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Care/Cure
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or
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Goals of anticancer therapy
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Our weapons against cancer



pediatric brain tumors 

EPIDEMIOLOGICAL PREMISES

• BRAIN TUMORS REPRESENT, BY INCIDENCE, THE SECOND PEDIATRIC TUMOR AFTER
LEUKEMIA, THE MORE FREQUENT CAUSE OF DYING FOR TUMOR, THE MORE
FREQUENT CAUSE OF POST-CANCER DISABILITIES

• 20/25% OF THE TUMORS OF THIS AGE GROUP

• WORLDWIDE, THE INCIDENCE CORRESPONDS TO 2-3 CASES / YEAR / 100,000
CHILDREN UNDER 15 YEARS OLD

• IN ITALY ABOUT 350-400 CASES ARE DIAGNOSED EVERY YEAR

• MORTALITY, IN THE LAST TWO DECADES, HAS REDUCED FROM 2 / 100,000 TO 0.9 /
100,000 EVENTS PER YEAR:

THAT MEANS THAT 60% OF AFFECTED CHILDREN 
CAN BECOME ADULT



5-year survival

» CEREBELLAR ASTROCYTOMA 95%

» LOW-GRADE ASTROCYTOMA 75%

» MEDULLOBLASTOMA 70%

» EPENDYMOMA 60%

» HIGH-GRADE GLIOMAS 30%

» DIFFUSE INTRINSIC PONTINE GLIOMA 2%

» ALL TOGETHER 60% ca.



What We Would Like From The “Lab”

» A molecular/genetic marker for any
tumor

» A risk profile for any single patient

» One or more drugs that could
interfere with tumorigenic pathway, 
therefore with minimal normal tissues
damage



medulloblastoma

What we know

» Craniospinal irradiation is needed

– Dissemination at diagnosis: 
20-35% of patients

Mandatory spinal axis MRI

Pitfalls:
- Whole spinal canal from cervical region  to the dural salk
- Preferentially preoperatively
- Axial views on doubtful images

What we know
Medulloblastoma (MB) represents the most
common malignant brain tumor in children,
accounting for approximately 20% of all central
nervous system (CNS) tumors.
It also comprises over 60% of intracranial embryonal
tumors, a recently characterized entity consisting of
atypical teratoid rhabdoid tumors (ATRTs),
embryonal tumors with multilayer rosettes (ETMRs),
CNS neuroblastoma with FOX2 alteration and
malignant neuroepithelial tumors with BCOR
alteration.



Survival improvement

» Embryonal tumors, from 1980 to 2009

– 37% to 60%, as general assessment

But, around 2000

– Gap between South and East Europe with 40% 
and EUROCARE-5 consortium with 66%

– Medulloblastoma, from 1959 to 2009

• 29% to 73% as general assessment

• In Tunisia less than 27% in 1997

• In Uganda 0% in 2007



Gold Standard

» Standard risk (5 year EFS 55-70%)

35-36 Gy, 1.5-1.8 Gy/fraction

» High risk (5 year EFS 30-50%)

36-40 Gy, 1.6-1.8 Gy/fraction

+ metastatic site boosts

Posterior fossa boost: 54-55 Gy

OLD!

CSI doses



Why We Use CT For MEDULLOBLASTOMA

» To reduce, postpone or omit RT 
use

– Standard/low-risk
medulloblastoma

– Youngest children
medulloblastoma

– Low-grade glioma

– Germ-cell tumors

» To improve survival

– High-risk medulloblastoma

– Malignant glioma/DIPG

– AT/RT

– All diseases at relapse



CSI doses
A different reached standard

CCG Study: 65 standard risk patients

Surgery

CSI 23.4 Gy, PF 31.8 Gy + weekly vincristine

Cisplatin, CCNU, VCR x 8 courses

PFS 86% at 3 years, 79% at 5 years

Packer, JCO 1999



Between December 1996 and December 2000, 

421 patients were enrolled on this study.

81.2%

86%



How much CSI is needed?

COG ACNS 0331
Standard risk medulloblastoma, 3-18 years

Double randomization

RT posterior fossa RT CS 18 Gy (only 3-7 years)

+  AAB(x3)

RT involved field RT CS 23.4 Gy

A: CCNU, Cisplatin, VCR

B: Ciclofosfamide., VCR

4/04 (Chair: J. Michalski)

R1 R2

Jakacki, Int J Rad Oncol B Phy 2004: 

3/7 pts relapsed after 18 Gy RT CS (RT after 4 CT 

courses) 

Not really known for every mbl subtype:

» a 5.4 Gy reduction in the CSI dose (18 Gy) was 
prescribed  in patients 3-7 years (COG ACNS0331) 
with a non-inferiority randomized design

» The 5-year OS in SD-CSI and LD-CSI was 85.9%  and 
78.1%, respectively

» The 5-year EFS in SD-CSI and LD-CSI was 82.6%  and 
72.1%, respectively

» decreasing CSI dose to 18 Gy may increase risk of 
recurrence and is not recommended 

Or, how low can CSI doses be if giving chemotherapy?

J Clin Oncol 39:2685-2697. © 2021 by American Society of Clinical Oncology

Michalski et al., reported that IQ scores of 3–7-year-
old patients were significantly better for the 
reduced dose group (i.e., 18 vs. 23.4 Gy) at the 
earlier evaluations post RT



What we have acquired for MEDULLOBLASTOMA
Histological subtypes

Classic (CMB)

Desmoplastic/nodular

(DMB)

Nodular prevalence (MBEN)

Large cell/ 

anaplastic (LCA)







How far we can expand this classification?





… and which is the 
impact of this

refined classification
on treatment?



Biology in medulloblastoma SIOPE trials
 Flexibility

 To adopt validated prognostic criteria

 New designs

 Predictive biomarkers

 Early use of new drugs in HR diseases

 Standardized criteria and cross-validation in Europe

 New WHO entities



0.81 ± 0.03, HFRT (n=169)

0.78 ± 0.03, STRT (n=169)

What we have acquired for MEDULLOBLASTOMA

» Craniospinal irradiation is needed

– Dissemination at diagnosis: 20-35% of patients

» Craniospinal doses can be reduced in standard risk
conditions if chemotherapy is thereafter given

Mandatory spinal axis MRI

Pitfalls:
- Whole spinal canal from cervical region  to the dural salk
- Preferentially preoperatively
- Axial views on doubtful images

Packer 

JCO 9-

2006

5 yrs EFS  81%

5 yrs OS    86%

JCO, 2012



Study accrual:

• Jan 2001-December 2006

• 340 patients, 9 Countries, > 122 Centres

• Web-based data collection

• Final evaluation 2010

• Stratification by clinical risk factors

Surgery

HF RT

1.0 Gy x 2

36/60/68/36 Gy + Vcr

Conventional RT         

1.8 Gy x 1       
23.4/54/23.4 Gy + Vcr Maintenance CT

Cisplatin,CCNU,VCR            
8 cycles

R
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Hyperfractionated RT (n=168) Stardard Fractionation RT (n=171)

What we have acquired for MEDULLOBLASTOMA
Common strategy in EUROPE

0.81 ± 0.03, HFRT (n=169)

0.78 ± 0.03, STRT (n=169)



0.82 ± 0.02, residual tumor ≤ 1.5 cm² (n=286)

0.71 ± 0.10, no central staging review (n=21)

0.64 ± 0.09, residual tumor > 1.5 cm² (n=31)

SIOP PNET4: Residual tumor and staging

What we have acquired for MEDULLOBLASTOMA
Common strategy in EUROPE



Complete surgery

» Extent of resection is still thought of as a 
prognostic variable in medulloblastoma when 
overt metastatic disease is excluded by initial 
staging

» Its influence on PFS and OS however is not clear

» Apart from the CCG-921 trial, done in the pre-
magnetic resonance imaging (MRI) era, there are 
roughly an equal number of studies that identify, 
or not, an association between increased extent 
of resection and OS

» It is probable that the prognostic benefit of a total 

resection is attenuated after accounting for 

molecular subgroup affiliation

» Residual tumour without any other high-risk 

factors cannot be considered high-risk disease



Courtesy of Prof Clifford



SIOP PNET 5 MB

 European study (16 countries) for children older than 3 to 5 years

 Stratification according to clinical and biological criteria

- LR: Low-risk medulloblastoma (Phase II; Co-PI: F. Doz) 

- SR: Standard-risk medulloblastoma (Phase III)

EudraCT-Nr. 2011-004868-30



Introduction: 
aCGH

Introduction: age

18 Gy CSI

PNET 5 MB
Central 
labs

Central imaging 
and  RT review

28



Successful hypothesis in PNET 5



Translational Outputs

Function & Therapeutics

LMIC

Policy & guidelinesDiagnostics

Translational programmes

Courtesy of Prof Clifford



Clinically SR MB

Max. safe 
resection

R

Max. safe 
resection

VFR
(WNT, incl. APC)
Exp. PFS ~90%

FR

(SHH-TP53wt/

G3-4 WCA RF or ST VII)

Exp. PFS ~90%

SR 
(G3-4 HR)

Exp. PFS 65%

Stratification

15Gy CSI + Boost
4 cycles B 

(also if limited surgery)

60-80 WNT 30-40 SHH & 70-80 G3G4 180-200 G3G4

23.4Gy CSI
6/8 BABA

2nd cycle
Carbo/Eto
SC-harvest

HD-TT
23.4Gy CSI

TMZ

R
18Gy CSI + Boost
4/6 cycles BABA

Randomized Phase II surgical question in 

participating centers
Endpoint: early direct neurocognitve assessment

92 (46+46) patients

Alpha 10%/1-sided test/Power 70%

Single-arm phase II

Endpoint: PFS
87 patients

Design 1-arm non-inferiority
Alpha 5%, power 80%, 

6,5 years recruitment

Single-arm phase II

Endpoint: PFS
78 patients minimum 

Design: 1-arm non-inferiority
Alpha = 5%, power 80%

4.7 years recuitment min

Total No 
patients

~380

Trial duration 6 (-8) years

Participating 
countries

SIOP-E

Sponsor Germany

Limited surgery

2xCarbo/Eto

Re-surgery

1 cycle
Carbo/Eto

Randomized phase III

Endpoint: PFS

196 (98+98) patients

HR1.77 (+15% PFS@5years)

Alpha 10%, power 70%



» NO NEW DRUGS but

– Risk tailored protocols

– And NEW way of using old drugs

• Less toxicity forecast for «better» disease

• Shorter duration

• Sinergy (RT + CT/HDCT) evaluation for «less
good» diseases

» “smaller” surgery?

Conclusions: What We Have For 
Standard Risk Medulloblastoma



SMILE: An International network for Medulloblastoma 
Survivorship and Late-Effects

A multidisciplinary network in MB survivorship

Compre
hensive 
contem
porary 

survivor
ship 

studies 

MB cohorts /  
trials

Genomics

Survivorship / 
Quality of Life

Neuropsych / 

Intervention

Molecular 
epidemiology

Modelling/

Functional

Courtesy of Prof Clifford



Best current experience cohort-based molecular survivorship studies

Archival trial data (1990-2006)
> PNET3 and PNET4 

PNET3 and PNET4; QoS

PNET4; NPS

Courtesy of Prof Clifford



Medulloblastoma at relapse is
an almost hopeless disease

» No cure with surgery + re-irradiation

» No cure with high-dose chemotherapy*

» No cure with standard second-line chemotherapy°°

» metronomic efforts…

…and target therapies?

»
JAMA Oncol. 2023;9(12):1688-1695. doi:10.1001/jamaoncol.2023.4437

Published online October 26, 2023.

*

°°



Big Hope Was Put On The Possibility
Of New Therapeutic Targets



N Engl J Med. 2009 Sep 17;361(12):1173-8 



Anti-SMO in Europe



SHH Inhibition Is Not Enough

» Tumorigenesis is a more complex event

» LDE225/vismodegib resistence correlates with germ-line 
mutation like SUFU (infants) and amplification of GLI2 e 
MYCN (and TP53, 5-16 years), «downstream mutations»

» Adults medulloblastoma, the most commonly PTCH and 
SMO mutated, are the best to obtain response, «upstream
mutations»



» Overall, 662 patients with 

» Overall, 662 patients with medulloblastoma/primitive neuroectodermal tumors were
included

» Median (range) objective response rate (ORR) for patients with medulloblastoma in phase 
I/II studies was 0% (0–100) and 6.5% (0–50), respectively

» Temozolomide containing regimens had a median ORR of 16.5% (0–100). 

» Smoothened inhibitors trials had a median ORR of 8% (3–8)

Novel drugs have shown limited activity against relapsed medulloblastoma



High grade glioma (HGG)



Neurol Clin 36 (2018) 533–556



Also diagnosis is very difficult

» The classification of a glioma requires judgment, 
experience, meticulous adherence to guidelines

– Pollack I, Neuro-oncology 2003

» The rarity and histological heterogeneity of these 
tumors can put even experienced pathologists in 
difficulty

» They will be able to make different diagnoses on 
different samples of the same tumor



» HGGs in children have long been considered the same disease as adults

HGG Adults HGG Children

brainstem 1% 50%
80% DIPG

20% non-DIPG

Basal nuclei                            rare 10-15%

Supratentorial                       90% 20-30%

Spinal 3% 3%

Not true… beginning from topographic differences



• Although children's HGGs appear to be histologically similar to their adult counterparts, they

follow different genetic pathways from those that operate in adults

•Nature Genetics, Wu G, 2012

• The association between age and genetic alterations between pediatric glioblastomas indicates
the probable existence of distinct pathways of molecular tumorigenesis in younger than in
older children

Adult and childhood HGG... Close relatives or distant cousins



They both look daisies



The seeds are however different

chrisantemus

daisy



» Mutations of histone H3 were identified in 78% of intrinsic pons 
tumors (DIPG) studied and in 22% of non-pontine gliomas

– Nature Genetics, Wu G, 2012, Nature

» These mutations in the single histone H3 are associated with the 
assembly of chromatin and may represent the pathogenetic event 
of children's pons gliomas

Adult and childhood HGG... Close relatives or distant cousins





Many Different High-grade Glioma



Rishi R. Lulla et al. Sci Adv 2016;2:e1501354 Baker SJ, Ellison DW, Gutmann DH. Pediatric gliomas as neurodevelopmental 

disorders.

Glia. 2016 Jun;64(6):879-95

Associations between sites and gene mutations





But What Is The Standard Therapy?

» There is no universally recognized chemotherapy standard on 
which the history of pediatric HGG therapy can be built

» Very few randomized trials have shown an advantage in the 
use of chemotherapy

» The adjuvant use of lomustine, vincristine and prednisone was 
considered the standard of the 90s with EFS 46% vs 18% at 5 
years with or without the use of chemotherapy

» Sposto R 1989



» … But the differences were much smaller after 
the histopathological review

– Fouladi M 2003

» Doubtful benefit of concomitant chemotherapy 
and subsequent radiotherapy in the presence of 
large residual disease even with intense 
treatments

» In fact, the most solid prognostic indicator 
remains the presence of the post-surgical residue

Which Standard Chemotherapy?



» It is difficult to develop randomized trials when the OS 
of the standard arm is less than 10%

» But, otherwise, the use of historical control arms is 
dangerous especially when comparing patients treated 
one or two decades earlier

» Drugs found active or inactive in adult HGG trials 
cannot be assimilated for efficacy in the treatment of 
pediatric HGGs



Something new and successful available?

Trial closed with 124* patients (2/2015)

Not experimental arm superiority.

*INT-Milan included 14 patients

Not bevacizumab …!



Many mutations…but drivers?

Anti-BRAF Trials also in HGG
» BRAF V600E mutations were detected in 

approximately 10% of pediatric HGGs
– Roth, 2014; Schiffman, 2010; Nicolaides, 2011

» The prognostic significance of BRAF V600 
mutations is not known in this setting



Efficacy of dabrafenib alone

»Historical data suggests ORR of 11% for chemotherapy in this disease

»HGG with BRAFV600 (N=31) – ORR 45%

–Historical data not available for BRAFV600 mutant HGG ORR 

–Unselected HGG ORR is less than 12% - most reports less than 5%

–Duration of response in HGG is significantly greater than 4 months (7.7)

–Data from Heidelberg suggests favorable prognosis for BRAFV600 mutant HGG 

patients (PXA methylation like)



Inhibitor of BRAF In a Disseminated Glioblastoma

One year of excellent remission



histone H3-K27M is not mutually exclusive 
with BRAF-V600E mutation

» histone H3-K27M mutation rarely co-occur with BRAF-V600E mutation, and is 
commonly associated with p53 overexpression, ATRX loss (except in pontine
gliomas), and monosomy 10 (Childs Nerv Syst . 2018;34:107-116)

» Better prognosis according to Brain Tumor Pathol. 2019;36:162-168

» Not confirmed by Neuropathol Appl Neurobiol. 2015;41:403-8

» These results indicate some overlap between the genetic alterations of paediatric
LGG and HGG

» All authors describes entities histologically difficult to characterize



At diagnosis,                                                      after surgery,                             after 7 months from 

treatment beginning

Further PD 3 months after 2°line, comatous,            after 5 weeks of dabrafenib, after less than 3 months, no benefit with 

rBRAF mutation is ecognized trametinib, addition



TRK fusion
•Some tumors express TRK gene fusions, even in the 
pediatric field

•Sarcomas, papillary thyroid tumors, nevi, inflammatory
myofibroblastic tumors, leukemias ... and gliomas

•The latter are mainly in young children

•This is a rare occurrence (0.34%), but "targettable"

•Larotrectinib resulted in 76% responses in various
cancers

•Entrectinib 79% (with interest also in ALK and ROS1 
rearrangements)

•There are also drugs for already resistant tumors

ASCO 2019



Infantile gliomas are 

mostly single-driver 

tumors and they are

particularly suitable

for precision medicine

treatment approaches



Slide 11

Presented By Giles Robinson at 2019 ASCO Annual Meeting Through proper

evaluation in clinical

trials we will learn how

make the most of these

new therapeutic

approaches, improve

rates survival and

reduce toxicity for

children with cancer

No heroic surgery is needed



Very rare subtypes

For the IDH mutant pHGG subgroup, blood–brain 
barrier penetrant IDH inhibitors have been 
developed for glioma trials (NCT02273739, 
NCT03343197, NCT02073994 and NCT04056910). 
These may be specific to IDH-1 (ivosedinib), IDH-2 
(enasidenib) or both (vorasidenib).
In addition, the use of PARP (poly-adenosine 50-
diphosphate-ribose) inhibitors alongside 
temozolomide as a radiosensitizer is being explored



Immuno-onco-therapy is a "new" therapeutic weapon against cancer

1. DeVita VT Jr, et al. Cancer Res. 2008;68:8643–8653; 2. American Cancer Society. 
http://www.cancer.org/cancer/cancerbasics/thehistoryofcancer/; 3. Hodi FS, et al. N Engl J Med. 2010;363:711–723; 4. Sznol M, et al. Presented at 
ASCO 2013: oral presentation; 5. Kantoff PW, et al. N Engl J Med. 2010;363:411–422; 6. Finn OJ. Ann Oncol. 2012;23(suppl 8):viii6–viii9.

Surgery 1846

Radiation Therapy 1901

Chemotherapy 1946

Targeted Therapy 1997

Immuno-Oncology
2011

Immunotherapy for Brain Cancer

Cancer vaccines

Checkpoint inhibitors

Oncolytic virus therapy

Adoptive cell therapy

Adjuvant immunotherapies

Monoclonal antibodies



Number of 

Mutations

For Cancers



Check point inhibitors: Concrete benefit in HGG due to 
Germline Biallelic Mismatch Repair Deficiency

» cMMRD is a high penetrance pro-cancer syndrome
» "His" glioblastoma has the highest mutational burden of 

human cancers, much higher than melanoma, lung and 
GI cancers

» All neoantigens are hypothetically responsive to 
checkpoint inhibitors due to the activation of T cells

» Hence the possible therapeutic response of glioblastoma



» Treatment of two brothers with 
relapsed glioblastoma

» Clinical and radiological response 
lasting at least 5 and 9 months



Paziente di 15 anni, affetto da glioblastoma in cMMRD, 
RMN dopo due somministrazioni di nivolumab

(compassionevole, approvato dal CEI)



MMYM, 17 years, constitutional MMRD, in CR after 2 years





-A case report published in the New England Journal of Medicine 
indicates the possibility of using CAR T cell in patients with relapsed 

glioblastoma
- A patient whose glioblastoma had progressed underwent surgical 

resection of three of the five intracranial nodules, followed by 
intracavitary infusion of CAR T cells targeting the IL-13α2 receptor, who, 

following a modification of a previous approach, also had a CD137 
receptor co-stimulator

The patient received weekly intracavitary infusions of these cells for 6 
weeks

Due to the appearance of additional nodules, the route of administration 
was replaced by the right lateral ventricle, allowing access to the 

cerebrospinal fluid
Another 10 infusions had a dramatic effect: all nodules reduced by 77-

100%, with response maintained for 7,5 months

What is the sustainability of such a complex and daring project?



Low-grade glioma

» Management of pLGG is intimately related to surgical resection, and complete 
resection remains the most favorable predictor of patient outcome 

» achievable for superficial lesions 

– the cerebral hemispheres or posterior fossa, 

– not always feasible for deep seated or highly infiltrative tumors

» Progressive residual disease has historically been treated with adjuvant 
chemotherapy or radiotherapy

» These treatments are associated with longterm sequelae and, particularly for 
radiation, increased mortality

» Up to 50% of patients will require adjuvant treatment

– Acta Neuropathologica Communications 2020; 8:30



cerebellar astrocytomas

» the tumors are generally well circumscribed and non-
invasive

– Large cysts with a solid mural nodule

– Solid with smaller cysts throughout the tumor substance

– Wall is mostly reactive and not-neoplastic tissue

» Growth behaviour in the first two years from diagnosis can 
be predictive of future progressiveness and death

– Journal of Cancer 2019; 10:6314-6326







Low-grade gliomas

» Pediatric low-grade glioma (pLGG), classified as grade 1 and 2, accounts 
for approximately one third of brain tumors in children

» The KIAA1549:BRAF fusion is the most prevalent, found in over a third 
of all pLGG and in 70-80% of pilocytic astrocytomas (grade 1) 

» Other alterations in pLGG include other BRAF-fusions, BRAFV600E 
mutations, FGFR 1/2 fusions, mutations or duplications, RAF1 fusions, 
or MYB/MYBL1 variants

» A subset of pLGG harbor fusion genes involving other receptor tyrosine
kinases (RTK) e.g., ALK, MET, NTRK1/2/3 and ROS1, and these are more 
frequently seen in infantile hemispheric high-grade glioma

BRAF/MAPK Alterations in Most LGG/PA “Converging” 
Mutations in a Single Pathogenetic Pathway

D.Jones et Al, Nat Gen 2013
J. Zhang et al., Nat Gen 2013S. Pfister et Al, JCI 2008

KIAA1549-



BRAF Mutations And Fusion According
To Topographic And Histologic Variety

• BRAF Mutations activating MAPK (mitogen-activated protein kinase) pathway represent the most
frequent genetic alteration in low-grade glioma

• KIAA1549–BRAF gene-fusions are common in cerebellar pilocytic astrocytomas, but not in cerebral
cortex, while BRAFV600E mutations are more frequent in pleomorphic xantoastrocytoma,
gangliogliomas and in a small subset of pylocitic astrocytoma



Biology and surgery in LGG

– The last decade has produced unparalleled
insights into the underlying biology of pLGG

– we now know that the majority of pLGG are
driven by a single genetic event resulting in up-
regulation of the RAS/MAPK pathway

– Due to its predilection for arising in highly
circumscribed histologies (pilocytic astrocytoma)
and in surgically amenable locations (cerebellum)
tumors with a KIAA1549-BRAF fusion are often
amendable to complete surgical resection and
have excellent overall survival and rarely progress



» Kinase inhibitors have been successful in the therapy of malignant melanoma, including 
BRAF, MEK and ERK inhibitors targeting the MAPK pathway; PI3K, AKT or mTOR inhibitors 
targeting the PI3K pathway and some newer FGFR inhibitors are in development 

» It is essential to understand the biology of these oncogenic pathways, as there are risks 
of paradoxical signaling activation via feedback loops with targeting of some nodes 

» Preclinical studies of BRAF V600E-mutated pLGG cell lines treated with a type 1 BRAF 
inhibitor are effective in switching off MAPK signaling, while treatment with the same 
BRAF inhibitor in BRAF KIAA1549-rearranged cells can cause paradoxical pathway
activation and increase cell growth

Neuro-Oncology 16(10), 1408–1416, 2014





Anti-BRAF case-reports

Dabrafenib

Toxicities included: Grade I hypocalcemia, hypertriglyceridemia,

hypoalbuminemia, and pruritus, and Grade II maculopapular rash

on his face and chest. All of the side-effects resolved with drug

discontinuation and recurred to the same degree with re-administration





Unpredictable toxicity (anti-RAF, anti-MEK)



Anti-BRAF Trials Ongoing
» At present, the optimal duration of therapy is unknown with response persisting in some 

patients after drug discontinuation whilst others experience tumour regrowth or 
progression

» The current pragmatic approach is to treat clinical benefit until loss of clinical benefit or 
for a certain specific duration (typically approximately 2 years) and then stopping therapy

» Additional functional end-points e.g. visual acuity, quality-of-life, motor function and 
neuro-psychological function are important so that these agents benefit children with 
paediatric low-grade gliomas and should be included in initial designs and agreed upon 
prospectively with regulators

» Long-term follow-up of patients receiving these inhibitors is crucial in view of their 
prolonged administration and the involvement of the pathway in normal development

» European Journal of Cancer 177 (2022) 120e142



Dabrafenib: approved compassionate use at relapse, pylocitic astro with BRAFV600E mut

At diagnosis, age 8 months A second lesion after 2 months, biopsy at the end of first line treatment          local progression, two years after diagnosis

Further PD,  after 8 months, dabrafenib required,               after 3 months of dabrafenib after 1 year treatment stop (cutaneous reaction)
approved and begun



Slow progression after stop

At treatment end, Oct 2020 At overt relapse, July 2022
further compassionate request of the combination



A new beginning 17/9/2022 First evaluation after 4 months



» Objective response was observed in 80% of patients with low-
grade gliomas, with progression-free survival (PFS) superior to 
that seen with chemotherapy

» These responses occurred rapidly (4 months) and were 
sustained if receiving
treatment

» Upon stopping, rapid progression occurred.

» Patients who were re-challenged with BRAF V600E inhibition 
responded again with tumor reduction back to their baseline

» In contrast, BRAF V600E high-grade gliomas experienced 
progression, even when initial tumor shrinkage was observed, 
and patient outcomes were poor





From the beginning of the story to the take home message

DISCOVERIES

» First observations on patients with cancer
predisposition syndrome (i.e. mTOR inhibitors
for giant-cell subependymoma)(2002)

» To identification of recurrent RAS/MAPK 
alterations in low-grade glioma (2008)

» Thereafter BRAF and FGFR discovery in the 
same tumors (2013-2015)

» Rare alterations including NTRK fusions, ALK 
rearrangements, recurrent histone mutantions
in HGG. Hypermutation in MMRD (2016-2019)

DOUBTS

» DURABILITY OF RESPONSE

» LONG-TERM TOXICITIES (growth delays, bone 
health..)

» FUNCTIONAL OUTCOME i.e vision, 
school/work performance, endocrine

» Re-challenge if progression after treatment 
suspension

– See also Neuro-Oncology Advances Bennet J, Bouffet 
E, 2026 

From blunt tools to bullseyes: The impact of targeted 
therapy in pediatric neuro-oncology.



In order to reach this prediction for 
precision medicine, we as physicians 

need to use the science that is 
available, 

encourage and participate in basic 
and clinical research, 

and ask ourselves whether the 
therapies that we are using are 
effective or ineffective and in need 
of a new treatment paradigm



What we would like for our patients at best ?

Giovanni Battista Moroni ca 1522 - 1578/1579 

A treatment like a perfect tailor-made dress

sewed by expert hands of an artist

Precision medicine needs to
simultaneously increase and decrease the
expectations of patients and physicians.
We cannot promise what we cannot
deliver now.

We need to simultaneously curb the
enthusiasm about what precision
medicine can produce at this time, while
increasing the enthusiasm over what
precision medicine will eventually deliver
in the future.

Although these goals are aspired to, there
is an emerging trend for fit for filing (FFF)
trials to move new and novel commercial
products to market faster by incorporating
all needed evidence for administrative
approval from government agencies
around the world



Grazie per l’attenzione!
maura.massimino@istitutotumori.mi.it



The trial was ended for futility of the primary
endpoint following the recommendations of the
independent data monitoring committee: OS
from biopsy was not different from the control
cohort (median OS = 10.8 months (95%
confdence interval (CI): 9.5−13.0)) in any of the
three arms (median OS = 9.7 months (95% CI:
7.8−14.6) for erlotinib; 9.9 months (95% CI:
8.8−11.2) for dasatinib; and 11.9 months (95%
CI: 10.7−14.2) for everolimus).

«eterogenesi dei fini»: un trial nato per identificare 
una terapia target e migliorare la prognosi, fallisce.

Tuttavia va su un giornale con IF 50 descrivendo un 
fattore prognostico (noto?!):

TP53 mutations, frequently linked to multiple 
structural chromosomal aberrations, were the 
strongest predictor for poor survival in multivariate 
analysis (hazard ratio = 2.8 (95% CI: 1.9−4.2),
P < 0.0001)


