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Abstract

Background. The purpose of this analysis is to report long-term health-related quality of life (HRQoL) among brain
tumor survivors treated with proton therapy (PRT) at a very young age.

Methods. Fifty-nine children <4 years old received PRT between 2000 and 2011. Forty families participated. HRQoL
was assessed by child self-report (CSR; age >5) and parent proxy report (PPR; age 2+) using the PedsQL Core.
Results. The median age was 2.5 years (range, 0.3-3.8) at PRT and 9.1 years (5.5-18) at last follow-up. The most
common diagnoses were ependymoma (n = 22) and medulloblastoma (n = 7). Median follow-up is 6.7 years
(3-15.4). Follow-up mean CSR and PPR scores were: total core (78.4 and 72.9), physical (82.9 and 75.2), psycho-
social (76.0 and 71.6), emotional (74.4 and 70.7), social (81.2 and 75.1), and school (72.4 and 69.9). Parent-reported
HRQolL fell within a previously defined range for healthy children in 37.5% of patients, and for children with severe
health conditions in 45% of patients. PPR HRQoL was stable from baseline to last follow-up among all domains
except for social functioning. History of gastrostomy tube was significantly associated with poorer CSR and PPR
HRQoL on multivariable analysis. Ninety percent of children functioned in a regular classroom, 14 (36%) used a
classroom aid, 9 (23%) used an outside tutor, and 18 (46%) had an individualized education plan.

Conclusion. Long-term HRQoL among brain tumor survivors treated with PRT at a very young age is variable, with
over a third achieving HRQoL levels commensurate with healthy children.

Key Points

Radiation therapy is a critical component of the curative treatment ~ most feared among very young children, who are highly vulner-
for multiple pediatric brain tumors. However, radiation carries a  able to the adverse effects of radiotherapy. Treatment strategies
risk for a myriad of late effects, including cognitive dysfunction,  focused on optimizing quality of life for brain tumor survivors
hormonal deficits, and hearing loss which can negatively and  may involve avoiding or delaying radiation in our youngest pa-
permanently impact the quality of life of survivors.'® Radiationis  tients, sometimes even at the risk of compromising cancer cure.
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Importance of the Study

Concern over radiation late effects and the resulting
impact on quality of life is a driving factor in making
treatment decisions for very young children with brain
tumors. However, long-term quality of life outcome data
are lacking in this population, particularly among a co-
hort of patients treated with modern radiation therapy
techniques such as proton therapy. This is the first man-
uscript, to our knowledge, to report prospectively col-
lected HRQoL data among pediatric brain tumor survivors

The negative sequelae of radiation therapy in children are
directly related to the volume of normal tissues exposed
and the radiation dose received and are often inversely re-
lated to the age of the patient.*® Proton therapy (PRT) is an
advanced radiotherapy approach now increasingly used for
pediatric brain tumor patients in an effort to reduce the risk
of radiation-associated adverse late effects due its unique
dose deposition pattern resulting in markedly reduced radi-
ation exposure to the normal brain compared with photon
therapy.® Dose modeling studies predict that the reduced
radiation exposure to the surrounding brain with protons
will translate to a reduced risk of cognitive dysfunction,
and emerging clinical data among proton brain tumor sur-
vivors demonstrates favorable cognitive and health-related
quality of life (HRQoL) outcomes."-'8

Very young children remain a unique population who
are most sensitive to the adverse effect of radiotherapy
and for whom the long-term impacts of radiotherapy on
HRQoL remain poorly described. Few children below
the age of 4 have been included in previous reports, and
HRQoL outcomes specific to children exposed to cranial
radiotherapy at this young age have not yet been de-
scribed. Understanding quality of life outcomes among
brain tumor survivors treated with contemporary radi-
otherapy techniques such as PRT at a very young age is
critical for both providers and patient families when devel-
oping a treatment strategy for each child. The purpose of
this analysis is to (i) report long-term HRQoL in pediatric
brain tumor survivors treated with PRT at less than 4 years
of age and how demographic and clinical variables affect
them; and (ii) to compare HRQoL outcomes with published
scores for healthy children and children with other chronic
health conditions.

Methods
Patient Population

After institutional review board approval, pediatric brain
tumor patients treated with PRT at Massachusetts General
Hospital between 2004 and 2011 were offered enrollment
onto a prospective longitudinal study of HRQoL assess-
ment."® Families who elected to participate signed informed
consent for study participation. Patients and their families
completed the Pediatric Quality of Life Inventory (PedsQL)

treated with protons at the very young age of less than
4 years. Results are encouraging, with HRQoL scores re-
maining stable over time and approximately one third of
the population reporting HRQoL scores comparable to
those of healthy children, though a larger population re-
ported HRQoL scores more similar to those of children
with other severe health conditions. These results are im-
portant to help counsel families about treatment effects
and in guiding treatment strategies specific to each child.

core module, by child-self report (CSR; children >5 y) and
parent proxy report (PPR; children >2 y). Assessments were
completed at baseline, during treatment, and annually
thereafter. Patients <4 years of age at the time of enroll-
ment were selected for inclusion in this analysis.

Additionally, institutional review board approval was
obtained for a cross-sectional HRQoL protocol whereby
institutional records were retrospectively reviewed to
identify patients treated in 2000-2011 who were less
than 4 years of age at the time of radiotherapy, with no
known tumor recurrence, and not previously enrolled in
the prospective longitudinal HRQoL study. Additional in-
clusion criteria included a minimum of 3 years between
radiotherapy and last follow-up, and primary language of
English or Spanish.These patients were contacted through
the mail and offered enrollment in an effort to expand the
cohort. A consent for participation was included along with
the study surveys in the mailed packet. Patients and their
families who elected to participate completed the PedsQL
core module, by CSR and PPR at a single timepoint in fol-
low-up, and returned them in a prepaid envelope along
with the signed consent statement.

HRQoL Assessments

The PedsQL is a widely used and validated pediatric
HRQol tool with a generic core scale suitable for use with
both healthy populations and populations with acute and
chronic health conditions such as cancer.’?' The 23-item
total core score reflects physical functioning (8 items),
emotional functioning (5 items), social functioning (5
items), and school functioning (5 items). Physical, emo-
tional, social, and school functioning are measured and re-
ported as subscores, and the psychosocial health summary
score is a mean of individual items from the emotional, so-
cial, and school subscales.” Parents respond based on a
5-point Likert scale. All PedsQL scores are scaled from 0 to
100, with higher scores indicating better HRQoL. A school
placement questionnaire inquiring about the type of
school and use of any specialized education services was
also completed.??

For all patients, baseline demographic and clinical treat-
ment variables were collected. Socioeconomic status was
estimated by using the median household income calcu-
lated by residential zip code.?®
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Statistics

Descriptive statistics for patient demographic, clinical, and
treatment variables are reported. PedsQL total core scores
and subscores are reported as mean and standard devia-
tion for the cohort at baseline and follow-up. For the brain
tumor cohort, CSR scores are compared with PPR scores
using the paired t-test. Linear regression coefficient and
Spearman correlation coefficient are used for univariate
and multivariate analysis to evaluate the relationship of
HRQoL scores to demographic and clinical variables. For
patients with baseline and follow-up data, the mean and
median HRQolL at baseline and last follow-up are com-
pared using the paired t-test and Wilcoxon signed rank
test, respectively.

HRQolL scores among the brain tumor survivors are also
compared with published cohorts of healthy children and
children with chronic health conditions, using a paired
t-test. The population used for comparison was previ-
ously reported by Varni et al'® and included children aged
5-18 years and parents of children aged 2-18 years seen in
outpatient primary care or specialty clinics such as ortho-
pedics, rheumatology, cardiology, and diabetes." The 768
children and 1379 parents who either self-reported chronic
health conditions or were designated as healthy were used
for comparison in this analysis." In addition, PPR total core
scores were used to identify brain tumor patients meeting
previously established clinically meaningful cutoffs of the
PedsQL to identify patients with HRQoL similar to healthy
children versus those with mild, moderate, and major
chronic health conditions.?

Responses to the school data questionnaire are pre-
sented. Data analysis was performed using SAS 9.4. All
P-values are based on a two-sided hypothesis test with
values less than 0.05 considered statistically significant.

Results
Patient Population

Fifty-nine eligible children received PRT for a brain tumor at
<4 years of age between 2000 and 2011 and were without
recurrent disease. A total of 40 children and their families
participated in this study, including 18 of 22 patients en-
rolled on the prospective longitudinal HRQoL protocol
who completed baseline and follow-up QoL assessments,
and 22 of 37 patients who returned HRQoL assessments
through the mail.

Patient, tumor, and treatment characteristics are de-
tailed in Table 1. The median age at PRT was 2.5 years
(range, 0.3-3.8) and at last follow-up was 9.1 years (range,
5.5-18). The most common diagnoses were ependymoma
(n = 22) and medulloblastoma (n = 7), followed by
craniopharyngioma (n = 4), atypical teratoid rhabdoid
tumor (n =3), primitive neuroectodermal tumor (n =3), and
glioblastoma (n = 1). Five of the medulloblastoma patients
received craniospinal irradiation (CSI; median dose, 23.4
Gy relative biological effectiveness [RBE]; range, 18-36
GyRBE) and all patients received PRT to a median dose of
54 GyRBE to a boost or focal field.

Table 1

n Median (range)

Age at radiotherapy 2.5 years (0.3-3.8)
9.1 years (5.5-18.0)

Patient demographics and clinical variables

Age at follow-up

Sex

Male 15 (37.5%)
Female 25 (62.5%)
Race

White 37 (92.5%)
Black 1(2.5%)
Other 2 (5%)
Income $76K (32-151)
Histology

Ependymoma 22 (55%)
Medulloblastoma 7 (17.5%)
Other 11 (27.5%)
Shunt for hydrocephalus

Yes 13 (32.5%)
No 27 (67.5%)
Gastrostomy tube

Yes 7 (17.5%)
No 33(82.5%)
Tracheostomy

Yes 2 (5%)
No 38 (95%)
Chemotherapy

Yes 24 (60%)
No 16 (40%)
High-dose or intrathecal chemotherapy

Yes 10 (25%)
No 30 (75%)
Radiation type

Supratentorial involved field 12 (30%)
Infratentorial involved field 23 (567.5%)
Craniospinal Irradiation 5(12.5%)

Total radiation dose 54 Gy (50.4-57.6)

HRQoL Outcomes

The median follow-up between treatment and last HRQoL
assessment is 6.7 years (range, 3-15.4 y). The PedsQL
total core score and subscores at last-follow-up ac-
cording to CSR and PPR are listed in Table 2. Child- and
parent-reported scores were highly correlated (correla-
tion coefficient, 0.685-0.784, P<0.001). Child-reported
scores tended to be higher than parent-reported scores,
a finding that was statistically significant for the total core
score and physical, psychosocial, and social subscores
(SupplementaryTable 1).

HRQol at last follow-up for the brain tumor population
is compared with HRQoL for the reference population in
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Table2 Child and parent reported HRQoL for brain tumor and reference cohorts

Child Self-Report

Parent Proxy Report

BrainTumor Healthy Chronically BrainTumor Healthy P- Chronically Il
(N =39) Children Il (N=367) N=40 Children value* (N=662)
(N =401) (N=717)

Total Core 78.4(14.4)) 83.00(14.79) 0.064 77.19(15.53) 0.642 72.9(19.1) 87.61(12.33) 0.0001 74.22(18.40) 0.660
Physical 82.9 (17.3) 84.41(17.26) 0.602 77.36(20.36) 0.102 75.2(23.1) 89.32(16.35) 0.0001 73.28 (27.02) 0.660
Psychosocial 76.0 (14.5) 82.38(15.51) 0.014 77.10(15.84) 0.678 71.6(18.7) 86.58 (12.79) 0.0001 74.80(18.16) 0.280
Emotional 74.4 (15.1) 80.86 (19.64) 0.047 76.40(21.48) 0.571 70.7 (19.5) 82.64 (17.54) 0.0001 73.05(23.27) 0.532
Social 81.2 (17.9) 8742 (17.18) 0.032 81.60(20.24) 0.906 75.1(23.0) 91.56 (14.2)  0.0001 79.77 (21.91) 0.192
School 72.4(19.6) 78.63(20.53) 0.070 73.43(19.57) 0.755 69.9 (20.6) 85.47 (17.6)  0.0001 71.08(23.99) 0.761

* Brain tumor survivor and normal control cohort mean scores (SD) at last follow-up are compared with the paired t-test.

Table 2. For both CSR and PPR HRQoL, mean total core
scores at last follow-up were similar to those of children
with other chronic health conditions (78.4 vs 77.19,
P=0.642, and 72.9 vs 74.22, P=0.660, respectively)
and inferior to those of healthy children (78.4 vs 83.0,
P=0.064, and 72.9 vs 87.61, P<0.001). The brain tumor
population scores, for both CSR and PPR, were similar
to those of children with other chronic health conditions
in all domains. CSR scores were statistically inferior to
healthy children in psychosocial, emotional, and social
health. CSR scores of school functioning bordered on sig-
nificance (72.4 vs 78.63, P=0.070), and physical scores
were similar (82.9 vs 84.41, P=0.602). Parents of brain
tumor survivors reported statistically significantly lower
HRQoL than the parents of healthy children across all
domains.

PPR total core scores for each patient were used to
classify survivors into groups based on whether their
scores were similar to healthy children (>83), or children
with mild (>79-83), moderate (>77-79), or severe (<77)
health conditions as has been previously defined.?*
Using these values, 15 parents (37.5%) reported HRQoL
within the range of healthy children, while 7 (17.5%)
parent reports fell within the range for mild to moderate
health conditions, and 18 (45%) for severe chronic health
conditions.

For the 18 patients with prospectively collected longi-
tudinal data, the median follow-up was 7.0 years (range,
3.1-11 y). HRQoL scores were stable over time among all
domains (Figure 1, SupplementaryTable 2), with the excep-
tion of social score, median 89.6 at baseline and 75 at fol-
low-up (P=0.035).

Relationship of HRQoL to Clinical Variables

Univariate analyses of CSR and PPR HRQolL outcomes
with all demographic and clinical variables are presented
inTables 3 and 4. A statistically significant relationship be-
tween both CSR and PPR HRQoL outcomes and the need
for a gastrostomy tube (G-tube) at the time of diagnosis
and treatment was found, with patients requiring a G-tube
reporting significantly lower follow up HRQoL scores in
the following domains: total core, physical, psychosocial,

and social and school functioning (P<0.01 for CSR and
PPR scores among all domains). Mean (SD) total core
score for patients with and without a history of G-tube are
62.1(14.6) versus 81.9 (11.8) for CSR and 51.8 (20.2) versus
77.3 (15.9) for PPR, P<0.001 (Figure 2). The requirement
for cerebrospinal fluid shunt due to hydrocephalus at the
time of diagnosis was also significantly associated with
poorer HRQoL scores, including PPR total core (P=0.007)
and physical (P=0.008), psychosocial (P=0.012), and so-
cial scores (P=0.001) and CSR social score (P=0.012).
The receipt of chemotherapy was associated with poorer
CSR total core score (P=0.046) and psychosocial score
(P=0.052) but no relationship with PPR outcomes was
found. There were no other significant associations be-
tween CSR or PPR HRQoL outcomes and other patient
demographic and clinical variables, including: patient age,
household income, tumor histology, tumor location, PRT
dose, or whether PRT was involved field or craniospinal
irradiation (CSI).

Multivariable analysis was performed including the
variables history of hydrocephalus, G-tube, and receipt
of chemotherapy. On multivariable analysis (MVA), the
need for a G-tube was independently associated with
inferior CSR and PPR scores among all domains except
for emotional score (P < 0.02 for CSR and PPR total core
score, physical score, psychosocial score, social score
and school). The use of a G-tube was more common in
patients with a history of hydrocephalus (G-tube was util-
ized in 30% of patients with hydrocephalus and 5% of pa-
tients without hydrocephalus, P=0.09). After accounting
for the G-tube in the MVA, history of hydrocephalus re-
mained significantly associated with PPR emotional score
(P=10.046) only. Receipt of chemotherapy was no longer
associated with CSR outcomes on MVA, but a trend for
an association with inferior PPR total core score was seen
(P=0.063).

Five patients with medulloblastoma who ranged in age
from 3.1 to 3.9 years at the time of PRT received CSI. Four
patients received a CSI dose of 18-27 Gy. For these 4 pa-
tients CSR and PPR total core scores ranged 78.3-98.7 and
48.9-95.7, respectively. One patient received a dose of 36
Gy and total core CSR and PPR scores were 43.5 and 52.2,
respectively. None of these patients required a G-tube. All
patients received chemotherapy and a cumulative boost
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Change in HRQoL over time among the 18 patients enrolled in the prospective longitudinal protocol. Change is represented by the median

scores at baseline and in follow-up 2-3 years and 4-5 years after radiotherapy. Of note, baseline school functioning scores are available for only 8

patients due to the young age at the time of radiotherapy.

Table 3 Univariate analysis of parent proxy-reported HRQoL

Parameter (numbers) Parent-Proxy Reported PedsQL

Total Core Score Physical Score Psychosocial Score Emotional Score Social Score School Score

Distinction* or Correlation** Coefficient (PValue)

Age** 0.003 (0.99) 0.06 (0.73)
Sex: F vs M* 25/15 3.0(0.64) 7.5 (0.33)
Race: Other vs Wh.* (3/37) 13.1 (0.26) 15.3(0.28)
Income** 0.06 (0.72) 0.01 (0.93)
Ependymoma vs Other* (22/18) 1.5 (0.81) 0.8 (0.92)
Location: PF vs ST* 28/12 -2.1(0.75) 1.1 (0.89)
Gastric tube* (33/7) 25.5 (<0.001) 31.6 (<0.001)
EVD/shunt* 27/13 17.1 (0.007) 20.2 (0.008)
Chemotherapy* 16/24 2.6 (0.68) 1.1 (0.88)
IT/High dose* chemotherapy 1.7 (0.81) 0.3(0.97)
30/10

Involved field vs CSI* 5/35) -4.3 (0.65) -4.5 (0.69)
PRT dose** 0.198 (0.22) 0.203 (0.21)

-0.03 (0.84) -0.07 (0.67) 0.07 (0.66)  -0.10 (0.55)
0.8 (0.89) 1.4 (0.83) -0.4 (0.96) -1.2 (0.87)
12.1 (0.29) 10.1 (0.40) 12.5(0.37) 12.7 (0.31)
0.08 (0.63) -0.07 (0.69) 0.07 (0.68) 0.19 (0.25)
2.1(0.73) 5.3 (0.41) -0.3(0.97) -0.1 (0.99)
-3.9 (0.56) -6.2 (0.37) -5.2(0.52) 1.1 (0.88)
22.2 (0.003) 5.7 (0.49) 35.0 (<0.001) 25.9 (0.002)
15.6 (0.012) 7.6 (0.25) 24.3(0.001) 13.0(0.06)
3.4 (0.58) 1.5 (0.82) 7.2 (0.35) 0.1 (0.99)
2.8(0.69) 4.2 (0.56) -2.7 (0.76) 3.6 (0.64)
-4.0 (0.66) -5.3 (0.58) -9.3 (0.40) 1.2 (0.90)
0.176 (0.28) 0.279(0.08) 0.073(0.66) 0.149 (0.36)

Relationship assessed using the paired T-test for categorical variables*, and Pearson correlation coefficient for continuous variables**. Statistical

significance measures are highlighted in bold.

Abbreviations: F, female; M, male; PF, Posterior Fossa, ST, Supratentorial, EVD, extraventricular drain; IT, intrathecal; CSI, craniospinal irradiation;

PRT, proton therapy

dose, delivered to either the entire posterior fossa or an
involved field, of 54 GyRBE.

School Placement

Thirty-nine patients (97.5%) completed the school data
questionnaire. Children were age appropriate for elemen-
tary school (n = 27), middle school (n =9), or high school

(n =4) at the time of completion. Thirty-two (82%) survivors
attended a public school and 35 (90%) functioned in a reg-
ular classroom. Three patients (8%), all of whom received
craniospinal irradiation, described their classroom as a
special education classroom and one patient reported un-
known. Fourteen patients (36%) utilized a classroom aid, 9
(23%) an outside tutor, and 18 (46%) an individualized edu-
cation plan.

1383
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Table4 Univariate analysis of child self-reported HRQoL

Parameter (numbers) Child Self-Reported PedsQL

Total Core Score Physical Score Psychosocial Score Emotional Score Social Score School Score

Distinction* or Correlation Coefficient** (P value)

Age** 0.01 (0.97) -0.03 (0.87)
Sex*: Fvs M 25/15 3.1 (0.53) 1.1 (0.85)
Race*: Other vs Wh. (3/37) 5.8 (0.51) 9.5 (0.37)
Income** 0.05 (0.78) 0.06 (0.73)
Ependymoma vs Other* (22/18) 1.9 (0.68) 5.9 (0.30)
Location: PF vs ST* 28/12 -0.5(0.92) 4.2 (0.50)
Gastric tube* (33/7) 19.8 (<0.001) 24.3 (<0.001)
EVD/shunt * 27/13 6.3 (0.20) 5.6 (0.34)
Chemotherapy* 16/24 9.3 (0.046) 9.5 (0.09)
IT/High dose chemotherapy* 4.9 (0.36) 7.6 (0.23)
30/10

Involved field vs CSI* (35/5) -2.6 (0.71) -4.0 (0.64)
RT dose** 0.044 (0.79) 0.133(0.42)

0.03 (0.87) 0.06 (0.71) 0.18 (0.28) -0.15 (0.38)
4.1 (0.40) 3.5(0.50) 5.7(0.34)  3.1(0.64)
3.8(0.67) 6.1(0.50) 6.0 (0.59) -0.8(0.95)

0.04 (0.83) -0.03 (0.88) -0.02 (0.93)  0.11(0.51)
-0.2 (0.97) -2.2 (0.65) -2.0(0.73)  3.6(0.57)
-3.1(0.56) -3.4(0.53) -3.5(0.59) -2.4(0.74)
17.4 (0.003) 7.9 (0.21) 22.3(0.002) 22.0 (0.006)
6.6 (0.18) 1.3 (0.80) 15.0 (0.012) 3.6 (0.60)
9.1 (0.05) 6.9 (0.16) 9.2(0.12)  11.3(0.08)
3.4(0.53) 1.8 (0.74) 2.2(0.74)  6.2(0.39)
-1.9 (0.79) 3.0 (0.68) 2.1(0.81) -10.8(0.26)

-0.018 (0.91) 0.059 (0.72) -0.156 (0.34) 0.057 (0.73)

Relationship assessed using the paired t-test for categorical variables,* and Pearson correlation coefficient for continuous variables.** Statistical

significance measures are highlighted in bold.

Abbreviations: PF, posterior fossa, ST, supratentorial, EVD, extraventricular drain; IT, intrathecal; CSI, craniospinal irradiation; PRT, proton therapy.

Discussion

To our knowledge this is the first study to report long-term
and prospectively collected HRQoL data among a popula-
tion of brain tumor survivors treated with PRT at less than
4 years of age.The findings are encouraging, with over one
third of parents reporting quality of life scores in follow-up
similar to those of healthy children and HRQoL scores re-
maining stable over time in the longitudinally tested pop-
ulation. Mean child and parent HRQoL scores among the
brain tumor population at last follow-up were similar to the
reference population of children with other chronic health
conditions, and inferior to a reference population of healthy
children in all domains with the exception of child-reported
physical score.The majority of children functioned in a reg-
ular school, with slightly less than half of patients using an
individualized education plan and approximately one third
of patients using a classroom aid.

Parent-reported HRQoL was consistently lower than
CSR, though the two were well correlated. Previous studies
of HRQoL among pediatric cancer patients have similarly
reported that parent proxy-reported outcomes tend to
be consistently lower than CSR scores.'®?5-28 |n contrast,
among the healthy pediatric population, parents tend to re-
port higher HRQoL than their children.?? This is evident in
the data presented here, as there is a greater magnitude of
difference between the parent-reported outcomes for the
study population and healthy reference population than
is seen for the child-reported outcomes. Though the mean
HRQolL scores for the whole group are lower than those
of the healthy children, some patients did report excellent
long-term quality of life and over one third of the popu-
lation had parent-reported HRQoL scores similar to other
healthy children without chronic health conditions.?*

Our results have demonstrated that quality of life out-
comes for young children treated with radiotherapy can be
highly variable, despite a relatively uniform treatment in
terms of radiation dose received and patient age. We found
no statistically significant association between HRQOL out-
comes and PRT dose or whether CSI or involved field radi-
otherapy was used, though only 5 patients received CSl in
this cohort and 3 of these children were later enrolled in
special education services. Previous work in a larger pop-
ulation of predominantly older patients has demonstrated
an association between receipt of CSI and inferior HRQOL,
along with an association between poorer HRQOL and
tumor histologies such as medulloblastoma, primitive
neuroectodermal tumor, and germ cell tumors often treated
with CSL."® Among the 5 medulloblastoma patients treated
with CSl in this cohort, HRQoL scores for each patient ranged
from 46.7 to 98.9. The child with the poorest outcomes re-
ceived 36 Gy CSI with a whole posterior fossa boost to 54
Gy due to leptomeningeal disease at presentation, while the
remaining patients received lower CSI doses, often with in-
volved field boost. The higher radiation dose delivered to
the supratentorial brain from the combination of greater CSI
dose and whole posterior fossa boost would be expected to
lead to inferior neurocognitive outcomes in this patient*83°
and may be related to the poor HRQolL reported. Still, HRQoL
outcomes remained variable among the other patients with
similar PRT doses, suggesting patients may have a unique
susceptibility to late effects of treatment, or this may repre-
sent variability in baseline functional status.

Among the patients treated with focal PRT, variability in
tumor location may also play a role, as this can influence
whether regions of the brain expected to lead to long-term
late effects such as cognitive dysfunction or endocrine de-
ficiency are exposed to radiation therapy. Further analyses
evaluating more specific radiation dosimetric statistics to
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Fig.2 Comparison of long-term follow-up child self-reported (top)
and parent proxy-reported (bottom) PedsQL total core score ac-
cording to whether the patient required a gastrostomy tube at time
of diagnosis or treatment. Upper and lower bars represent maximum
and minimum scores, diamond is mean, horizontal line is median,
shaded box is interquartile range. Scores are compared with the
ANOVA method.

HRQoL outcomes among all patients in this analysis are
under way.

The clinical variables most strongly and consistently asso-
ciated with poorer HRQoL outcomes in long-term follow-up
were the requirement for a feeding tube and treatment for
hydrocephalus. A history of hydrocephalus has been asso-
ciated with poor neurocognitive outcomes among brain
tumor survivors in previous reports,*3'32 which may be
the underlying cause of the association with poor quality
of life seen here. A history of hydrocephalus was more
common among patients who required a G-tube, and on
multivariable analysis it was the necessity for a G-tube that
remained significantly associated with long-term HRQoL.
Approximately 18% of the patients in this study required
a feeding tube, which is consistent with the incidence of
swallowing dysfunction requiring enteral nutrition among
pediatric brain tumor patients in other reports.3¥3* The ne-
cessity for a feeding tube most often reflects severe acute
illness or cranial nerve dysfunction, the latter of which may
be permanent and continue to negatively impact quality of

life in survivorship. To our knowledge the association be-
tween requirement for a feeding tube and long-term quality
of life among brain tumor survivors is a novel finding. It
is our hypothesis that the underlying illness or neurologic
dysfunction leading to the requirement for a feeding tube is
what is truly associated with poor quality of life outcomes.
Nutritional support remains an important goal in pediatric
cancer care and it is unlikely that the feeding tube itself
would negatively impact long-term quality of life.

In this dataset, both child- and parent-reported HRQoL
scores were each lowest in the school domain. The school
assessment includes questions about whether the child
finds it hard to concentrate, forgets things, has trouble
keeping up in school, or misses school due to not feeling
well or for a doctor’s appointment. Low school scores are
likely reflective, at least in part, of the well-recognized ef-
fect of radiotherapy on cognitive functioning, processing
speed, and attention. Neuropsychiatric test scores are not
part of this analysis, but previous studies have correlated
cognitive functioning and HRQoL outcomes.’ Low school
scores may also reflect time away from school secondary
to routine clinic visits for patients who traveled for PRT or
chronic health conditions in these patients at risk for en-
docrine and other late effects. In the longitudinal analysis,
school scores were stable from baseline to last follow-up;
however, this analysis is limited given that baseline scores
were only available in 8 children on account of age at the
time of treatment and that most children were not in school
at this age.

This analysis is of high value due to the young age of
the population at the time of PRT and the robust HRQoL
data presented with up to 15 years of follow-up. Eighteen
patients (45%) participated through a longitudinal prospec-
tive protocol, and 22 additional patients (55%) completed
surveys through the mail for cross-sectional data collec-
tion in an expanded cohort. A favorable 60% response rate
for the mailed surveys was achieved, though selection bias
among families electing to participate may have impacted
the results in unknown ways. Due to the nature of study
design and historical context of patients treated with up to
15 years of follow-up, baseline quality of life data are not
available for all patients and are limited to parent proxy re-
ports due to the patients’ young age at treatment. Small
sample size remains a weakness of this study due to the
rarity of the target population reported.

Due to the scarcity of HRQoL and educational attain-
ment data among pediatric brain tumor survivors of this
very young age group, we are unable to make appropriate
comparisons to outcomes for patients treated with histor-
ical radiation techniques or with surgery or chemotherapy
alone. Though outcomes from this small and heteroge-
neous patient population may not be generalizable to all
young brain tumor patients, these data may serve as a
useful tool to help counsel families about potential long-
term quality of life after proton treatment. Further analyses
focused on evaluating how clinical and treatment variable
impact HRQoL outcomes may be helpful in guiding treat-
ment strategies specific to these young children.

In conclusion, these data demonstrate HRQoL outcomes
among very young children receiving PRT for a brain
tumor are highly variable and significantly associated with
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severity of neurologic injury at the time of diagnosis and
treatment, as indicated by the negative association of out-
comes with a history of requiring G-tube placement or
treatment for hydrocephalus. Overall, HRQoL outcomes
are similar to patients’” with other benign chronic health
conditions, although over a third of patients report quality
of life scores similar to healthy children’s. The risks of late
effects remains despite the use of PRT, but there is hope
for very good quality of life and functional status long term
among even our youngest patients.

Supplementary Material

Supplementary data are available at Neuro-Oncology
online.
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