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 Learning Objectives:    

1. Review historic and up-to-date literature with respect to neurocognitive and 

psychosocial aspects of pediatric CNS radiation oncology. 

2. Apply aforementioned literature in discussion with patient and patient caretakers 

in treatment decisions. 
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Clinical History (abbr.) 
2012 Patient (age 5)  began to experience chronic 
constipation evaluated by several providers  and managed 
initially with miralax. 6 months later developed concurrent 
aching pain in his back, buttocks, and upper thighs refractory 
to initial management with physical therapy and stretching 
exercises 

01/2014  Patient noticed  to have "waddling“ gait.  

05/2014 Pediatric gastroenterologist  consultation noted 
patient  was walking on his toes who ordered total spine MRI 

06/05/2014 MRI of neuraxis obtained for suspicion of  a 
tethered cord  

06/20/14 L2-S1 laminoplasty and tumor debulking 
performed 

• intrathecal extramedullary tumor was approximately 
70% resected.  

• Debulking was limited by nerve root involvement at the 
periphery of the lesion.  

• Pathology revealed a myxopapillary ependymoma, 
WHO grade 1 

11.7 cm T2 hyperintense lesion within the 

spinal canal extending from L2-S3.  

06/05/2014 
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Clinical History (abbr.) 
07/08/2014 Initial radiation oncology 
consultation 

• Back pain resolved; Gait returned to 
normal 

• Post-op MRI concerning for possible 
enhancing lesion at level of T12 above 
resection 

• Persistent enhancement on repeat MRI 

 

06/21/2014 07/21/2014 



Radiation Therapy 

52.2 Gy in 29 fractions to L1-S3 

Completed 09/15/2014 

 

 

08/18/2015 

MRI Date T11-12 

lesion 

01/26/2015 3 mm 

04/21/2015 4.5 mm 

08/18/2015 6.5 mm 



08/18/2015 

MRI Date T11-12 

lesion 

01/26/2015 3 mm 

04/21/2015 4.5 mm 

08/18/2015 6.5 mm 

08/20/2015 Tumor Board Discussion 

• Lesions highly consistent with and concerning for 
recurrent metastatic disease 

• Recommendation of surgical resection followed by 
radiation 

• Consensus for modified craniospinal irradiation 
given current extent of disease and concern of 
microscopic spread 

09/04/2015 Radiation Oncology Consultation 

• Discussed spinal vs craniospinal irradiation 
(CSI) 

• CSI if CSF positive or tumor higher grade than 
previous 

“If the brain did not have to receive radiation, and he happened to require 

brain radiation in the future, will radiation cause more or less of a decline at a 

later age or no difference compared to his current age? 



What is the difference if the brain is irradiated at 
age 8 versus age 16? 

What do you mean by neurological and 
psychological deficits? 



Pediatric Oncology: Long-term Survivors 

80% of children and adolescents 
who are diagnosed with cancer will 
survive ≥ 5 years beyond diagnosis 

SEER Data 

Year 
Est. Population of Childhood 

and Adolescent Survivors 

2005 328,650 

2010 379,100 

2013  420,000 

2020 500,000 

Estimated 1 in every 750 
individuals in the US is a survivor of 
childhood or adolescent cancer. 

 

 

Robison and Hudson. Nat Rev Cancer. 2014. 

 

 

 



Long-term Survivors: Neurocognitive Focus 

Estimated <20% of adult 
survivors of childhood cancer 
are followed at a cancer center 
or by an oncologist 

Late effects – chronic 
conditions presumably 
associated with cancer therapy 

• ~2/3 have at least 1 chronic 
condition 

• Nearly 1/2 have severe, 
disabling, or life threatening 
condition 

CNS Tumor Focus 

Literature Review Highlights 

• Define incidence and prevalence 
of neurocognitive and 
psychosocial late effects 

• Pathophysiology (briefly) 

• Impact of late effects 

• What should we expect and tell 
patients, parents, caregivers, etc 

Din et al. Tran Canc Research. 2012. (Image) 



http://www.centives.net/S/wp-content/uploads/2014/03/032314_0747_HowMuchWoul1.png 

NOT A LINEAR 

ACCELERATOR 

  

Further Goals (Hopefully) of this Talk 

• Identify when and which subpopulation 
to intervene upon quickly 

• How can we improve? 

Caveats 

• We’re taking care of more people than 
the patient 

• RT routinely part of multimodal 
treatment 

• Tumor-related deficits cause by direct 
invasion of brain, seizures, and 
hydrocephalus must be recognized 



Multi-institutional (n=26) Retrospective 
Cohort Study 

Patients analyzed:  

• Adults who survived for at least 5 
years after treatment of childhood 
cancer 

• Diagnosis CNS tumor, HD, NHL, WT, 
neuroblastoma, STS, or bone tumor 

• Dx between 01/01/1970  & 
12/31/1986 

 

Chronic Health Condition RR (compared to sibling) 

Any Grade 3.3 (CI 3.0-3.5) 

Grade 3 or 4 8.2 (CI 6.9-9.7) 

≥ 2 Conditions 4.9 (CI 4.4-4.5) 



CNS Tumors 

Chronic Health Condition RR (compared to sibling) 

Any Grade 7.1 (CI 6.3-8.2) 

Grade 3 or 4 12.6 (CI 10.3-15.5) 

≥ 2 Conditions 12.4 (CI 10.5-14.6) 

CNS Tumor Survivors 

More likely to have 
cognitive dysfunction, 
seizure d/o, various 

endocrinopathies 
 

 



“Dr. Rana…what is your radiation doing to my 
child’s brain?” 

Brain rapidly develops in the 1st three 
years of life and very little after age 6 

• Increase in size but not number of neurons 

• Axonal growth, dendritic arborization, and 
synaptogenesis are most active 

 

Hallmark RT insult to CNS is a 
demyelinating lesion with focal or 
diffuse areas of white matter necrosis. 

 

Three most commonly 

proposed mechanisms 

Vascular Glial Allergic 



“Dr. Rana…Yes, the IQ goes down but I’m 
sure you have more to say about that.” 



Patients from CCG 9892  

Single-arm study  

65 patients with medulloblastoma  

• Nondisseminated disease  

• Tx: Reduced-dose craniospinal RT (23.4 
Gy) and a 32.4 Gy boost to the posterior 
fossa. 

• Adjuvant vincristine, lomustine, and 
cisplatin. 

Mean age at dx = 6 y (3-15 y) 

PFS 86% at 3 years and 79% at 5 years 

Longitudinal neurocognitive analysis 

43 patients eligible  

Baseline testing was conducted between surgery and 12 
weeks 

Intelligence tests varied depending on age and other variables 

• Stanford-Binet Fourth Edition (SB4) 

• Wechsler Intelligence Scale for Children-Revised (WISC-R),  

• WISC-III  

• Wechsler Preschool and Primary Scale of Intelligence 
(WPPSI-R), 

• McCarthy Scales of Children’s Abilities (McCarthy).  



Decline from 

Baseline at 

4 years post-

RT 

IQ pt 

change/year 

IQ pt 

change/year 

(Female) 

IQ pt 

change/year 

(Male) 

IQ pt 

change/year 

(<7 yo) 

IQ pt 

change/year 

(≥7 yo) 

FSIQ 17.4 points -4.3 

NVIQ 16.0 points -4.0 -5.2 -0.8 

VIQ 16.8 points -4.2 -8 -3 



Study Question(s) 

Do children with 
medulloblastoma lose 
previously acquired skills OR 
acquire new skills but at a 
slower rate than healthy peers? 

What is the pattern of IQ loss? 

Does age make a difference? 

Does the dose of the CSI 
component make a difference? 

Assessments 

• Weschler Intelligence Test 

• Before XRT, 6 months post-RT, 
and yearly intervals thereafter 

44 patient; 150 
evaluations 

• Biopsy proven MB < 17 yo 

• 1987-1996 

• Survived 2 years or longer 

• No evidence of progressive 
disease 

• Treatments 
• All s/p resection and XRT 

• CSI 23.4-39.6 Gy (1.5- 1.8 
Gy qd) or 44-48.4 Gy (1.1 Gy 
bid) 







Purpose:  
Document the ability of conformal RT to preserve CNS function 
Identify risk factors of treatment effects 
Provide opportunities to study dose-volume reduction strategies and treatment regimens 

Patients: 
78 patient (M:F 1:1) Dx with LGG enrolled on a Phase II Study at St. Jude Children’s research hospital 
Mean age at RT 9.7 yr (median 8.9 y; range 2.2 – 19.8) 
RT to 54 Gy in 30 fx 

Cognitive Testing: 
Age-appropriate battery  to global intellectual functioning, memory, social-emotional 
adjustment, academic skills, and adaptive functioning 
Baseline at 6 months and yearly through 5 years. 





Improvements in Child Behavior Checklist internalizing  and behavioral problem 
scores in the Woodcock Johnson Revised visual auditory learning 

 

Significant decline noted for Weschler Individual Achievement Test Reading and 
Spelling and for Vineland communication 

 

Five years post-RT, only decline in spelling scores was clinically significant 



Each year of increasing age reduced 
decline in: 

• IQ  (0.0256 pt/mo) 

• CBCL  

• externalizing (0.0275 pt/mo) 

• Internalizing (0.0181 pt/mo) 

 

 



“What is the difference if the brain is irradiated at 
age 8 versus age 16?” 



Adolescent and young adult (AeYa) cancer population  

15 39 

11 21 
Period of rapid development 

when behavior patterns are 

established and engrained 

 

Accelerated development of 

higher-order skills 

11 14 

MRI Studies demonstrate rapid 

development in the dorsolateral 

prefrontal cortex critical for 

executive functions such as abstract 

reasoning and problem solving 



Study Aim(s) in AeYa population 

Characterize self-reported 
psychological symptoms of 
cognitive and behavioral function 
outcomes  

ID risk factors that may guide 
development of targeted 
interventions 

CCSS population 

Follow-up (FU2) questionnaire with self-reported 
assessments of neurocognitive and emotional 
function 

AeYA definition: 

• Dx > 10 yo but < 21 yo 

6,192 pt included in final analysis with 390 siblings 

Outcomes measures: 

• Brief Symptom Inventory-18 (BSI-18) [Emotional 
distress] 

• CCSS-Neurocognitive Questionnaire (CCSS-NCQ) 



Multivariate analysis (CNS Tumors/Leukemia) 

No significant difference between early and late AeYa diagnosis 

OR (CI) 

Task Efficiency Problems 

Unemployment 2.93 (2.88-3.77) 

Less than college education 1.31 (1.02-1.69) 

Dependent Living 2.82 (2.05-3.87)  

Memory Problems OR (CI) 

Less than College Education 1.45 (1.17-1.79) 



Survivors of pediatric brain tumor 

• Lower rates of high school 
education 

• Lower rates of unemployment 

Ratings of children’s behavior by 
parents and teachers 

• Direct measures of the child’s 
functioning within home and 
school settings. 

Behavioral outcome after diagnosis 
of and treatment for a brain tumor 
related to family factors 

Toronto Hospital of Sick Children (1983-2004) 

53 patients treated for posterior fossa tumors 

• 46 pt medulloblastoma and 7 ependymoma 

• 58.5% GTR 

 

 

 

 

Radiation Treatment n 

Craniospinal Irradiation 52 

Reduced Dose (23.4-30.2 Gy) 14 

Standard Dose (34.0-41.4 Gy) 34 

All received posterior fossa boost 

39 patients received adjuvant chemotherapy 



Academic performance 

• Wide Range Achievement Test Revised 

• Reading, Spelling, and Arithmetic 

subtests  

• Child Behavior Checklist 

• Teacher ratings from the Teacher Report 

Form.  

 

N 

First assessment within 12 months of diagnosis 18 

First assessment beyond 12 months of diagnosis 34 

Single assessment 13 

Serial Assessments 40 

 

Behavioral and emotional adjustment  

• Behavior Checklist 

• Teacher Report Form, 

School performance composite score  

• Estimated performance core subjects  

• School problems, 

• Special education support 

• Repeated a grade  



Mean scores for reading, 

spelling, mathematics 

were 1 standard deviation 

below normative means 

Extent of Resection, Use of Chemotherapy, and Radiation Dose DID 

NOT have an impact on achievement or rates of school performance 

Shunt for hydrocephalus had lower arithmetic and reading scores 



Internalizing, Social, Thought, and Attentional problems 

• 0.5 – 1 SD above mean 

Externalizing Problems (Aggressive/Oppositional) 

• Within 0.5 SD of mean 



Decline in standard scores do not reflect loss of skills but reduced rate of skill acquisition 

 

What about secondary effects of treatment (fatigue and time missed from school)? 

 

Early nature of academic problems necessitate early intervention programs 

 

Behavioral outcomes should also account for family stress and parental coping  



Dr. Rana…do you have anything good to tell me? 



wdfas 

Standard Risk Medulloblastoma 

No mets 

≤1.5 cm2 residual disease 

≥3 years old 

No anaplasia  

 

Standard treatment – 23.4 Gy 

CSI + Posterior fossa boost to 54-

55.8 Gy 

(Per CCG A9961) 

Reduced  Dose CSI 

18-23.4 Gy 

Standard  Dose CSI 

30.6-39.4 Gy 

Post. 

Fossa 

boost 

Tumor 

bed 

boost 

Post. 

Fossa 

boost 

Tumor 

bed 

boost 

1 2 3 4 

113 patients |1983-2011 | Toronto Hospital for Sick Children | <14 yo 

Tumor bed boost per St. Jude Medulloblastoma 03 protocol (inst. 2006) 



wdfas 

Assessments 

-Full Scale IQ – overall cognitive function 

-Verbal Comprehension Index (VCI) 

-Perceptual Reasoning/Organization Index 

(PRI) 

-Working Memory/Freedom From Distractibility 

(WMI) 

-Processing Speed Index (PSI)  

Reduced  Dose CSI 

18-23.4 Gy 

Standard  Dose CSI 

30.6-39.4 Gy 

Post. 

Fossa 

boost 

Tumor 

Bed 

boost 

Post. 

Fossa 

boost 

Tumor 

Bed 

boost 

1 2 3 4 

113 patients |1983-2011 | Toronto Hospital for Sick Children | <14 yo 

Tumor bed boost per St. Jude Medulloblastoma 03 protocol (inst. 2006) 



Reduced dose CSI + TB boost  stable or improved performance over time 

FSIQ decline/yr 

Reduced Dose CSI  + PF Boost  2.18 pts 

Standard Dose CSI  + PF Boost  2.05 pts 

1.4 IQ pt decrease per yr in all groups but  

Reduced dose CSI +TB  boost group  

Verbal Comprehension Index (VCI) 

Perceptual Reasoning/Organization Index (PRI) 

Working Memory/Freedom From Distractibility (WMI) 

Processing Speed Index (PSI) 



Hydrocephalus 

Full Scale IQ lower mean 

Verbal Comprehension Index (VCI) 4.2 pt decline/yr  & lower mean 

Perceptual Reasoning/Organization Index (PRI)  lower mean 

Working Memory/Freedom From Distractibility (WMI)  lower mean  

Mutism 

Lower mean for all IQ Indices 

Full Scale IQ  

Perceptual Reasoning/Organization Index (PRI) 

Processing Speed Index (PSI)  

 

 2.2 pt decline/yr 





Literature Review Highlights 

• Define incidence and prevalence of 
neurocognitive and psychosocial late 
effects 

• Pathophysiology (briefly) 

• Impact of late effects 

• What should we expect and tell 
patients, parents, caregivers, etc 

• Identify when and which 
subpopulation to intervene upon 
quickly 

• How can we improve? 

CB (06406472) f/u 
 
 





Thanks!!! 


