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Preface

t is with great excitement that we introduce the third edition of Radiation Oncology: A Question-

Based Review. As a result of many favorable responses to the first two editions, we have again
updated this text to ensure that it continues to provide both trainees and practicing radiation oncologists
with the most current and salient information in our field. This edition has been thoroughly reviewed
and updated to include the latest AJCC 8th edition staging, seminal new studies, and practice-changing
trials published since the last edition, and a new primer section/chapter on immunotherapies.

In spite of these changes and additions, the book’s core format and objectives have essentially
remained the same, namely to provide medical students, residents, and radiation oncologists with a
succinct briefing on the clinical management of all the major cancer types and conditions that are
currently treated with radiation. An enduring goal of this edition is to serve as a user-friendly means for
self-assessment and, with this objective in mind, we continue to include popular mnemonics and tie in
useful facts from other relevant disciplines such as radiology, anatomy, and medical oncology. The
most challenging goal of this edition was to keep the overall length of the book similar to that of past
editions by deleting older and less relevant data when incorporating newer studies and techniques. By
tasking experienced section editors specializing in particular areas of radiation oncology (e.g.,
pediatrics, breast, GI, etc.) and by empowering them to distill each chapter to its most salient points and
evidence-based principles,
we strongly feel that we have met this goal.

We hope that our third edition of Radiation Oncology: A Question-Based Review continues to serve
as a proven high-yield study-aid and that it grants both students and practitioners alike a somewhat
firmer footing in the ever-shifting and evolving field of radiation oncology.

The Editors
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Full Spell-Out

two-dimensional
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three-dimensional conformal radiation therapy
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autologous bone marrow transplant
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adjuvant
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ant
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abdominoperineal resection

A Randomized Trial of Unruptured Brain Arteriovenous
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contralat contralateral
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Cr creatinine
CR complete response
CRT chemoradiation
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CT computed tomography
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CTV clinical target volume

CW chest wall

Cx cervical (spine level)

CXR chest x-ray
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DM distant metastasis
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DOI depth of invasion
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EFRT
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e.g.
EGFR
EM
ENE
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Epo
ER
ERCP
ESR

dose volume histogram

deep venous thrombosis

diagnosis/diagnoses
disease/diseases

external beam

external beam radiation therapy
endobronchial ultrasound
Epstein—Barr virus

extracapsular extension

Eastern Cooperative Oncology Group
extended field radiotherapy
event-free survival

for example

epidermal growth factor receptor
electron microscopy

extranodal extension

elective nodal irradiation

European Organisation for Research and Treatment of

Cancer
erythropoietin

estrogen receptor

endoscopic retrograde cholangiopancreatography

erythrocyte sedimentation rate (lab)
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exam
f/b
f/u
FAP
FDA
FDG
FEV
FFS
FFTF
FIGO
FH
FHIT
FISH
FKHR

FLAIR
F:-M
FN rate
FNA

and others

exam under anesthesia

endoscopic ultrasound

Ewing sarcoma

examination

followed by

follow up

familial adenomatous polyposis

Food and Drug Administration
fluorine-18 2-fluoro-2-deoxy-D-glucose
forced expiratory volume

failure-free survival

freedom from treatment failure
International Federation of Gynecology and Obstetrics
favorable histology

fragile histidine triad

fluorescence in situ hybridization

forkhead (drosophilia) homolog 1 (rhabdomyosarcoma)
(gene)

fluid attenuation inversion recovery
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FPR

FSH
FSR
fx
GBM
GERD
GH

GI

GK
GN-CSF
GnRH
GS
GTR
GTV
GU

gyn
H&N

H&P
HA
HAART

5-FU/leucovorin/oxaliplatin

false-positive rate

follicle-stimulating hormone
fractionated stereotactic radiotherapy
fraction/fractions

glioblastoma multiforme
gastroesophgeal reflux disease
growth hormone

gastrointestinal

gamma knife
granulocyte-macrophage colony-stimulating factor
gonadotropin-releasing hormone
gleason score

gross total resection

gross target volume

genitourinary

gray

gynecologic

head and neck

history and physical

headache

highly active antiretroviral therapy
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HDC+SCT

HDR

HER2

Hgb
HGG
HGSIL
HIV
HNPCC
HPV
hr/hrs
HR
HRT
HSV
HTN
HVA
Hx
Hyperfx
IBCSG
IC

ICP
IDL

human chorionic gonadotropin (lab test)
high-dose chemotherapy with stem cell transplant

high dose rate

avian erythroblastic leukemia viral oncogene homolog
2/human epidermal growth factor receptor 2

hemoglobin

high-grade glioma

high-grad squamous intraepithelial lesion
human immunodeficiency virus
hereditary nonpolyposis colon cancer
human papilloma virus

hour/hours

hazard ratio

hormone replacement therapy

herpes simplex virus

hypertension

homovanillic acid

history/histories

hyperfractionation

International Breast Cancer Study Group
internal carotid

intracranial pressure

isodose line
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IFN

IgA
IGF
IgG
IGRT
IJROBP

IM
IMA
IMRT
inf
INR
intraop
IORT
ipsi
IQ
ITV
IVC
JAMA
JCO
JCOG

that is
International Early Lung Cancer Action Project

interferon

immunoglobulin A

insulin-like growth factor
immunoglobulin G
image-guided radiation therapy

International Journal of Radiation Oncology, Biology, and
Physics

internal mammary

inferior mesenteric artery
intensity-modulated radiation therapy
inferior

international normalized ratio
intraoperative

intraoperative radiation therapy
ipsilateral

intelligence quotient

internal target volume

inferior vena cava

Journal of the American Medical Association
Journal of Clinical Oncology

Japan Clinical Oncology Group
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JHH
JNCI

JPA
KPS

LA

lab
LAD
LAMP
LAO
lat

LC
LDCT
LDH
LDR
LE
LEEP
LF
LFT
LGSIL
LH

Joint Center for Radiation Therapy
Johns Hopkins Hospital

Journal of the National Cancer Institute

juvenile pilocytic astrocytoma

Karnofsky performance status

lumbar (spine level)

lymphadenopathy

laboratory/laboratory test
lymphadenopathy

Locally Advanced Multimodality Protocol
left anterior oblique

lateral

local control

low dose computed tomography

lactate dehydrogenase

low dose rate

lower extremity

loop electrosurgical excision procedure
local failure

liver function test

low-grade squamous intraepithelial lesion

luteinizing hormone
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LLL
LML
LN

LND
LOH
LP
LPO
LR
LRC
LRF
LRFS
LRR
LUL
LVI
LVSI
MALT
max
MB
MDACC
med
MEN

mets

linear accelerator

left lower lobe

left middle lobe

lymph node

lymph node dissection

loss of heterozygosity
lumbar puncture

left posterior oblique

local recurrence

locoregional control
locoregional failure

local recurrence-free survival
locoregional recurrence

left upper lobe
lymphovascular invasion
lymphovascular stromal invasion
mucosa-associated lymphoid tissue
maximal/maximum
medulloblastoma

MD Anderson Cancer Center
medication

multiple endocrine neoplasia

metastasis/metastases



M:F
MES
MGMT
MI
MIBG
min
MLC
MLD
MN
mo/maos
MRC
MRCP
MRI
MS
MSKCC
MTD
Mitx
MVA
NB

N/C
NCCN
NCCTG

male to female ratio

metastases-free survival
O6-methylguanine DNA-methyltransferase
myocardial infarction
metaiodobenzylguanidine
minimal/minimum

multileaf collimator

mean lung dose

mediastinal node

month/months

Medical Research Council

magnetic resonance cholangiopancreatography

magnetic resonance imaging

median survival

Memorial Sloan Kettering Cancer Center
maximum tolerated/tolerable dose
methotrexate

multivariate analysis

neuroblastoma

nuclear to cytoplasm ratio

National Comprehensive Cancer Network

North Central Cancer Treatment Group



NCI
NCIC
NED
NEJM

neoad;j
NF
NGGCT
NHL
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NPV
NPX
NR
NSABP
NSAID
NSE
NSS
NTR
n/v
NWTS
NZ
OAR
OPX

National Cancer Institute
National Cancer Institute of Canada
no evidence of disease

New England Journal of Medicine

neoadjuvant

neurofibromatosis

nongerminomatous germ cell tumor
non-Hodgkin lymphoma

National Program of Cancer Registries
negative predictive value

nasopharynx

no response

National Surgical Adjuvant Breast and Bowel Project
nonsteroidal anti-inflammatory drug
neuron-specific enolase

not statistically significant

near-total resection

nausea/vomiting

National Wilms Tumor Study

New Zealand

organ at risk

oropharynx



OR
ORN
ORR
OS
PA

PAND
PAP
PCI
PCNSL
PCP
pCR
PCR
PDGFR
PEG (tube)
periop
PET

PF

PFS
PFT
PgR

Plt

pm

odds ratio
osteoradionecrosis
overall response rate
overall survival

posterior-anterior

periarotic lymph node dissection
Papanicolau

prophylactic cranial irradiation
primary CNS lymphoma
pneumocystic pneumonia

pathologic complete response
polymerase chain reaction
platelet-derived growth factor receptor
percutaneous endoscopic gastrostomy tube
perioperative

positron emission tomography
posterior fossa

progression-free survival

pulmonary function test

progesterone receptor

platelets

afternoon (post meridian)



PM
PMH
PMRT
pNO
PNET
PNI
PNS
PORT
post
posterolat
postop
PPV
PR
P-A
PrT
preop
PS
PSA
pt/pts
PTHr
PT

PTV

parameningeal (for rhabdomyosarcoma)
Princess Margaret Hospital
post-mastectomy radiotherapy
pathologically node negative
primitive neuroectodermal tumor
perineural invasion

paranasal sinuses

postoperative radiation therapy
posterior

posterolateral

postoperative

positive predictive value

partial response

para-aortic (for lymph nodes)
paratesticular (for rhabdomyosarcoma)
preoperative

performance status

prostate-specific antigen
patient/patients

parathyroid hormone—related peptide
prothrombin time

pathologic tumor stage

planning target volume



PUVA

q

qd

QOL
QUANTEC
RAO
RASSFIA

RB
RBE
RCC
RCT
rcv
RFS
RLL
RML
RMS
r/o
ROM
RPLND
RPO
RR
RT

psoralen and long-wave ultraviolet radiation

every
daily
quality of life

quantitative analysis of normal tissue effect in the clinic

right anterior oblique

Ras Association (RalGDS/AF-6) domain family member

1A

retinoblastoma

relative biologic effectiveness
renal cell carcinoma
randomized controlled trial
receive/received

relapse-free survival

right lower lobe

right middle lobe
rhabdomyosarcoma

rule out

range of motion
retroperitoneal lymph node dissection
right posterior oblique
relative risk

radiation or radiation therapy



RTOG
RUL
RUQ
Rx

SABR
SAD
SBO
SBRT
SCs
SCC
SCV
SEER
SFOP
Sg
SIADH

SIB
SIL
SLNB
SMA
SQ
s/p

Radiation Therapy Oncology Group
right upper lobe

right upper quadrant
prescription/prescriptions

sacral (spine level)

stereotactic ablative radiotherapy
source-axis distance

small bowel obstruction
stereotactic body radiation therapy
spinal cord

squamous cell carcinoma

supraclavicular

surveillance epidemiology and end results (data)

French Society of Pediatric Oncology

surgery

syndrome of inappropriate secretion of antidiuretic

hormone

simultaneous integrated boost
squamous intraepithelial lesion
sentinel lymph node biopsy
superior mesenteric artery
subcutaneous

status post



SPECT single photon emission computed tomography

SRS stereotactic radiosurgery
SS statistically significant
SSD source to skin distance
ST soft tissue (as in sarcoma)
STD sexually transmitted disease
STR subtotal resection

STS soft-tissue sarcoma

sup superior

SUV standard uptake value
SVC superior vena cava

Sx symptom/symptoms

T thoracic (spine level)
TBI total body irradiation
TD tolerance dose

TFT thyroid function test

tid three times a day

TKI tyrosine kinase inhibitor
TMZ temozolomide

TNM tumor/node/metastasis
trilat trilateral

TRUS transrectal ultrasound

TSH thyroid-stimulating hormone



Tx
UA
UCSF
UE
UH

UK
unilat
uUsS

U.S.
USPSTF
uv
VALCSG
VCE
VMA
VS.
WBC
WBI
WBRT
WHO
wk/wks
WLE

yo

treatment/treatments

urinalysis

University of California at San Francisco
upper extremity

unfavorable histology

United Kingdom

unilateral

ultrasound

United States

United States Preventive Services Task Force
ultraviolet

Veterans Administration Lung Cancer Study Group
vincristine, carboplatin, etoposide (chemo regimen)
vanillylmandelic acid

versus

white blood cell

whole breast irradiation

whole brain radiation therapy

World Health Organization

week/weeks

wide local excision

year old/years old



yr/yrs year/years

Symbols

+ meaning with or and (as in Surgery + RT)
- meaning followed by

1 meaning increasing, high(er), or elevated

l meaning decreasing or low(er)
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Part | Pediatrics

Rhabdomyosarcoma
Updated by Shane R. Stecklein

» BACKGROUND

What are the 2 incidence age peaks of RMS and their associated
histologies?

© Show Answer
2-6 yo (embryonal) and 15-19 yo (alveolar)

What is the estimated overall annual incidence of RMS in the United
States?

© Show Answer

350 cases/yr of RMS in the United States, 3% of all childhood cancers (#1
STS)

What are the most common sites of RMS? List them in order of
approximate frequency in %.

© Show Answer
Most common sites of RMS:

. H&N 40% (PM 25%, orbit 9%, non-PM 6%)
. GU 30%

. Extremity 15%

. Trunk 15%



What are the most common sites of mets?
© Show Answer

Bone, BM, and lung
What % of pts present with mets? What types are prone to have
hematogenous mets?

© Show Answer

15% of pts present with mets. The prostate, trunk, and extremities are prone
to hematogenous mets.
What is the most common origin of RMS?

© Show Answer

Mesenchymal stem cells. Sporadic RMS is the most common.
What genetic syndromes are associated with RMS?

© Show Answer

Genetic syndromes: Beckwith—-Wiedemann syndrome (BWS), Li Fraumeni,

NF-1, Costello syndrome, and Noonan syndrome
What are the 4 major histologies of RMS and their associated subtypes (if
any)? Which is most common?

© Show Answer
Major histologies of RMS and subtypes:

. Embryonal (classic, spindle cell, and botryoid) (Most common: 60%)
. Alveolar

. Pleomorphic

. Undifferentiated

What genetic change is associated with embryonal RMS?

© Show Answer



LOH 11p15.5 (embryonal) is associated with IGF2 gene deletion, seen in
BWS; also, abnormalities in chromosomes 2, 8, 12, and 13 are associated
with MYCN, MDM?2, CDK4, CDKN2A (p16), CDKN2B (p15NK4P) and
TP53 genes.

What translocations are associated with alveolar RMS? What are the
genes involved in the fusion?

© Show Answer

Alveolar RMS is associated with t(2;13) (70%) and t(1;13) (20%). Genes
involved are PAX3 or PAX7 with FOXO1 (aka FKHR).

Which is the most common histology of RMS in infants? Young children?
Adolescents? Adults?

© Show Answer

Most common RMS histology (by age group):

Infants: botryoid

Young children: embryonal
Adolescents: alveolar

Adults: pleomorphic
Which histologies are most commonly associated with each organ site
(H&N, GU, extremities/trunk)?

© Show Answer

Most common RMS histologies (by site):

H&N: embryonal
GU: botryoid
Extremities/Trunk: alveolar

What is the most important histologic tumor marker for RMS?
© Show Answer

MyoD (and other myogenic proteins: actin, myosin, desmin, myoglobin)



What is the DDx for small round blue cell tumors of childhood?
© Show Answer

Small round blue cell tumors of childhood:

Lymphoma

EWS

Acute lymphoblastic leukemia
RMS

NB

Neuroepithelioma

MB

Retinoblastoma

(Mnemonic: LEARN NMR)
List the histologies of RMS in terms of prognosis from best to worst.

© Show Answer

. Spindle cell and botryoid
. Classic embryonal

. Alveolar

. Undifferentiated

What are the 5-yr OS rates for each of the histologic subtypes?
© Show Answer
5-yr OS (by histology):

Botryoid: 95%

Spindle cell: 88%

Embryonal: 66%

Alveolar: 54%

Undifferentiated: 40%

Which sites require LND b/c of a high propensity for LN mets? What is




the risk of LN mets for these sites?
© Show Answer

The following sites are associated with >20% LN mets rate and thus require
LND:

PrT: (only if >10 yo)

Bladder: pelvic

H&N: NPX, LND typically not done for NPX

Extremities: UE (axillary) and LE (inguinal/femoral) (La TH et al., JROBP
2011)

Which sarcoma histologies are at high risk for LN mets?

© Show Answer

Sarcomas with significant risk of LN mets are:

Synovial cell sarcoma
Clear cell sarcoma
Angiosarcoma

RMS

Epithelioid sarcoma

(Mnemonic: SCARE)
Which International Rhabdomyosarcoma Study (IRS) called for routine
LN sampling in RMS of the extremity?

© Show Answer

IRS-IV (Neville HL et al., J Pediatr Surg 2000): 139 extremity pts, 76 pts
had surgical LN evaluation; of the 10% who were clinically node positive
(cN+), 50% were Pathologically node positive (pN+); of those cN0, 17%
were pN+.

What are considered nonregional mets/LNs for various sites (UE, LE,
pelvic organs [PrT, vagina, uterus])?



© Show Answer
Nonregional LN stations by primary site:

UE: scalene node
Pelvic (PrT/vagina/uterus): inguinal

Retroperitoneal (RP): P-A (except if immediately adjacent)
LE: iliacs/P-A
What are the 4 favorable organ sites and their estimated 3-yr OS rate?

© Show Answer
Favorable organ sites:

. Orbit

. Non-PM H&N

. Nonprostate/bladder GU
. Biliary

The estimated 3-yr OS is 94%.
What is the estimated 3-yr OS for RMS arising from unfavorable sites
(PM H&N, prostate, bladder, extremities/trunk)?

© Show Answer

For unfavorable sites, estimated 3-yr OS is 70%.
What are the PM H&N sites?

© Show Answer

PM H&N sites:

Middle ear

Mastoid

Nasal cavity

NPX

Infratemporal fOssa



Pterygopalatine fOssa
PNS
Parapharyngeal space

(Mnemonic: MMNNOOPP)
What are the non-PM H&N sites?

© Show Answer

Scalp, cheek, parotid, oral cavity, oropharynx, and larynx

» WORKUP/STAGING

List the general workup for RMS.
© Show Answer

RMS workup: H&P, basic labs (CMP, CBC, LDH), EUA, CT/MRI primary,
CT chest/abdomen, bone scan, bilat BM Bx, and primary site core
Bx/incisional Bx; PET/CT may be useful in determining extent of Dz

What specific workup studies are needed for PM RMS?

© Show Answer

PM RMS workup: MRI brain, CSF cytology (neuroaxial MRI if +)
What specific workup studies are needed for bladder RMS?

© Show Answer

Bladder RMS workup: EUA and cystoscopy
Summarize the TNM criteria for RMS.

© Show Answer

T1: confined to anatomic site of origin
Tla: <5 cm

T1b: >5 cm

T2: extension or fixed to adjacent tissue
T2a: <5 cm



T2b: >5 cm

NO: no regional LN involvement

N1: regional node involvement

MO0: no DM

M1: DM

Summarize the preop staging of RMS.

© Show Answer

Stage 1: favorable site (any T, any N, MO0)

Stage 2: unfavorable site, T1a or T2a (<5 cm), NO, MO

Stage 3: unfavorable site, T1b or T2b (>5 cm), and/or N1, MO
Stage 4: M1

Summarize the postop grouping for RMS.

© Show Answer

Group I: RO resected, localized Dz

Group II: R1 resected and/or resected +LN

Group III: R2 (residual primary Dz or LN) or Bx only
Group IV: M1

What proportion of RMS pts end up with Group III Dz?

© Show Answer

Most (~50%) RMS end up with group III Dz.
Define the risk groups for RMS (based on IRS-VI).

© Show Answer

Low risk: all favorable embryonal and Group I-II unfavorable embryonal
Intermediate risk: any alveolar and Group III unfavorable embryonal
High risk: all metastatic Dz

» TREATMENT/PROGNOSIS

What is the Tx paradigm for RMS?



© Show Answer

The Tx for RMS in the IRS studies varies based on site, histology, and tumor
size.

RMS Tx paradigm: generally, max safe resection (or Bx alone) — chemo
+/- RT (timing of CRT depends on risk groupings)

What chemo regimens are commonly used in RMS?

© Show Answer

Vincristine/Actinomycin D/Cytoxan (VAC) and vincristine/actinomycin D
(VA) are commonly used.

Ifosfamide/Etoposide (IE) is also used in subsets of RMS.

How does age factor into the prognosis of metastatic embryonal RMS?

© Show Answer

>10 yo is worse than <10 yo (EFS 14% vs. 47%).
What factors drive poor prognosis in PM RMS?

© Show Answer

Subarachnoid space involvement with skull base erosion, CN palsy,
intracranial extension; DFS 51% vs. 81% (without risk factors)
What is the seminal trial that 1% supported the use of chemo for RMS?

© Show Answer

Heyn RM et al. (Cancer 1974): VA chemo vs. nothing after Sg associated
with improved OS.
IRS-I: What did it answer?

© Show Answer

Group I: favorable histology (FH); RT not needed
Group II: RT + VA x 1 yr (no need for Cytoxan)
Groups ITI-IV: RT + VAC X 2 yr (no Adr needed) DM is more common than




LF.
No dose response for RT; no difference in RT field size (large = involved
field):

PM RMS t CNS relapse if certain high-risk features are present.
IRS-II: What did it answer?

© Show Answer

Group I: VA x 1 yr same as VAC x 2 yrs (except in UH)

Group II: RT + VA x 1 yr same as RT + VAC + 1 yr (except in UH, use
VAC + RT).

Groups III-1V: no benefit adding Adr to VAC + RT (except in UH).

Better PM outcomes than IRS-I with prophylactic WBRT for high-risk pts.

Chemo alone for special pelvic sites with VAC is not adequate (bladder
preservation only 22% b/c of inadequate response).

According to IRS I-II analysis, which RMS site was shown to carry the

highest risk for LN mets?

© Show Answer

The prostate was shown to have the highest risk for LN mets (~40% with
LN+ Dz).
IRS-IIT: What did it answer?

© Show Answer

Groups I-11 UH: better with vincristine/Adriamycin/cyclophosphamide
(VAdrQ) alternating with VAC + RT, than RT + VA or VAC.

Groups II-III favorable site: VA + RT adequate

Groups II-IIT unfavorable site and group IV FH/UH: VAC + RT; no benefit
adding Adr

WBRT prophylaxis did not reduce CNS relapse.
There was an improved bladder preservation rate and OS in the
multimodality Tx of special pelvic sites.



Who did not get RT in IRS-III?
© Show Answer

Group I FH and group III special pelvic sites (if CR after chemo) did not get
RT.
In IRS-III, the OS was mainly driven by what groups of pts?

© Show Answer

Groups I-II UH getting VAdrC alternating with VAC and group III FH
special pelvic sites
What did IRS-III demonstrate about the Tx of special pelvic sites?

© Show Answer

Pelvic site I (bladder dome, vagina, uterus): VAdrC alternating with VAC x 2
yrs — Second-look surgery (SLS) at 20 wks — if PR, then RT at wk 20 +
Adr/etoposide x 2 cycles; if CR, no RT and continue chemo.

Pelvic site II (bladder neck/trigone, prostate): VAdrC alternating with VAC x
2 yrs - RT (wk 6) - SLS at 20 wks.

Bladder preservation rate 60% vs. 25% (IRS-I-II) and better OS rate (83%
vs. 72%).

IRS-IV: What did it answer?

© Show Answer

IRS-1IV focused on improving outcome for group III: utility of adding IE to
VAGC, and bid RT (1.1 Gy bid to 59.4 Gy) vs. conventional RT (1.8-50.4
Gy).

Conventional once daily RT remains standard. VAC remains standard,
even for the alveolar type.

However, for group IV, VAC + IE is standard (IE vs.
vincristine/melphalan).

What trial utilized WBRT prophylaxis for high-risk PM RMS, and how

did it differ from other IRS trials?



© Show Answer

IRS-II-III, with whole brain to 30 Gy with intrathecal chemo, all started day
0. IRS-IV started day 0 but did not treat the whole brain—just to tumor +
2-cm margin on day 0.

For IRS-IV, RT started wk 9 except at day 0 for SC compression and wk 1
for high-risk PM (direct intracranial extension, base of skull invasion, CN
palsy).

What did Wolden et al. data show about the importance of RT in clinical

group (CG)-I1 UH RMS?

© Show Answer

Wolden et al. (JCO 1999) analyzed IRS-I-III, RT vs. no RT in CG-I pts:
showed only a trend to improved FFS and no OS with RT in FH; however, in
CG-1 UH, RT improved FFS and OS.

What was the purpose of COG-D9602?

© Show Answer

To determine whether the lowest risk pts from IRS-IIT and IRS-IV (localized,
grossly resected, or gross residual [orbit only]) embryonal RMS could be
treated with reduced toxicity by reducing RT dose and eliminating
cyclophosphamide. (Raney RB et al., JCO 2011)

What are the 2 subsets of low-risk pts on COG-D9602?

© Show Answer

Subsets of low-risk pts on COG-D9602:

Subset A (treated with VA + RT on IRS-III-IV): stage 1, CG-I-II, orbit CG-
I11, stage 2, CG-I-II. Now treated with VAC x 4 cycles (reduced chemo)
— 4 cycles VA + RT.

Subset B (treated with VAC + RT on IRS-III-IV): stage 1, CG-III
(nonorbit), stage 3 CG-I-II. Now treated with VAC x 4 cycles (reduced



chemo) - 12 cycles VA + RT.
What did the results of COG-D9602 demonstrate?

© Show Answer

5-yr FFS rate (88%) and OS rate (97%) were similar to comparable IRS-III
pts, even with lower RT doses but were worse than comparable IRS-IV pts
receiving VA + cyclophosphamide. (Raney RB et al., JCO 2011)

What RT doses were used in COG-D9602?

© Show Answer

Dose depended on CG (extent of Sg) and LN positivity. After resection, pts
with microscopic residual and uninvolved LN rcvd 36 Gy. Involved LN:
41.4-50.4 Gy. Orbital primary: 45 Gy. (Breneman J et al., [JROBP 2012)
What are the major study questions for intermediate-risk pts in COG-
ARSTO05317?

© Show Answer

VAC vs. VAC alternating with vincristine/irinotecan (VI); timing of RT
(wk 4 vs. wk 10, IRS-1V)
What are the major study questions for high-risk pts in COG-ARST04317?

© Show Answer

VAC alternating with IE using interval dose compression; ability to improve
L.C in metastatic RMS by using VI with RT.
What is the timing of RT in IRS-V?

© Show Answer

Low risk: wk 3

Intermediate risk: wk 12

High risk: wk 15

What is the timing of RT in COG-D9602?




© Show Answer

Low risk: wk 13

Intermediate risk: wk 4

High risk: wk 20

What were the secondary objective questions for RT in COG-D96027?

© Show Answer

Whether 36 Gy is adequate for NO, R1 and if 45 Gy is adequate for orbital
RMS.
What is the dose for CG-I with FH?

© Show Answer

0 Gy. No RT is required for CG-I with FH.
What study provided the rationale for reduced RT doses of 36 Gy in IRS-
V-COG-D9602?

© Show Answer

MSKCC retrospective review (Mandell L et al., JCO 1990): in only 32 CG-II
pts, no difference in LC b/t <40 Gy vs. >40 Gy.

All pts with initial nodal involvement, regardless of response to induction
therapy or SLS, must get what?

© Show Answer

RT to 41.4 Gy if R0-R1 resected; all gross or suspected gross Dz treated to
50.4 Gy.

RT is NEVER omitted for node+ Dz.

Under what circumstances should RT be interrupted?

© Show Answer

ANC <750 pL or Plt <75 K, and if uncontrolled infection or Hgb <10. RT is
restarted after these are normalized; if a low blood count is a problem, chemo



should be withheld or modified until RT is completed.
How do you treat PA nodes (if +)?

© Show Answer

AP/PA to 36 Gy — boost to 50.4 Gy with off-cord technique, IMRT, or
protons (allowed on COG studies).
What is defined as a minor deviation of an RT plan?

© Show Answer

95% IDL covers <90% PTV but b/t 90% and 100% CTV, or >110% PTV
What is defined as a major deviation of an RT plan?

© Show Answer

95% IDL covering <90% of CTV
What % of CG-III pts get a GTR at SLS?

© Show Answer

25% of CG-III pts get a GTR at SLS.
PT RMS arises from where?

© Show Answer

PT RMS arises from the distal spermatic duct.
Which RMS tumors have a better prognosis: hyperdiploid or diploid?

© Show Answer

Hyperdiploid (found in embryonal histologies) vs. diploid (in alveolar
histologies)

Based on a review of IRS-III data, where do failures mostly occur after
Tx? What is the #1 prognostic factor for LF?

© Show Answer

LF > DM. LN positivity is the biggest predictor for LF.



What evidence supports the use of <40 Gy in the management of CG-II
RMS (and therefore the rationale for a test dose of 36 Gy in COG-
D9602)?

© Show Answer

St. Jude data (Regine WF et al., JROBP 1995) suggest that for the 24 CG-II
pts in this study, the LC rate with <40 Gy (89%) was not statistically
different from >40 Gy (100%).

MSKCC data (Mandell L et al., JCO 1990): 32 CG-II pts treated with various
doses also found that the L.C for doses <40 Gy was equivalent to doses >40
Gy.

What evidence is there to support IMRT for H&N RMS (as endorsed by

IRS-VI)?

© Show Answer

Wolden et al. reviewed 28 pts (21 PM) treated with IMRT. A 1.5-cm margin

was used, with a median dose of 50.4 Gy. There was excellent LC (95%)

despite reduced margins used, min late toxicity, and comparable acute

toxicity. (IJROBP 2005)

In IRS-V, what additional dose must be given if Tx is delayed by 2-3
wks? How about >3 wks? If <2 wks?

© Show Answer

2—3 wks: 1.8 Gy

>3 wks: 3.6 Gy

<2 wks: no change in dose

What 3 issues must be considered when treating an extremity site?

© Show Answer
Considerations when treating an extremity site:

. Evaluate the need to radiate regional nodes.



. Include scars/drains in the field.
. Try to spare a strip of skin or portion of the joint/epiphyses.

If a CR is obtained after induction chemo with a group III, NO embryonal
tumor of the vagina, cervix, and uterus, what RT dose would you use?

© Show Answer

No RT if CR! These are “special sites.”
What dose of RT would you give for a pt with stage III, group I embryonal
RMS? How about alveolar RMS?

© Show Answer

No RT for ALL embryonal group I pts (stages I-III). For UH group I pts, 36
Gy RT is given.

If a pt is high risk (i.e., metastatic), should the mets be treated as well as
the primary with RT?

© Show Answer

At the discretion of the RT oncologist. At the JHH, the preference is to treat
the primary and let the pt finish chemo; if the pt responds to chemo, then
mets are treated with RT. Consider treating the mets concurrently with the
primary if not too large a BM volume is irradiated.

For what 2 sites of the H&N would you not recommend primary resection?

© Show Answer

The orbit and PM sites are not recommended for primary resection.
For what RMS tumor sites would LND be recommended?

© Show Answer
LIND is recommended for the following RMS tumor sites:

. GU (PrT/bladder) (pelvic and P-A)
. Extremities/Trunk (axillary, inguinal)



What are 2 favorable prognostic factors in pts with CG-IV RMS?
© Show Answer

Per IRS-1IV, <2 metastatic sites and embryonal histology were associated
with better OS. (Breneman JC et al., JCO 2003)

» FOLLOW-UP/TOXICITY

Per COG-D9602, what is the dose constraint for the whole kidney?
© Show Answer

The dose constraint for the whole kidney is 19.8 Gy.
What is the max allowed dose to the whole liver?

© Show Answer

The max dose to the whole liver is 23.4 Gy.
Per COG-D9602, what is the dose limit to the chiasm?

© Show Answer

The dose limit to the chiasm is 46.8 Gy.
What is the max allowed dose to the whole heart? Whole abdomen/pelvis?

© Show Answer

The max dose to the whole heart is 30.6 Gy. The max dose to the whole
abdomen/pelvis is 24 Gy (at 1.5 Gy/fx).

What is the dose limit to the lungs, if less than half of the combined lung
volume is in the PTV?

© Show Answer

In this situation, the dose limit to the lung is 15 Gy (in 1.5 Gy/fx).
What is a major side effect of VAC besides myelosuppression?

© Show Answer

Veno-occlusive Dz of the liver.



Table 1-1 Radiation Doses for Favorable Histology Tumors (per COG-

ARST0331, closed)

Stage 1, clinical group | No radiotherapy

Stage 1, clinical group Il, NO Conventional RT: 36 Gy

Stage 1, clinical group II, N1 Conventional RT: 41.4 Gy

Stage 1, clinical group Il Conventional RT: 45 Gy (orbit only)
Stage 1, clinical group Il Conventional RT: 50.4 Gy (nonorbit)
Stage 2, clinical group | No radiotherapy

Stage 2, clinical group II, NO Conventional RT: 36 Gy

Stage 2, clinical group II, N1 Conventional RT: 41.4 Gy

Stage 3, clinical group | No radiotherapy

Stage 3, clinical group Il, NO Conventional RT: 36 Gy

Stage 3, clinical group II, N1 Conventional RT: 41.4 Gy

RT, radiation therapy. For certain clinical group Ill pts, the radiotherapy dose may be modified by

the use of 2"9-look surgery.
Source: http://members.childrensoncologygroup.org (ARST0331).

Table 1-2 Radiation Doses for Unfavorable Histology Tumors (per

COG-ARST0531, completed)

Clinical Group Dose
Group |, alveolar only 36 Gy
Group Il, node negative 36 Gy
Group Il, node positive 41.4 Gy
Group lll, alveolar, orbit only 45 Gy
Group lll, all others 50.4 Gy

Table 1-3 Principles of Radiation Therapy (per COG-D9602,

completed)

Low risk: Surgery 15, then chemo. If group | > chemo only, no RT. All pts
with initial +node must get RT regardless of response to induction chemo
or SLS (at least 41.4 Gy, 50.4 Gy to gross Dz). Vincristine is given with RT


http://members.childrensoncologygroup.org

and dactinomycin is given at wk 13 prior to RT, but they are not given
concurrently.

Target volume: GTV—pre-Tx volume +involved LN; CTV=GTV + 1 cm;
PTV=CTV+ 0.5 cm. For CG-lll to 50.4 Gy, CD at 36 Gy to pre-Tx GTV +
0.5cm (CTV), with PTV =CTV + 0.5 cm. The planning OAR volume is
based on organs at risk; GTV can be defined by exam, CT, MRI, or PET.

Timing: RT begins wk 13 after postop chemo. The exceptions are those
who get SLS and those with vaginal primaries. For those who get SLS,
RT starts after surgery at wk 13 (to allow time for healing).

All pts with initial CG-lIl in a favorable site (stage |, except orbit and
paratesticular sites) should be considered for SLS at wk 13.

Intermediate risk: RT given at wk 4 (compare with data from wk 10 on
IRS-IV). IMRT/proton/brachytherapy/electron and PET imaging are all
allowed. CRT =VC or VI concurrently. Simulation occurs before wk 4 to
begin on time.

Margins: CD after 36 Gy for tumors with “pushing” rather than invasive
(lung, intestine, bladder). Boost to 50.4 Gy with new GTV representing
response + 1 cm (CTV) and 0.5 cm (PTV). If 36 or 41.4 Gy, there is no
volume reduction. GTV is pre-Tx volume + margin, except
intrathoracic or intra-abdominal tumors (GTV as pre-Tx volume
excluding intrathoracic or intra-abdominal/pelvic tumor from which
it was debulked, since these are “pushing” borders).

Timing: All at wk 4. Emergency RT for symptomatic cord compression
and high-risk PM (intracranial extension) can be given on wk 1 (day
1). Management of BOS erosion and CN palsy was not specified in the
protocol, so it can be managed according to the discretion of the
radiation oncologist.

High risk: RT given on wk 20 to primary and metastatic sites (except high-
risk PM sites with IC extension and emergency RT).

High-risk PM sites with only BOS and/or CN palsy will get RT at wk 20.



PM sites with intracranial extension will rcv RT at wk 1 (day 0) (but
within 2 wks of the 15t cycle of chemo to start RT) and Tx to the
metastatic site at wk 20 (unless the metastatic site is within the same
Tx port as the primary). Emergency RT for cord compression is on day
0.

CRT: Vlis given concurrently with RT, starting on wk 19 (day 0 if an
emergency or PM with IC). Alternative: VC, if VI is not tolerable.

Margins: CD after 36 Gy for tumors with “pushing” rather than invasive
(lung, intestine, bladder). Boost to 50.4 Gy with new GTV representing
response + 1 cm (CTV) and 0.5 cm (PTV). If 36 or 41.4 Gy, GTV is pre-Tx
volume + margin.

Bilat whole lung 15 Gy (10 fx) for pulmonary mets or pleural effusion (can
boost to gross Dz) to 50.4 Gy.

IRS, International Rhabdomyosarcoma Study; chemo, chemotherapy; RT, radiation therapy; pt,
patient; +node, positive node; SLS, second-look surgery; Gy, gray; Dz, disease; wk, week; GTV,
gross target volume; Tx, treatment; LN, lymph node; CTV, clinical target volume; cm, centimeter;
PTV, planning target volume; CG, clinical group; CD, cone down; exam, examination; CT,
computed tomography; MRI, magnetic resonance imaging; PET, positron emission tomography;
postop, postoperative; IMRT, intensity modulated radiation therapy; CRT, chemoradiation; VC,
vincristine/Cytoxan; VI, vincristine/irinotecan; PM, parameningeal; BOS, base of skull; CN, cranial
nerve; IC, internal carotid; rcv, receive; bilat, bilateral; fx, fraction; met, metastasis.

Table 1-4 Principles of Surgery (per COG-D9602, completed)

1. WLE with margin preferred, no amputation for group IV setting. The
rest get incisional or core Bx (orbit, PM H&N).

2. Sentinel LN Bx should be done for extremity sites.

3. Needle Bx or open Bx can be done; an aggressive LN sample is most
appropriate.

4. Definitive surgery can be carried out after initial Bx or noncancer
surgery. This subsequent PRE is followed by local adj therapy based
on pathology from the definitive PRE.

5. A subsequent delayed resection can be done after chemo and RT (for



6.

1.
8.

10.

initial Bx only) if the tumor has diminished enough to make resection
feasible. SLS takes place on wk 13 (except orbit, PT).

If residual tumor persists after SLS, subsequent-look procedures can
be done after further therapy, if the tumor appears resectable. SLS
should be done to max extent if it is cosmetically and functionally
feasible.

H&N sites: no neck dissection unless there is clinical involvement.
PrT: Only ipsi RP LN dissection should be done. Do not do radical
bilat regional node dissection. Regional LNs are ipsi iliac and RP
nodes up to the hilum of the ipsi kidney. Orchiectomy and resection
of the entire spermatic cord is via inguinal excision. Bx can take place
prior to excision (but must ensure there is no spillage).

. GU (bladder/prostate): if laparotomy is preformed, then iliac/para-

aortic node sample should be done, and any other clinically involved
site(s) should be biopsied. Bladder preservation rate is 50%-60%.
Partial cystectomy should be done for bladder dome tumors.

Elective LND is not indicated except for extremities and PT lesions.
Open Bx or LN sampling should be done for any gross enlarged nodes.

WLE, wide local excision; Bx, biopsy; PM, parameningeal; H&N, head and neck; LN, lymph node;
PRE, pretreatment re-excision; adj, adjuvant; chemo, chemotherapy; RT, radiation therapy; SLS,
second-look surgery; wk, week; PrT, paratesticular; max, maximum; ipsi, ipsilateral; RP,
retroperitoneal; bilat, bilateral; GU, genitourinary; LND, lymph node dissection.
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Ewing Sarcoma
Updated by Amy Catherine Moreno

» BACKGROUND

What is the annual incidence of EWS in the United States? How common
is it relative to other bone tumors?

© Show Answer

200-300 cases/yr of EWS in the United States; 2"d most common bone
tumor (osteosarcoma #1)
What is the median age of presentation of EWS?

© Show Answer

The median age of EWS is 14-15 yrs.
Is EWS associated with congenital Dz?

© Show Answer

No. However, it can occur as a 2"9 malignant neoplasm secondary to chemo
(i.e., VP16) or RT.
What is the racial and gender predilection?

© Show Answer

EWS is more common in whites (>90% of cases) and among males (1.5:1).
What is the embryologic tissue and cell of origin in EWS?

© Show Answer



Neuroectodermal tissue is the embryonic tissue of origin for EWS and it is
derived from primordial BM mesenchymal stem cells.
What is the most common genetic change seen in EWS?

© Show Answer

. 1(11;22) in 90%, FLI1(11): EWS(22). Other minor translocations include:
. 1(21;22) in 10% of cases and
. 1(7;22)

What other neoplasms are associated with the EWS translocation?
© Show Answer

PNET, malignant melanoma of soft parts, and desmoplastic small round cell
tumor (DSRCT)

Which exon fusion in t(11,22) is most common, and why is this
important?

© Show Answer

The most common fusion is exon 7 of EWS and exon 6 of FLI1 in 60% of
cases. It is associated with a lower proliferative rate and better prognosis.
What type of cell morphology is expected to be seen in EWS?

© Show Answer

Small round blue cells are expected with EWS.
What constitutes the Ewing family of tumors?

© Show Answer

EWS (osseous and extraosseous), PNET, DSRCT, and Askin tumor
What other tumors also have small round blue cells?

© Show Answer

Lymphoma
Ewing



Acute lymphoblastic leukemia
RMS

NBNB

Neuroepithelioma

MB

Retinoblastoma

(Mnemonic: LEARN NMR)
What markers help differentiate EWS from other small round blue
tumors?

© Show Answer

Markers that differentiate EWS:

. Vimentin

. HBA-71

. B2-microglobulin

. tc-myc (vs. n-myc in NB)

How is PNET similar to and different from EWS histologically?
© Show Answer

PNET and EWS have similar translocations and are both CD99 (MIC2)+ and
vimentin+. However, PNET is NSE+, S100+, more differentiated, and has
more neuroendocrine features. EWS is NSE—, S100 variable, and Homer
Wright rosettes+.

What major factors have been classically associated with a poor prognosis
in EWS?

© Show Answer

Male gender
Age >15 yrs (>17 yrs in some)
Pelvic/axial Site or rib origin



Size (>8 cm per St. Jude or >100 cc per CESS-81 [Cooperative Ewing
Sarcoma Studies])

Stage (presence/absence of metastatic Dz is strongest prognostic factor)

tLDH

Poor response to chemo (>10% viable tumor)

(Mnemonic: MASSSive LDH response) (Jiirgens H et al., Klin Padiatr
1988)
What is an Askin tumor?

© Show Answer

Askin tumor is a nonosseous PNET of the CW (worse prognosis than other
sites).
What % of EWS pts present with mets?

© Show Answer

25% of EWS pts present with mets.
Where do mets typically occur?

© Show Answer

Lung (25%—-40%) > Bone/BM (~25%) and LNs (<10%).
What % of pts with localized Dz vs. lung mets have BM micromets?

© Show Answer

25% (localized) vs. 40% (lung mets)

» WORKUP/STAGING

What is the typical clinical presentation with EWS?
© Show Answer

Pain (96% of cases) and swelling (63% of cases) are most common — fever
(21%) and fractures (16%).
What Sx at presentation portends a particularly poor prognosis in EWS?



© Show Answer

Pts who present with fever tend to have a poor prognosis.
What is the most commonly involved site in EWS at presentation?

© Show Answer

Extremities (53%) > axial skeleton (47%). The LE is the most common
region (41%), and the femur is most common site (~20% of cases) f/b the
pelvis (26%), CW (16%), UE (9%), spine (6%), and skull (2%).

If an EWS tumor presents centrally, what is the most common site?

© Show Answer

The pelvis (26% of cases) is more common than the axial skeleton (12% of
cases).
List the general workup for a pt who presents with an extremity mass.

© Show Answer

Extremity mass workup: H&P, plain x-ray, MRI/CT primary, and core needle
Bx or incisional Bx. Once a Dx of a sarcoma (EWS) is confirmed, complete
the workup with CBC, BMP, LDH, ESR, LFTs, CXR, CT chest, bone scan,
or PET/CT (preferred), echo, and bilat BM Bx.

What are the characteristic findings on plain x-ray in EWS? How does this
compare to osteosarcoma??

© Show Answer

Classically, EWS shows an “onion skin” reaction on plain films, whereas
osteosarcoma is associated with a “sunburst” appearance. The Codman
triangle, an area of new subperiosteal bone as a result of periosteal lifting by
underlying tumor, can be seen in both EWS and osteosarcoma. However,
EWS tends to have metaphyseal rather than diaphyseal involvement.

How is EWS staged?

© Show Answer



No standard staging system exists. Tumors are either localized or metastatic.
In EWS, what is meant by expendable bones? Name 3.

© Show Answer
Expendable bones are ones that can be resected with min morbidity, such as:

. Proximal fibula

. Ribs

. Distal four fifths of clavicle
. Body of scapula

. Iliac wings

Summarize the current Tx paradigm for EWS.
© Show Answer

EWS Tx paradigm: induction VAC-IE (vincristine, doxorubicin, and
cyclophosphamide alternating with ifosfamide/etoposide) — local therapy at
wk 12 (Sg + RT or definitive RT with non-Adria chemo given during RT,
usually 2 cycles) — further adj chemo to wk 48. Sg when possible, give
PORT when necessary, and whole lung irradiation (WLI) for lung mets.
Estimate the 5-yr OS for localized and metastatic EWS.

© Show Answer

5-yr OS for localized EWS is 60%-80% (60% for pelvic, 80% extremities)
and 20%-30% for metastatic EWS (bone mets 5 yrs 30%; lung mets 5 yrs
50%).

What are the RT doses given for EWS in the definitive vs. the postop
setting?

© Show Answer

Definitive: 55.8 Gy/31 fx (45 Gy to prechemo volume with 1-2-cm margin



with boost to postchemo volume to 55.8 Gy).

Postop: 50.4 Gy for microscopic/tumor spill and 55.8 Gy for gross residual;
45 Gy for vertebral body involvement b/c of SC tolerance.

What is the LF rate for EWS after definitive RT?

© Show Answer

Overall, 5%-25%; worse with pelvic sites (LF 15%—70%); worse with large
(>8 cm) lesions (LF 20%).
What are considered adequate surgical margins in EWS?

© Show Answer

Per COG protocol AEWS0031, adequate margins are >1 cm for bone, >0.5
cm for ST, and >0.20 cm for fascia. (Womer RB et al., JCO 2012)
What are 3 indications for adj RT after Sg in EWS?

© Show Answer

+Margin, tumor spill, and >10% viable tumor after induction chemo (poor
chemo response).

Is there a difference in LC b/t EWS pts who rcv preop RT vs. postop RT
vs. definitive RT?

© Show Answer

Yes. Schuck et al. performed a secondary analysis of 1,085 pts in CESS-81
and -86 and EICESS 92 (European Intergroup CESS) and found no
difference in LF b/t preop and postop RT (5.3% vs. 7.5%), but LF was
significantly worse in the definitive RT arm (26%). However, there was a
strong negative selection bias against the definitive RT cohort. There was no
difference in LF b/t RT alone and Sg + post-RT if only partial resection was
achieved. Preop RT may improve LC if STR is deemed likely. (IJROBP
2003)

When is Sg preferred to RT as a local therapy in EWS?



© Show Answer

Sg is preferred when expendable bones are involved, if there is a pathologic
fracture, and when there is a LE lesion in a child (<10 yo).

What Tx were compared in IESS-1 (1973-78)? Summarize the study’s
major results (OS, RFS, and LR).

© Show Answer

IESS-1 compared adj vincristine/actinomycin D/Cytoxan (VAC) alone vs.
vincristine/actinomycin D/Cytoxan/doxorubicin (VACAJdr) vs. VAC +
prophylactic WLI. 5-yr OS was significantly worse in the VAC alone arm
(28%) compared to VACAdr (65%) or VAC + WLI (53%). 5-yr OS was not
significantly different b/t VACAdr and VAC + WLI. However, the VACAdr
arm had an improved 5-yr RFS (60%) compared to VAC + WLI (44%). 5-yr
LR was not significantly different b/t arms (~15%). Conclusions: adj chemo
improved RFS and OS, WLI is effective, and nonpelvic sites respond better.
(Nesbit ME et al., JCO 1990)

In IESS-1, which site had the worst prognosis?

© Show Answer

In IESS-1, pts with pelvic primaries had significantly worse 5-yr OS (pelvic
34% vs. nonpelvic 57%). Among pelvic cases, there was no OS difference by
Tx arm (p = 0.81) vs. in nonpelvic cases (p < 0.001). (Nesbit ME et al., JCO
1990)

What Tx were compared in IESS-2 (1978-82)? Summarize the study’s
major results.

© Show Answer

IESS-2 randomized 214 pts b/t induction high-dose intermittent (HDI)
VACAdr to moderate-dose continuous (MDC) VACAJr in nonpelvic
localized tumors. HDI given g3wks vs. MDC given weekly. 5-yr RFS, DFS,
and OS improved with HDI. 5-yr OS HDI 77% vs. MDC 63%. Main failure



in both arms: mets-lung > bone. (Burgert EO et al., JCO 1990)
What Tx were compared in INT-0091 (IESS-3) (1988-92)? Summarize
the study’s major results (OS and LR).

© Show Answer

INT-0091 randomized pts to induction VACAdr vs. VACAdr alternating
with IE. The study enrolled 518 pts with EWS, PNET of bone and primitive
sarcoma of bone, and pts with both localized and metastatic Dz (23%). In
pts with nonmetastatic Dz, the addition of IE significantly improved 5-yr
OS (72% vs. 61%), 5-yr EFS (69% vs. 54%), 5-yr LR (5% vs. 15%). There
was no 5-yr OS advantage with adding IE for pts with metastatic Dz at
presentation. (Grier HE et al., NEJM 2003)

When was local therapy given in INT-00917?

© Show Answer

In INT-0091, local therapy (Sg +/— PORT or RT alone) was given at wk 12.
How was RT given in INT-0091 compared to IESS-1-27?

© Show Answer

INT-0091: definitive RT was given with IE to GTV + 3-cm margin to 45
Gy — conedown (CD) to postchemo volume to 55.8 Gy. For PORT: if RO,
then no PORT; if R1, then 45 Gy (initial GTV + 1 cm); if R2, then 55.8
Gy.

IESS-1-2: definitive RT to whele bone to 45-50 Gy — CD to 55-60 Gy

In INT-0091, what prognostic factors were associated with worse

outcomes?

© Show Answer

Pts with pelvic tumors, large tumors (=8 cm), or of older age (218 yrs).
In INT-0091, for pts with pelvic primaries, did LR differ b/t Sg alone, Sg
+ PORT, and definitive RT?



© Show Answer

LR did not differ by local therapy for pts with pelvic primaries (~15%).
(Yock TI et al., JCO 2006)

What RT Tx techniques were compared in POG-8346 (1983-88)?
Summarize the study’s major results.

© Show Answer

In POG-8346, osseous EWS pts who rcvd definitive RT for local therapy
after induction chemo were randomized to whole bone RT (39.6 Gy - 55.8
Gy boost to GTV +2 cm) vs. involved-field RT (GTV + 2 cm to 55.8 Gy).
All pts then rcvd maintenance chemo. The RT Tx techniques had similar 5-yr
EFS (~41%) and LC (~53%). (Donaldson SS et al., JROBP 1998)

What are 2 Tx options in EWS pts with lung mets?

© Show Answer

In addition to chemo, consider WLI or surgical resection (if <5 mets).
What 2 key retrospective studies support the use of WLI in pts with
metastatic EWS?

© Show Answer

EICESS secondary analyses: Paulussen et al. reviewed the outcomes of EWS
pts with (a) isolated pulmonary mets or (b) combined lung + bone/BM
mets who were treated +/— WLI as part of a series of protocols from the
EICESS. WLI was associated with improved EFS in both subgroups. (Ann
Oncol 1998)

St. Jude’s retrospective study: Rodriguez-Galindo et al. reviewed outcomes in
EWS pts with isolated pulmonary recurrence. Pts who rcvd WLI had
improved 5-yr postrecurrence survival (30% vs. 17%). (Cancer 2002)

What doses and technique are used for WLI in EWS?

© Show Answer



The WLI dose in EWS depends on age: if <14 yo, then 15 Gy (1.5 Gy/fx); if
>14 yo, then 18 Gy (mostly in European protocols, but US protocols still
use 15 Gy).

Describe the field borders used in WLI for EWS.

© Show Answer

Superior—Inferior: 1 cm above 1% rib to L2

Lateral: 1 cm lat rib cage

Block PA kidney at 7.5 Gy.
Is there a difference in prognosis for metastatic EWS pts who present with
isolated lung mets, bone-only mets, or both?

© Show Answer

Yes. Metastatic EWS pts who present with either isolated pulmonary mets or
skeletal mets have a similar EFS. However, EFS is significantly worse in pts
with both.

5-yr OS for metastatic EWS:

. Lung mets: ~35%
. Bone/BM mets: ~25%

. Lung 1 bone/BM mets: ~15%

(Paulussen M et al., Ann Oncol 2009)
What evidence supports the use of hemithorax RT in CW EWS?

© Show Answer

Schuck A et al. retrospectively reviewed 138 pts with localized CW EWS
treated in CESS-86 and EICESS 92. 42 pts rcv hemithorax RT. If <14 yo,
then 15 Gy; otherwise, 20 Gy at 1.5 Gy/fx or 1.25 Gy bid. All RT pts rcv a
boost to the primary site of 4560 Gy. Despite worse baseline prognostic
factors in the hemithorax RT cohort, 7-yr EFS trended in its favor (63% vs.
46%). Improvements in EFS appeared to be d/t reductions in pulmonary



mets. A major criticism of this study is that the RT group had sup chemo.
(IJROBP 2002)
Does hyperfx improve outcomes in EWS?

© Show Answer

No. CESS-86 randomized localized osseous EWS pts being treated with
definitive RT to conventional fractionation (60 Gy in 1.8-2.0 Gy/fx) during a
chemo break or split-course hyperfractionated RT concurrently with chemo.
Hyperfractionated RT was 1.6 Gy bid to 60 Gy with a 12-day break after the
initial 22.4 Gy and 44.8 Gy. LC was somewhat higher in the hyperfx arm
(86% vs. 76%), but the difference was not SS. Benefits of this altered
fractionation may have been lost d/t the Tx breaks. (Dunst J et al., [JROBP
1995)

In EWS, how are the Tx volumes defined, and what are the margins used
for the following scenarios?

. Bone-only lesion
. Bone lesion with soft tissue extension
. Postop setting

© Show Answer
In EWS, RT volumes depend on the chemo response.

. Bone only: treat prechemo GTV + 2 cm to block margin (1-cm CTV, 0.5-
cm PTV) to 55.8 Gy.

. Bone with ST extension: treat prechemo GTV + 2 cm to 45 Gy, then CD
to initial/prechemo bone and postchemo ST extent + 2 cm to 55.8 Gy.

. Postop setting: treat preop, prechemo volume (except pushing borders in
areas of lung or intestines) + 2 cm to 45 Gy, then CD to postop residual + 2
cm to 55.8 Gy.

In EWS pts with resected node+ Dz, what RT dose is used to treat the
nodal bed?



© Show Answer

In EWS pts with resected node+ Dz, treat the nodal bed to 50.4 Gy.

Based on the SFOP (France) metastatic EWS protocol, what was the 5-yr
EFS with the addition of high-dose busulfan and melphalan as
consolidation?

© Show Answer

High-dose oral busulfan and melphalan were used — stem cell rescue as
consolidation after 5 cycles Cytoxan/Adr and 2 cycles IE — local therapy (Sg
and/or RT). 5-yr EFS was 52% for lung-only mets and 36% for bone-only
mets (no BM involvement). With BM involvement, survival was 4%.
(Oberlin O et al., JCO 2006)

Based on the SFOP (France) metastatic EWS protocol, how was local
therapy delivered?

© Show Answer

Local therapy was delivered either before or after consolidative high-dose
chemo. RT was given alone or after incomplete resection (55-60 Gy).

RT after RO resection was given if >5% viable cells were seen (40 Gy). If
<5% viable cells were seen, no RT was given. (Oberlin O et al., JCO 2006)

What is the 20-yr cumulative risk of 2"d malignancies in pts treated for
EWS?

© Show Answer

Kuttesch et al. retrospectively reviewed 266 EWS pts treated at St. Jude’s
Hospital. 20-yr cumulative incidence was 9.2% for any malignancy and
6.5% for sarcoma. There appeared to be an RT dose-response relationship
with a 2"4 malignancy RR of 40 if RT was >60 Gy. (JCO 1996)

What GU side effect is of particular concern when treating pelvic EWS



tumors?
© Show Answer

Since EWS pts are typically treated with ifosfamide and cyclophosphamide,
RT cystitis is of particular concern.
What dose causes premature epiphyseal closure?

© Show Answer

>20 Gy causes premature epiphyseal closure. Decreased bone growth can
occur at ~10 Gy.

How can lymphedema be minimized in the extremities when treating with
RT?

© Show Answer

Attempt to spare a 1-2-cm strip of skin on the extremity or minimize the
circumferential RT dose to 20-30 Gy.
What are some factors that influence fracture risk?

© Show Answer

Total dose, extent of cortical disruption at Dx, younger age, and 2" bone
malignancy in the RT field.



I
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Wilms Tumor
Updated by Jennifer Logan

» BACKGROUND

What is the estimated annual incidence of Wilms tumor (WT) in the
United States?

© Show Answer

~500 cases/yr of WT are diagnosed in the United States.
What is the median age at Dx?

© Show Answer

Median age at Dx is 3—4 yrs (95% <10 yrs) for WT.
Is there a sex predilection?

© Show Answer

Yes. Females are more commonly affected than males.
How does the age of presentation differ with Wilms when compared to
neuroblastoma (NB)?

© Show Answer

NB often presents at <2 yrs. Unilat WT presents at 3.5—4 yrs.
What is the age of presentation for hereditary/bilat tumors?

© Show Answer

Hereditary/bilat tumors often present at 2.5 yrs (younger than sporadic



cases).
Name 3 genetic syndromes associated with Wilms.

© Show Answer

. WAGR
. Denys—Drash
. Beckwith—-Wiedemann

What is WAGR syndrome, and what is the associated genetic change?
© Show Answer

Mnemonic: WAGR:

Wilms

Aniridia

GU anomalies

Mental Retardation

Associated genetic change: del 11q13 (WT1 deletion)

What is Denys—Drash syndrome, and what is the associated genetic
change?

© Show Answer

Denys—Drash: Wilms, renal Dz (proteinuria during infancy, nephritic

syndrome, progressive renal failure), male pseudohermaphroditism
Associated genetic change: point mutation of WT1 gene

What is Beckwith—Wiedemann syndrome, and what is the associated
genetic change?

© Show Answer

Beckwith—Wiedemann: macrosomia, macroglossia, omphalocele,
hemihypertrophy

Associated genetic change: 11p15.5, duplication of WT2 locus

What transcription factor is important for normal kidney/gonadal



development and is associated with Wilms?
© Show Answer

WT1 (a zinc finger protein) is associated with Wilms and is important for
normal kidney/gonadal development.
What is the function of WT2?

© Show Answer

Function of WT2 is unknown. It affects IGF2, the H19 tumor suppressor,
and p57 cell cycle protein.
What are the other genetic defects seen in Wilms?

© Show Answer

LOH 1p16q, FWT1 (17q), and FWT?2 (19q)
Name 1 paternal and 1 maternal environmental risk factor for WT.

© Show Answer

Fathers who are welders/machinists (RR 5.3); mothers who use hair dyes (RR
3.6)
What are some poor prognostic factors seen in Wilms?

© Show Answer

Unfavorable histology (UH), advanced tumor stage, molecular
(+telomerase) and genetic (LOH 1p16q) markers, age >24 mos
What histology has the worst outcome in Wilms?

© Show Answer

Diffuse anaplasia (DA), f/b rhabdoid and clear cell sarcoma. A review of
NWTS-1 and -2 studies involving ~1,200 children, DA had the shortest
survival time compared to nonanaplastic histologies. (Bonadio F et al., JCO
1985) In another study, DA was seen in 10% of cases, but accounted for 60%
of the deaths. (Faria P et al., Am J Surg Pathol 1996)



What study demonstrated the prognostic importance of LOH 1p16q for
Wilms?

© Show Answer

NWTS-5 analysis. (Grundy PE et al., JCO 2005) For FH, LOH 1p or 16q is
associated with 1 (RR) of relapse. LOH of both 1 RR of relapse + death.
What are the UH subtypes in Wilms?

© Show Answer

Anaplastic: focal or diffuse
How is focal anaplasia (FA) defined?

© Show Answer

FA is sharply localized within the primary tumor, without atypia in the rest of
the tumor.
What renal tumors are not WT but are treated similarly to WTs?

© Show Answer

Malignant rhabdoid tumor and clear cell sarcoma of the kidney
What are the 4 sets of criteria used to define DA?

© Show Answer
Criteria to define DA:

. Nonlocalized

. Localized with severe nuclear unrest elsewhere in the tumor
. Anaplasia outside the tumor capsule or mets

. Anaplasia revealed by random Bx

What is the stage-by-stage 4-yr OS for anaplastic/UH WT?
© Show Answer

4-yr OS for anaplastic/UH Wilms:



Stage I: 83%

Stage II: 81%

Stage III: 65%

Stage IV: 38% (immediate nephrectomy) vs. 56% (preop chemo)
Stage V: 55%

(Dome JS et al., JCO 2006)
How does the 4-yr OS compare b/t focal and diffuse anaplasia?

© Show Answer

Overall: 82% vs. 60%

Stage I: 89% vs. 79%

Stage II: 80% vs. 82%

Stage III: 71% (FA: preop chemo) vs. 67% (DA: nephrectomy) vs. 53% (DA:
preop chemo)

Stage IV: 72% (FA: preop chemo) vs. 33% (DA: nephrectomy) vs. 44% (DA:
preop chemo)

Stage V: 88% vs. 42%

What are the typical presenting Sx in Wilms? How does this compare to

NB?

© Show Answer

Asymptomatic abdominal mass (83%) — abdominal pain (37%), HTN (25%,
d/t 1 renin), hematuria (25%), fever, anemia (d/t {| Epo)

NB most commonly presents with systemic Sx.
(Mnemonic: WWNN—Wilms are Well, Neuroblastomas are Not well)

» WORKUP/STAGING

What is the typical workup for an abdominal mass of unclear etiology in a
child?

© Show Answer



Abdominal mass workup: H&P (focusing on congenital defects), labs, UA
(including urinary catecholamines), abdominal US, CXR, and CT C/A/P
What is the recommended 1'-line imaging modality for an abdominal
mass?

© Show Answer

US is the recommended 15*-line study for imaging the abdomen.
Pts with what histologic subtype(s) require bone scan?

© Show Answer

Clear cell
With a Dx of Wilms, what 2 chest imaging modalities can be employed for
staging purposes”?

© Show Answer

Both CXR and CT are used for chest imaging. Lesions seen on CT but not

visible on CXR may be treated more conservatively than lung mets visible on
CXR.
Pediatric pts with what renal tumors need BM Bx?

© Show Answer

Pts with clear cell and rhabdoid require BM Bx.
Pediatric pts with what renal tumors require MRI of the head as part of
their workup?

© Show Answer

Rhabdoid: 10%-15% will have PNET in brain (atypical teratoid rhabdoid
tumors)

Clear cell: to r/o brain mets

What is the typical appearance of WT on CT?

© Show Answer



Large round mass with pseudocapsule usually without calcifications. Less
likely to cross midline than NBs.
Under what circumstances should Bx be performed?

© Show Answer

Do not Bx unless the tumor is unresectable or bilat Dz. If Bx is necessary,
use a post approach to avoid contaminating the abdomen.
On what issues should the surgeon comment at the time of Sg?

© Show Answer

Involvement of regional nodes, opposite kidney, peritoneum, liver, renal
vein/IVC. Also, if there is tumor spillage and if it is confined to the ipsi flank.
What % of pts present with each of the features summarized in this table?

© Show Answer

Presenting Features Patients (%)
Bilat Dz 7
Multifocal Dz 12
Renal vein invasion 10
LN involvement 20
Mets 10

What are some common sites of mets?
© Show Answer

Lung (80%) — liver — bone, brain (clear cell), LN (outside abdomen and
pelvis)
How commonly is calcification seen in Wilms?

© Show Answer



Calcification is seen in 10%—15% of cases but is seen in 85% of NB cases.
How many stages are there in Wilms?

© Show Answer

There are 5 stages in Wilms.
Summarize the staging of WT.

© Show Answer

I. (40% of pts): limited to kidney
[I. (20%): extension to outside capsule, vessel involvement >2 mm
II. (20%): R1-R2 resection, +LN, local spillage or diffuse peritoneal
spillage, Bx (including FNA), +implants, +margin, transected tumor
thrombus, piecemeal resection, unresectable tumor
V. (10%): hematogenous mets or LN+ outside the abdomen/pelvis
V. (4%-8%): bilat Dz; each side staged independently

Is adrenal involvement considered a met?
© Show Answer

No. Adrenal involvement is considered local extension.

What is the Tx paradigm for WT in the United States?
© Show Answer

WT Tx paradigm: initial surgical resection — risk-adapted adj chemo +/— RT
What is the major difference b/t the International Society of Pediatric
Oncology (SIOP) Tx paradigm (European Cooperative Group) and the
National Wilms Tumor Study (NWTS) paradigm (American Cooperative
Group)?

© Show Answer

SIOP trials incorporate preop therapy (CRT), whereas the NWTS/COG



trials do not.

Under what circumstance is the SIOP paradigm favored in the United
States?

© Show Answer

In unresectable or bilat Wilms, preop chemo is used.
What are the indications for postop RT in the current COG protocols
(ARENO0532,533)? (Table 3-1)

© Show Answer
Indications for postop RT depend on histology and stage:

Favorable histology: stages ITI-IV
Unfavorable histology: stages I-IV

Table 3-1 Current Children’s Oncology Group Wilms Protocol

(AREN0532/533)

Goals: Reduce Tx-related toxicity in low-risk tumors and improve
outcome for high-risk tumors with chemo intensification.

Tumor Risk Classification Multimodality Treatment
Very low risk FH WT >2 yrs, stage|  Surgery, no therapy if central
FH, <550 g pathology review and LN

sampling

Low-risk FH WT Surgery, no RT, regimen EE4A
>2 yrs, stage | FH, =550 g
Standard-risk FH WT Surgery, regimen DD4A
Stages I-Il FH with LOH Surgery, regimen DD4A
Stage Ill FH without LOH Surgery, RT, regimen DD4A
Stages IlI-IV FH with LOH Surgery, RT, regimen M, WLI

(AREN0533)

Stage IV FH (slow/incomplete



responders)
Stage IV FH: CR of lung mets at wk
6/DD4A (rapid early responders)
Stages |-l FA

Stage | DA

Stage IV FA
Stages II-1V DA
Stage IV CCSK
Stage IV RTK
Stages I-111 CCSK

Surgery, RT, regimen DD4A; no WLI

Surgery, RT, regimen 