

When considering re-irradiation with spine SRS,
clinicians can again extrapolate from data in adult patients
to inform dose and fractionation selection. A Canadian
retrospective series reported zero instances of VCF among
40 adult patients with 56 spine lesions treated with 30 Gy/4
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fx salvage SRS (59). The median prior dose in this study was
24 Gy/2 fx.

Radiation recall reaction

The phenomenon of radiation recall reaction is a rare late
toxicity characterized by acute inflammation in a previously
irradiated area upon administration of a systemic agent
days to years later (60,61). This is particularly relevant
in counseling patients and families in the pediatric
oligometastatic population for whom local radiotherapy will
most likely be followed with additional systemic therapy.
Radiation recall has been observed with administration of
gemcitabine, sorafenib, cyclophosphamide, doxorubicin,
vincristine, and other systemic agents (62-68).

Conclusions

While the pediatric oligometastasis treatment paradigm
lacks standardized clinical guidelines at the time of this
review, the retrospective data above have led to promising
prospective trials that will further elucidate optimum
management of these patients. Overall, metastasis-directed
therapy has generally been shown to be well-tolerated,
associated with favorable local control, and shown in select
patients to improve event-free survival and PFS outcomes.
Further studies are needed to more clearly define patient
selection criteria.
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