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Learning Objectives

At the completion of this workshop, attendeeSiwillberabletos

Disease and treatment-related risk and mitigating factors associated with

pestrne cognitive outcomes from CNS and non-CNS cancers in children

Socioeconomic and sociocultural factors that affect cognitive and
vy functional outcomes following pediatric cancer

v Educational implications and best practices for optimizing educational
support for pediatric cancer survivors, as well as emerging paradigms to
Identify improve cognitive outcomes following pediatric cancer
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Icompare Cancer Sites

Incidence Rates by Age at Diagnosis, 20142018
By Cancer Site. Both Sexes. All Races
[NCCR Registries, 23 U.S. Cancer registries that represent 66% of all U.S. children, adolescents, and young adults
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Male > female incidence for most cancer types (SEER 2000-2015) with 5 exceptions

The incidence rate ratio was similar in magnitude across every year of age in this cohort (0-19)

lymphomas all have a higher incidence among males across nearly every age in this cohort

Leukemia/Lymphoma: Burkitt lymphoma is strongly associated with male sex, and ALL, Hodgkin lymphoma, and non-Hodgkin

CNS tumors: Medulloblastoma was the only tumor type with a significant male predominance at nearly every age in the cohort

Demographic Patterns: Sex
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*+ Worse survival for males overall

Increased risk of death for males with ALL,

malignant melanoma, and thyroid carcinoma,
though the latter is based on a very small number
of events (=~1/3 of childhood cancer diagnoses
and 40% of deaths)
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Non-CNS Cancers

Number of Childhood Cancer Diagnoses Per Year
Total = 17,293, Age 0-19

Leukemia: 24%.
Brain and Central Nervous System: 25%
Neuroblastoma and other peripheral nerve cell tumor: 4%
Lymphoma and Reticuloendothelial Neoplasms: 15%
Kidney Tumors lincluding Wilms Tumon): 3%

Liver Tumors including Hepatoblastama): 1%

Non-CNS Cancers MD ANDERSON CANCER CENTER
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Cognitive Outcomes (Non-CNS cancers)

Methodological Issues General Outcomes

 Understudied « Increased cognitive risk but varies across studies
« Often small sa_mple_ sizes and/or heterogenous « From CCSS, SJLIFE, COG studies

samples (varying diagnoses and treatments) Attention, memory, processing speed, executive skills,

. e o emotional regulation have been most often implicated

. port v.

measures + Co-morbid health conditions (CHCs) as dx/tx
+ Varying methodologies (e.g., instrumentation, GicED "_kely EEEREEEIR cognl(lonv 5

timing of evaluations) Cardiac (anthracyclines - e.g., doxorubicin)

Pulmonary (e.g., methotrexate, Ara-C, bleomycin)

+ Lacking longitudinal studies Endocrine & obesity (e.g., cyclophosphamide)

- Role of premorbid functioning and other Hypertension (e.g., cisplatin)
child/contextual factors unclear Neuropathy (e.g., vincristine, cis/carboplatin,
etoposide)

Leukoencephalopathy (e.g., methotrexate)
Hearing loss (cisplatin, carboplatin)
Sleep disruption/fatigue

Foster et MD ANDERSON CANCER CENTER
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etoposide
etoposide,

vincristine, cyclophosphamide, doxorubicin, and topotecan

Neuroblastoma & stam ol Tramolant
What?

ion chemotherapy"
~Surgery
onsolidation — HD Chemo,
~Chemotherapy* SCT¢, Radiation
~(Radiation) ~Maintenance — 13-cis-retinol
~{Mornitor only) acid, monoclonal antibody,
immune activating cylokines

Intermediate Risk

o en (achenal gland ~Surgery +

e ganglia)

2) sympathetic ganglia near the.
spine (ch k

When?

General Cognition
Attention/EF
Processing Speed
Memory

Exp. Language
(Opsoclonus-Myoclonus
Ataxia Syndrome)

Risk fx = hearing loss,

CHC burden, lower
income, lower maternal
education
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Foster et al., 2021 D ANDERSON CANCER CENTER

+ doxorubi
ifosfamide; o fosfamide and efoposide: or fosfamide, isicarboplatn, &
epirubicin

* PRO = patientreported outcomes

igh Risk
~Biopsy
-Neoadjuvant Chemotherapy'
-Surgery

Low Risk ~(Radiation if residual tumor)
4 o

Osteosarcoma
A

wi
Most common bor

~Surgeryimonitor

based upon response — up to
1 year

Tumor Size, Spread, and Unfavorable Histology

o
ommon from age10 to

- Task efficiency &

Foster et al., 2021 MD ANDERSON CANCER CENTER

doxorubic
altornaing with fosfamide Setoposide every 2-3 weeks (~14-15 cycles; ~6
months)

Ewing Sarcoma

What?

Cancer t
nearby soft tissu

here?
1) hips bon

st wall (i
3) legs (middle o

When?
\

Localized

~9 weeks Neoadjuvant
Chemotherapy!

~Surgery
~(Radiation if residual
tumor)

-Adjuvant Chemotherapy!
—same o different as
earlier based upon

Neoadjuvant
erapy"

~(Radiation if residual
tumor)

-Adjuvant Chemotherapy! —
same o different as earlier
based upon response

(SCT andfor clinical trals)

Foster et al., 2021

+ Task efficiency
emotional regulation
(PRO)

o TE associated
wiunemployment

« Memory, TE,
emotional regulation (NP
eval, CCSS)

« No NP findi

er
studies (SULIFE, Britsh
multsite chart review)

MD ANDERSON CANCER CENTER




1 Common chemo regimens: dactinomycin & vincristine, +/- doxorubicin

* Common chemo: vincristne, doxarubicin, atopaside, cyclophosphamide,
carboplatin, mesna for ~6 months)

€ Stage V — reatment unique for cach chil - surgery, chemo, radiation

Wilms Tumor

ol ey cancer in b
mmon Kidney cancer in nephreciomy)

Chemotherapy"
~(Radiation before

Rad
chemo! for focal a
pasia
(Radiation before
chemo* for
aituse

2) bilateral kidney

n from age
anaplasia)

—TTT—

EWAGR (Wilms tumor,ariricia, genitourinary.

cancer predisposition disorder

Foster et al., 2021

resection up to

n (focal or
abdominalllungs based on

malformations, range of abilles) syndrome, a rare

ABoiojsIH Jowiny

~Adjuvant Chemotherapy* (focal
[IV) diffuse (il anaplasia)

« Earlier studies —no
cognitive findings

+ Memory, attention, and
/3 with >1 acaderi
difficulty; more special

siblings (SULIFE)
WAGR syndrome —
D & behavior problems

MD ANDERSON CANGER CENTER|
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withvincrisine & rnotecan

Rhabdomyosarcoma

!
[ —— =
feasible) o

gery
iopsylresecti
Adwant on i feasible)
CRIEEITE S -Adjuvant
~(Intensity Modulated chemotherapy* ifosfamide, et
FITR?‘]“)M Therapy (IMRT) ~(Stem cell tran

TNM Stage,

| Group, PAXIFOXO1 fusion gene

TNM Stage = tumor location and size, spread o lymph nodes, and metastasis

diseas and f

Foster et al., 2021; Lockney et al., 2016

lant)

+ ~112 in headineck so
tisk from RT

Limited studies, small
‘samples with mixed dx

MD ANDERSON CANCER CENTER

' intra-
‘agents may include carboplatin,cispiatin, vincristin, eloposice,

Garboplatin,vincristne, andior etoposide)

Retinoblastoma

Wha

A

childhoo
Eye Prognosis -

Where? Teve

Retina.

When?
Average age of diagnosis
urs in children >

~{Radiation)
(or biateral)

Tumor Size, Location, Spread

Foster et al., 2021

Poor Sight &lor Eye
Poor Sight &/or Wl Brognosis = 2 eyes
~Chemotherapy

bilateral enucleation

-Enucleation +- Wl Brachytherapy, Laser
~(Chemotherapy) Therapy, Cryotherapy
“Enucleation - uniateral

* Limited studies, small
samples with mixed dx

5
g
5
g
H
H

SULIFE (2015) found fine
‘motor (NP), working
memory(PRO), & task
completion (PRO) deficits
Whole brain RT or older
age are risk f

MD ANDERSON CANCER CENTER




+ vamp doxorubicin, methatrexa s b
(doxorubicin, b (doxorubicin, bl vinblastine,
(vincristine, etoposide, prednisone, doxorubici for males) or OPPA (vincrisine, procarbazine,prednisone, doxorubicn for females)
bicn, bleomycin, inbiasiine, toposide, predr
(vincritine, etoposide, predrisone, doxorubici for malos) or OPPA (vincristine, procarbazine, predisone, doxorubicin forfomales),
st b

vincrisine, prednisone, dacarbazine for males)
€ ABVE-PC; OEPA for males or OPPA

etoposide,

Hodgkin Lymphoma

ihat starts in white
lymphy )

Stage W& IV
-Intensive chemo*

Where?
Any lymph tissue in the body
(Radiation,

When? involved field)

Most common in early adulthc
after age 5

dose & field)

Rare before 5
" - Most studies rely on

self-reported outcomes.
* SILIFE cohort (NP) —
normative deficits

sustained attention, ST

fency
o Findings associated
with cardiac or
pulmonary function
- CCSS (PRO) - reduced
task efficiency &
Foster et al., 2021; Kadan-Lottick et al., 2010; Krull et al., 2012 memory
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doxorubici, vincrst
fine, methotrexat
€ Chemo regimen (varies by nstfution + rtuxima for w up to 6m, ntrathecal (IT)

Tor oo nck mors Chamaherapy 6o 0p5ons e
i nensing, dotou o
Non-Hodgkin bt o P apeagnase. cusonde, s e
Lymphoma i
What? " n
T-T Cell lymphoblastic lymphoma (LBL) Similar to ALL, including IT MTX, for ~2 years o altemate regimens'; (HD chemo +/- Radiation)

2 Burkitt lymphe
- Diffuse large lymphoma (DLBCL)
naplastic large cell lymphoma (ALCL)
Chemoimmunotherapy; (high dose & IT chemo) (RT if biasts in CSF or cr

Where?
Any lymph tissue in the body — abd
jastinum particulari
3-6m chemo (often CHOP or COMP); (crizatinib or brentuximab vedotin) (IT chemo, longer tx)
K in children increases with age and morel + Historically combined
common in adults; uncommon under age Sampien win AL o tx

similarities.
Disease stage + SJLIFE NHL only - NP
eval defcits in memory,
EF ty/fluency),
math

mood/anxiety

Foster et al., 2021; Ehrhardt et al., 2018, 2019 MD ANDERSON CANCER CENTER
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100160825 Epus 2010 Jl 3. PMID: 31255408; PICID:




Acute Lymphoid Leukemia

Practice
Considerations
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Cognitive
Outcome Model

Dennis, 2000

Biological Risk Age & Development

e.g., age at onset or insul,
Aoired o brlperiatal. eary
Environmental Toxicity chidhoo ter chichood,
Time Since Onset Reserve
©4., acte phase, e.g., child - pre-insult status
chronio phase, long- (physical/mental health),
term function

family resources, school and
peers, rehabiltation
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‘Compare Cancer Sites
S-¥ear Age-Adjusted Incidence Rates, 20142013 Loguadiage)
By Cancer Site ang Age, Both Sexes. All Races
NCCR Registries, 23 U.S. Cancer registries that represent 66% of all U.S. children, adolescents, and young adults S
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Common symptoms of T
Leukemia S

Systemic | _——Psychological -

- Weight loss g - Fatigue

- Fever - Loss of appetite

- Frequent infections

Lungs
- Easy shortness

v | Lymph nodes
,/ - Swelling

of breath Spleen and/or liver
- Enlargement
Muscular Skin
- Weakness - Night swea§ uency.
- Easy bleeding magnetic s
" b fields.

Bones or joints — and bruising Lowl very
- Pain or - Purplish oigms | mectons

tenderness patches radiation

or spots

Sy
Vironmental risk

Front. Public Health, 24 December 2021 | tos /ol o1

0.33891pu5h.2021,805757

MD ANDERSON CANCER CENTER

Acute Lymphocytic/Lymphoblastic Leukemia (ALL)

Childhood ALL Subtypes Risk Stratification Factors

© Surface Proteins © B cell or T cell (v cei higher ik, racal ispariies)
« B-CellALL ~ Cytogenetic abnormalities (variavie)
© T-CellALL © Age at dx (10+ = high isk, <1 very high risk)
< Initial WBC count (igher W8C = higher risk)
© Genetic Changes © CNS involvement
+  Philadelphia Chromosome-Positive ALL  Testicular involvement
«  Philadelphia Chromosome-like (Ph-like) ALL © Induction response (remissionafter 1-2 weeks lowerrisk)

 Minimal Residual Disease (MRD)
 Biological sex (females possibly better cure rate)

MD ANDERSON CANCER CENTER|
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Induction

CPM
PEG-ASP

~6-9 ~18 months ~30 months
months (girls) (boys)

D-)MTX PRED

8
c
&
c
S
£
T
=

IT MTX, ARA-C, and hydrocortison

doxorubicin; HD, high-dose; T, intrathecal

cytarabine,
ASP,

vincrisine; T, inrathecal; HD, high dose

oral; PRED, predrisone; TG, thioguaning; VCR,

van der Plas et al., 2021 MD ANDERSON CANCER CENTER
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atient Experience and Manageme

Ommaya reservoir - o

‘Cerebrospinal fluid

MD ANDERSON CANCER CENTER

Chemotherapy
Only

fardy etal, 2017: Krull et al., 20°

MTX s central to curative therapy for childhood ALL, non-Hodgkin lymphoma, &
osteosarcoma (high dose IV and IT)

MTX is implicated in the persistent neurocognitive sequelae among ALL survivors,
possibly in dose-dependent manner

MTX can cross the blood brain barrier & alters folate physiology, leading to accumulation
of & & vascular injury

- Production of oxygen radicals causing oxidative damage to vascular endothelium

m Acute or Persistent Chronic or Delayed

Seizure. Seizure

Leukoencephalopathy
Transverse myelopathy Transverse myelopathy
Aseptic meningitis Leukoencephalopathy
Encephalopathy
Stroke-like syndrome
Posterior Reversible Posterior Reversible
Encephalopathy Syndrome Encephalopathy Syndrome
(possible)

Biomarkers of abnormal folate physiology have been linked with neurocognitive
dysfunction or ieukoencephalopathy, including among children with leukemia

Leucovorin rescue has been trialed to mitigate the neurotoxicity of HD MTX (high risk
ALL, NH-lymph but findings are with respect to impact

on neurocognition

MD ANDERSON CANCER CENTER
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Chemotherapy
Only

Neurocognitive
Outcomes

Phrsctegicn Factors

nidive sens

[o—

i b abnormaiy [Ie———
pr———

Campbell et al., 200

MD ANDERSON CANCER CENTER

van der Plas et al. (2021)

Sample CCSS; > 5y post dx; <21 at dx

and >18 at eval; n=1207 ALL &
73 sibling controls (SC)

Design Retrospective, multi-
institutional, survey-based
(CCSS-NCQ); impairment
>90" %tile

Neurocogn * ALLincreased prevalence

b of task efficiency & memory
(NC) & Risk impairment v. SC
Factors

NC associated w/ higher
MTX dose, exposure to
dexamethasone, & chronic
health conditions (CHC's)*
in sex-specific manner

Jacola et al. (2016)

=339, single risk stratified
protocol (St. Jude Total
Xv)

Prospective, longitudinal
@ induction, EOT, & 2y
post EOT; full NP battery
and caregiver ratings

= Elevated risk attention

point, EOT attention
predicted academics 2
years later

Increased risk with
higher-intensity CNS
directed chemo,
younger age at dx, and
males on various

Fomale Gonder
‘ounger
Tt Pasnaity

Dexamethasone?
Time Since Treatment
ow SES

neurocognitive skills

2CHCs 3

Jogic,_pulmonary and cndocring

Hardy et al. (2017)

n=192; < 18 at dx; single
treatment protocol
(AALL0232)

Prospective, cross-
sectional between 8-24m
post EOT; screening
battery (1Q, WM, PS)

* Noassociation
between NC & MTX
delivery (HDMTX w/
leucovorin rescue v.
escalating dose MTX)
or NC & corticosteroid
(dexamethasone v.
prednisone)

<10 years @ dx
greatest risk (1Q, PS)
SES (proxy measure
public insurance) risk
for lower IQ

Chemotherapy-Only: Disease, Treatment, & Demographic Factors

Partanen et al. (2021)

n=233; single risk-stratified
protocol (St. Jude Total XV)

Prospective, longitudinal;
LCA to study individual
change (4 time points
induction to 2y post EOT);
NP (attn, memory) and
caregiver ratings

= Most patients stable
(below to above average)

3-6% patients decline;
risks include female sex,
sepsis, and older age
3-11% improve; risks
include low “baseline’ IQ

35

Chemotherapy
Only

Neurocognitive
Outcomes

[Lere—

Qccupationst sutcomes

Siructural besin sboormaiy Indesondsre nieg
pr—— pa—
Chveese seiess

van der Plas et al., 2021 2018 MD ANDERSON CANCER CENTER|
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Chemotherapy
Only

Neurocognitive
Outcomes

Eposes . > RRkFaen

amograpbics sad Chokcsl Factors  PhysilogicalFactoes

Aok categry

Loutosncaghaiopathy

Compbcation

5/6/2022

Inflammation — MTX & other chemotherapy agents are associated with
increased cytokines (proinflammatory markers), which have been associated
with neurocognitive impairment in childhood ALL and other adult cancers

Genetic polymorphisms — variant forms of a specific DNA sequence
an be i ing to cogpnitive i i an onset of
neurocognitive sequelae in children treated for ALL.
Can influence pharmacokinetics of chemotherapy agents, ultimately
leading to neurotoxicity.

van der Plas et al., 2021; Cheung et al,, 2016, 2018 MD ANDERSON CANCER CENTER
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— imparmant €15
noteginagheina; pokmerphems Hamer i
SR 612835 oA BT
MAG  Manoamn otase A o s oA Iresmased vet o atimron
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Chemotherapy
Only

Neurocognitive
Outcomes

Epomes - > RmAe

amopraphics and

wic Factars  PhsisiogicalFactors
g at agno ™

Tima rom atsges
s

Promortia

[L—

Other potential genetic risk factors might include:

Telomere shortening, which may be impacted by environmental
exposures like chronic stress as well as treatment exposures

Epi ics — how iors/environment can cause changes in
gene expressions without changing DNA sequence

MD ANDERSON CANCER CENTER|
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. Child/Developmental Factors
Tumor and Treatment Variables
- Disease factors (type, risk, CNS involvement)
+ Chemotherapy (type/combination, dose,
‘administration, and toxicities)
+ Recurrences
+ Radiation (dose, fild, complications)
* Length of treatment
+ Disease/Treatment complications (e.g.,
ions, fatigue, chronic conditions, etc.)

Age at diagnosis/treatment
sex

Genetic polymorphism, hereditary
vulnerabilities
Pre-tumor functioning, cognitive reserve
Pre-existing conditions, acquired insults
Raceethnicity

e Neurologic development & myelination

sia & + Socialization and social engagement

+ Emerging treatments? ehological adjustment and coping

Maturation

Time since Onset Environmental & Family Factors
ime since treatment/diagnos

+ Socioeconomic status and resources.
+ Academic level and demands

Neurocognitive &
Psychosocial Outcome

MD ANDERSON CANGER CENTER|
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Goal: cure the cancer by destroying the cancer cells in the bone marrow
with HD chemotherapy and then replace with new, healthy blood-forming
stem cells

Stem Cell Neurocognitive
Transplant

= With TBI + cranial/craniospinal RT conditioning, 38% showed
(SCT) post-SCT decreases in processing speed and/or working
memory (Hiniker et al., 2014)

= At median 5y post-tx, HR-ALL patients treated with SCT
showed lower white matter and gray matter brain volumes +
lower cognitive performance compared to 2 comparison
groups (zajac-Spychala et al., 2020):

= HR-ALL patients treated with the same HD chemo and
CRT dose

= Newly diagnosed ALL patients

er et al., 2014 MD ANDERSON CANCER CENTER

Chimeric Antigen
Receptor (CAR)
T-Cell Therapy

ukemia & Lymphoma Society (lls.org) MD ANDERSON CANCER CENTER

42
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T-Cell Therapy

Relapsed fractory ALL

Non-Hodgkin Lymphoma

Toxicities

Cytokine Release Syndrome —
systemic inflammatory response (e.g.,
flu-like symptoms up to multiorgan
failure)

Immune Effector Cell-Associated
Neurotoxicity Syndrome (ICANS;
e.g., confusion, expressive aphasia,
obtundation, myoclonus, and seizure)

MD ANDERSON CANCER CENTER
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T-Cell Therapy

Relapsed actory ALL
Non-Hodgkin Lymphoma

Outcomes

Between 1 to 4 years post-treatment, adults treated for various
leukemias or non-Hodgkin lymphoma self-reported (PROMIS) overall
good outcomes, but (Ruark et al., 2020):

» 37.5% reported cognitive problems and ~50% reported at least one
meaningful neuropsychiatric outcome (anxiety, depression, cognition)

» Trend for association between acute neurotoxicity and cognition

In a sample of relapsed ALL patients (mean age 13.8), 7/11 had CRS
and 4/11 had ICANS

» All patients had global thinning of cortex pre-CAR T-cell therapy,
likely related to prior treatment regimens

Y

Worse baseline thinning and worse baseline NP (attention, WM)
were associated with development of ICANS with CAR T-cell therapy

Y

Patients with ICANS developed additional cortical thinning that
resolved in all but a subset of patients

MD ANDERSON CANGER CENTER

Other Emerging
Treatments

Blinatumomab

MD ANDERSON CANCER CENTER|

45

Blinatumomab (relapsed/refractory ALL; MRD+ disease B-ALL)

D19 proten ——— |

Biinatumomab brings
T call and cancer cell

AT S ——
st

Biinatumomab. a type of immunetherapy,
binds to cortain molecules on leukemia
celis and T cells, bringing the T cells clase
anough to the leukemia calls to kil them.
Credit, €50 Pharmaco! Ther. 2013 Gct. do
161002/¢pL1396 (GG BY-NC 40

15
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Nivolumab (relapsed/refractory ALL)

PO binds to PD-1, preventing T cell Biocking PD.L1 or PD-1
from kiling tumr cell allows. T call o kil mor coll

Other Emerging
Treatments

Nivolumab

MD ANDERSON CANCER CENTER

Inotuzumab
(relapsed/refractory ALL)

ALL coll « Form of monoclonal
antibody treatment

Other Emerging

Selective in nature, binding
Treatments

to receptors that are highly
expressed on cancer cells
and less so on normal cells

Inotuzumab
ici Targets the surface antigen

ozogamicin CD22, which is expressed

on leukemic blasts in >90%

of B-cell ALL patients

Clinical trials as single-agent
and in combo with low dose

L, Ledike .
Drug Des Devel The -2300. do: chemo

102147/DDDT.S150317. PMID: 30087554; PMCID: PMCE063245

MD ANDERSON CANGER CENTER
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Brain Tumors
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Pediatric Brain Tumors

Pediatric Adult

per 100,000 (2014-2018)

Average Annual Age Specific Incidence

o o
g &
Y T T
Age Groups
4 Atypical teratoidithabdoid tumor sl Glioblastoma ‘Oligodendrogliomas & oligoastrocytic tumors %5 Tumors of the pituitary
- - = Otrer e Vestbular schwannoma

Neuro Oncol, Volume 23, Issue Supplement 3, October 202 1-41105, hits:/d0 09/10.1083/neuongnoab200 MD ANDERSON CANCER CENTER
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~Glioma (low/high grade)

— L Posterior Fossa Tumors
- Craniopharyngioma s - Ependymoma (a/b

- Choriod Plexus Tumors »Gl}i)omay(low/hig(]h glﬂde)
-Ependymoma 2 -Embryonal Tumors
-Germ Cell Tumor - Medulloblastoma
-Optic Pathway Glioma

- Primary Pineal Tumors
-SEGA

- WNT-activated
-SHH-activated

Midline Tumors -Group 3

- H3K27- Altered Diffuse
Midline Glioma
- Histone WT Diffuse Glioma

-Group 4
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Brain Tumor Types, Common Locations, & Usual Treatments

Astrocytoma (low grade) Cerebellum, cerebral Surgery
hemispheres

Astrocytoma (high grade) Cerebral hemispheres, Surgery, chemo, RT
brainstem

Atypical Teratoid/Rhabdoid (ATRT) Any location Surgery, chemo, RT

Brainstem glioma (low grade) Brainstem Observation; surgery, RT

Brainstem glioma (high grade) Brainstem Radiation, chemo

Optic glioma Optic nerves Observation; chemo; RT;

surgery less common

MD ANDERSON CANCER CENTER
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Craniopharyngioma

Ependymoma

Germ Cell Tumor

Medulloblastoma

Brain Tumor Types, Locations, & Common Treatments

Suprasellar region
(hypothalamus, pituitary,
optic chiasm)

Ventricles; 4" ventricle

Pineal region; suprasellar

Posterior Fossa

Primitive Neuroectodermal Tumor (PNET) Cerebral hemispheres;

any location

Surgery; observation, RT

Surgery; observation, RT;
chemo less common
Surgery, RT, chemo

Surgery, RT, chemo

Surgery, chemo, RT

MD ANDERSON CANGER CENTER|
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Molecular subtyping:
Medulloblastoma

Subgroup
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Pedistrictype &fuse low grado gllomas
OWfuse asrosytoma, MYB- or YB3 ahered

Angace

Polymorghous low-grade neuroeni

Offuse low-grade glioma, MAPK pathay-alsered

Pediatrictype ifuse high grade ghomas

Oiffuse midine glioma, W3 K27 altered

. M3 634

Ddfuse hemisher

Oefuse pediatric-type high-grade ghama

afant type herms

e o
Cireumserbed astrocytic ghamas
Pllocpic atroeytama
High rade sstrocptomawith o festures
Plecmorphic anthesstrocytoma
Subependymal giant cell strocytoma
Chordaid ghioma

st

“

Embryonal tumors

2021 WHO

Fwletypeand DHAotpe CNS Tumor

Taxonomy

Medulloblastoma
Medullablastomas, molecularly defined

Medulloblastoms, WNT-sctivated

Medulloblastoma, SHH-activated and TPs3-wildtype
Medulloblastoma, SHH-activated and TPS3-mutant
Medulloblastoms, non-WHT/non-SHH

Medullablastomas, histolagically defined
ther €S embryenal tumors
Aiypical teratoid)rhabdold tumar
Cribtiform neurcepithelial tumor
Embryenal tumar with multilayered roseftes
NS neuroblastoma, FOXR? activated
CNStumer with BCORinternal tandem duplication

CHS embryonal tumor

MD ANDERSON CANCER CENTER|
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World Health Organization CNS Tumor Grades (2021 Revision)

+ Grades 1-4 (Previously grades I-IV)

« Previously, grading was assigned according to natural history (survival times) —grade |
considered much more benign than Grade IV

+ Now, grading reflects biological similarities within tumor types (rather than clinical
behavior)

+ May lead to confusion compared to the older system; new system conforms to WHO
grading of non-CNS tumors

E.g., WNT-activated medulloblastoma: aggressive if left untreated but

responsive to current therapeutic regimens such that nearly all patients

have long-term survival. Designated CNS WHO grade 4; equivalent to
many untreatable pediatric brain tumors with a poor outcome

MD ANDERSON CANCER CENTER

Brain Tumor Predisposition Factors

Genetic:
Neurofibromatosis, Type 1 & Type 2
Li-Fraumeni Syndrome

von Hippel Lindau Syndrome Genetic syndromes
Fanconi anemia o
Tuberous Sclerosis account for <5% of

Lynch Syndrome pediatric brain tumors
Gorlin Syndrome

Environmental:
Previous Radiation to the Brain (dose effect, younger age at exposure increases risk)

Structural:
Birth defects affecting CNS; neur

For review see: Osrom, Q. T
o) 5 MD ANDERSON CANCER CENTER

MD ANDERSON CANCER CENTER
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Patient and Family Journey: Symptoms to Survivorship

Treatment,

nitial 4@ Diagnosis
Sympt:

MD ANDERSON CANGER CENTER|
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Diagnosis

Headache 67% Neck/back pain 16%
Hydrocephalus 57% Papilledema 13%
Nausea/vomiting 49% Sensory deficits 8%
Gait disturbance 42% Focal motor weakness 7%
Vision changes 21% Ptosis 6%
Seizure 17% Macrocephaly 5%
Behavior / school change 17% Asymptomatic 3%
Cranial nerve deficits 16% Unequal pupil size 1%
Altered mental status 16%

Lanphoar, J., & Samak. . (2014). reseniing sympioms of pedatc brain umors dagnosed n the amergoncy department Pediaric
Emergoncy Gare, 302), 7-80. MD ANDERSON CANCER CENTER

Treatment, & Patient Experience

MD ANDERSON CANCER CENTER
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Treatment, & Patient Experience: Surgery

+ Biopsy: Small portion removed and used for diagnostics
« Partial resection: Only part of the tumor removed
« Subtotal resection: Large portions of the tumor removed

« Near total resection: Most of the visible tumor removed

Gross total resection: The entire tumor that could be seen
removed; microscopic cells may remain

MD ANDERSON CANCER CENTER
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Treatment, & Patient Experience: Surgery

Infection
Stroke

Seizures

Repeated anesthesia

Paresis and paralysis

Ataxia
Visual field deficits

Surgery Risks &
Complications

Posterior fossa syndrome

Hospitalization

MD ANDERSON CANCER CENTER
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Treatment, & Patient Experience: Surgery

Posterior Fossa Syndrome (PFS)
aka Cerebellar Mutism

+ Occurs in up to 31% of children with infratentorial tumors

Attributed to disruption of cerebello-thalamo-cerebral pathways

* Symp emerge approxil 24-48h after surgery, & include diminished speech,
ataxia, dy i i I/behavioral lability and apathy

Speech and neurologic sequelae often improve with time and rehabilitation

+ Recent evidence suggests worse overall neurocognitive outcomes for PBT survivors
who experienced posterior fossa syndrome relative to those who did not

+ In medulloblastoma, Molecular subgroups 3 & 4 are at highest risk

MD ANDERSON CANCER CENTER
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Treatment, & Patient Experience: Surgery

Contral Venous Internal Line:
Port

Ventricles

Verwricular
catheter

Catheter bes
waneled under

Tube empiies
ima the chest or
abdomen caviy

Additional Surgeries
and Risks

MD ANDERSON CANCER CENTER
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Treatment, & Patient Experience: Radiation Therapy

Scope: Focal, Whole Brain, Craniospinal

« 3D Conformal (3D-CRT)

. ity modulated radiation therapy (IMRT)

* Volumetric-modulated arc therapy (VMAT)

« Stereotactic radiation therapy (SRT)

+ Image-guided radiation therapy (IGRT)

« Particle therapy (Protons)

MD ANDERSON CANCER CENTER|
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Radiation Side/Late Effects

Alopecia

Fatigue

Skin irritation

« Low blood counts

+ Nausea

+ Mouth sores, dry mouth

« Etc.

Ototoxicity

Cataracts

Skeletal problems
Cerebrovascular disease

Secondary neoplasms

Neurocognitive
difficulties

Growth hormone
deficiency

Primary Hypothyroidism
Central Hypothyroidism

Hypogonadism and early
puberty

Panhypopituitarism

Diabetes insipidus

MD ANDERSON CANGER CENTER|
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Pathophysiology of Radiation Effects on Cognition

+ RT affects microglial and

+ Neuroinflammatory responses

White matter integrity affected

* Hippocampal damage

Neurogenesis affected

+ Observable necrosis in a small number of cases

Early

with protons*

Processing
Speed

Cognitive
Development &
Performance

Working
Memory

icbran umour:a sematrevew o D ANDERSON CANCER CENTER

0 10 20

Matajan, A, Stainoha, P. L., Rongthong,
ehidhood cancer sunivors rsated wih

30

40 50

RT Dose &
Volume Effects

drecosel  MDANDERSONCANGER CENTER
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Age as a Risk Factor for RT Late Effects

Poorest fory
Time since generally negatively correlated with
neuropsy logical

First few years after treatment more noticeable decline;
levels off over time

Patterns of slowed development — younger patients more
noticeable decline earlier on

Patterns of slowed development - older patients may
exhibit more protracted decline, less observable in early
years post treatment

Level of Functioning

Slowed Development
vs. Regression

Age

MD ANDERSON CANCER CENTER
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RT Volume, Age, & o
Combined Treatment
Effects

MD ANDERSON CANGER CENTER

Treatment

Photon
VS.
Proton

Radiation Therapy

MD ANDERSON CANCER CENTER
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Proton Therapy in the USA

MD ANDERSON CANCER CENTER
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Treatment, & Patient Experience: Chemotherapy

Chemotherapy may be standalone treatment or combined with surgery, RT

Concomitant chemotherapy with radiation appears to confer greater cognitive risk than
either treatment in isolation

« Difficult to isolate chemotherapy effects in the context of other treatments, tumor-related
variables, and neurological complications

Multiple agents, delivery methods associated with

increased risk for cognitive difficulties including:

IT Methotrexate (including risk for acute toxicity,

persistent leukoencephalopathy)

High dose Cytarabine

MD ANDERSON CANCER CENTER

Risks for sensory impairments such as:

Platinum based agents: Ototoxicity

Plant-based alkaloids (e.g., vincristine): Neuropathy

5/6/2022

MD ANDERSON CANGER CENTER

77

Summary of Factors Related to Expression of Neurocognitive Late Effects

+ Tumor size

+ Higher risk pathology

Tumor location

+ Neuro complications,
esp. hydrocephalus, PFS

Late neurological
complications, e.g.,
seizures, stroke

« Radiation therapy
*  Chemotherapy

+ Endocrinopathy
+ Sensory deficits

+ Tumor recurrence,
progression

*  Multiple treatments

Younger age at
diagnosis/treatment

Time since treatment
Premorbid difficulties

Lower SES (access to
resources)

Higher family
stress/conflict

Sex

Language

polymorphisms

Tumor and Treatment Variables

+ Tumor factors (type, size, location)

+ Extent of surgery and complications (e..,
hydrocephalus)
Chemotherapy type, dose, and toxicities.

* Radiation type, dose, field, an
complications
Recurrences, multiple treatments

+ Length of treatment

* Multiple anesthesias

+ Endocrinopathy

Developmental Factors

* Neurologic development & myelination
+ Time since treatment
level and demands
+ Socialization and social engagement
+ Psychological adjustment and coping

‘Adapted from Dennis, 2000

First Symptoms

Time
&
Maturation

Neurocognitive &
Psychosocial Outcome

Child Factors

+ Age at diagnosis/treatment

Pre-tumor functioning, cognitive reserve

+ Pre-existing conditions, acquired insults.
* Genetic, hereditary vulnerabilities

+ Psychological adjustment & coping
* Social engagement, competence

Neurologic development, myelination

Environmental Supports & Family Factors

+ Family functioning and coping
+ Socioeconomic status and resources

Sehool and community supports, accessibility
Rehabilitation , compensation, and
intervention: educational, cognitive,
pharmacological, psychological

78
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Are pediatric brain tumor survivors at risk
for difficulties with:

(Fill in neuropsychological domain here)?

5/6/2022

Answer:

MD ANDERSON CANCER CENTER

Neuropsychogical phenotypes

Sluggish Cognitive Tempo'
in PBT Survivors?

Processing
Spoed

Cognitive
Development &
Performance

ANDERSON CANCER CENTER

Medulloblastoma

Medulloblastoma

Meg & Jo

‘Spinal cord

Fourth ventricle

Posterior Cerebellum
: fossa s,
Case Examples: T — R

Cerebral
cortex

morsimedulotiasona b MD ANDERSON CANCER CENTER|
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Overview of the tr of

in children

Infants (<3 years)

2
5901 tamor:

= Systemic multisgent chematherapy
+ intraventnicular chomatheragy

o0 4 tuman

il T (36 Gy CS1.
54 Gy PS boost) with adyuvant
mutiagent chemotherapy

. Araas of investgation:

= Systammic chamtherapy with High-dose chematharapy with

rskeadagked RT and/or nevel faurrisk molacular subgroups WCT rescue as consobdation
17 [2 v

fcaton-ofmodullobiasioma MD ANDERSON CANCER CENTER
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Medulloblastoma: Case Examples

Meg (now 15 y.0.)

MB @ 8 yrs old .
Hydrocephalus, no szs

Surgery (PFS), Protons, chemo

GH deficiency

Sensorineural hearing loss (no ampl)
Difficulty with balance (ambulates indep) .
Normal vision, uncorrected
T1: 504; T2: SpEd (OHI)

Vocal cord compromise (ext. slowed
speech)

No visible distinction

Jo (now 12 y.0.)

MB @ 4 yrs old

Hydrocephalus, no szs

Surgery (no PFS), Photons, chemo
MTX toxicity

GH deficiency

Sensorineural hearing loss (ampl)
Cataracts

Persistent ataxia (ambulates with walker)
T1: SpEd (OHI); T2 SpEd (OHI)
Slow speech

Persistent alopecia

MD ANDERSON CANCER CENTER
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Meg (tested at 10 & 15 y.0.)

Medulloblastoma

wIsc v

120
10
100

%

2yrs post years post

—=VCl =a=VSI —e=FRI —=WMI —PSI

Jo (tested at 8 & 12 y.0.)

wisc v
’\_:
—_—
3 yrs post s post
—e=VCI —e=VSI ~e=FRI —a=WMI —o-PsI
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Medulloblastoma
Me! Jo
9 T1 Low average efficiency; good retention, "
recall T1: Poor efficiency, poor recall, good recognition
Memory Memory
T2: Low average efficiency; good retention, jrzlpooqciiceaeyimprovediccailgocd
recognition
recall
Ext w; poor dexterity;
Very slow, rity; low average visual
Motor ‘motor, improved to average at T2 Motor visual-motor; stable over time
Attention normal, slow; stable over time; T1: Parent rated good: no direct measures
competent EF performance and ratings, stable T Erentii sl n Gl e
EF over time EF goos: R
o cones T1: SCT prominent; concerns about future; slow
TA: no parent concens (T rates intemalizing); 4
. : but socially competent
REUTVSCRll socially comptent; no SCT Ratings
T2: Mild intemalizing sxs; SCT prominent; 12 SE i i e v sy
< o " about friendships and self-awareness; sleep
decreased socialization; sleep probs o
probs, sign fatigue

5/6/2022

Pilocytic Astrocytoma

MD ANDERSON CANGER CENTER

Pilocytic Astrocytoma:
Beth (now 12 y.0.)

WISC V

1o
—

100 =

—e=VCl —a=VSI —e=FRI —a=WMI

87

Pl

Diagnosed with cerebellar astrocytoma at age 6

Obstructive hydrocephalus; surgery only, no additional
complications; tested at 7 and 12 y.o.

Average reading & math (low average math fluency at T1 & T2)

Visual motor: T1 = average, T2 below average

Fine motor: Poor nondominant hand coor nat T1 & T2

Memory: average efficiency and retention at T1 & T2

CPT: Normal at T1 & T2

Language functions: Normal at T1 & T2

EF: Low avg planning and problem solving at T2

Shylreserved; socially competent

T1: no school support; T2 no school support

MD ANDERSON CANCER CENTER
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Comparison of neuropsychological functioning in pediatric posterior fossa tumor
survivors: Medulloblastoma, low-grade astrocytoma, and healthy controls

Percentage Scores Below Normal

0 v 2
" \/%
10
o
A vl Voot P Ly SRl DR Recpen Viml W oon. 7 hor
omp Soutal Memory Do

Neuropsychological Measure

e Asrocytoma Heathy Contral

~papulstion Nerm

& o .. (202) Comparionclreupycholoclncioiog D ANDERSON CANGER CENTER
e ity conirots. Peditic bood & cancer,69(
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A
-
"
Surgery only low [
grade glioma — *r T T T T g T 7

Tie s sy ) [O——

change over
time

7 T 3
T s syt T e ey o)

aley, LS. (2019), Neuropsychological funcioing ollowing
oy Faa MD ANDERSON CANCER CENTER

Craniopharyngioma

( Neuropsychological ings* \

Largely normal IQ

Poor processing speed

Mixed findings for attention

Mixed findings for EF v
Sphenoid—{

Memory difficulties common, esp. D) s
with hypothalamic involvement

*“results of cognitive testing...may in some
cases significantly differ from patients®
subjective evalu verall

functional outcome” p.

[ —— —

s e s Ot Ml L & Tl . . (2015). A syt v of oo prtomance 1 ot B
pharyngioma. Jouml of neuro-oncology. 125(1).

30



Craniopharyngioma: Amy (now 18)

+ Di with sup i yngi atage 9
. T i r ion f byr
+ Surveil shows persi: larged ventricles

(numerous meds)

- Participating in psy apy intermi y
+ Meds for hormone replacement and hypertension
* Morbidly obese, poorly regulated eating habits

+ Graduating HS successfully with 504 Plan only
Lots of parental support (not entirely acknowledged)

Inactivity, sleep problems, fatigue

MD ANDERSON CANCER CENTER
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(Photons, IMRT)

« Followed by psychiatry for problems with mood, anxiety, impulse control & attention

5/6/2022

Amy (now 18 y.o0.)

FsiQ 104 NP Difficulties
GAI 101 Memory (low efficiency, low
recall, poor organization on
VcCI 95 VLT)
PRI 109
Self-reported EF difficulties
wmi 114 (WM, organization,
PSI 100 planning)

Competent reading, math Inconsistency on CPT
Competent language
Competent visual-motor

Competent on direct EF tasks

MD ANDERSON CANGER CENTER
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Observation
Morbidly obese

Poor regulation of eating
Poor time management
Poor emotional regulation

Impulse control a function
of interest/engagement
(inconsistent motivation)

Seemed to benefit greatly
from inherent structure of
assessment

Chain reaction of barriers to success

Stress and
Coping

Goal

Attainment

Dera e Function

Life a Memory Executive

Anxiety /
Depression

. Processing
\ Attention Speed ,

~ Sleep /

fatigue /
energy

MD ANDERSON CANCER CENTER
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Pediatric Brain Tumors: Future Directions

Dose (%)
100

Emergence of heavy ion therapies may hold
promise for even greater sparing of normal tissue

Durante, M., Dobus, J., & Loefle, J. . (2021). Physics and biomedical chalanges of cancer therapy with acceloated heavy |
Nature Reviews Physcs, 3(12) 777-780.

MD ANDERSON CANCER CENTER

Pediatric Brain Tumors: Future Directinne
Strategies to Bypass The Blood-Brain-Barrier- i Brain Tumors

Molecularly defined tumor subgroups
have both therapeutic and prognostic
implications

Targeted therapies
MEK inhibitors
BRAF inhibitors

Immunotherapy

Vaccine

Adoptive cellular therapies
Checkpoint blockade

Viral therapies

Image from: Power, . A, Rech warz, J. 0., Daries, D. 1. & Knat, .
Baria forthe Treaimant of Pedatric Brain Tumors- An Update. Advanced Drig Deiver

95
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Psychosocial Context in Pediatric Cancer

SES related to preservation
of function (less decline),
global cognitive ability,
working memory, executive
function, school
performance processing Sociodemographic
speed &

Psychosocial Factors
Parental education related
to attention, working
memory, school
performance, level of
cognitive impairment

Family functioning related
to processing speed,
attention, working memory,
verbal memory, executive
function

Parenting stress related to
school competence,
executive function

Parenting knowledge/style
associated with cognitive
ability

Race/ethnicity findings are
somewhat mixed

inctoning of D ANDERSON CANCER CENTER

Psychosocial Context in Pediatric Cancer

Pediatric Blood & Cancer

Supplement Article 6 Free Access

Standards for the Psychosocial Care of Children With Cancer and

Their Families: An Introduction to the Special Issue

Lori Wiener PhD, DCSW i, Anne E. Kazak PhD, ABPP, Robert B. Noll PhD, Andrea Farkas Patenaude PhD,

Mary Jo Kupst PhD ... See fewer authors

May,

CANCER FOUNDATION

htips:/iwww.mattiemiracle.com/downloadstandards MD ANDERSON CANCER CENTER

99

33



5/6/2022

Psychosocial Standards for Pediatric Oncology Mattic Minscle

CANCER FOUNDATION

Psychosocial Youth with cancer and their family members should routinely receive
Assessment systematic assessments of their psychosocial health care needs.

Psychosocial Follow- | Long-term survivors of child and adolescent cancers should receive yearly | Lown, etal,
up in survivorship psychosocial screening for adverse educational and/or vocational 2eis
progress, social and relationship difficulties, distress, anxiety, depression,
& risky health behaviors. AYA survivors and their parents should receive
anticipatory guidance on the need for life-long follow-up care by the time
treatment ends, and repeated at each follow-up visit.

Psychosocial All youth with cancer and their family members should have access to 5‘“’;12‘ al,
Interventions & psychosocial support and interventions throughout the cancer trajectory
Therapeutic Support | and access to psychiatry as needed.

MD ANDERSON CANCER CENTER
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Child-directed psychosocial interventions

Residential Camp Positive feedback, benefit in social skill, self-esteem Dam::; Alz-ﬁgﬂ-
CBT D behavior social skills, improved Poggi et al. 2009
attention, reduced internalizing problems
group pi If- i social positive thinking Mzuncefn‘oa;“' etal,
Peer-mediated intervention  Posi pact on peer victimization, rejection; some benefit in Devine, et al., 2016
number of friend nominations
Group social skills Improved parent and teacher-reported social skills; no significant Schulte, Bartels &
intervention change in child self-report of social skills/functioning e, 45k
Group social skills parent-reported self-control, social skills BBN"; gogcf“llev
intervention
Physical activity with Little change overall; some long term QoL benefit per parent rating, not  van Dijk-Lokkart et
psychoeducation & CBT self-report eLEIE

MD ANDERSON CANGER CENTER
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Psychosocial Standards for Pediatric Oncology

e le

Providing Children & | Children & adolescents should be provided opportunities for social Christiansen,
Adolescents interaction during therapy and into survivorship. Q£
Opportunities for

Social Interaction

Supporting Siblings | Siblings of children with cancer are a psychosocially at-risk group and | Gerhard, et
should be provided with appropriate supportive services. Parents and
professionals should be advised about ways to anticipate and meet

al, 2015

siblings’ needs, especially when siblings are unable to visit the hospital
regularly

Psychosocial Care | Parents & caregivers of children with cancer should have early & Kearney otal,
for Parents ongoing assessment of mental health needs. Access to appropriate 2015
interventions for parents and caregivers should be facilitated to
optimize parent, child, & family well being.

mattiemiracle.com/downloadstandards MD ANDERSON CANCER CENTER
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Psychosocial Interventions Targeting Parents (RCTs)

CBT/Problem Solving Skills Training (Bright Ideas): enhanced problem solving skills, improved mood, decreased posttraumatic
stress; durable effect; (Askins et al., 2009; Phipps et al., 2020; Sahler et al., 2002; Sahler et al., 2005; Sahler et al, 2013)

Parent Social Cognitive-Behavioral Intervention Program (P-SCIP); reduced anxiety and PTSS symptoms in parents reduced
durable effect (Kazak et al., 2005; Manne et al.2016); Note RCT with parents/patients also improved patient anxiety/arousal (Kazak et
al.,, 2004)

in Stress for Parents (PRISM-P): manualized brief intervention targeting stress

5/6/2022

ing
goal setting, cognitive reframing and meaning making; associated with improvement in parent reported outcomes for resilience and
benefit finding (Rosenberg et al., 2019)

Animal-Assisted Intervention: significantly decreased parenting stress; Children experienced significant reduction in state anxiety
(McCullough et al., 2018)

CBT focused on uncertainty, communication with medical staff, cognitive coping, problem solving, social support and consolidation of
all skills (Mullins et al., 2012)

Hospital based solution focused brief therapy: improvement in distress, anxiety, somatic symptoms, depression, and improved
hope (Zhang et al., 2018)

systomatc review and iyt valuaton of psychosocial it S B EEED

sbor, Wol
of chkiren with cancer withan exporatory focus on minorty outcomes. Pediaticlood & cancer e
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Assessment of Assessment of risk for financial hardship should be incorporated at time of [
Financial Burden diagnosis for all pediatric oncology families. Domains of assessment should =
include risk factors for financial hardship during therapy including: pre-existing

low income or financial hardship, single parent status, distance from treating
center, anticipated long/intense treatment protocol, and parental employment
status. Targeted referrals, longitudinal reassessment.

Mattic Misraele
CANCER TOUNDATION

elf-
Actualization

Esteem

Achievement,
Recognition, Respect

Love, Belonging

Safety

Security, Safety, Free from Fear

Basic Physiological Needs

iemiracle.com/downloadstandards MD ANDERSON CANCER CENTER
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Neuropsychological | Children with brain tumors and others at high risk for CIEDRELG
Assessment neuropsychological deficits as a result of cancer treatment

Phipps, 2015

should be monitored for neuropsychological deficits during and
after treatment.

e le

MD ANDERSON CANCER CENTER|
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Clinical Management &
Emerging Developments
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COG Long Term Survivorship Guidelines

CHEMOTHERAPY ANTIMETABOLITES (CONT)

Therapeutic Potential Health Counseling/
Exposure Late Effects Further Considerations

(IS
its in: Educational andior yocalional progress. Educational lssues
o ko i |y
| POTENTIAL CONSIDERATIONS FOR FURTHER TESTING AND INTERVENTION
s

Sec#

Periodic Evaluation

ana ovgarizaton)
- Sustained atentony Rellmal 10.5ch00! S0 In COMMUN 0f GICET CENLEY (DS/CHOIOgS
~Memory (perteuterty s, |Referral for formal neuropsychological | worker,

sequenci. temporal | evaluation o social sls traiing.
memory) i
Prucessing speed o raiin. Cauton—lower strting dose and assessment of increasad sensitiy
Visuel-mator inegration e with evcence of inpaieed ‘when nftatg therapy s ecommended

~Fine motcr oty oral or vocational progeess i«

mading (particularty read
iy lpartiuiary reading STSTEM = GNS

SCORE=1
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COG Long Term Survivorship Guidelines

POTENTIAL IMPACT TO
RADIATION BRAIN/CRANIUM (CONT)

Therapeutic Potential eoa resiation Health Counseling/
Exposure Late Effects Further Considerations

HISTORY HEALTH LINKS

Educational and/or vocational progress. | Educational Issues

Yeary

Sustined atenion Refera ancr cener ]
~Memory (particularly visual, (Weferral for formal neuropsychological ke

sequencin, empara wauaton o soil sl ranig
memory) pa long-term follow-up, stimulants) or

: aining,Caton—over st dos and asessent o ncreasedsensty
Vi motor tegraton when niaing terapy s recommended.

i motr dotrty o

“Lanquage

heagome uency

Leaming defcits in math and e
eading (particularly reading
prehension) ‘SCORE

Behavioral change:

deficits
Functional defcts i
~Execuve functon (planning

Referal
developmentally disabled.
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Psychosocial Standard — Neuropsychological Assessment

TABLE L Summary of Evidence Table—Neuropsychological Assessment

Standard Evidence summary® Methodolo Quality of evidence®  Strength of recommendation®
Children with brain wmors and — Empirical rescarch for brain  Cross-sectional:  High Strong recommendatios
athers at high risk for wmors indicaes significant  longitudinal given the impact of disease
n deficits as a studies; and treatment
resull of cancer treatment should significant later neuropsycholog
be manitored fo replication of functioning

newroj
urit

yehol i

zaps: prospective  Large scale

rch still needed to follow-up
assess long-term studies: elinical  findings from
neuropsycholoy trials group numerous well-
with other m consensus designed swdies

'Based on summary of evidence table for that standard: *Types of studies: e,
antieles: *Quality of evidence: h
strong = 1, weak = 2 (based on

RCT. cross-sectional, longitudinal; consensus: systematic review
A. moderate = B, low and very low = € (based on GRADE eriteria); *Strength of recommendation:
E quality ).
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Best evidence from a large, multisite, multiphase trial

= 3 week, randomized, double-blind, placebo-controlled crossover
phase

Significant improvement in attention for low and moderate MPH doses
(parent and teacher ratings) and social skills benefits (teacher ratings).

Teacher ratings conservatively reflected a 54% response rate, which is
lower than that in ADHD samples (~75%).

= Year-long maintenance phase
Methylphenidate Benefits in attention (NP measures, parent/teacher/self-report ratings).

Pharmacologic

(M PH ) Academic achievement unchanged, but parent report of improved
planning and assignment completion

Tolerated well, with similar side effects to those in healthy children —
highest with CNS tumor, female gender, and low 1Q. Deceleration of
BMI and weight but not height.

Utility is limited by medical contraindications and high (36%) parental
refusal rate

5/6/2022
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Adults who received CRT for brain tumor in an open-label phase-
Il study (n=24; shaw et al. 2006) and a randomized, placebo-
controlled phase Il trial (N=198; Rapp et al. 2015)

» Multiple areas of cognitive improvement (attention &
memory) relative to baseline at the end of 24 week trials

RCT showed that cognitive improvements were only
significant for patients with more significant cognitive

Pharmacologic impairment at baseline

N

Single institution, open-label pilot study in PBT survivors >1yr
post-CRT (Castelino et al., 2012)

Donepezil

» Improvement on measures of executive function and
memory (DKEFS Tower, WRAML Visual Memory and Number Letter)

» Tolerability, some Gl concerns without weight loss

MD ANDERSON CANGER CENTER
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Modeafinil (Provigil

+ Dopaminergic CNS stimulant developed to treat narcolepsy

Some RCT evidence of improved attention, psychomotor speed, and
memory in adult survivors, but benefit not across all studies

Pediatric brain tumor study ongoing, results pending

Pharmacologic

.. Metformin

Modafinil « Hypoglycemic agent associated with improved declarative and working
Metformin memory in pediatric brain tumor pilot clinical trial (ayoub et al. 2020)
Prevention?

Prevention (targeting vascular-based RT injury)

+ Memantine (NMDA receptor antagonist used to treat vascular
dementia) has been trialed in adults receiving CRT to prevent cognitive
dysfunction with mixed results

+ 2 preventative Memantine trials underway in PBT

MD ANDERSON CANCER CENTER
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Cognitive
Remediation

In Person, Therapist-
Delivered

MD ANDERSON CANCER CENTER
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Cognitive Remediation Program
(

(Buter & Copeland, 2002)

Rehabiitation

Clinical
Psychology.
(cBT)

Multi-site randomized, clinical intervention trial (n=161, pediatric
cancer patients with CNS disease or tx, >1 year off tx, attention
deficits per CPT and Conner’s ratings) (gutier et al., 2008)

Primary measures: academic achievement, brief focused attention, working
memory, memory recall, vigilance

Secondary measures: learning strategies, parent/teacher attention ratings,
self-esteem self-report

An fMRI study revealed improved brain activation at tx completion and
6m follow-up in ventral visual areas, cerebellum, SMA, and left frontal
cortices that were all diminished at baseline (zou et al. 2012)

5/6/2022

Cognitive
Remediation

Computerized

MD ANDERSON CANGER CENTER
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Cogmed

+ 5to 9 week program (www.cogmed.com)

Studies in childhood ALL and pediatric brain tumor samples have
demonstrated feasibility and acceptability (Cox et al. 2015; Hardy et al. 2013)

Single-blind, waitlist-controlled trial in ALL and pediatric brain tumor
who received CNS-directed therapy

» Improvement in targeted skills (working memory, attention, and
processing speed) as per performance-based measures and
caregiver ratings that are maintained up to 6 months

» Poor generalization to functional academic improvements

» fMRI findings of training-related neuroplasticity in left prefrontal,
bilateral medial frontal, and left cingulate areas that were not
associated with working memory scores

Cognitive
Remediation

Physical Activity

Morales et al MD ANDERSON CANCER CENTER|
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Physical activity has been shown to facilitate neuroplasticity and
hippocampal neurogenesis in both humans and nonhumans (winocaur et
al., 2014; Wong-Goodrich et al., 2010), increase growth hormone, and reduce
inflammation (siackmore et al., 2009, Handschin & Speigelman, 2008, Hotting & Roter, 2013)

Pediatric Brain Tumor

Exercise training is acceptable and feasible

Positive impact on processing speed and attention control, but
review of 5 RCTs indicates effect of exercise on cognition is not
clear

The best effect was shown in studies that included social
interaction/group exercise

MD ANDERSON CANCER CENTER
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Psychosocial Standards for Pediatric Oncology

Academic Continuity & | In collaboration with parents, school-aged youth diagnosed with cancer should Thompson, et
School Reentry Support | receive school reentry support that focuses on providing information to school Lzt
personnel about the patient’s diagnosis, treatment, and implications for the

school environment and provides recommendations to support the child’s
school experience. Pediatric oncology programs should identify a team member
with the requisite knowledge and skills who will coordinate communication
between the patient/family, school, and the health care team.
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Educational Outcomes after Pediatric Cancer

Increased risk for

unemployment

More likely to receive special education support

More likely to repeat a grade

Increased risk for
Increased likelihood of delays in completing education lower income

More likely to attend non-mainstream education

Lower academic achievement in general, less likely to have

college degree Additional adverse

health outcomes
related to financial
burden

121

Educational Outcomes after Pediatric Brain Tumor
+ More likely to fail, repeat a grade
« Perform more poorly than peers on standardized tests

+ Require more educational support than other pediatric cancer survivors

Lowest educational attainment among cancer survivors

* Loweri higher ploy rates compared to other pediatric cancer
survivors

* Increased risk for dependence on others into adulthood

& Frost K.(2021). Educational Pain Poins for Pediatic Brain o ANDERSON CANGER CENTER
Chidren, 8(12), 112
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Stakeholder
Knowledge &
Communication

Physical Challenges Parent knowledge, advocacy; Neurocognitive Factors
oncology team communication
Appearance changes; sensory ucato Proce: orking
deficits; fatigue; a memory; attention; visual-motor;
jon difficulties pediatric cancer challenges; ecutive funct le}

s to expert evaluation

and recommendations
Psychosocial
Limited school engagement; Challenges
- cialization; ps y Social competence; self-
victimization; h Educational Performance & e e ey
school avoidance Attainment family functioning;
depression; anxiety; SES

School Absences

More likely to fail, repeat grade, need educational

support; lower attainment; higher unemployment, factors
Tower incomes; risk to independent living

MD ANDERSON CANCER CENTER
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Current State of Educational Supports

Hospital-based interventions Home-based interventions

Instructional continuity,

Cognitive remediation,
parent coaching

clinic-based
intervention

School Liaison Program A i & Special

5/6/2022

Services

& Sands, 5. A (2021). Systemai:

rovew of
cinial ncoogy:offcajounal of the Amarican Society  MD ANDERSON CANCER CENTER
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Hospital School-Liaison and Re-Entry Programs

Facilitate ication b family, dical team, and
educators

Educate parents and educators (improved parent advocacy,
p ledge & confid
9

HEAL

SPITAL EDUCATOR ANC
i€ LiAISON ASSOCIATION

Improved peer knowledge and attitude toward pediatric cancer
survivor

* Improved demic achi and social adj of survivors

+ Usually not reimbursable services and limited availability

ih-Wng. T Rodiguez, L N, Stowart, 202 TR
Tumor Survivors: deR\sKstumﬂ Children, 8(12), 11: FRAIEESNEANEERe
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E ducamn I:Zs;fc‘sz VA Carsare " TABLE 3. Surveillance Recommendations for
4 Employment in Survivors of CAYA Cancers

[Who Needs Surveillance?

Who Needs Surveillance?

At What Age or Time From Exposure Should Surveillance Be Initiated "At What Age or Time From Exposure Should Surveilance Be Initated?

What Surveillance Modalty Should Be Used and at What Frequency g I >
‘Should Surveillance Be Performed? What Surveillance Modality Should Be Used and at What Frequency
Should Surveillance Be Performed?

What Should Be Done If Abnormalities Are Identified? What Should Be Done if Abnormalities Are Identified?

126
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§504 of the Rehabilitation Act of
1973
(504 Accommodation Plan)

Individuals with Disabilities Education Act
(Special Education; IEP)

Allows accommodations for Potizotened by,

Allows modifications to
. X federal laws; publicly .
physical challenges, fatigue, funded; educational instruction and/or level of work;
school absences, cognitive ek |y broad range of available
X . evaluation; progress !
dysfunction (e.g., attention reviewed annually; supports; may also include
A benefit from 8
problems), slow processing et accommodations
speed, other medical needs; may be inconsistently allowed under the §504
does not allow for modification i"‘:’:;‘;:;“:::j;;"‘" Accommodation Plan; stricter
of instruction or work : eligibility criteria compared
expectations to §504

5/6/2022
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~_
Attainment of
m B | caming
Ouctomes
Redefining

. Academic
Academic Success

Success

Achievement
test scores

e
@

‘Adapted from: FRarkin . (2015, Delingand g
B e e
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Optimizing Academic Success for Students with Disabilities

Self-determination Self-discipline Family support
Self-advocacy Self-esteem Support services for
disability
Self-awareness Executive Functioning
Support from
educators/staff

Social support from peers

Common factors related to
success of students with
disabilities

lagiot, G. (2021). Academic success factors in unversiy students

ystemalic review. European Journal of Special Needs Education, MD ANDERSON CANGER CENTER
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Patient and Family Journey: Symptoms to Survivorship

Extended Survivorship

MD ANDERSON CANCER CENTER
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mr\ Proportion of Chronic Health Conditions Attributable to Specific Treatment Exposures Among Survivors of Childhood Cancer
Chronic Condition Treatment Exposures AF 95% Cl
Coronary artery disease) Radiation to heart 57.1 36310710
Heart failure Anthracyclines, radiation to heart 1000 —
Hypertension Ifosfamide, platinum, methotrexate, radiation to kidney, 93 -16310292
nephrectomy, radiation to HPA

Cataracts Busulfan, corticosteroids, radiation to eye 437 25310 57.5
Osteoporosis Methotrexate, corticosteroids, radiation to HPA 506 22110687
Diabetes mellitus Radiation to an7 12210613
Hypogonadism Alkylating agents, radiation to reproductive system 983 91210986
Cognitive decline Antimetabolites, cranial radiation, surgery 63.1 56.11069.7
'Ww the percentage of the cases in the St. Jude Lifetime Cohort Study related toa specific treatment exposure and s calculated as follows: (Absolute
risk of the Ome P the of
those with the treatment exposure) multiplied by 100.

Abbreviations: AF, attributable fraction; HPA, hypothalamic-pituitary axis.

Ness, K K. Kikiand,J. L., Gramatges, M. M. Wang, Z, Kundu, M. MeCat & Amstrong,G. T (2018). Prematurs physioogic MO ANDE

y LK, aging as & par
undorsanding ncroased s of adverso healt acoss e fespan of sunivers of chldhood cancer. Joumalof Clical Oncoogy, 36(21), 2200
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Access to
Healthcare

Chemotherapy + radiation

Relationships.

support

Physiologic Capacity =————3

Molecular Integrity

Resources,

resourcefulness Age, No. of Cell Divisions Over Time = =——v>»

5/6/2022

5 Zhaoming Wang: Mondira Kundu; Kely McCastan; Xiujie L Hars; Jinghul Zhang; Tamar Tetkonia;
oy T. Amsiong; Joural of Ciical Oncology 2018 362206-2215.
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