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tereotactic radiosurgery (SRS) is
S a technique to precisely deliver

high doses of hypofractionated
radiation therapy with minimal or no
treatment margins. There is a paucity of
literature on the role of radiosurgery in
the management of pediatric patients.
Although radiosurgery has been estab-
lished in the treatment of certain benign
central nervous system (CNS) diseases
in children, its role in the treatment of
pediatric CNS malignancies is evolv-
ing. The purpose of this article is to re-
view the literature and current applica-
tions of radiosurgery for the pediatric
population.

Benign CNS diseases
Arteriovenous malformation
(AVM)

Treatment for AVMs is by far the
most well established use of radio-sur-
gery in children. An illustrative case of a
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pediatric patient treated with SRS for a
left frontal AVM is shown in Figure 1.
The largest and most pertinent studies
will be reviewed here.

A study from University of California,
San Francisco (UCSF) evaluated dose
effects on obliteration rates of 80 pediat-
ric patients treated with SRS for AVM.
The study found a 3-year overall oblit-
eration rate of 56% for dose prescrip-
tion of 18-20 Gy, and 16% for dose < 18
Gy.! At 5 years following SRS, cumula-
tive incidence of hemorrhage was 25%.
Functional status improved or remained
the same as before treatment in 66% of
patients. The study concluded that low
marginal dose minimizes SRS-related
neuro-logical deficits but leads to low
rates of obliteration and high rates of
hemorrhage. To maximize AVM oblit-

eration and minimize post-treatment
hemorrhage, the authors recommended
a prescription marginal dose of > 18 Gy.
A study from the University of Vir-
ginia reviewed 51 unruptured pediat-
ric AVM patients with actuarial AVM
obliteration rates of 29%, 54% and 72%
at 3, 5 and 10 years after radiosurgery,
respectively.? The obliteration rate was
significantly higher with dose = 22 Gy
(p=0.003) and for nidus with < 2 drain-
ing veins (p=0.001). The annual post
SRS hemorrhage rate was 1.3%, and the
incidence of cyst formation was 2%. In-
cidence of radiographic, symptomatic
and permanent SRS-induced changes
were 55%, 16% and 2%, respectively.
The largest series published on SRS
for pediatric AVMs is a study from
the University of Pittsburgh, which
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FIGURE 1. (A) A 16-year-old boy with a 6 cm left frontal AVM treated with GKRS. A total of 14
Gy was prescribed to the 50% isodose line covering 100% of the target, which was initially the
deeper portion of the AVM. The plan utilized 21 shots using composite sectors. Target volume
= 18.41 cc. Maximum dose = 28 Gy. Maximum diameter = 5.5 cm. Maximum dose/prescription
dose = 2. Planned isodose volume/target volume = 1.445. (B) Staged radiosurgery for AVM
6 months later. A total of 1400.0 cGy was prescribed to the 55% isodose line, which covered
100% of the target. The plan utilized 15 shots using 16 mm and 8 mm sectors. Target volume =
13.9 cc. Maximum dose = 2600.0 cGy. Maximum diameter = 5.1 cm. Maximum dose/prescrip-
tion dose = 1.857. Planned isodose volume/target volume = 1.683.

reviewed 135 children treated with
Gamma Knife (Elekta, Stockholm, Swe-
den) radiosurgery (GKRS).? The median
target volume was 2.5 cm? (range 0.1-
17.5 cm?), and median number of iso-
centers was 4 (range 1-17 Gy). Median
GKRS prescription dose to the nidus
margin was 20 Gy (range 15-25 Gy),
which correlated with median maximum

target dose of 40 Gy (range 30-50 Gy).
A reduced dose was prescribed for large
AVMs and nidus located in an eloquent
area as per published risk/benefit predic-
tion curves based on the 12 Gy volume.*
Of note, the same dose selection crite-
ria was used for both pediatric and adult
patients treated at their institution. Pe-
diatric AVM obliteration rates at 3, 4, 5

and 10 years were 45%, 64%, 67% and
72%, respectively. Median time to com-
plete obliteration was 48.9 months. The
overall annual AVM hemorrhage rate
was 1.8%. Rates of hemorrhage at 1, 2,
3,5 and 10 years were 0%, 1.6%, 2.4%,
5.5% and 10.0%, respectively. Perma-
nent radiation-induced neurologic defi-
cits developed in 2 children (1.5%) after
SRS. Delayed cyst formation occurred in
1 patient (0.7%).

Despite promising results with SRS,
advances in microsurgical resection
have improved surgical outcomes for
AVM. A large retrospective review from
Boston Children’s Hospital reviewed
94 pediatric patients treated with micro-
surgical resection for AVMs, of which
21% received adjunctive preoperative
embolization. The obliteration rate was
94%, and the most recent 50 patients in
the series underwent immediate periop-
erative angiography, which improved
the obliteration rate from 86% to 100%
(p = 0.01).° Perioperative neurologi-
cal deficits occurred in 17% of the chil-
dren treated. According to the modified
Rankin Scale used for analysis, 94% of
patients had good functional outcomes.
A review of 1- and 5-year follow-up
data indicated an overall annual hemor-
rhage rate of 0.3% and a recurrence rate
0f 0.9%.

In summary, surgical resection is still
considered the standard management
for AVM. The high rates of obliteration
and low rates of post-treatment hemor-
rhage and neurologic complications re-
ported in the Boston series suggest that
radiosurgery should be reserved for
nonsurgical cases or lesions in critical
brain regions. The safety and efficacy
of SRS in managing pediatric AVMs is
well documented in the literature. The
rates of obliteration and hemorrhage for
SRS in children are congruous with ex-
pected results in the adult population.®

Vestibular schwannoma
SRS has been well established as a
viable treatment option for vestibular
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FIGURE 2. A 12-year-old girl with NF2 status following prior microsurgical resection of a left
vestibular schwannoma. She subsequently developed right ear tinnitus and decreased audi-
tory acuity. She was treated for her right-sided vestibular schwannoma with GKRS. Her tumor
was treated with 13 Gy prescribed to the 50% isodose line. The plan utilized 20 shots using an
8 mm helmet without plugs. Target volume = 3.9 cc. Maximum dose = 2620.0 cGy. Maximum
diameter = 3.07 cm. Maximum dose/prescription dose = 2.015. Planned isodose volume/tar-
getvolume =2.103.

schwannoma (VS) in adults.” In fact,
one can argue that SRS is a superior
treatment to microsurgical resection
for vestibular schwanomma, consid-
ering equivalence in local control and
superior functional outcomes and qual-
ity of life after treatment with SRS.3?
The excellent outcomes in adults have
prompted investigation on the use of
SRS in children.

A study from South Korea enrolled 24
children with neurofibromatosis type 2
(NF2) who underwent GKRS for VS.10
The mean target volume treated was 4.8
+ 3.2 cm? and mean marginal dose was
12.4 £ 0.6 Gy prescribed to the 50% iso-
dose line. With a mean follow-up time of
89.3 months, the tumor control rate was
35% at 3 years. The mean growth rate
of VS was 0.33 cm? /year. The actuarial
rate of useful hearing preservation was
67% at 1 year and 53% at 5 years. Dis-

appointingly, these results are worse than
previous reports in adults. It is import-
ant to note, however, that rates of tumor
control and hearing preservation in gen-
eral are worse for VS associated with
NF2 than in sporadic cases.'! Other treat-
ment options are under investigation,
including bevacizumab for tumors that
express vascular endothelial growth
factor (VEGF), but the limited results
are not very promising as an alternative
treatment.'?!3 Further investigation is
needed to determine the efficacy of SRS
for VS in children. Figure 2 describes a
pediatric patient with NF2 treated with
radiosurgery.

Craniopharyngioma
Craniopharyngioma is typically man-
aged by surgical resection followed by
adjuvant radiation therapy for residual
disease. However, for residual or recur-

rent cases, radiosurgery has been im-
plemented. A study in Japan of 107 pa-
tients with craniopharyngioma treated
with SRS to a dose of 11.5 Gy included
38 children.'* Progression-free survival
(PFS) at 5 and 10 years was 60.8% and
53.8%, respectively, among the en-
tire cohort. However, local control was
worse when comparing children and
adults, with 32% of children progress-
ing after treatment, compared with 13%
of adults. A study from South Korea in-
cluded 14 pediatric patients who devel-
oped recurrence after gross total resec-
tion (GTR) for craniopharyngioma.'”
Five patients were treated with GTR,
1 with fractionated RT, 4 with GKRS,
and 4 with subtotal resection followed
by RT. GKRS tumor margin dose was
11.2 Gy (range 9-14 Gy) and mean target
volume was 1719 mm? (range 424-6874
mm?). Local control rate after GKRS or
fractionated RT was 100% at mean fol-
low-up time of 75 months after salvage
treatment.

Brain metastasis

Advances in cancer therapy leading
to prolonged survival may increase the
incidence of brain metastases in chil-
dren.'® Despite this, the overall number
of children with brain metastases is low,
and the prognosis is poor. A retrospec-
tive review of pediatric oncology pa-
tients at MD Anderson found that only
1.4% of children either presented or
developed a brain metastasis, with the
majority (60%) presenting with a sin-
gle brain metastasis.!” Kaplan-Meier
estimates for median survival in chil-
dren treated with brain metastases is 8
months.

Although uncommon, secondary
brain tumors are a feared side effect of
fractionated radiotherapy to the brain.
A single institution reported a median
time frame of 114 months in develop-
ment of secondary brain tumors after
previous cranial irradiation in children
treated at a median age of 8 years old.'®
SRS may potentially reduce the chance
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FIGURE 3. A 16-year-old girl with high-grade sarcoma was treated with GKRS to 2 brain

metastases involving the cerebellar vermis. A total of 2400 cGy was prescribed to the 50%

isodose line, which covered 100% of both targets.

of second malignancy by minimizing
the volume of normal brain receiving
radiation dose compared with whole-
brain radiation therapy (WBRT).! As
well, there is interest in minimizing
cognitive compromise in children un-
dergoing radiation therapy to the brain.
SRS can reduce the likelihood of cog-
nitive decline, which is a potential side
effect of WBRT. Currently, there are
no published papers in the literature on
SRS for brain metastases in children.
Instead, the impetus for SRS treatment
of brain metastases in children relies
on extrapolation from treatment re-
sults in adults. A recent meta-analysis
of phase 3 trials evaluating SRS with
or without WBRT demonstrated that
SRS alone favored survival in adult pa-
tients < 50 years of age.?’ In addition,

omission of WBRT did not affect dis-
tant brain failures. Perhaps these re-
sults, which demonstrate that younger
patients have improved outcomes with
SRS alone, may persuade pediatric ra-
diation oncologists to pursue studies of
SRS alone in children. Figure 3 illus-
trates a case of pediatric brain metasta-
ses treated with SRS.

Malignant primary CNS diseases
Ependymoma

The extent of surgical resection is the
most important factor affecting prog-
nosis for ependymoma. For children
with incomplete resection, 5-year dis-
ease-free survival drops by approxi-
mately 50% compared with gross total
resection, leading to lower overall sur-
vival.2!22 SRS has been implemented

as a boost for residual disease after frac-
tionated radiotherapy and to treat recur-
rent ependymoma after initial manage-
ment.? The largest published study in
the pediatric population is a retrospec-
tive analysis of 21 children treated with
SRS for recurrent ependymoma, which
demonstrated 72% local control at 27.6
months.?* The median prescription dose
delivered to the tumor margin was 15
Gy (range 9-22 Gy). PFS was 78.4%,
55.5% and 41.6% at 1, 2 and 3 years,
and distant tumor relapse rate was
33.6%,41.0% and 80.3% at 1, 2 and 3
years, respectively. Overall, treatment
was well tolerated with adverse radia-
tion effects seen in 2 patients.

Low-grade gliomas

Low-grade gliomas are slow growing
and usually managed with surgical re-
section alone, especially in the pediatric
population. Adjuvant radiation therapy
is generally not recommended. How-
ever, if the lesion is unable to be com-
pletely resected, radiation therapy may
be warranted. Radiosurgery is being
used for pediatric low-grade gliomas in
cases of incomplete resection or recur-
rent disease.

A review of 24 pediatric patients
treated at the University of Virginia
with GKRS for unresectable, residual
or recurrent gliomas demonstrates that
good clinical control can be achieved.?
The majority of the patients (80%) pre-
sented with low-grade gliomas. With a
median tumor margin prescription dose
of 15 Gy (range 4-20 Gy) and imaging
follow-up of 74 months, decrease in
tumor volume was 71% after GKRS.
At last follow-up, = 50% size reduction
was seen in 75% of patients, and com-
plete response was seen in 21%. PFS
was achieved in 83% of patients treated.
Of the 4 patients who progressed after
treatment, 3 underwent repeat resection
and 1 died.

A review of 50 patients treated with
GKRS for newly diagnosed or recurrent
juvenile pilocytic astrocytomas was
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Table 1. PFS and local control (LC) following
radiosurgery for pediatric brain tumors?

Tumor # of patients PFS (months) 3yrLC
GBM/AA* 18 12 50%
Medulloblastoma 16 11 57%
Ependymoma 28 8.5 29%

* Glioblastoma multiforme/anaplastic astrocytoma

performed at the University of Pitts-
burgh.?® The majority of patients had no
prior radiation; only 5 patients under-
went prior fractionated radiation ther-
apy +/- chemotherapy. Median target
volume was 2.1 cc and median marginal
dose was 14.5 Gy (range 11-22.5 Gy).
PFS after SRS (including tumor growth
and cyst enlargement) was 91.7%,
82.8% and 70.8% at 1, 3 and 5 years, re-
spectively. The authors suggest SRS for
pilocytic astrocytomas when resection
is not feasible or for recurrent disease.
Fractionated stereotactic radio-ther-
apy (FSRT) is an alternative to SRS for
radiation treatment of pediatric patients
with minimal margins. FSRT utilizes
SRS immobilization devices to mini-
mize margins for treatment with daily
fractionated radiotherapy. A large pro-
spective trial of 81 pediatric patients
with low-grade gliomas treated with
FSRT for disease progression after ini-
tial chemotherapy or surgery was con-
ducted at Dana-Farber Cancer Institute
in Boston.?” Of the patients evaluated,
50 had low-grade astrocytoma, 23 had
craniopharyngioma, 4 had posterior
fossa ependymoma, and 4 had other
histologies. PTV included preoperative
tumor + 2 mm margin. PFS was 82.5%
at 5 years and 65% at 8 years. Local
progression occurred in 6 patients, all
within the primary tumor bed. Since no
marginal failures occurred, the study re-
sults support the use of limited margins
with FSRT to minimize late effects of
radiation therapy. However, one of the
biggest drawbacks of FSRT is that daily
anesthesia may be required for younger
children, which can be logistically chal-
lenging, lead to significant health care

costs, and pose potential unnecessary
health risks such as anesthesia-induced
neurotoxic effects on the developing
brain.?® Because of this, radiosurgery
appears to be more feasible and attrac-
tive over FSRT.

High-grade gliomas

The largest series of pediatric pa-
tients treated with SRS for high-grade
gliomas is a review of 90 patients from
the Joint Center for Radiation Ther-
apy in Boston.?’ Breakdown by his-
tology is: glioblastoma = 10, anaplas-
tic astrocytoma = 8, medulloblastoma
= 16, primitive neuroendocrine tumor
=5, ependymoma = 28, other histolo-
gies = 23. Intention to treat was for re-
current tumors in 62 patients and for
initial management of residual tumors
in 28 patients. Gross disease was pres-
ent in 81 patients, and 9 patients under-
went SRS to the resection cavity due to
concern for high risk of local failure.
Median prescription dose was 12.5 Gy
(range 6-25 Gy), normalized to the 80%
isodose volume (range 40% to 100%).
Table 1 shows PFS and local control by
histology. The 3-year risk of radione-
crosis was 26%. Of the patients who un-
derwent reoperation for radionecrosis, 9
of 19 patients on pathologic review had
radionecrosis alone. Other findings in-
cluded mixed tumor and necrosis in 8
patients, tumor alone in 1 patient, and
benign findings in 1 patient.

Primitive neuroectodermal tumors
(PNET)

At the University of Pittsburgh, 7 chil-
dren with recurrent PNET were treated
with GKRS. Median tumor volume was

4.6 cm3 (range 1.2-13.1 cm3), and me-
dian prescription dose was 16 Gy (range
13-20 Gy). Following salvage GKRS,
2 patients experienced early disease
progression with median survival of 5
months, while 5 patients had late pro-
gressive disease with median survival
of 30 months.?® Of the 5 children with
late progression, 4 were retreated with
GKRS for disease relapse without any
adverse radiation events. Median GKRS
re-treatment tumor volume was 1.3 cm?
(range 1.1-3 cm?), and median re-treat-
ment prescription dose was 13 Gy (range
9-16 Gy). One patient underwent a third
GKRS procedure to a dose of 16 Gy
without complications for re-treatment
of a pineal PNET, which recurred after
2 prior GKRS treatments. This study
highlights the safety of repeat GKRS for
PNET recurrences.

Medulloblastoma

Radiosurgery was first proposed
as an effective and safe treatment op-
tion for medulloblastoma by the Joint
Center for Radiation Therapy.?' With
a modified linear accelerator, SRS was
used to boost residual disease in 3 pa-
tients and was implemented for sal-
vage treatment in 11 patients for re-
current tumors. Median tumor dose
was 12 Gy, and median tumor volume
was 6.9 cm.? All patients had prior
craniospinal irradiation. With median
followup of 27 months, none of the
patients failed locally within the ra-
diosurgery target volume. Median sur-
vival after SRS for recurrent medullo-
blastoma was 10 months, with distant
recurrence within the CNS as the pre-
dominant site of failure. The authors
conclude that although SRS is highly
effective for local control in medullo-
blastoma, the high incidence of distant
recurrence indicates that SRS alone is
insufficient for long-term disease con-
trol. Systemic therapy should be used
in conjunction with radiosurgery to im-
prove survival in patients with recur-
rent medulloblastoma.
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A study from Germany evaluated
FSRT and SRS for recurrent medul-
lo-blastoma in 20 patients with 29
treatment sites.? All patients received
prior craniospinal radiotherapy with
boost to the posterior fossa for a total
dose of 54 Gy. SRS was used to treat
8 areas of recurrence with a mean
dose of 15 Gy (range 10-18 Gy), while
FSRT was used to treat 21 lesions to
a fractionated dose of 24 Gy. Overall
local control was 89.7%. None of the
patients developed late toxicities such
as brain radionecrosis.

Taking into account prior experi-
ences with radiosurgery for medullo-
blastoma, a small case series from the
UK reported the utilization of dose es-
calated radiosurgery for metastatic re-
lapse of medulloblastoma in 3 chil-
dren.?* GKRS treatments were taken
to a much higher dose than previously
published reports for medulloblastoma
with a mode prescription dose of 25 Gy.
A total of 6 treatments were well toler-
ated with no adverse events reported
and prolonged PFS was achieved with
complete remission seen in 2 patients
with MRI follow-up of 30 months and
39 months. The other patient achieved
stable disease at 4 years follow-up. This
case study is a good example of how pe-
diatric radiosurgery dose and treatment
recommendations can evolve over time
based on limited prior experiences in
the literature.

Special considerations in pediatric
radiosurgery
Immobilization and localization
Traditionally, SRS for brain lesions
involves a fixed frame for immobiliza-
tion to ensure accuracy and treatment
precision. However, children < 2 years-
old in particular have thin, deformable
skulls, which may preclude fixation
of a stereotactic localization frame.
Some institutions use a special wrench
to measure torque force applied to the
child’s skull during head frame place-
ment to prevent head frame pins from

penetrating the skull. To maintain accu-
racy, special posts of the Gamma Knife
head frame are tailored to the curvature
of a child’s skull. A feasible alternative
is frameless SRS, which may be more
tolerable for children.** Image-guided
radiation therapy (IGRT) is vital for
accurate target localization for frame-
less radiosurgery. A common frame-
less SRS technique uses an Aquaplast
(Qfix, Avondale, Pennsylvania) mask
with optically monitored fiducial mark-
ers attached to a bite block or mask. To
ensure precise immobilization, the opti-
cal markers can be tracked in real time
during treatment with thresholds to
beam off should the patient move out-
side the tolerated range.*> Other modal-
ities for IGRT include cone-beam CT
and emerging technologies such as re-
al-time MRI-guided tracking.3¢

Anesthesia

Local anesthesia alone is typically
used when treating an adult patient with
frame-based SRS. However, a young
child may not be able to tolerate the
treatment awake and may need general
anesthesia. Anesthesia delivery systems
with propofol for children is an area of
ongoing research. A remote-controlled
patient management system consisting
of propofol-based general anesthesia
with target-controlled infusion was de-
signed in Japan specifically for pediat-
ric GKRS.*” However, patients who are
<30 kg and < 16 years-old cannot be
managed with this system. Therefore,
a manually controlled infusion method
was developed to treat pediatric pa-
tients who are not candidates for the re-
mote-controlled system.* Although the
manual infusion is less accurate than
the target-controlled infusion, propofol
concentrations of 3.0-4.0 ug/ml, which
are the recommended levels for pediat-
ric GKRS, can be achieved.

Radiation necrosis
The pathophysiology of radiation
necrosis is a coagulative process that

predominantly affects white matter.
It is caused by small artery injury and
thrombotic occlusion. Initial manage-
ment typically consists of high-dose
steroids, but other options include vi-
tamin E, pentoxifylline, and hyper-
baric oxygen.? Bevacizumab has been
shown to be effective in managing ra-
diation necrosis in adults, but potential
side effects include thrombosis, pulmo-
nary embolism, GI perforation, wound
dehiscence and severe hypertension.*
Although not studied extensively in
children, a case series from Univer-
sity of Colorado reviewed 4 children
with diffuse pontine glioma who were
treated with bevacizumab after devel-
oping radiation necrosis. On follow-up,
3 children had significant clinical im-
provement and were able to discontinue
steroids. One child continued to de-
cline, but on further imaging was found
to have disease progression rather than
radionecrosis. Bevacizumab was well
tolerated in all 4 children.

A recent case series of 2 pediatric pa-
tients who developed medically refrac-
tory radiation necrosis after SRS for
AVM were treated with bevacizumab.!
In this study, a lower drug dose was de-
livered using a single intra-arterial in-
fusion of 2.5 mg/kg bevacizumab after
hyperosmotic blood brain barrier dis-
ruption (BBBD) as opposed to intrave-
nous infusion. The goal was to decrease
potential complications from high-dose
bevaci-zumab administration in chil-
dren while increasing target delivery.
At 8.5 months follow-up, both patients
experienced pain relief from previous
headaches and resolution of cushin-
goid features after weaning off steroids.
One of the children regained signifi-
cant motor strength. There was > 70%
reduction in cerebral edema on imag-
ing follow-up. The study concludes that
intra-arterial administration of a single
low dose of bevacizumab after BBBD
was safe and resulted in durable clini-
cal and radiographic improvements at
concentrations much less than required
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Table 2. Recommended radiosurgery dose to target margin
Disease site Institution/Country Year # of patients SRS dose
AVM Pittsburgh 2012 135 20 Gy (range 15-25 Gy)
AVM UCSF 2014 80 >18 Gy
AVM Virginia 2015 51 222Gy
Vestibular schwannoma South Korea 2014 24 12.4 Gy (range 11.8- 13 Gy)
Craniopharyngioma Japan 2005 38 11.5 Gy
Craniopharyngioma South Korea 2012 4 11.2 Gy (range 9 - 14 Gy)
Ependymoma Pittsburgh 2010 21 15 Gy (range 9 - 22 Gy)
Low grade glioma Pittsburgh 2009 50 14.5 (range 11 - 22.5 Gy)
Low grade glioma Virginia 2012 24 15 Gy (range 4 - 20 Gy)
High grade glioma Joint Center (Harvard) 2001 20 12.5 (range 6 - 25 Gy)
PNET Pittsburgh 2009 7 16 Gy (range 13 - 29 Gy)
Medulloblastoma Joint Center (Harvard) 1995 11 12 Gy
Medulloblastoma Germany 2002 8 15 Gy (range 10 - 18 Gy)
Medulloblastoma United Kingdom 2014 3 25 Gy (range 15 - 25 Gy)

for systemic intravenous drug delivery.
Advantages over the intravenous route
may include decreased systemic toxicity,
higher concentration of drug delivery to
the affected brain, and lower cost.

Follow-up imaging

An important but often unaddressed
aspect of patient management is fol-
low-up indications and radiographic
findings after treatment. A study from
University of California, San Diego
(UCSD) reviewed serial MRI brain
scans following SRS for treatment of
pediatric primary brain tumors. Among
21 lesions treated, 8 lesions met Re-
sponse Evaluation Criteria In Solid
Tumors (RECIST) vl1.1 criteria for
progressive disease at 6 months.*> How-
ever, on further follow-up imaging, it
was found that 3 of 8 initially assumed
treatment failures on MRI represented
transient tumor edema, with 2 of the
lesions later developing a complete re-
sponse at 15 months, and the other le-
sion qualifying as stable disease at 12

months. This study highlights that early
lesion enlargement after pediatric SRS
may not necessarily indicate treatment
failure, and follow-up imaging may be
warranted before pursuing further treat-
ment or interventions.

Conclusion

When treating children with radia-
tion therapy, radiation-induced toxici-
ties such as cognitive decline are of par-
ticular concern. The combination of a
steep dose gradient and high conformal-
ity makes radiosurgery a particularly
appealing treatment option for the pedi-
atric population by allowing physicians
to deliver high dose to the target volume
while minimizing dose to surround-
ing normal tissues. It is also a valuable
treatment option for children who de-
velop recurrent disease. However, one
of the challenges in establishing guide-
lines for pediatric radiosurgery is the
limited sample size of treated patients
compared with the adult population. A
summary of pediatric SRS prescription

dose by disease site based on references
from this review article is provided in
Table 2. Moving forward, indications
for the appropriate utilization of ra-
diosurgery in children will need to be
driven by the experience of centers of
excellence in radiosurgery and pediatric
radiation oncology, as well as clinical
trials. A multidisciplinary research ap-
proach including neurosurgeons, radia-
tion oncologists, pediatric oncologists,
and anesthesiologists is paramount in
optimizing the management of children
treated with radiosurgery.
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