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Osteosarcoma

 Epidemiology
● 800-900 cases of OS annually in US

● 2-3% of childhood cancers

● Most often between ages of 10-30yrs

● Bimodal age distribution

o Peak with growth velocity: 13yrs for girls, 15-
17years for boys

o 10% occur after age 60

● Slight male predominance

● Higher incidence in some African countries



Predisposition to OS
● Ionizing Radiation

– Median time of 9-11yrs after exposure

– Dose response (RT dose usually 45-60Gy)

● Hereditary Rb

– Cumulative incidence of bone sarcoma ~8% at 20 yrs and 10% at 30yrs

– OS may develop within and outside of radiation fields

– Li Fraumeni

– Rothmund-Thomson Syndrome (RECQL4 gene)

– Werner syndrome

– Diamond-Blackfan anemia (DBA)

– Bloom Syndrome

– Paget’s Disease

Estimates indicate 
that up to 10% of 
cases diagnosed 
before age 30 may be 
due to underlying 
TP53 or other 
germline mutations

Study 1004 patients with osteosarcoma 28.0% had a predisposition syndrome 

gene A higher than expected frequency of pathogenic or likely pathogenic 

variants was observed in genes not previously linked to osteosarcoma (eg, 

CDKN2A, MEN1, VHL, POT1, APC, MSH2, and ATRX)

March 19, 2020
Frequency of Pathogenic Germline Variants in Cancer-Susceptibility Genes in Patients With Osteosarcoma



Clinical Presentation

● Clinical presentation: pain; +/- mass at primary site, median symptom duration 2.5 
months

● Most common primary sites :

– Distal femur (55%)>proximal tibia (27%)->proximal humerus (11%)-> other

– metaphyses of long bones involved

● Pattern of spread

– Skip lesions- up to 20% of cases

– Hematogenous- 15-20% metastatic at dx (lung > bone)



Overview of Diagnosis and Staging

● Staging Workup

– Plain films of involved bone

● Cortical destruction and expansion 

into soft tissue

● Periosteal reaction: 

– Codman triangle- elevation of 

periosteum

– Sunburst pattern- extension of 

tumor through periosteum

– MRI of involved bone (remember to look 

for skip lesions)

– CT of chest

– PET or Bone scan

● Stage Assignment

– Localized vs 
Metastatic

– Resectable vs 
Unresectable



Staging



Head and Neck Osteosarcoma

Bialick et al Current Treatment Options in Oncology (2023) 24:528–541



Pathology

● Central (medullary) tumors

– Conventional OS (90%)

● Osteoblastic OS

● Chondroblastic OS

● Fibroblastic OS

– Secondary OS

– Telangiectatic OS

– Small round cell OS

– Low grade central OS (intramedullary)

Osteoid formation 
pathognomonic for 
osteosarcoma 

• Surface tumors
• Parosteal OS 

(low grade)
• Periosteal OS 

(intermediate 
grade)

• High grade 
surface OS

WHO Classification 
2020



Standard Treatment: Curable Osteosarcoma



Treatment

● Role of Surgery

– Removal of all gross 

tumor with margins en 

bloc and biopsy site 

through normal tissue 

planes is required

– Metastatic sites must be 

resected

● Surgical Options

– Amputation vs limb salvage

– NOW up to 97% of osteosarcoma 
surgeries are limb salvage!

– Type of procedure depends on tumor 
location, size, extra-medullary extent, 
presence if metastases, age, skeletal 
development, and life style preferences

● Timing

– Following neoadjuvant chemotherapy

– Week 10



Limb Sparing Procedures: Endoprosthesis



Limb Preservation Allograft



Expandable Prosthesis



Treatment

● Multi-Institutional OS Study (MIOS)- 

– 1982-1984

– 113 pts randomized to surgery alone vs 
surgery/chemo (MAP)

– 6 yr OS surgery only 11% vs 61% combo

● MSKCC-

– Neoadjuvant chemo introduced to T10 protocol to 
allow time for construction of prosthetic devices 

– May also allow for treatment of micrometastatic 
disease

– 5 yr OS 65%

Link et al. NEJM 1986;314:1600



Treatment
● Standard now is neoadjuvant 

chemotherapy followed by 

surgery at week 10 and more 

chemotherapy post-op 

● Neoadjuvant chemotherapy 

allows for :

– Starting therapy more quickly

– May facilitate limb salvage

– Provides histologic response

● Agents

– Localized/resectable disease: 

methotrexate 

doxorobucin/cisplatin (MAP)

– Metastatic/unresectable 

disease: MAP (after studies 

showed no improvement in 

outcomes with addition of IE)

(6 cycles,  AOST0331)



Prognosis

● Histology

– Parosteal- favorable

– Fibroblastic (>80% 8 yr DFS) or 
telangietatic (~75% 8 yr DFS) 
favorable

● Stage

– Localized 3 yr EFS ~70%

– Metastatic 5 yr EFS

● Overall   30-40% 

● Unilateral pulm mets  20-40%

● Bone or bilateral pulm mets <15%

Bacci et al. 2008; Meyers et al 1994; Ferrari et al 2001



Prognosis

Necrosis EFS (localized disease)

>/= 90%
good responder

3 yr EFS ~80%
5 yr EFS >90%

< 90%
poor responder

3 yr EFS ~60%
5 yr EFS 50-60%

Bielack et al. 2015; Marina et al 2016; Isakoff et al 2015

Attempts to intensify therapy for those poor responders have not 
shown changes in OS

Attempts to intensify neo-adjuvant chemo increased #’s of good 
responders but did not change OS and decreased the prognostic 
value of tumor necrosis



OS Complications/Late Effects

● Surgery

– Functional outcomes

– Body image

● Chemotherapy

– Anthracycline-induced cardiomyopathy – 10% cumulative incidence in 

sarcoma pts after 300mg/m2

– CDDP induced ototoxicity- 11% patients

– Secondary malignancies 2-4%

– infertility 1-2%



Novel Advances: Curable Osteosarcoma





.



Lack of robust prognostic factors has precluded the prospective evaluation of risk-stratified therapy for most patients with osteosarcoma

.



Methods: ctDNA analysis



Results: Patients with localized osteosarcoma present with a wide range of ctDNA burden that fall with initiation of therapy



Results: Elevated baseline ctDNA burden is associated with inferior EFS in localized osteosarcoma



Results: Elevated baseline ctDNA burden is associated with inferior EFS in localized osteosarcoma



Results: ctDNA burden is not associated with clinical features



Implications and future directions



Limitations



Current Treatments for metastatic 

Osteosarcoma



Relapsed or Refractory Disease

● Prognosis- overall poor 

– 10% OS and 20% EFS at 10 yrs

● Surgery is essential for survival

● Chemotherapy may slow disease progression

● Factors affecting Prognosis-

– Late relapse (>/= 18 mos)

– Surgical resection-> able to achieve a 2nd CR

– Unilateral involvement (lungs)



RECURRENT/REFRACTORY OS

PEPN1924, a phase 2 study of trastuzumab deruxtecan (DS-
8201a, T-DXd) in adolescents and young adults with recurrent 
HER2+ osteosarcoma:- reported 2023-FAILED



Relapsed or Refractory Disease

● No standard 2nd line option

● Surgery –lung metastatectomy

● Ifosfamide/etoposide

● Gemcitabine/docetaxel

● Sorafenib/everolimus

● Cyclophosphamide/Etopside

● 14 days of Ifosfamide

● Radiation for palliation







Recent Updates:

Recurrent/Metastatic  Osteosarcoma



ARTEMIS-002: Phase 2 Study of HS-20093 <br />in Patients with Relapsed or Refractory<br /> Osteosarcoma and Other Sarcomas
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Positive Results!

• 1-year Event Free Survival (EFS) of 32.5% vs. 20% 1-year EFS for comparator

• Interim 1-year and 18-month Overall Survival (OS) of 90.4%

• 0 Grade 3, 4 or 5 Treatment-related Adverse Events (AEs)

• 41 patient trial fully enrolled

• Primary endpoint 12-month EFS data and interim co-primary endpoint 12-

month OS data to be released in the fourth quarter of 2024

• No novel therapeutic interventions for resected, recurrent osteosarcoma in 

40+years



$Title$











Open Clinical Trials

● An Organoid-based Functional Precision Medicine Trial in Osteosarcoma (PREMOST)- UCLA

● Biology of Osteosarcoma (BOOST) Registry and Biobank (BOOST)- University of Minnesota 

● ICONIC: Improving Outcomes Through Collaboration in OsteosarComa (ICONIC)-UK

● Clinical Orthopaedic Data Bank (Acute and Chronic)- UF

Neo/Adjuvant

● Trilaciclib (highly effective, selective and temporarily reversible inhibitor of CDK4/6) Combing 

Chemotherapy in the Neoadjuvant Treatment of Osteosarcoma- China

● A Clinical Study of Surufatinib (CSF-1 inhibitor) Combined With Chemotherapy as Neoadjuvant 

Treatment in Osteosarcoma-China

Preclinical/Data Collection



Open Clinical Trials: Metastatic 

● Olaparib (PARPi) With Ceralasertib (ATR inhibitor) in Recurrent Osteosarcoma

– This is a single arm, phase 2, open-label clinical trial to evaluate the use of olaparib in combination 

with ceralasertib in 2 cohorts of patients aged 12-40 with recurrent osteosarcoma.

● Mistletoe Immunotherapy for Recurrent Osteogenic Sarcoma

– Age ≥ 8 years of age and <30 years of age.

– This will be a phase II, single arm study of osteosarcoma patients with fully resected pulmonary 

metastases

● Study to Assess Safety and Efficacy of Vactosertib (TGF-β) type 1 receptor inhibitor).in Adolescents and 

Adults With Recurrent, Refractory or Progressive Osteosarcoma

– Age ≥14 years

● Thoracotomy vs thoracoscopy in oligometastatic osteosarcoma



Open Clinical Trials: Metastatic 

● A Phase II, Randomized, Open-label Study to Assess the Efficacy, Safety, and Pharmacokinetics 

(PK) of Maintenance Cabozantinib (XL184) Plus Best Supportive Care (BSC) Versus BSC in 

Children, Adolescents and Young Adults (AYA) With Unresectable Residual Osteosarcoma Either 

at Diagnosis or at First Relapse After Standard Treatment

● Study of CAR T-Cells Targeting the GD2 With IL-15+iCaspase9 for Relapsed/Refractory 

Neuroblastoma or Relapsed/Refractory Osteosarcoma

● Cabozantinib With Ifosfamide in Ewing's Sarcoma and Osteosarcoma

● Natalizumab in Recurrent, Refractory or Progressive Pulmonary Metastatic Osteosarcoma

● Abemaciclib for Bone and Soft Tissue Sarcoma With Cyclin-Dependent Kinase (CDK) Pathway 

Alteration

● A Phase I/Ib Study of Losartan in Combination With Sunitinib in the Treatment of Pediatric and 

Adult Patients With Relapsed or Refractory Osteosarcoma

● Atezolizumab and Cabozantinib for the Treatment of Adolescents and Young Adults With 

Recurrent or Metastatic Osteosarcoma, TACOS Study



Thank you so much for your 

attention and the patients for 

being so patient and my 

amazing sarcoma team !!
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Gina D’Amato
Emily Jonczak
Aditi Dhir (Ped)
Steven Bialick

Pathology
Andrew Rosenberg
Elizabeth Montgomery
Daniel Cassidy
Jay-Lou Velez Torres

Radiology
Ty Subhawong

Francesco Alessandrino

Patricia Castillo

Nurse Practitioner

Morgan Mount

Solange Sierra

Alissette Naveda

Nursing

Arlen Pita

Rosie Jara

Jennifer Vila

Social Work

Arelys Rivero

Adriana Alverez(AYA)

Administrative

Amanda Martin

Hiram Correa

Napoleon Rios-Leiva

Lady Bello

Pharmacy

Sasha Watson

Orthopedic 

Oncology

Fran Hornicek

Tom Temple

Brooke Crawford

Mo Al Maaieh

Surgical 

Oncology

Nipun Merchant

Alan Livingstone

Neha Goel

Dido Franceschi

Julie Grossman

Radiation 

Therapy
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Laura Freedman

Head & Neck 

Surgery
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Thoracic Surgery
Dao Nguyen
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Joanna DeSalvo
Luyuan Li, PhD

Karina Galoian

Josie Eid, PhD

Zenfeng Duan

Surinder Kumar

David Lombard

Gauthami 

Pulivendala

Robert Walker

Fellows/Reside

nts/Sarcoma 

Investigation 

Group
Shreya Saxena

Priscila  Barreto 

Coelho

Brandon Rose

Leticia 

Campoverde 

Seiya Lui

Kurt Statz-Geary

BEST Sarcoma Team EVER!!

Contact information:
Cell phone 404-219-0400
Administrative office: 305-243-2581
Fax: 305-243-0424
Sarcoma New Patient line: 305-243-4486
Email: gina.damato@med.miami.edu

THANK YOU!!
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