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Bone Tumors in Children

* Only half of bone lesions in children are
malignant

* Other half benign or nonneoplastic lesions

%1 PedHemOnc-PMK



Bone Tumors

Malighant
Osteosarcoma

Ewing’s Sarcoma

Chondrosarcoma (classical,

clear cell, mesenchymal)

Undifferentiated pleomorphic

sarcoma (formerly MFH)

Isolated Bone Lymphoma

Metastatic Tumor

Intermediate

Langerhans’ Cell Histiocytosis

Giant Cell Tumor

Benign

Osteoid osteoma
Osteoblastoma
Enchondroma

Chondroblastoma

Chondromyxoid fibroma

Hemangioma

Non-neoplastic
Fibrous dysplasia
Fibrous cortical defect
Aneurysmal bone cyst

Myositis ossificans
Avulsion/stress fracture

Solitary bone cyst

Osteomyelitis




Distinguishing

Benign vs Malignant Bone Lesions

A

History

Age

Pain

Trauma

Duration of symptoms
Swelling

Rate of growth

Physical Examination

e Constitutional
symptoms

e Tenderness
* Swelling

e Associated soft tissue
mass

 Deformity
* Range of motion

%\ \ Pediatric Cancer & Hematologic Disorder
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Malignant bone tumors

* 6% most common neoplasms in children
* 3" most common in adolescents and young adults
e 8.7 cases per million per year in the US (< 20 years age)

Most common types
* (Osteosarcoma
* Ewing sarcoma family of tumors (ESFT)

 Chondrosarcoma
— Mesenchymal — HEY1-NCOAZ2 fusion, late recurrences

* Other
@ — Undifferentiated pleomorphic sarcoma of bone (formerly MFH)
di
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Management of Sarcomas

[ Ewing Sarcoma }
BONE SARCOMAS

[ Osteosarcoma }
\ )/

MULTIDISCIPLINARY

- S\ CARE
Rhabdomyosarcoma
SOFT TISSUE <
SARCOMAS [ Soft Tissue
\ Sarcomas » / /

PedHemOnc-PMK
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Princ

Age

Site
Symptoms
(Race)

ples of Management

y

Clinical assessment >

Make your first differential diagnosis

%l\/\ Pediatric Cancer & Hematologic Disorder
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» Imaging — » Biopsy »MD Team——*
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Diagnosis and Stage

[

L Risk Stratification

Make your second differential diagnosis

Primary
Mets (bones, lungs)

Courtesy of Carlos Rodriguez-galindo, M.D. (with permission)



Induction Chemotherapy

RISK STRATIFICATION

L
O H SURGERY
C
A
L
R _,» Adjuvant Chemotherapy
(C) Same Agents
N
T
R L RT
o)
L
Type of LOCAL
CONTROL

%l/\\ Pediatric Cancer & Hematologic Disorder
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Courtesy of Carlos Rodriguez-galindo, M.D. (with permission)
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Figure VIIL.2: Bone cancer age-specific incidence rates by histology

all races, both sexes, SEER, 1976-84 and 1986-94 combined

Average annual rate per million

7 |==All Bone

==} steosarcoma

—Ewing's Sarcoma

=={_hondrosarcoma

I I I I I I I I
9 08 9 10 11 12 13 14 15

Age (in years) at diagnosis

I I I I
16 17 18 19 20

Lanzkowsky 5t edition, 2011



Malignant Bone Tumors

Osteosarcoma Ewing’s Sarcoma
Age (yrs) 12-18 5-25
Adult > 40 yr Yes Very rare
Race Asian> Caucasian Caucasian>>>>>>> Asian
History
Previous RT Ye No
Family Hx LFS, RB1 No
Constitutional No Yes
symptoms
Location Bone Bone, soft tissue, renal
Skip lesion Uncommon Common
Metastasis Lung Lung, bone, BM

QJ?\_ PedHemOnc-PMK




Malignant Bone Tumors

Osteosarcoma Ewing’s Sarcoma
Bone Long bones Long and Flat bones (Pelvis, skull,
ribs)
Site Metaphysis Diaphysis
Genetic Rb, p53 t(11;22)EWS-FLI
TS genes Oncogene activation
Radiologic e Sunburst pattern * Moth-eaten lytic lesion
findings * Calcification * Onion skin

* Periosteal reaction
e Codman’s triangle

LAB TALP Normal ALP
CBC-normal CBC-abnormal (if BM+)

PATH Osteoblast Small round blue cell, primitive
Malignant osteoid + neuroectodermal cell

No malignant osteoid

RT Resistance Responsive




Bone Tumors in Children

Site Osteosarcoma Ewing's sarcoma
Distal Femur - 32% 5%
Proximal Tibia 16% 1%
Proximal Humerus 10% 6%
- Y
Pelvis 8% 20%
Spine 2% 10%
Ribs 1% 9%
.

%l/\\ Pediatric Cancer & Hematologic Disorder
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		Site

		Osteosarcoma

		Ewing's sarcoma



		Distal Femur

		32%

		5%



		Proximal Tibia

		16%

		4%



		Proximal Humerus

		10%

		6%



		Pelvis

		8%

		20%



		Spine

		2%

		10%



		Ribs

		1%

		9%






Management of Sarcomas

J\

BONE SARCOMAS [

Osteosarcoma J

2

J
N

|
|
|

)/
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Osteosarcoma

e MCM primary malignant bone tumor in children
e Rare : < 10 years of age

* Genetic predisposing syndrome
— Li-Fraumeni syndrome (p53)
— Hereditary RB (RB1) '

e Radiation therapy

NEence par ¥ear par Ml
(A L= =

— 3% of all osteosarcoma

— Long |atency > 10 years Age at Disgnosis (Years)

— Potentiated by prior chemotherapy (alkylators,
anthracyclines)



Clinical presentation
Local pain (90%)
Local swelling (50%)
Decreased range of motion, limping (45%) &

Pathologic fracture (8%)

Lab
— Elevated LDH 30%
— Elevated ALP 40%

.....
lllllll



Investigations

Plain film at primary and bone met site(s)
CXR

MRI of primary tumor
CT chest

Bone scan

PET scan: (recommend) evaluation for

metastatic disease (bone, lung)
— PET/CT more sensitive and accurate than bone scan*®
— Combined use improves sensitivity*

Biopsy

— Requires planning for later resection of biopsy tract

*Byun BH et al, Skeletal Radiol 2013
Meyer et al., Pediatr Blood Cancer 2008;51:163-170


Presenter
Presentation Notes
Bony destruction with lytic, sclerotic or mixed apperarance
 Lifting of periosteum with bone formation “Codman Triangle”
 Soft tissue mass with ossification. May see “sunburst” pattern


Pathology

* Proliferation of malignant cells

Osteoid formation

* Subtypes

— Osteoblastic

— Chondroblastic
— Fibroblastic

— Telangiectatic
— Small Cell
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Staging

e Localized
* Metastatic

— 15-20% metas at presentation

— Lungs

lung 164 (81.2%)

— Bone:

distant and skip lesions 124 (61.2%)

— Combined \ 2o
0 jd. ) ".II
skip 24 oiber 1R
11.9% 15 (7.4%) 4, 17 (8.4%) (5.9 %)
A alisia on bome 45
bone 69 (34,2%) {22,3%)

%j\_ PedHemOnc-PMK Kager L et al. J Clin Oncol 2003




Certain

e >3 lesions with > 0.5 cm
max diameter

e >1lesion(s) with>1cm

Possible

Fewer or smaller
lesion(s) that not met
“certain criteria”

PedHemOnc-PMK

EURAMOS | Trial
TPOG protocol 2015
Meyer et al., Pediatr Blood Cancer 2008;51:163—-170



5y OS in osteosarcoma

e Localized osteosarcoma ~ 70%
— If CMT response >290% TN -2 increased to 80%

* Metastatic osteosarcoma ~ 25%




Osteosarcoma:
Updated Prognostic Factors

A 100

° Metastatic ) Overall Survival | |
== - Collins M, JCO 2013

* Pelvic site 2l S I .

— HR3.08[1.92-4.92] 7 § ] oo

DE- ‘C:‘- :. ....... 27 HR: 0.76 (95%:C1 0.64 to 0.91), P =.003
[ J Older age g_ 10-yaar OS: Not Gr 24 53% v Gr 3/ 4%
Janeway KA, Cancer 2012 0 5 10 15
—_ HR 142 [105-192] S Time From 2 Weeks After Surgery

T T T T T T T
0 2 4 8 8 10 12
Time (years)

 Male gender
— Female: HR 0.85 [0.76-0.95]

* Lack of chemotherapy toxicity

=B0% tumor

# i& necrosis (n = 26)
g
¢ HIStO/OQIC response to ; : ecrosis (n = 16)
chemotherapy E 20 Goorin AM et al., JCO 2003
0 ] ] ] ] ] ] ] | ] ]

%l/\_\ Pediatric Cancer & Hematologic Disorder o i b 3 4 & § 7 B o 0 'II1
Q/ PedHemOnc-PMK Vears
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Presentation Notes
In a study conducted by Marnie Collins & David Thomas datasets from intl coop groups combined, 4,838 patients make gender and chemo toxicity
Chemo toxicity, histologic response are not known until treatment initiated making hard to use for treatment stratification
Age and gender have small magnitude of effect on outcome 
Apart from the presence or absence of metastatic disease, in osteosarcoma do not yet have a complete enough understanding of prognostic factors to use these for treatment stratification.
Appears to be complex interaction between age, gender and chemotherapy toxicity which may relate to drug pharmacokinetics; area deserving of further investigation


Metastatic Osteosarcoma at Dx:
Prognostic factors

0.8
Table 3. Mulfivariote Cox Regression Model on Prognostic Factors
Wariable RHR PR CI P Ty | E
Agg, > 20 v < 20 years 10 Oéérls B0 = Complete surgical remission
Trunk v extramities 1.5 Q.87 to 2.7 138 _ )
hultiple ergan system v one 0.9 053014 581 'g
Other v lung/skip 1.5 0.93t0 2.4 o o 04 +
Fuliple v solitary 2.3 1.2 tod3 oz e
Incomplete surgical remission 2.4 1.4 tod.d 003
Abbreviations: RHR, relative hazard rate; O, corfiderce inerval. 0.

Moo complete surgical remission

o . : e

e Achieve surgical remission ? o 19 A

* No. of mets

%‘/\\Pitﬁ Hematologic Diso
Pe

HemOnc-PMK

Yaard

Kager L et al, 2003 JCO 21: 2011-2018
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Presentation Notes
In univariate analysis many factors predictive but in multivariate analysis only ability to achieve surgical remission predictive:
Related to: Sites mets, #mets, tumor response to chemo, tumor site


Treatment
 Chemotherapy :

— Neoadjuvant
— Adjuvant: MAP [Do not adjust adjuvant CMT dose }

* Cisplatin according to amputation
* Doxorubicin
* HDMTX

e Surgery: complete surgical resection necessary for
survival at wk 10th

— Limb-sparing (limb savage) surgery
* Rotationplasty
— Amputation



Presenter
Presentation Notes
80% recur after surgery alone in 5 yr


CHILDREN'S

e AOSTO0331

—

& TN indicated TauETaR
prognosis but not “MAP”
changing the , J

treatment Surgery
\—/ Access histologic response

Good responder Poor responder

>90% TN <90% TN
Not signifi ielack SS, etal. JCO 2015 [ ! ]
MAP MAPInf MAP MAPIE
3y EFS 74% 77% 54% 52%
@\ PeaTa ancer & rematorogic Disorder / ~ -
PedHemOnc-PMK Not significant but higher toxicity in MAPIE arm
Marina N, et al. Lancet Oncol 2016
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Treatment schema for osteosarcoma protocol

g (Update March 2018)

. nuananissnenlsau:Sauidn
w.A, 2561

Mational protocal for the treatment of

e Osteosarcoma’
v
T —— Metastasis
& ¥ (@Uain
e - ND I YES
+ |
Feasiblity for HD-MTX
administration
h 4
No l l Yes ThaiPOG-0S-18-MTX
ThaiPOG-05-13-CD- ThaiPOG-05-18-MTX

rev 2018

#Histolog ical diagnosis of osteosarcoma (including chrondrosarcoma, fibrosarcoma) is required before starting

treatrent.

THA|
%l/\\ Pediatric Cancer & Hematologic Disorder POG
\J-_:@ PedHemOnc-PMK Thai Pediatiic Oncology Group

T @ =& 1 b
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Methotrexate elimination

e 90% renal excretion

e <10% h e pat Te o Leucovorin dose

* Precipitatesin kidney at pH <6.3 2
) .p ) . Y P . £ e ke s LSRR
* Elimination maximized at alkaline pH - N "
.. : : : . ) g el e B BV
* Medications interfering with elimination ¢ g
. o ' 0.5 uM
— Vancomycin S o 10 mg/m? g6 hr_ g1 ,m
— Bactrim £ 0.01
n- . 1 1 1 1 1 1 ]
0 20 40 60 80 100 120 140
— H 2 b | oc ke rs Time after start of MTX infusion (hrs)
— NSAIDS
— Penicillins

* Reminder: fluid collections = delayed MTX clearance
e Variability is common even in the same patient

%\_ PedHemOnc-PMK



The Effect of IV fluid on 72 hr MTX 4%
Levels in Osteosarcoma Patients

4

1.
5 1
s N
£ 1
o 1.
)
= 0.
=

0.

0.

7

LA AL

<3000 23000

Intravenous hydration (mL/m?/day)

%l\ Pediatric Cancer & Hematologic Disorder
/<> PedHemOnc-PMK

Traivaree C, et al. Cancer management and research. 2018



Management of Sarcomas

\
Ewing Sarcoma

BONE SARCOMAS

)

2

A

|
|
|
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(ESFT)

* Majority present in the 2" decade of life
e 2" MCM bone malignancy in children
 Bone, soft tissue, Askin’s tumor or PNET

* Metastasis: 25% of patients present with metastases
— Lung 38% 2 o
— Bone 31% i e
— BM 11% §
— Other unusual sites “‘ I

Age at Diagnosis (Years)

-, Pediatric Cancer & Hematologic Disorde
%Jl\_ _, PedHemOnc-PMK Mascarenhas et al., 2006

SEER Data 1975-1999



* Bone primaries (75%) | Upper
Limb
Long

. Bones &

Scapula

1%

Axial=extremities
— Pelvis

28% — 4 N
— Long bones {54 N
— Other axial sites | 1

e Soft tissue primaries (25%)

Lower

. 66 i

— Paraspinal \Y Bones

— Chest wall | } 22%
— Various other sites \ LLJ

%‘/\\ Pediatric Cancer & Hematologic Disorder
@ PedHemOnc-PMK Mascarenhas et al., 2006

SEER Data 1975-1999



%

Primary Sites of ESFT of Bone

Site Frequency
(Centraldxis  |s255% |
Skull 2-6%
Clavicle/Scapula 4-6%
Ribs 12-13%
Spine 6-8%
Pelvis 23-27%

Humerus 5-7%
Radius/Ulna 1-3%
Hand <1%
Femur 16-19%
Tibia 7-10%
Fibula 6-9%
Foot 2-3%

Pediatric Cancer & Hematologic Disorder

PedHemOnc-PMK




%

Regional Node Involvement

* QOverall low incidence (6%)
* Higher incidence in soft tissue tumors (12% vs. 3%)
* Higher incidence in axial tumors

[
<
Log rank test p-value < 0.001
w3 -
M~
[=
g
E ; I_I_ —_——
-3 B — -
= (= L_
5
[Te
ol
o
8 | Negative regional lymph nodes — — — — . Positive regional lymph nodes
d T T T T T T T T T T T
0 6 12 18 24 30 36 42 48 54 60
Months From Initial Diagnosis
PedHemO

Applebaum et al.



Biology

Tumor Type Translocation Fusion Gene
Ewing sarcoma t(11;22)(q24:;q12) EWSRI1/FLI1 80-95%
t(21;22)(q22;q12) EWSRI/ERG 5-10%

07221 (p22:q12) EWSRI/ETVI
£(17;22)(q12:q12) EWSR1/ETV4

£(2;22)(q35;q12) EWSRI1/FEV
t(16;21)(p11:q22)  TLS/ERG
t(2;16)(q35;p11) TLS/FEV

Ewing-like sarcoma  t(20;22)(q13;q12) EWSRI/NFATC2
(NB: can occur in EWSR1/POUSFI1
ring chromosome

and may be

amplified)
t(6;22)(p21;q12) EWSR1/SMARCAS
t(4;22)(q31;q12) EWSR1/Z5G
Submicroscopic

inv(22) in t(1;22)
(p36.1;q12)

£(2;22)(q31;q12) EWSR1/SP3
t(4;19)(q35;q13) CIC/DUX4
inv(X) BCOR/CCNB3

(p11.4;p11.22)

%l/\_\ Pediatric Cancer & Hematologic Disorder
@ PedHemOnc-PMK



Investigations

Primary site P
* Plain film
 MRI of affected region

Metastasis detection and staging
* CT chest

* Bone scan

* Bilateral BM biopsy
* PET scan

Tissue biopsy

%?\_ PedHemOnc-PMK




* Molecular diagnostics
— Cytogenetics
— FISH
— PCR

@\/_\ Pediatric Cancer & Hematologic Disorder
\J_J PedHemOnc-PMK
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O H SURGERY
C
A
L [

Induction Chemotherapy —* — Adjuvant Chemotherapy
(C) Same Agents
N
T
R L RT
o)
L

RISK STRATIFICATION Type of LOCAL
Euro-EWING approach CONTROL
vs. COG approach

%j\_ PedHemOnc-PMK

Courtesy of Carlos Rodriguez-galindo, M.D. (with permission)



Local Control

Approach

Disadvantage

Complete surgical resection

Not an option for all tumors

Radiation

Late effects of therapy

Surgery plus radiation

* Late effects of therapy
* Prolonged local control
interferes with systemic
therapy

local failure

control

e Overall survival not different based upon mode of local

 Favor surgical resection whenever feasible, with radiation
\reserved for selected cases

/°Patients treated with definitive radiation have higher risk of \

J

% PedHemOnc-PMK



* Age at presentation: > 14 yrs
* Site of disease: pelvic

e Size of tumor: > 200 ml or
>8cm

e CMT without IE

* Stage
— Localized: 5 year EFS ~ 70%
— Metastatic: 5 year EFS < 30%

* |solated lung metastases do
slightly better

* High dose chemotherapy:
modest benefit with significant
toxicity

PedHemOnc-PMK

%

Prognostic factors
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e o —

Frohatiidy
o m i
i B £ -]

Cotterill et al., 2000
Rodriguez-Galindo C, Cancer 2007
Marina et al., Sarcoma 2015



AEWS-0031 - Chemotherapy Intensification
through Interval Compression for Ewing Sarcoma

Drugs and Cycles

VDC x7 cycles® Diagnosis
(V) Vincristine 2 mg/m? day 1

(D) Doxorubicin 75 mg/m?2 Cl for 48 hours
(C) Cyclophosphamide 1200 mg/m? day 1 (+Mesna)
G-CSF 5 mcg/kg/d until ANC > 750/mm?3

IE x 7 cycles Randomize

(1) Ifosfamide 1800 mg/m2/day days 1 - 5 (+ Mesna)
(E) Etoposide 100 mg/m2/day days 1 -5
G-CSF 5 mcg/kg/d until ANC > 750/mm3

Induction Induction
Standard Compressed
4 cycles/12 weeks 6 cycles/12 weeks

Primary tumor treatment

Continuation Continuation
Standard Compressed
@\ NP 10 cycles/30 weeks 8 cycles/16 weeks

KJ_/ PedHemONG-



AEWS-0031 - Chemotherapy Intensification
through Interval Compression for Ewing Sarcoma

(0]
0 5-yr OS 83%
A 1.0 e 5-yr EFS 73% B 1.0 e y
‘\‘ -§----Q-"s |
%\ ‘--- A
© 0.8+ -“-‘-__ 0.8
= e — - —— =
3 £z
»n = 0.6 .= 0.6 0,
+ ) I+ 5-yr OS 77%
(=3 = o
- O o) © O
=5 % 5-yr EFS 65% € g os-
s 3
[IrH ] 0.2 Treatment 0.2 Treatment
Standard P:0048 Standard
= Intensive == |ntensive
T T T T T T
0 20 40 60 0 20 40 60
Time (months) Time (months)
No. at risk No. at risk
Standard 284 229 185 99 Standard 284 252 212 112
Intensive 284 246 203 110 Intensive 284 267 238 126
1.0 -—E-_f-.th‘ 1.0 -—-=q_—!-=-;'
gl Ses "'-.._'! —
fa.My i -""l..‘-'f-\
= i Pl Ty, i H —aye
_g 0.8 L P S —_— = 0.8 ..a'u"'—-"l— =
c= ey, e 2T i, =
S o i —-\ -I. E o | 1
[%2) = 0.6 . o e o oy Ek= 0.6 L
g o L "'l. ........ w»w o
= = o
&L 2 044 S 2 04
2e Stratum  Reeeeees e Stratum
g < 17, other o < 17, other
i | = <17, pelvic | = <17, pelvic
0.2 =« > 18, other 0.2 =« > 18, other
.= > 18, pelvic . > 18, pelvic
0 20 40 60 0 20 40 60
Time (months) Time (months)
No. at risk No. at risk
<17, other 423 369 309 173 <17, other 423 393 351 191
<17, pelvic 78 63 50 25 <17, pelvic 78 71 57 30
> 18, other 55 35 24 9 > 18, other 55 46 35 15
> 18, pelvic 12 8 5 2 > 18, pelvic 12 9 7 2

%l/\_\ Pediatric Cancer & Hematologic Disorder
Q, PedHemOnc-PMK

Womer et al. J Clin Oncol 30:4148-4154
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Presentation Notes
Patients on compressed arm:
Finished chemotherapy earlier
Had same toxicity profile as patients on standard arm
Had improved event-free survival



Conclusions

Bone tumors: 50% benign: 50% malignhant

Treatment consisting neoadjuvant, local control and
adjuvant CMT

Staging: localized vs. metastasis
MCM: Osteosarcoma and Ewing sarcoma
Prognosis is vary

Outcomes depend on staging, size of tumor,
response to CMT

%?\_ PedHemOnc-PMK
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