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Abstract 
Purpose: Oncology advanced practitioners (APs) are on the front line in 
treating adverse effects. Among children with brain tumors, treatments 
such as craniospinal irradiation (CSI) cause neurocognitive injury, en-
docrinopathies, and ototoxicity. High-dose CSI with concurrent chemo-
therapy allows high-risk embryonal tumors (non-anaplastic) good sur-
vival (70%), but significant distressing effects are commonly treated by 
APs in multidisciplinary long-term follow-up. The aim of this study was 
to test feasibility of reducing radiation dose with an AP-led protocol. 
Methods: An interdisciplinary team developed this pilot study with the 
primary outcome of fewer than two deaths in 10 patients (80% survival). 
Secondary outcomes were feasibility of an AP-led treatment protocol 
and acute/late effects of treatment. The AP held a pioneering role as 
principal investigator of a tumor treatment study. Exclusion criteria in-
cluded age less than 3 years and anaplasia. The CSI was reduced from 
36 to 24 Gy. All other treatment was standard. Results: Survival rate 
exceeded the primary outcome threshold (88%); the accrual rate (80%) 
and follow-up neurocognitive testing rate (75%) were acceptable. Eight 
children ages 3 to 19 years (M = 8) with tumors of varied molecular sub-
typing were enrolled. The single death occurred 2.5 years from diagnosis 
of multiorgan failure (without evidence of tumor). The mean survival is 11 
years, with two college and one graduate degrees. Acute and late effects 
were decreased compared with the higher-dose CSI. Conclusion: APs 
who treat cancer adverse effects can also conduct clinical prospective 
studies to maintain survival rates and improve quality-of life-outcomes. 
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Advanced practitioners (APs) are inte-
gral clinicians in the care of patients 
experiencing adverse effects of cancer 
treatments. They are also on the front 

lines in the daily discussions of prognosis between 
patients and interdisciplinary oncology teams. An 
opportunity exists for APs to improve both sur-
vival rates and late effect outcomes through col-
laboration on clinical research (Braun-Inglis et al., 
2022). Advanced practitioners in pediatric oncol-
ogy have demonstrated the feasibility of conduct-
ing supportive care protocols (Montgomery et al., 
2021). Here, we present outcomes from an AP-led 
treatment study to maintain survival rates but re-
duce adverse effects among children with histori-
cally poor prognosis brain tumors.

Embryonal brain and spine tumors were his-
torically classified as medulloblastomas and prim-
itive neuroectodermal tumors (PNET). These 
small, round, blue cell tumors occur in the in-
fratentorial space (medulloblastoma) or in the su-
pratentorial area (pineoblastoma or PNET). These 
classifications have become outdated with the 
evolution of molecular subtyping. High-risk em-
bryonal tumors of the central nervous system are 
those that are metastatic within the brain or the 
spinal cord. Other risk factors for poor prognosis 
include embryonal tumors that are supratentorial 
or have anaplasia/large cell histology. Anaplasia 
and large cell histology are associated with the 
lowest survival rates for this type of tumor.

Radiation therapy to the tumor site has been 
effective to improve survival. Focused radiation 
delivery to the primary tumor site is referred to 
as the “boost.” Because these tumors have micro-
scopic metastases, radiation therapy at a lower 
dose to the whole brain and spinal cord (cranio-
spinal irradiation [CSI]) has further improved 
survival. The use of CSI has allowed these chil-
dren to be cured, but at a cost to quality of life. 
Many survivors of these tumors who received CSI 
at a young age are unable to live independently or 
maintain intimate relationships. Advanced prac-
titioners who clinically care for these patients 
both during the acute chemotherapy/radiation 
treatment and during survivorship are challenged 
with speaking to patients and parents who strug-
gle with the choice of reduced survival vs. long-
term neurologic injury.

In children with standard-risk embryonal 
brain tumors (age > 3 years old, no metastatic dis-
ease, residual disease < 1.5 cm2, and non-anaplas-
tic/large cell histology), the 5-year overall surviv-
al (OS) is greater than 80% (Packer et al., 2006). 
Children with high-risk disease have worse out-
comes, even with more intensive therapy that typ-
ically includes higher doses of CSI of 36 gray (Gy; 
Esbenshade et al., 2016; Gajjar et al., 2006; Kort-
mann et al., 2000; Tarbell et al., 2013; Zeltzer et 
al., 1999). The Children’s Oncology Group (COG) 
study 99701 examined the use of high-dose radia-
tion (36 Gy CSI) with concurrent daily carbopla-
tin as a radiation sensitizer in high-risk embryonal 
tumors (Jakacki et al., 2015; Jakacki et al., 2012). 
The study showed promising results, with a 5-year 
progression-free survival of 75% for high-risk pa-
tients. However, 36 Gy of CSI was known to result 
in worse late effects such as increased cognitive 
deficits (Merchant et al., 2014; Moxon-Emre et al., 
2014) and poor quality of life as an adult (Ribi et 
al., 2005). 

The most recent study by COG (ACNS0332) 
was a randomized trial treating children with 
high-risk medulloblastoma with 36 Gy CSI. The 
experimental arm received concurrent carbopla-
tin during radiation. Results revealed that event-
free survival improved by 19% at 5 years (73.2% 
with concurrent carboplatin vs. 53.7% without 
carboplatin) in children in the molecular subtype 
high-risk group 3 medulloblastoma (Leary et al., 
2021). Reported toxicities in the carboplatin arm 
were worse during the radiation phase, but equiv-
alent during the maintenance phase of treatment. 
Neurocognitive outcomes showed a mean intelli-
gence quotient (IQ) score of 91 with a mean pro-
cessing speed more than a full standard deviation 
below the mean. The carboplatin (experimental) 
arm did not have a significant difference in neuro-
cognitive outcome (Leary et al., 2021). 

Clinically, our multidisciplinary team includ-
ed neuro-oncology, radiation oncology, endocri-
nology, neuropsychology, neurosurgery, rehabili-
tation, radiology, ophthalmology, audiology, and 
nutrition. The interdisciplinary roles included 
physicians, nurses, social workers, APs, dieticians, 
physical therapists, occupational therapists, and 
speech therapists. In our monthly clinic, we pro-
vided care for children with these tumors during 
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treatment and afterwards in survivorship. Stan-
dard-of-care tools for monitoring adverse effects 
of treatment included serum levels of hormones, 
endocrinological history and physical exams, 
ophthalmological exams, audiology, and neuro-
cognitive testing. A dedicated neuropsychologist 
evaluated patients with a standard neurocogni-
tive battery of tests such as the Wechsler IQ scale. 
Within each of these subspecialties, thresholds for 
treatment or intervention have been established 
and followed in standardized survivorship pro-
tocol roadmaps through COG. For instance, high-
frequency hearing loss is diagnosed when a child 
has a decrease of 30 decibels (dB) or more at the 
frequency of 4,000 hertz (Hz). 

All team members involved in this clinic 
voiced challenges in providing optimal care to 
survivors who were unable to live independently. 
Parents and caregivers questioned the quality-of-
life outcomes for their child, verbalized anxiety 
about their child’s future, and some stated deci-
sional regret about high-dose radiation treatment. 
We therefore sought to use a pilot study feasibility 
design to examine the use of a lower dose of CSI 
(24 Gy) with concurrent carboplatin. We exclud-
ed patients in the extremely high-risk category of 
anaplastic tumors because the decision to reduce 
treatment intensity would be more likely to re-
duce survival and therefore would be unaccept-
able to patients, parents, and providers. The goal 
was to maintain similar disease outcomes with 
lower neurocognitive toxicity to allow for better 
quality of life for survivors. We also wanted to 
include more disciplines in clinical research and 
therefore assigned the neuro-oncology AP as the 
principal investigator (PI) with the other team 
members as co-investigators.

METHODS
The primary goal of this pilot study was to de-
termine survival in a limited group of patients 
with high-risk embryonal tumors who received 
reduced-dose CSI (24 Gy) with concurrent car-
boplatin. Secondary aims included feasibility of 
an AP-led treatment protocol and evaluation of 
acute/late effects of therapy. The institutional re-
view board (IRB) approved the pilot study with 
the accrual goal of 10 children. The research team 
was asked to provide additional evidence to the 

IRB that the AP as a PI would be well-supported 
by the physician co-investigators and that the AP 
had previous independent research experience in 
supportive care trials. 

Eligibility criteria included: (1) age between 
3 and 25 years old, (2) classical or desmoplastic 
embryonal histology in the posterior fossa with 
metastatic disease; or nonmetastatic supratento-
rial embryonal tumors, and (3) expected survival 
of greater than 6 weeks. Patients with anaplastic 
histology were excluded. Written informed con-
sent/assent from each subject or their authorized 
representative was obtained prior to enrollment. 
Initial evaluation included standard clinical exam, 
laboratory studies, MRI of the brain before and 
after surgery, MRI of the spine, lumbar puncture, 
and audiogram. 

Tumors were diagnosed by standard patholo-
gy. Retrospective evaluation of molecular subtyp-
ing was completed because it was not yet standard 
practice during the years of study enrollment. 
Where available, tumor tissue was subject to 
methylation-based diagnostic classification. DNA 
was extracted from tumor samples and applied to 
Illumina EPIC 850K methylation arrays. Result-
ing IDAT files were uploaded to molecularneuro-
pathology.org/mnp for molecular subgroups/sub-
types assignment.

The protocol therapy included CSI 24 Gy (23.4 
Gy in 1.8 Gy per fraction) with a primary tumor 
boost of 32.4 Gy in 1.8 Gy per fraction (total dose 
to primary tumor bed of 55.8 Gy). Supratentorial 
metastatic disease received a boost of 32.4 Gy (to-
tal dose 55.8 Gy), and spinal metastatic disease re-
ceived a boost of 27 Gy (total 50.4 Gy). Carboplatin 
was given daily 1 to 4 hours prior to each fraction 
of radiation at 35 mg/m2 IV over 15 to 20 minutes 
for 6 weeks (total of 30 doses). Weekly vincristine 
was given at 1.5 mg/m2 for 6 weeks. Following 
chemoradiation, patients received the standard 
adjuvant chemotherapy (cisplatin, CCNU, cyclo-
phosphamide, vincristine) based on COG study 
9961 (Packer et al., 2006). 

Conservative study endpoints for safety includ-
ed two deaths from disease or any therapy-related 
death. Acute toxicity (hematologic and nonhema-
tologic effects according to the National Cancer 
Institute’s Common Terminology Criteria for Ad-
verse Events) was recorded during the 6 weeks of 
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chemoradiation. Expected late effects in patients 
who have received whole-brain radiation were 
recorded with routine follow-up. These included 
hormonal deficiencies related to panhypopituita-
rism, high-frequency hearing loss, presence of cat-
aracts, and a decrease in neurocognition measured 
by IQ testing. Routine follow-up was conducted ac-
cording to the standard of care with MRIs and late 
effect testing in our multidisciplinary clinic every 
3 months for 1 year, every 6 months for the subse-
quent 2 years, and yearly after that.

RESULTS
Participant descriptions and toxicities are summa-
rized in Table 1. The study was open for 8 years 
and enrolled eight participants (80% of accrual 
goal). Given the slow accrual, it was closed prior to 
reaching the goal of 10 patients. Five-year progres-
sion-free survival (PFS) was 85%. Overall survival 
was 88%, and there were no deaths from disease. 

The eight participants included four with a di-
agnosis of medulloblastoma and four with supra-
tentorial tumors. The medulloblastoma subtypes 
were two group 4, one group 3, and one not oth-
erwise specified by standard pathology. The su-
pratentorial subtypes were three pineoblastomas 
and one cerebral neuroblastoma. All the medullo-
blastomas had metastatic disease: two were staged 
M3 with spinal metastases, and two were staged 
M1 with tumor cells in the cerebrospinal fluid. All 
four supratentorial embryonal tumors were in-
cluded given the poor outlook for these tumors. 
All participants were able to complete concurrent 
chemoradiation as outlined in the protocol and all 
had expected hematologic toxicity. Three of the 
participants had nonhematologic grade 3 toxici-
ties during the chemoradiation.

One patient relapsed 2 years after diagnosis 
and currently has no evidence of disease after sal-
vage therapy. One patient died without any evi-
dence of tumor recurrence 2.5 years off therapy, 
not thought to be related to treatment. The diag-
noses at this patient’s death included enterococcal 
infection, multisystem organ failure, and acute re-
spiratory distress syndrome. Of note, this subject 
had a normal complete blood count and differen-
tial upon admission with the infection.

Expected late effects of cranial radiation were 
assessed. Six patients had endocrine dysfunction 

and needed hormone replacement therapy. Six pa-
tients were diagnosed with high-frequency hear-
ing loss (> 30 dB at ≥ 4,000 Hz). Two patients had 
cataracts. Four participants had cognitive evalua-
tions at diagnosis and 2 years later (Table 1). Two 
had declines in IQ scores, one had an increase, and 
one was unchanged (Figure 1). Four patients have 
now graduated from high school, two from col-
lege, and one from graduate school.

The AP as PI maintained the protocol require-
ments including ensuring patients completed the 
long-term follow-up standard-of-care visits. Rate 
of neurocognitive testing completion at 2 years 
was 75%. The participants are currently at a me-
dian time of follow-up since diagnosis of 11 years 
(range 7–14 years). 

DISCUSSION 
We hypothesized that APs can actively collabo-
rate in clinical research to explore if there are 
some children with high-risk embryonal tumors 
that can be treated less aggressively but still main-
tain good disease outcomes. Thus, our AP-led pi-
lot study aimed to evaluate if reducing the dose 
of CSI for high-risk embryonal tumors could re-
tain similar survival rates but decrease toxicity. 
Although the study had a small sample size, we 
successfully showed 5-year survival over 80%. 
The one death was thought to be related to over-
whelming infection despite a normal blood count 
and occurred remotely from protocol treatment 
without evidence of tumor recurrence. The AP as 
PI successfully conducted the study with comple-
tion of long-term follow-up evaluations including 
80% of overall neurocognitive follow-up, which 
compares favorably to the historical rate (Moxon-
Emre et al., 2014). 

Outcomes for children with high-risk embryo-
nal CNS tumors have been poor. To improve those 
outcomes, there have been multiple attempts at 
intensifying therapy. This has included the use 
of higher-dose CSI, typically 36 Gy or higher, and 
additional chemotherapy. COG 99701 used a regi-
men that included 36 Gy CSI and daily carbopla-
tin and weekly vincristine followed by adjuvant 
chemotherapy (Jakacki et al., 2015; Jakacki et al., 
2012). For children without anaplasia, 5-year PFS 
and OS were 75% and 83%, respectively. POG 9631 
was another cooperative group study that added 
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etoposide to high-dose CSI followed by adjuvant 
chemotherapy for children with high-risk me-
dulloblastoma (Esbenshade et al., 2016). For the 
entire cohort, 5-year PFS and OS were 70% and 
77%, respectively. Data regarding anaplasia were 
not included. In both studies, therapy was consid-
ered tolerable in the short term. In our study of 
eight subjects, we had one relapse and one death 
unrelated to disease, which compares favorably 
with COG 99701 (Jakacki et al., 2015; Jakacki et 
al., 2012). Finally, the recently published COG 
study ACNS0332 for children with high-risk me-
dulloblastoma randomized participants to 36 Gy 
CSI with or without concurrent carboplatin. For 
all participants, the 5-year PFS was 62.9% and OS 
was 73.4% (Leary et al., 2021). Although we had 
a small sample size, our study again maintained 
similar survival rates to the most recent study but 
with a reduced dose of radiation.

In terms of molecular subtyping, our treat-
ment approach seemed successful for group 4 
medulloblastomas and the single group 3 medul-
loblastoma. Of note, in the subsequent ACNS0332 
trial for patients with high-risk medulloblastoma, 
the addition of carboplatin was seen to signifi-
cantly benefit children with group 3 medulloblas-
toma when treated with 36 Gy (Leary et al., 2021). 

The excellent outcome for the three patients with 
pineoblastoma in our sample is also notable. 

While the disease control with high-dose ra-
diation regimes of 36 Gy is good, there is signifi-
cant therapy-related late toxicity. A CSI dose of 36 
Gy results in cognitive deficits and poor reported 
quality of life, especially when a child is treated 
at a younger age (Mulhern et al., 2005). Our out-
comes revealed that reducing the CSI dose to 24 
Gy while intensifying therapy with concurrent 
daily carboplatin resulted in tolerable acute tox-
icity (primarily hematologic). Endocrinopathies, 
hearing loss, and cataracts were common, but not 
worse than has been reported in patients who re-
ceived 36 Gy CSI (Jakacki et al., 2012). 

Regarding neurocognitive outcomes, the pa-
tients in our cohort have attained better edu-
cational achievement than the decrease of 8 
IQ points per year that has been reported with 
higher-dose CSI (Figure 1; Mulhern et al., 2005). 
Additionally, three of our patients have achieved 
higher education degrees, which differs from his-
torical reports. Older age when radiation was de-
livered may affect this outcome (the patient who 
completed graduate school received radiation as 
an older adolescent), although age was not found 
to significantly affect neurocognitive outcomes in 
the historical comparison (Mulhern et al., 2005). 
Also, the recent national trial using 36 Gy CSI ap-
pears to have a worse outcome for mean IQ (91) 
compared to our patients (97) at about 2 years from 
diagnosis. That study also confirmed that the ad-
dition of carboplatin did not worsen IQ outcomes 
between groups (Leary et al., 2021). Although our 
numbers are small and timepoints are difficult to 
compare, the neurocognitive effects appear to be 
at least equivalent to those reported in ACNS0332, 
and not worse (Figure 1).

In support of the concept behind this pilot 
study, large cooperative groups are investigating 
how to decrease adverse effects of cancer treat-
ment in pediatrics. Children’s Oncology Group is 
pursuing supportive care trials to improve qual-
ity-of-life outcomes among children with brain 
tumors. In neuro-oncology, a trial of modafinil for 
treatment-related fatigue successfully reached ac-
crual goals and neurocognitive testing timepoints, 
perhaps related to the engagement of APs in-
volved in the trial (Sung et al., 2013). A new study 

Figure 1. Cognitive effect of treatment com-
pared with historical norm. The rate of change 
of IQ score in the 4 patients who had testing at 
baseline and 2 years were similar or better than 
the published rate of decrease in IQ scores in 
children with high-risk embryonal tumors  
(Mulhern et al., 2005).
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based on success in adults (Brown et al., 2020) 
has opened to examine the role of memantine as a 
neurocognitive protectant for children with brain 
tumors receiving cranial radiation. Conceivably, 
this is another opportunity for APs to champion 
clinical research to investigate supportive care in-
terventions for children with brain tumors. Pedi-
atric APs can explore opportunities to be local co-
investigators for national multisite studies or PIs 
of institutional pilot feasibility studies.

Confirming our positive result for the feasi-
bility of an AP-led trial, authors of a recent na-
tionwide survey of 408 oncology APs found that 
80% reported feeling comfortable with clinical 
research and trials, but 73% wanted to be more 
involved and 90% felt that oncology APs should 
play a role in clinical research (Braun-Inglis et 
al., 2022). Other examples of AP-led trials include 
the recent publication of a prospective clinical 
trial in symptom assessment in advanced pedi-
atric cancer. Displaying the strengths of an AP- 
focused research study, these authors were the 
first to report successful data collection in the last 
12 weeks of life in children with cancer (Mont-
gomery et al., 2021). However, authors of both 
studies suggest that challenges continue to exist 
in infrastructure, protected time, and research 
education for APs in oncology. In our study, the 
collaboration between interdisciplinary team 
members highlighted the strengths of the AP in 
symptom management and coordination, with 
the scientific support of the physicians.

LIMITATIONS
Our results are limited by the lack of full molecular 
subtyping due to the rapid evolution of diagnos-
tic techniques during the study period. Because 
we wanted to establish equivalent survival before 
exposing children to a treatment with potentially 
reduced efficacy, we limited our accrual goal to 10 
participants. Larger numbers are warranted to ex-
amine statistically significant outcomes.

CONCLUSIONS
Children with brain tumors benefit from AP-led 
clinical research trials that promote interdisci-
plinary collaboration to improve quality-of-life 
outcomes. Newer molecular classifications could 
be used to further define this lower-risk cohort 

(Cho et al., 2011; Northcott et al., 2011). For exam-
ple, if a child has a better prognosis by molecular 
classification, the risk of reducing therapy may be 
less, and therefore quality of life could be priori-
tized. Due to these positive findings, lower-dose 
CSI could be validated in a larger study to contin-
ue the work toward the goal of improving survival 
while decreasing late neurocognitive effects in 
children with high-risk disease. Advanced practi-
tioners are a group of providers who are readily 
engaged in symptom management and interested 
in the control of cancer toxicities. Therefore, APs 
have the potential to significantly contribute to 
the clinical investigation of reducing adverse ef-
fects while maintaining survival rates among pa-
tients with cancer. l
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