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Objectives:

● Review Targeted therapies for sarcomas

– FDA approved

– Non-FDA approved 

● Elaborate on  the newest FDA Approvals in sarcomas

● Discuss the exciting new potential treatments in the horizon



FDA Approved Targeted Therapies for Soft Tissue Sarcoma

Vascular endothelial growth factor receptor (VEGFR); platelet derived growth factor receptor (PDGFR); stem cell growth factor receptor (c-kit); fibroblast growth 
factor receptor (FGFR); colony-stimulating factor-1 receptor (c-fms); tenosynovial giant cell tumor (TGCT); hepatocyte growth factor receptor (c-Met); anaplastic 
lymphoma kinase (ALK); inflammatory myofibroblastic tumor (IMT); mTOR (mammalian target of rapamycin); perivascular epithelioid tumor (PEComa)

Medication MOA Molecular Target Sarcoma Type Date of Approval

Imatinib Tyrosine Kinase 
Inhibitor

PDGFR-β Dermatofibrosarcoma 
Protuberans

Nov 1, 2006

Pazopanib Tyrosine Kinase 
Inhibitor

VEGFR-1,-2,-3; PDGFR-α,-
β; c-kit; FGFR-1,-3; c-fms

Non-adipocytic STS April 26, 2012

Larotrectinib NTK inhibitor NTK TRK Fusion-Positive 
Tumors

November 26, 
2018

Pexidartinib Tyrosine Kinase 
Inhibitor

CSF1R; c-kit TGCT August 2, 2019

Entrectinib NTK inhibitor NTK TRK Fusion-Positive 
Tumors

August 15, 2019

Tazemetostat EZH2 Inhibitor EZH2 Epithelioid Sarcoma June 18, 2020



Pazopanib PALETTE PFS Data

1. Van der Graaf WTA, et al. ASCO 2011 Annual 
Meeting. Abstract LBA10002 

Strata N (%) HR mPFS (mo)
P vs Pl 95% CI P-value

Overall 369 (100%) 0.31 4.6 1.5 0.24-0.40 <0.0001

Leiomyosarcoma 158 (43%) 0.31 4.6 1.9 0.20-0.47 <0.0001

Synovial sarcomas 38 (10%) 0.19 4.1 0.9 0.23-0.60 0.0002

Other eligible tumor types 173 (47%) 0.36 4.6 1.0 0.25-0.52 <0.0001

On April 26, 2012, the U. S. Food and Drug 
Administration approved pazopanib advanced 
soft tissue sarcoma who have received prior 
chemotherapy
Limitations of Use: The efficacy of pazopanib for the 
treatment of patients with adipocytic soft tissue 
sarcoma or gastrointestinal stromal tumors has not 
been demonstrated
Recommended dose for STS 800 mg daily



Tropomyosin Receptor Kinase Inhibitors: Larotrectinib



Tropomyosin Receptor Kinase 
Inhibitors: Entrectinib



● TGCT formerly known as pigmented 
Villonodular synovitis (PVNS)

● Rare locally aggressive mesenchymal 
neoplasm arises in the synovium of joints, 
bursae or tendon sheaths

● A minority of cells within the TGCT are 
neoplastic

● Alterations in the colony-stimulating factor 1 
(CSF1) gene locus on chromosome 1p13 
lead to aberrantly expressing CSF1:COL6A3 
[t(1;2)(p13;q37)]

● Dysregulated CSF1 attracts histiocytoid and 
inflammatory cells which compose the bulk of 
the tumor

● Clinical features include pain, swelling, 
limited range of motion and stiffness

● Affects individuals between 25-40 
years ago (median 30)

● Slight female preponderance
● Annual TGCT incidence is estimated to 

be 43 cases per 1 million 
● Localized, single nodule, in
● Diffuse type, infiltrative, locally  

aggressive tumor

TGCT Overview

Staals, Ferrari, Donati, Palmerini Eur J Cancer. 2016; 63: 34-40
West RB Rubin BP Miller MA et al. Proc Natl Acad Sci USA. 2006; 103: 690-695
Cupp JS Miller MA Montgomery KD et al.Am J Surg Pathol. 2007; 31: 970-976
Tap et al. 2018 ASCO Annual Meeting



● Surgical Resection is standard primary treatment
● Imatinib: 19% ORR in advanced TGCT (n=27)
● Nilotinib 0% ORR at week 12 in advanced TGCT (n=51)
● Pexidartinib

– TKI inhibits CSF1R, KIT, and FLT3-ITD
– Phase 1 study (n=23) partial response 12 (52 %), stable 

disease 7 (30%)  by RECIST
– On August 2, 2019 the FDA approved pexidartinib for 

adult patients with symptomatic TGCT associated with 
severe morbidity or functional limitation and not amenable 
to improvement with surgery

TCGT: Treatment

Staals, Ferrari, Donati, Palmerini Eur J Cancer. 2016; 63: 34-40
Tap el al. N Engl J Med. 2015;1502-1512.
Cassier et al. Cancer. 2012:118:1649-1655.
Gelderblom et al. Lancet Oncol. 2018:1649-1655.
Cannarile et al. J Immunther. 2017;5(1):53.
Tap et al. 2018 ASCO Annual Meeting



Pexidartinib versus Placebo for Advanced Tenosynovial Giant Cell 
Tumour (ENLIVEN): A Randomised Phase 3 trial

Tap et al The Lancet August 2019 



New Dosing for Pexidartinib

● February 1, 2023 The new recommended dose of pexidartinib is 250 mg orally twice daily (taken 
as two 125 mg capsules) with a low-fat meal of approximately 11 to 14 grams of total fat until 
disease progression or unacceptable toxicity

● The previous dose was 400 mg orally twice daily on an empty stomach.

● As part of post-marketing requirements with the U.S. Food and Drug Administration (FDA), 
Daiichi Sankyo conducted pharmacokinetic studies to evaluate the effects of food 

● a high-fat meal (approximately 55 to 65 grams of total fat) was found to increase the 
concentration of pexidartinib in the body and may increase the risk of adverse reactions, 
including hepatotoxicity

● These studies demonstrated that lowering the dose of pexidartinib and taking it with a low-fat 
meal helps to minimize the potential for drug overexposure in the event a patient did not 
carefully follow the dietary recommendations when taking the 200 mg capsule

● Similar efficacy with the lower dose + low-fat meal



Tazemetostat in Epithelioid 
Sarcoma
• Epithelioid sarcoma typically presents as a painless, 

slow-growing soft tissue swelling in the distal 
extremity of young adult males

• locally invasive and frequently metastasizes to 
regional lymph nodes and distant sites, most 
commonly to the lungs

• Epithelioid sarcoma is one of only a few tumors that 
characteristically lacks INI-1/SMARCB1 expression

• Loss of INI1 expression results in unopposed 
oncogenic activation of EZH22

• Tazemetostat targets this oncogenic mechanism of ES 
through selective inhibition of EZH25

• A phase 2 basket study was designed to evaluate the 
activity of Tazemetostat in patients with solid tumors 
with loss of INI1/SMARCB1 or other SWI/SNF 
alterations5

Epithelioid Sarcoma, Proximal-Type. 
Inset shows rhabdoid cells with 
prominent nucleoli



Tazemetostat Data in Epithelioid Sarcoma

    Patients who achieved disease control at 32 weeks
    CR
    PR
    SD
    PD
    Treatment ongoing

Patients (n=53)*
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• ORR was 15% (95% CI, 7-26) 
– CR in 1 patients
– PR in 8 patients

Supplement to: Gounder M, et al. Lancet Oncol. 2010;21(11):1423-1432.
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• Median PFS was 9.7 
months (95% CI, 5.5-NE) in 
treatment-naïve patients
– 12 of 24 patients (50%) 

had a progression 
event

• Median PFS was 3.4 
months (95% CI, 1.9-5.5) in 
previously treated patients
– 35 of 38 patients (92%) 

had a progression 
event

Exploratory Analysis: PFS based on prior therapy

• Median OS was not 
reached (95% CI, NE-NE) 
in treatment-naïve 
patients

– 5 of 24 patients died 
(21%)

• Median OS was 11.0 
months (95% CI, 6.7-
15.7) in previously 
treated patients

– 26 of 38 patients died 
(68%)
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Exploratory Analysis: OS based on prior therapy



Non-FDA Approved Targeted Therapies in Soft Tissue Sarcoma
Medication Mechanism of 

Action
Target Sarcoma Type Efficacy Data

Regorafenib Tyrosine Kinase 
Inhibitor

PDGFRα; VEGFR-1, -
2, -3; c-kit

Non-adipocytic STS mPFS (mo.)
3.5 LMS 5.6 SS, 2.9 O

Angiosarcoma ORR 17% mPFS 5.5 
Sorafenib Tyrosine Kinase 

Inhibitor
Raf Kinase; VEGFR-2, 

-3; PDGFR-β
Desmoid Tumor ORR 33% 2year PFS 

rate 81%
Imatinib Tyrosine Kinase 

Inhibitor
ABL; PDGFR; c-kit

Possible CS1FR
TGCT ORR 19% 74% SD

Sunitinib Tyrosine Kinase 
Inhibitor

VEGFR-2, PDGFR-β Solitary Fibrous 
Tumor 

mPFS 6 mo.

ASPS mPFS 17 mo.

Lenvatinib Tyrosine Kinase 
Inhibitor

VEGFR1-3; FGFR1-4; 
PDGFRα; c-kit; RET

Leiomyosarcoma 
LPS 

mPFS 8.56 mo.
14mg/d levatinib

1.1mg/m2 Eribulin
Palbociclib
Abemaciclib

CDK4/6 Inhibitor CDK 4/6 WD/DD LPS
STS with high CDK4 

expression 

P mPFS 17.9 wk
A mPFS 30.4 wk
P mPFS 5.9 m (high)



Recent FDA Approved Targeted Therapies for Soft Tissue Sarcoma

Vascular endothelial growth factor receptor (VEGFR); platelet derived growth factor receptor (PDGFR); stem cell growth factor receptor (c-kit); fibroblast growth 
factor receptor (FGFR); colony-stimulating factor-1 receptor (c-fms); tenosynovial giant cell tumor (TGCT); hepatocyte growth factor receptor (c-Met); anaplastic 
lymphoma kinase (ALK); inflammatory myofibroblastic tumor (IMT); mTOR (mammalian target of rapamycin); perivascular epithelioid tumor (PEComa)

Medication MOA Molecular Target Sarcoma Type Date of Approval

nab-Sirolimus mTOR inhibitor mTOR Pathway PEComa November 22, 
2021

Crizotinib Tyrosine Kinase 
Inhibitor

c-Met; ALK; ROS1 Inflammatory 
myofibroblastic tumor 

(IMT)

July 14, 2022

Atezolizumab Monoclonal Ab PD-L1 Alveolar Soft Parts 
Sarcoma (ASPS)

December 9, 2022

Nirogacestat Gamma 
Sectretase 
inhibitor

Desmoid 
Tumor/Aggressive 

Fibromatosis

November 27, 
2023



Malignant Perivascular Epithelioid Cell tumor (PEComa)



ABI-009 (nab-Sirolimus)

Presented By Andrew Wagner at 2019 ASCO Annual Meeting

Slide 8



Presented By Andrew Wagner at 2019 ASCO Annual Meeting

Nab-Sirolimus in PEComa



Crizotinib in Inflammatory Myofibroblastic Tumor
● Rare mesenchymal neoplasm with myofibroblastic-

type cells intimately associated with 
lymphoplasmacytic inflammatory infiltrate

● Can occur anywhere but usually primary sites are 
lung, soft tissue of children and young adults

● Can present like lymphoma with B-symptoms and 
anemia

● ~50% harbor ALK translocation

● In phase 1b study of crizotinib the ORR 67% and 2-
year PFS of 63% in the IMT arm

PFS

OS



Atezolizumab in Alveolar Soft Parts Sarcoma (ASPS)

• ASPS ultrarare sarcoma, adolescents and young 
adults, usually indolent but poor prognosis 
because early mets 5yr OS 20-46%

• ASPL-TFE3 fusion proteins
• Axitinib + Pembrolizumab mPFS 12.4 mo OS NR

• Phase 2 study of PD-L1 atezolizumab in adult and 
pediatric patients with advanced Alveolar Soft Part 
Sarcoma (ASPS)

• Atlezolizumab 1200mg  IV for age > 18 or 15 mg/kg 
of body weight in patients <18 (cap 1200mg) q 21 
days 

• Median progression-free survival was 20.8 months

Kaplan–Meier Analysis of 
Progression-free Survival

AP Chen et al. N Engl J Med 2023;389:911-921.



AP Chen et al. N Engl J Med 2023;389:911-921.

Patient Responses to 
Atezolizumab Best Target-Lesion Response

• 52 patients were 
evaluated

• Objective response 
in 19/52 (37%) with 
1 complete 
response and 18 
partial responses

• Median time to 
response was 24.7 
(range 2.1 to 19.1)

• Median duration of 
response 
24.7months (range, 
4.1 to 55.8)



● Desmoid tumors (DT) are rare, locally aggressive, and invasive soft-tissue 
tumors that are challenging to manage due to variable presentation, 
unpredictable disease course, and a lack of approved therapies

● Rare tumors: incidence of 900-1000 new cases annually in the United States

● ~20% of patients with desmoid tumors carry a mutation is APC gene=FAP

● Subset of sarcomas, but technically benign tumors but can be “locally 
malignant”

● Depending upon primary location and growth rate can be quality of life 
threatening and rarely even life threatening

● The theory that they can regress over time without treatment was finally 
confirmed in a trial of sorafenib vs placebo

● Treatment should be individualized to optimize tumor control and improve 
symptom burden, including pain, physical function, and overall quality of 
life

Desmoid Tumors



DeFi: A Phase 3 Trial of Nirogacestat for Progressing Desmoid Tumors (DT)

§ There is mechanistic rationale for the use of gamma secretase inhibitors 
(GSI) in DT as these tumors highly express Notch, which can be blocked by 
GSIs

§ Nirogacestat is an investigational, oral, selective, small-molecule GSI that 
has shown evidence of antitumor activity in DT in Phase 1 and 2 trials with 
a manageable adverse event profile

Bernd Kasper, Ravin Ratan, Thierry Alcindor, Patrick Schöffski, Winette T. van der Graaf,
Breelyn A. Wilky, Richard F. Riedel, Allison Lim, L. Mary Smith, Stephanie Moody, Steven Attia, Sant Chawla, Gina D’Amato, Noah 
Federman, Priscilla Merriam, Brian A. Van Tine, 

Bruno Vincenzi, Shivaani Kummar, Mrinal Gounder, on behalf of the DeFi Study Investigators

Image adapted from Andersson et al. Development (2011) and Bui and Kummar. Oncotarget
(2017).
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Nirogacestat
150 mg BID

Placebo BID

§ Histologically confirmed DT with progressive disease per 
RECIST v1.1a

§ Treatment-naïve with DT not amenable to surgery, or

§ Refractory or recurrent disease (after ≥1 line of therapy)

Adult Eligible Patients

Radiographic progressive 
diseased

Open-label 
nirogacestat
150 mg BID

§ Global, randomized, double-blind, placebo-controlled, Phase 3 trial 
comparing the efficacy, safety, and tolerability of nirogacestat vs 
placebo in adult patients with progressing DT

§ 142 patients randomized across 37 sites in North America 
and Europe

§ Primary: Progression-free survivalb

§ Secondary: Objective response rate and patient-reported outcomes, 
including symptom burden, physical/role function, and overall quality 
of lifec

Trial Summary Key Endpoints

Randomized
1:1

Stratified by
 tumor location
(intra- vs extra-

abdominal)

28-day cycles

Primary Analysis Data Cutoff: April 7, 2022



Nirogacestat Significantly Reduced the Risk of 
Disease Progression

No. of 
Patients

No. of 
Events

Median 
(95% CI)

Hazard ratio 
(95% CI)

Nirogacestat 70 12 NE (NE, NE) 0.29 (0.15, 
0.55)

P<0.001
Placebo 72 37 15.1 (8.4, 

NE)

Nirogacestat
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Nirogacestat Resulted in Substantial 
Reductions in Tumor Size

Placebo
71% reduction in the risk of 
disease progression as 
compared with placebo



M Gounder et al. N Engl J Med 2023;388:898-912.

Change in Tumor Size and Best Overall Response

Objective response 
rate of 41%, 
including a 7% 
complete response 
rate



M Gounder et al. N Engl J Med 2023;388:898-912.

Improved Patient-Reported Outcomes

Nirogacestat significantly 
lead to improvement in 
all patient reported 
outcomes
• Reduced Pain
• Reduced DT-Specific 

Symptom Severity
• Improved Physical/Role 

Functioning 
• Improved Quality of 

Life (QoL)



Safety population, n (%) Nirogacestat (n=69) Placebo (n=72)

Duration of study drug exposure, median (range), mo 20.6 (0.3, 33.6) 11.4 (0.2, 32.5)
Dose intensity, median (range), mg/d 288.3 (169, 300) 300.0 (239, 300)

Any Grade Grade ≥3 Any 
Grade

Grade ≥3

Any TEAE 69 (100) 39 (57) 69 (96) 12 (17)
TEAEs of any grade reported in ≥25% of patients in 
either arm

Diarrhea 58 (84) 11 (16) 25 (35) 1 (1)
Nausea 37 (54) 1 (1) 28 (39) 0
Fatigue 35 (51) 2 (3) 26 (36) 0
Hypophosphatemia 29 (42) 2 (3) 5 (7) 0
Rash, maculopapular 22 (32) 4 (6) 4 (6) 0
Headache 20 (29) 0 11 (15) 0
Stomatitis 20 (29) 3 (4) 3 (4) 0

TEAEs leading to death 0 1 (1)a

Dose reductions due to TEAEs 29 (42) 0
Discontinuations due to TEAEs 14 (20)b 1 (1)b

§ 95% of TEAEs were Grade 1 or 2; the first onset of TEAEs in most patients occurred during Cycle 1
aDeath due to sepsis. bTEAEs leading to discontinuations in ≥1 patient include gastrointestinal disorders (n=5 [4%]), ovarian 
dysfunction (n=4 [3%]), alanine aminotransferase increase (n=3 [2%]), aspartate aminotransferase increase (n=2 [1%]), and 
metabolism/nutritional disorders (n=2 [1%]). TEAE, treatment-emergent adverse event. 
Kasper et al. Proffered Paper session presented at ESMO; September 9-13, 2022; Paris, France.

Nirogacestat Safety Profile

Ovarian dysfunction:
Amenorrhea, premature 
menopause, menopause, 
ovarian failure
Occurred in 27/69 (39%)
27/36 (75%) women of 
childbearing potential 



Summary
● DeFi represents the largest and most rigorous randomized 

controlled trial conducted to date in DT

● Nirogacestat demonstrated rapid, sustained, and statistically 
significant improvements in all primary and secondary efficacy 
endpoints

– 71% reduction in the risk of disease progression as compared with placebo

– Objective response rate of 41%, including a 7% complete response rate

– Statistically significant and clinically meaningful improvements in pain, disease-
specific symptom burden, physical/role functioning, and overall quality of life 
(P≤0.007)

● Nirogacestat exhibited a manageable safety profile, with 95% of all 
treatment-emergent adverse events being Grade 1 or 2

● Nirogacestat has the potential to become the standard of care for 
patients with DT requiring systemic treatment

On November 27, 2023, the 
FDA approved nirogacestat for 
adult patients with 
progressing desmoid tumors 
who require systemic 
treatment. This is the first 
approved treatment for 
desmoid tumors



Medications in Development for Various Soft Tissue Sarcoma Histologies

Medication Mechanism of 
Action

Target Sarcoma Type Status/Efficacy Data

AL102
γ-Secretase 
Inhibitors

Notch and Wnt/β-
catenin pathway

Desmoid Tumor Phase 2/3 study 
ongoing

Anlotinib Tyrosine Kinase 
Inhibitor

VEGFR-2,-3; FGFR-
1,-4; PDGFR-α,-β;

c-Kit; Ret

ASPS
Synovial Sarcoma
Leiomyosarcoma

Results pending

Milademetan MDM2 Inhibitor P53 WD/DD LPS Phase 3 trial didn’t 
meet primary 

endpoint
BI 907828 MDM2 Inhibitor Awaiting phase 3 

results
Vimseltinib Tyrosine Kinase 

Inhibitor
CSF1R TGCT Awaiting phase 3 

results

FHD-609 BRD9 Inhibitor ncBAF Complex Synovial Sarcoma Study closed 



Anlotinib



• Phase III MANTRA trial of milademetan did not meet the primary endpoint of progression free 
survival (PFS) by blinded independent central review compared to trabectedin, a standard of care 
treatment for dedifferentiated (DD) liposarcoma (LPS)

• Based on 115 events, the median PFS was 3.6 months for milademetan while it was 2.2 months 
for trabectedin– UGH still better just not statistically significant!! 

• Nausea, thrombocytopenia, anemia, vomiting and neutropenia were the most common treatment 
emergent adverse events (TEAEs) observed in the milademetan treated group

• Further, Grade 3/4 TEAEs were also observed in the milademetan arm including neutropenia, 
anemia and thrombocytopenia

• Dose reductions in the milademetan arm and discontinuations in the milademetan arm due to AEs 
were observed as 44.2% and 11.6%, respectively, compared with trabectedin arm of 29.1% and 
19.0%

• In the subgroup with dedifferentiated liposarcomas, the disease control rate and median 
progression-free survival were 58.5% (95% CI, 44.1 to 71.9) and 7.2 months overall (n = 53), and 
62.0% (95% CI, 35.4 to 84.8) and 7.4 months with the recommended intermittent schedule (n = 
16), respectively.

Milademetan in Dedifferentiated Liposarcoma















In Summary
● Several new drugs FDA approved since 2020

o Nirogacestat- Desmoid
o Atezolizumab- ASPS
o Nab-sirolimus-PEComa
o Crizotinib - IMT
o Tazemetostat - Epithelioid
o Avapritinib- D842V mutated GIST
o Ripretinib- 4th line GIST

● Promising multitargeted TKI, CSF-1 and MDM2 inhibitors in the horizon
● Molecular profiling is essential for sarcomas to optimize the limited 

treatment options
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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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