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OUTLINE

• Innovazioni diagnostiche: gli avanzamenti in biologia 
molecolare

• Innovazioni terapeutiche: i risultati dei trials clinici di 
fase III nei gliomi di alto grado e le terapie target

• Liquid biopsy nei tumori cerebrali: nuovo strumento 
per il clinico?



Comprehensive, Integrative Genomic Analysis of Diffuse LGG
The Cancer Genome Atlas Research Network; NEJM, June 2015



Today we know that different molecular arrangements can have 
stronger prognostic and predictive value than the histotype itself.
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IDH wild type

The Cancer Genome Atlas Research Network
2015; Weller 2017.



With the current 2016 WHO Classification all IDH-wild type

tumours are classified as astrocytomas, regardless of the

tumour grade. Thus, cases originally diagnosed as either

oligodendrogliomas or oligoastrocytomas according to WHO

2007 need to be reclassified as astrocytomas.

There is now increasing evidence of the molecular heterogeneity

of the IDH-wild type grade II astrocytomas.

Aibadula et al, Neuro Oncol 2017;19(10), 1327 - 1337

Diffuse IDH-wild type astrocytomas with 

molecular features of GBM:
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CATNON trial (EORTC study 26053-22054) of treatment with
concurrent and adjuvant temozolomide for 1p/19q non-co-

deleted anaplastic glioma: a phase 3, randomised, open-label
intergroup study

• OS HR  0.645 (95% CI 0.450, 0.926; p= 0.0014) adj TMZ
• PFS HR 0.586 (95% CI 0.472, 0.727; p < 0.0001) adj TMZ
• Benefit from adjuvant (adj) temozolomide (TMZ) on overall survival (OS) but 

remained inconclusive about concurrent (conc) TMZ. 

Van den Bent, ASCO, SNO 2019





Programmed Death Pathway and 
Nivolumab

PD-L1

PD-L2

• Normal function of PD-1  
pathway is to attenuate 
immune response to avoid 
immune system attack of 
“self” 

• A “brake” to prevent 
overreaction & 
overproliferation

PD-1

PD-1
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• Tumor cells “co-opt” the 
PD-1 pathway to evade T-
cell immune responses

Normal Homeostatic Mechanism

• Nivolumab occupies the 
PD-1 receptor of T-cells → 
prevents inhibitory ligand 
binding & T-cell 
inactivation

Tumor Microenvironment

PD-L1

PD-L2
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CheckMate 498

CA209-498 (NCT02617589): Phase 3 Randomized, Open-Label Study of RT in 

Combination With Nivolumab or TMZ in Newly Diagnosed MGMT-Unmethylated 

GBM1

1. Clinicaltrials.gov. NCT02617589. Accessed April 17, 2018.

Nivolumab for GBM

Key inclusion criteria
• Newly diagnosed brain 

cancer or tumor called 
GBM or GBM

• Males and females ≥ 18 
years old

• Tumor test result shows 
MGMT unmethylated type

• KPS ≥ 70%

Start Date: February 2016

Estimated Study Completion Date: October 2019

Estimated Primary Completion Date: March 2019

Status: currently recruiting participants

Study Sponsor: Bristol-Myers Squibb

Collaborator: Ono Pharmaceutical Co. Ltd

• Primary Outcome Measure: 3-year OS

• Secondary Outcome Measure: PFS; 2-year OS

Experimental: 
Nivolumab IV infusion + RT Q2W (dose as 
specified); then nivolumab Q4W

Active Comparator: 
Standard therapy with TMZ + RT 
(dose as specified)

Estimated enrollment  N = 550

R

https://clinicaltrials.gov/ct2/show/NCT02617589?term=NCT02617589&rank=1
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CheckMate 548

CA209-548 (NCT02667587): Phase 3, Randomized, Single-Blind Study 

of TMZ + RT With Nivolumab in Newly Diagnosed MGMT-Methylated GBM1

aDetermined by BICR; bDetermined by investigator.

1. Clinicaltrials.gov. NCT02667587. Accessed April 17, 2018.

Nivolumab for GBM

Key inclusion criteria
• Males and females ≥ 18 

years old

• Newly diagnosed brain 
cancer or tumor called 
GBM or GBM

• Tumor test result shows 
MGMT methylated / 
indeterminate tumor

• KPS ≥ 70%

• Substantial recovery from 
surgical resection

Estimated enrollment  N = 693

R

Start Date: May 2016

Estimated Study Completion Date: August 2023

Estimated Primary Completion Date: February 2021

Status: currently recruiting participants

Study Sponsor: Bristol-Myers Squibb

Collaborator: Ono Pharmaceutical Co. Ltd

• Primary Outcome Measures: OS, PFSa

• Secondary Outcome Measures: OS, PFSb

Experimental: 

• Nivolumab IV infusion specified dose on specified days

• RT: 2 gray units 5 times/week for 6 weeks

• TMZ 75 mg/m2 daily during RT, followed by a 4-week treatment break; then 

TMZ 150 mg/m2 days 1-5 of cycle 1 and increased to 200 mg/m2 days 1-5 of cycles 

2-6 as tolerated (additional cycles may be permitted with approval of sponsor)

Placebo Comparator: 

• Placebo IV infusion specified dose on specified days

• RT: 2 gray units 5 times/week for 6 weeks

• TMZ 75 mg/m2 daily during RT, followed by a 4-week treatment break; then 

TMZ 150 mg/m2 days 1-5 of cycle 1 and increased to 200 mg/m2 days 1-5 of cycles 

2-6 as tolerated (additional cycles may be permitted with approval of sponsor)

https://clinicaltrials.gov/ct2/show/NCT02667587?term=NCT02667587&rank=1


Gan et al, 2012; Trail et al, 2013
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Lancet Oncology, 2019 



From personalised to precision therapy  

Anaplastic ganglioglioma

Relapse after chemoradiation 
before dabrafenib

Major partial response following 1 year of 
dabrafenib

Pasqualetti F, …Rudà R et al, NeuroOncology, 2019





IDH mutations and brain tumour 
related epilepsy

Luibinas et al. Epilepsia 2014

Brat et al N Engl J Med. 2015 ;372(26):2481-98.

2-HG may increase BTR epilepsy by mimicking 
glutamate on NMDA receptors

H. Chen et al, Neurology 2017



2HG and GABA in astrocytoma WHO-II  (IDH mutant)
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LIQUID BIOPSY 
IN PRIMARY BRAIN TUMOURS



Which source for liquid biopsy?

•Blood

•CSF

•Other?

The source has to be 
representative of the 

specific disease of clinical 
interest

Siravegna G et al., Nat Rev Clin Oncol 2017



Circulating Tumour DNA (ctDNA)

Blood ctDNA of primary brain tumour patients is low compared to other 
tumours that are able to transfer ctDNA fragments into blood

A. Presence of blood-brain barrier (BBB)

B. Technical issues DD-PCR or NGS?

Bettegowda et al, Sci Tranl Med, 2014 
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PATIENTS AND METHODS

GBM patients undergoing 
surgical resection

CSF collection from close 
proximity of the tumour surface 

during craniotomy

Tumour resection

qPCR to identify genetic 
alterations on tumour tissue 

samples

cfDNA 
extraction

Droplet digital PCR

Comparison between 
the alterations carried 
by the cfDNA and 
matching tissue

Baseline volumetry
based on CE-weighted T1 and FLAIR 

sequences



RESULTS

Patients characteristics

No. of patients 15 (2 still ongoing)

Period 2016 – 2019

Gender

Male 9 60.0%

Female 6 40.0%

Median age
(years)

69.1 (40 - 78)

Symptoms at onset

Focal symptoms 8 53.3%

Ideomotor impairment 6 40.0%

Seizures 5 33.3%

Simple partial 3 20.0%

Secondarily generalized 2 13.3%

Complex partial 1 6.7%

Primarily generalized 0 0.0%

Intracranial hypertension 0 0.0%

Site of the tumour

Frontal 8 61.5%

Temporal 6 46.2%

Insula 5 38.5%

Parietal 3 23.1%

Corpus callosum 1 7.7%

Occipital 1 7.7%

Basal ganglia 1 7.7%
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Radiological features



CSF

RESULTS

ID

Profiling EGFR PDGFRA CDK4 MDM2 CKDN2A TP53 PTEN IDH1 NRAS PI3KR1 pTERT Copy	number Mutation

31002098 amp 0 0 0 del NA NA NA NA NA NA EGFR 1

31002100 0 gain 0 0 del 0 0 0 0 1 NA PI3KR1 1

31002108 0 0 amp 0 0 1 0 0 NA NA 1 CDK4 1

31002112 amp gain amp amp del 0 0 0 NA NA 1
EGFR	/	CDK4	/	

MDM2
1

31002107 0 amp gain 0 del 1 1 0 NA NA NA PDGFRA 1

31002093 0 0 0 0 del 0 0 0 0 0 NA CKDN2A 1

31002088 gain 0 0 0 0 0 0 0 0 0 NA EGFR 1

31002080 amp 0 amp amp 0 0 1 0 NA NA NA
EGFR	/	CDK4	/	

MDM2
1

31002103 0 gain amp 0 0 1 0 1 0 NA NA PDGFRA	/	CDK4 TP53	/	IDH1 2

31002119 amp 0 0 0 del NA NA NA NA NA 1 EGFR	/	CKDN2 pTERT 2

31002095 0 0 0 amp del 0 0 0 0 0 1 MDM2	/	CKDN2 pTERT 2

31002110 amp 0 0 0 del NA NA NA NA NA 1
EGFR / 

CKDN2
pTERT 0

31002091 0 gain 0 0 del 1 1 0 NA NA NA
PDGFRA / 

CKDN2
TP53 / PTEN 0

Alterations	tested	on	CSF
Processable	

DNA

Copy	number	variations Point	mutations

Tissue



DNA concentration

Not standardised coefficients
Standardised
coefficients

Model B
Standard deviation

Error
Beta t Sig.

Constant 0.388 0.54 0.719 0.524

C.E. volume 0.029 0.006 0.98 4.766 0.018

FLAIR volume -0.007 0.004 -0.292 -1.883 0.156

FLAIR / C.E. 0.124 0.029 0.716 4.208 0.025

CSF volume -1.294 0.672 -0.298 -1.926 0.15

RESULTS

CtDNA concentration in the CSF seems significantly related to baseline contrast-
enhancement volume and FLAIR/contrast enhancement ratio (p = 0.018 and p
= 0.025 respectively).






