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Challenges?

Nosologies

First optimal local  treatment

Which molecular test, which molecular subsets 

New designs for clinical trials

New strategies, new paradigms 



CROL 2014

Stroma
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Somatic mutation trials?
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Nosology & treatment 2024+



SCREENING FOR GENOMIC ALTERATIONS

4 strategies

SINGLE GENE

• Exemple: EGFR, BRAF, ALK…

• RT-PCR, IHC, FISH

HOT SPOT PANELS 

• NGS : INCa panel (18 genes) 

• Selected mutations in selected zones of 

selected genes

COMPREHENSIVE GENOMIC PROFILING

• e.g. FoundationOne

• Explores 4 major alterations on the full 

sequence of genes

COMPREHENSIVE GENOMIC PROFILING

• WES, WGS, RNAseq

• e.g. National initiatives (FMG2025..) 



CROL 2014

Nosological fragmentation

Damien Hirst 

« 1-bromoadamantane » 

« Acivicin »

« Arginosuccinic acid »



CROL 2014

Barlesi et al  Lancet 2016



CROL 2014

Barlesi et al  Lancet 2016



GIST

LMS
LPS

Ducimetiere et al. PLoS ONE 6(8): e20294. doi:10.1371/journal.pone.0020294.

Sarcomas represent a very heterogeneous set of diseases

In the NETSARC Database
(NETSARC.org, N=25203
(2013-2016)

N=155 histotypes
Incidence >10e5:n=1 (GIST)
Incidence 10e5-10e6, n=23
Incidence 10e6-10e7, n=64
Incidence <10e7, n=68
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Distribution of mutations in the gastric, 
small bowel, and rectal GIST

Small  bowel  GIST (20-35%)
- KIT exon 11 mutation : 43-50%
- KIT exon 9 mutation : 20-25%
- PDGFRA mutation: 5-7%
- Other mutations : 8-10%

Rectal  GIST (3-5%)
- KIT exon 11 mutation : 70-80%
- KIT exon 9 mutation :10-15%
- Other mutations : 5-10%

Gastric GIST (60-65%)
- KIT exon 11 mutation : 54-60%
- KIT exon 9 mutation: <5%
- PDGFRA exon18: 15-18%
- Other mutations : 10-12%



Challenges?

Nosologies

First optimal local  treatment

Which molecular test, which molecular subsets 

New designs for clinical trials

New strategies, new paradigms 
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NetSARC: a network of 26 sarcoma reference centers in France
35784 pts  with  follow-up presented in  MDT  since  2010 

• 26 centers of reference in  Netsarc
• Linked with Pathology  network (RREPS)
• Linked with  Bone Network RESOS (2014)

• 3 networks to be merged (2019)

• Single website 

• Entry in the site by CRAs
• Not a clinical  trial, a registry

• Aims:
• Guidelines
• Guiding best practices/patient pathways
• Measuring
• Research

Soft tissue





Survival (>17)

Event/Total

Median

(95% CI)1

Hazard Ratio

(95% CI)2

Survival Estimates

(95% CI)1 P-value
OS for patients with Sarcoma >18 years diagnosed from 2010 to 2020

periode3 <.00013

2010-2012 1978/8900 NE (133.4-NE) Reference 12 : 90.7 (90.0-91.3%)
2013-2015 2069/11598 NE (NE-NE) 1.06 (1.00-1.13) 12 : 90.2 (89.5-90.8%)
2016-2020 1701/20937 NE (NE-NE) 0.86 (0.80-0.92) 12 : 92.6 (92.1-93.0%)

1Kaplan-Meier method; 2Cox model; 3Logrank test;

HR=0,81



Ordered incidences of sarcomas 
and connective tissue tumors in NETSARC 
& published clinical trials

Histotypes
Total Incidence Ph III RPh II Ph II

(2013-2016) /10e6/year

25172 95,104

Incidence >10/10e6/year  

Fibroblastic and myofibroblastic tumours 5274 19,977

Gastrointestinal  stromal  tumors (GIST). 3272 12,394

Adipocytic tumours 3247 12,299

ALL Undifferentiated sarcoma 2717 10,292

ALL smooth muscle tumours 2679 10,148

Incidence <10/10e6/year    

Undifferentiated pleomorphic sarcoma 1556 5,894

All vascular tumor 1520 5,758

Liposarcoma – dedifferentiated 1345 5,095

Desmoid fibromatosis 1339 5,072

Atypical lipomatous tumour/WDLPS 1266 4,795

Uterine sarcoma 1138 4,311

Leiomyosarcoma 1094 4,144

Dermatofibrosarcoma Protuberans 1040 3,939

Leiomyosarcoma -differentiated 945 3,580

Solitary fibrous tumour (all) 925 3,504

Undifferentiated sarcoma NOS 853 3,231

Sarcoma NOS 844 3,197

Solitary fibrous tumor 751 2,845

Angiosarcoma 728 2,758

Kaposi sarcoma 663 2,511

Conventional osteosarcoma 661 2,504

Myxofibrosarcoma 630 2,386

Ewing sarcoma 614 2,326

ALL Rhabdomyosarcoma 608 2,303

Chondrosarcoma NOS 572 2,167

Uterine  leiomyosarcoma 545 2,064

Leiomyosarcoma – poorly differentiated 516 1,955

ALL Synovial sarcoma 442 1,674

Atypical fibroxanthoma 429 1,625

Myxoid or round cell liposarcoma 409 1,549

Liposarcoma - myxoid 355 1,345

All GCTB 330 1,250

Giant cell tumour of bone 324 1,227

Undifferentiated spindle cell sarcoma 308 1,167

ALL Peripheral nerve sheath tumours 286 1,083

Histotypes
Total Incidence Ph III RPh II Ph II

(2013-2016) /10e6/year

 95,104

Incidence <1/10e6/year    

Synovial sarcoma - monophasic 244 0,924

Endometrial stromal sarcoma, low grade 238 0,902

Embryonal RMS 179 0,678

High risk SFT 174 0,659

Malignant peripheral nerve sheath tumour 173 0,655

Other histological subtypes of bone sarcomas 171 0,648

Osteosarcoma NOS 168 0,636

Conventional chordoma 164 0,621

Adenosarcoma 156 0,591

All undifferentiated sarcoma of bone 152 0,576

Inflammatory myofibroblastic Tumour 145 0,549

Pleomorphic RMS 144 0,545

Undifferentiated uterine sarcoma 141 0,534

 Liposarcoma - pleomorphic 139 0,527

Phyllode sarcoma 138 0,523

Embryonal rhabdomyosarcoma usual type 137 0,519

Low grade fibromyxoid sarcoma 136 0,515

Alveolar RMS 123 0,466

Smooth muscle tumour of undetermined malignancy 122 0,462

Epithelioid sarcoma 120 0,455

Central chondrosarcoma, grades 2 and 3 117 0,443

So-called fibrohistiocytic tumours 106 0,402

Epithelioid hemangioEndothelioma 100 0,379

Epithelioid sarcoma 98 0,371

Extraskeletal osteosarcoma 96 0,364

Myoepithelioma, myoepithelial carcinoma, and mixed tumour96 0,364

Dedifferentiated chondrosarcoma 93 0,352

RMS NOS 88 0,333

Myoepithelioma 85 0,322

Central atypical cartilaginous tumour / chondrosarcoma, grade 176 0,288

Clear cell sarcoma of soft tissue 71 0,269

Giant cell tumour of soft tissue 70 0,265

Synovial sarcoma - biphasic 70 0,265

Undifferentiated pleomorphic sarcoma of bone 69 0,261

PECOMA - NOS 67 0,254

Extraskeletal myxoid chondrosarcoma 58 0,220

Round cell sarcoma with EWSR1-non-ETS fusions 56 0,212

 Liposarcoma - round cell 54 0,205

Aneurysmal bone  cyst 53 0,201

Desmoplastic small round cell tumour 52 0,197

Tumors of intermediate malignancy NOS ALL 52 0,197

Chondroblastoma 52 0,197

Extrarenal rhabdoid tumour 51 0,193

Intimal sarcoma 46 0,174

Angiomatoid fibrous histiocytoma 43 0,163

Sclerosing epithelioid fibrosarcoma 41 0,155

Endometrial stromal sarcoma - high-grade 41 0,155

All parosteal osteosarcoma 40 0,152

 Leiomyosarcoma of bone 40 0,152

Spindle cell RMS 39 0,148

Peripheral chondrosarcoma 39 0,148

Synovial sarcoma - poorly Differentiated 37 0,140

Malignant  rhabdoid tumor 36 0,136

Ossifying fibromyxoid Tumour 32 0,121

Alveolar soft part sarcoma 31 0,117

Mesenchymal chondrosarcoma 31 0,117

Osteoblastoma 31 0,117

Plexiform fibrohistiocytic tumors 29 0,110

Embryonal rhabdomyosarcoma spindle cell 29 0,110

Angiosarcoma of bone 29 0,110

Adult fibrosarcoma 28 0,106

Parosteal osteosarcoma 27 0,102

Histotypes
Total Incidence Ph III RPh II Ph II

(2013-2016) /10e6/year

Incidence <0.1/10e6/year
Osteoblastoma-like osteosarcoma

Chondromyxoid  fibroma 26 0,098

Undifferentiated spindle cell sarcoma 26 0,098

Periosteal chondrosarcoma 25 0,095

High-grade surface osteosarcoma 25 0,095

Myxoinflammatory Fibroblastic Sarcoma 23 0,087

Embryonal RMS sarcoma - botryoid type 23 0,087

Undifferentiated epithelioid sarcoma 22 0,083

Langerhans cell histiocytosis 20 0,076

Malignant PECOMA 19 0,072

Low grade  central osteosarcoma  (ALL) 19 0,072

Adamantinoma 19 0,072

UTROSC 17 0,064

Endometrial stromal nodule 16 0,061

Telangiectasic osteosarcoma 16 0,061

SMARCA4-deficient thoracic sarcoma 15 0,057

Clear cell chondrosarcoma 14 0,053

Low grade Myofibroblastic Sarcoma 13 0,049

Dedifferentiated parosteal osteosarcoma 13 0,049

Dedifferentiated low grade central osteosarcoma 12 0,045

Giant cell Fibroblastoma 11 0,042

Sclerosing RMS 11 0,042

CIC-rearranged sarcoma 11 0,042

Infantile fibrosarcoma 10 0,038

Pericytic (perivascular) tumours 10 0,038

Malignant Triton tumour 10 0,038

 Retiform hemangio-endothelioma 9 0,034

Ectomesenchymoma : Malignant mesenchymoma 9 0,034

Malignant granular cell Tumour 9 0,034

Haemosiderotic fibrolipomatous tumour 9 0,034

 Synovial sarcoma of bone 9 0,034

RMS of bone 9 0,034

Lipofibromatosis 8 0,030

Sarcoma with BCOR genetic alterations 7 0,027

Low-grade central osteosarcoma 7 0,027

Pseudomyogenic  hemangioendothelioma 6 0,023

Intermediate vascular tumours 6 0,023

MPNST - epithelioid type 6 0,023

 Mixed tumour 6 0,023

Desmoplastic fibroma of bone 6 0,023

Malignant/dedifferentiated GCTB 6 0,023

BCOR Sarcoma of bone 6 0,023

Intermediate fibrohistiocytic tumors 5 0,019

Adult spindle cell RMS 5 0,019

Phosphaturic mesenchymal tumour 5 0,019

Low grade sinonasal sarcoma 5 0,019

Periosteal osteosarcoma 5 0,019

Kaposiform hemangioendothelioma 4 0,015

Small cell osteosarcoma 4 0,015

Myoepithelioma of bone 4 0,015

Liposarcoma of bone 4 0,015

Composite hemangioendothelioma 3 0,011

Malignant perineurioma 3 0,011

 Adult fibrosarcoma of bone 3 0,011

Liposarcoma - mixed type 2 0,008

Malignant tenosynovial giant cell tumors 2 0,008

Metastatic leiomyoma 2 0,008

Malignant myoepithelial Tumour 2 0,008

Osteoblastoma-like osteosarcoma 2 0,008

Dedifferentiated chordoma 2 0,008

 Lipomatous spindle cell/pleomorphic  tum 1 0,004

Papillary intralymphatic  angioendothelioma 1 0,004

Melanotic neuroectodermal tumour of infancy 1 0,004

Osteogenic tumor of uncertain prognosis 1 0,004

 Fibro-osseous tumour of  bone  NOS 1 0,004

Undifferentiated epithelioid sarcoma 1 0,004



Much more than what we think? 

(James Webb telescope)



Challenges?

Nosologies

First optimal local  treatment

Which molecular test, which molecular subsets 

New designs for clinical trials

New strategies, new paradigms 



Since 2011, >100 new medications in oncology

Source: IMS Health, MIDAS, Lifecycle, R&D Focus, IMS Institute for Healthcare Informatics



Access to therapy: only ~20% of known 
driver genes have an associated therapy

51

26

19

35

26

195

123

Known driver genes

Unknown (activating-no 

class amplification)

Unknown (loss of 

function/deletion)

Potentially ‘biopharmable’

Potentially ‘druggable’

Pre-clinical ligands

20470 molecules

Drugs in 

clinical trial 47 

moleculesEMA/FDA 

approved 

drugs

57 molecules
39

19

15

11

1

7

4

Adapted from Rubio-Perez, C., et al. (2015) Cancer Cell. 27(3):382–96.19

Targets of 

therapeutic agents

475



What is a strong driver?

     Median PFS

GIST KIT exon 11 (70%)   40 mos

Thymoma  KIT exon 11 (?%)  ?6 mos

Melanoma KIT exon 11 (<10%) 4 mos



Holderfield  et al  Nat Rev Cancer 2014

Mutations de BRAF







NTRK fusions across cancers



RESTRICTED

Larotrectinib Overall Response Rates

*Evaluable patients include 13 patients with unconfirmed partial responses pending confirmation (deemed to be responses), but does not include 6 patients continuing on study and awaiting an intial response assessment. Best response percentages are calculated from the evaluable patient population (n=153). †Including 3 patients with 
pathological complete response; 2 patients had complete responses pending confirmation after an earlier assessment of partial response (ie, classified overall as confirmed responses). ‡Maximum change in tumour size of 93% tumour growth. §Patients with brain metastases. ‖Patients with a pathological complete response.
Hong DS et al. Lancet Oncol. 2020;S1470-2045(19)30856-3.
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Investigator assessment (n=159)

Evaluable patients 153*

Objective response rate (95% CI) 79% (72-85)

Best response
Complete response†

Partial response
Stable disease
Progressive disease
Not determined

16%
63%
12%
6%
3%
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Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.

LIBRETTO-431 phase 3 open-label study design

1 not suitable for radical surgery/radiation therapy
2 Investigator assessed
3 the initial randomization ratio was 1:1, but amended to 2:1
4 ITT-Pembrolizumab are patients stratified with investigator intent to receive chemotherapy with pembrolizumab and per protocol had to be at least 80% of the ITT population
5 Baseline and longitudinal intracranial scans were required for all patients following an amendment. Prior to the amendment, longitudinal intracranial scans were required if known CNS metastases at baseline

Gated Primary Endpoints: PFS by blinded independent central review (BICR) in ITT-Pembrolizumab4 and ITT population

Secondary Endpoints:

• Efficacy ([OS, ORR, DOR], CNS [ORR, DOR, time to progression]5)

• Safety

• Patient Reported Outcomes (NSCLC-SAQ [tertiary endpoint EORTC QLQ-C30])

Herbert H. Loong

R

2:1
b

R

2:1
3

Selpercatinib (160 mg BID)

N= 159

Carboplatin (AUC 5) or Cisplatin (75 mg/m
2
)

 + Pemetrexed (500 mg/m
2
) 

+/- Pembrolizumab (200 mg)

N=102

Key Eligibility Criteria

• Stage IIIB-IIIC
1
, IV non-squamous NSCLC

• No prior systemic therapy for metastatic disease

• RET fusion identified via NGS or PCR

• ECOG PS 0-1

• Symptomatic CNS metastases excluded

Stratification factors: 

• Geography (East Asian vs. non-East Asian)

• Brain metastases (present vs. absent/unknown)
2

• Investigator s choice of treatment with 

pembrolizumab

Optional

Crossover
Selpercatinib 

(Upon BICR confirmed PD)



Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.

Progression-free survival (PFS) assessed by BICR

ITT-Pembrolizumab Population
(Median follow-up of ~19 mo)

ITT Population
(Median follow-up of ~18 mo)

The primary endpoints were met, as selpercatinib resulted in a statistically significant improvement 

in PFS in both pre-specified populations
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Selpercatinib

mPFS: 24.8 mo

(95% CI: 16.9-NE)

Control

mPFS: 11.2 mo

(95% CI: 8.8-16.8)

Control

mPFS: 11.2 mo

(95% CI: 8.8-16.8)

Selpercatinib

mPFS: 24.8 mo

(95% CI: 17.3-NE)

Herbert H. Loong

Months Months



Immunotherapy : early and 

everywhere?



Predictive immune markers

Herbst  Nature 2014,  Tumeh Nature 2014, 

Snyder NEJM 2014, Davoli et al, Sciance  2017

Mutation load

PDL1 expression

Immune infiltrates

Aneuploidy
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Nivolumab + ipilimumab : neoadjuvant for localized CRC dMMR/MSI 
NICHE2

YL Verschoor et al., ASCO® 2022, Abs #3511    M Chalabi, et al. Nature Medecine 2020; 26:566-76.

⚫ Major path response = 95% incl 67% pCR 
→ 58% CC sporadic vs 78% Lynch (p=0.056)

⚫ Surgery in 100%, 2 with delay > 2 wks(98% ok)
→ Tox all grade : 61%,  4% grade ¾. 

→ Tox grade ¾ immuno-related : 3% des pts. 

⚫ Median  follow up 13.1 mos : no relapse

Results

New standard !
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PR

MPR

Histological response
Patients 
n= 107

Yes (≤ 50%) 106 (99%)

Major
Complet
e Partial

(≤ 50%)
(0%)
(10% - 50%)

102 (95%)
72 (67%)

4 (4%)

No (≥ 50%) 1 (1%)

RVT = residual viable tumor







Challenges?

Nosologies

First optimal local  treatment

Which molecular test, which molecular subsets 

New designs for clinical trials

New strategies, new paradigms 



PATIENT POPULATION

• Currently treated by a first 
or a second line of 
treatment in metastatic 
setting

• All histologically confirmed 
incurable solid tumors 
except CCR KRAS+, NRAS+, 
HRAS+ or BRAF+, lung 
cancer ALK, EGFR, ROS or 
MET, breast cancer RH+ 
and/or HER2+, high-grade 
serous ovarian cancers 
platinium-sensitive, 
liposarcoma and melanoma 
BRAF

• Adequate tumor sample

R

REVEALED TEST 
Foundation One 

testing (FOne)

REVEALED TEST 
CONTROL

testing (CTL)

Arm A

Arm B

BLINDED TEST* 
[FOne Testing]

BLINDED TEST* 
[CTL Testing]

RECOMMENDED 
THERAPY 

IDENTIFIED

YES

NO

PATIENT ASSIGNED 
TO TREATMENT

FOne recommended therapy 

Unblind CTL testing result

YES

NO

CTL recommended therapy 

Unblind FOne testing result

FOne recommended 
therapy if identified

CTL recommended 
therapy if identified 

PD*

PD*

MOLECULAR TUMOR BOARD (MTB)n = 236 → 320 
randomised 

patients

n = 289 
patients with 
both panels 

reviewed

PROFILER 02 - DESIGN







Challenges?

Nosologies

First optimal local  treatment

Which molecular test, which molecular subsets 
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New methods…





PRECISION MEDICINE TRIALS 

WEEKLY MOLECULAR BOARD 

PRECISION MEDICINE INVESTIGATOR INITIATED TRIALS

MOLECULAR SCREENING PROGRAMS
Profiler 01 et Profiler 02

Home-based and FoundationOne panels (≈ 70 molecular portrait / months)

MOLECULAR BASED RECOMMANDED 

THERAPIES

PI3K - mTOR
Buparlisib 

(PIK-ORL), 
Everolimus 
(MOST),
AZD2014 

(VICTORIA)

CDK4 / CDK6

Abemaciclib 
(ABORL), 
Ribociclib 

(MEGAMOST)

RTK 

Sorafenib, 
Lapatinib, 
Pazopanib 
(MOST)

HER2 

Pertuzumab+ 
Trastuzumab 
(MegaMOST)

MAPK

Trametinib 
(TRADH)

MDM2 

HDM201 
(TRADH, 

MegaMOST)

PARP

Olaparib 
(MOST-Plus)



Benefit for the patient with  

cancer?





Targeted therapy in of itself is not generally effective – a biomarker is needed

Meta analysis of 

~85,000 patients in Phase I, II and III trials

Pooled Analysis Meta-analysis

ARMS type RR 

(%)

PFS 

(Mos)

OS 

(Mos)

RR 

(%)

PFS 

(Mos)

OS 

(Mos)

Non-personalized

targeted

4 2.6 8.7 7.5 2.5 8.3

Cytotoxic 12 3.3 9.4 16.1 3.3 9.3

Personalized 

targeted

30 6.9 15.9 31.3 6.1 13.7

Worst outcome

Best outcome

Schwaederle, M., et al. (2015) J Clin Oncol. 33(32):3817-25; Jardim, D.L., et al. (2015) JNCI. 107(11):djv253;

Schwaederle, M., et al. (2016) JAMA Oncol. 2(11):1452-59.
47



Challenges?

Nosologies

First optimal local  treatment

Which molecular test, which molecular subsets 

New designs for clinical trials

New strategies, new paradigms 



ADCs



Bispecific Abs











Roadblocks?

• Speed of science vs speed of administration

• Costs

• How to help health authorities/HTA

• Unadapted/late regulations: IVDR

• Rigorous and  timely scientific evaluation is a priority



Major frustration for the 
experimental oncologist: being 
deeply involved in strategic 
guidance on/preclinical and 
early and late clinical testing of 
active novel agents which finally 
never reach patients in small 
markets due to either corporate 
or regulatory decisions.

Tweet from  .Schoffski,  Leuven



Conclusions
Challenges for drug development in rare cancers 

in 2024

• Molecular diagnosis and fragmentation

• More rare entities

• Precision medecine of cancer accelerating

• Rare cancers were often paradigmatic models

– Yet further fragmentations: ultrarare cancers…

• New methodologies of trials needed

• New paradigms for evaluation urgently needed
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