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Primary and metastatic Brain Tumors

Primary Brain Tumors
• ~ 24,000 malignant brain tumors per year

• ~ 17,000 deaths per year

Brain metastases
• ~98,000-200,000 patients diagnosed annually

• Up to 30% of patients with stage IV cancer

• Median survival 3-6 months

• Largely excluded from clinical trials

• Represent an active focus of clinical research

• Upcoming evidences of Immunotherapy activity in BM



2021 WHO Classification of Tumors of CNS

Louis DN, et al. Neuro-oncology. 2021 Aug 1;23(8):1231-51.



Challenges to curing primary brain tumors

• Brain tumors are among the most feared of all forms of cancer. 

• More than two-thirds of adults diagnosed with glioblastoma — the most 

aggressive type of brain cancer — will die within 2 years of diagnosis. 

• Brain cancers are also the most common and most lethal of all paediatric solid 

tumors. 

• Furthermore, children with these tumors who survive and enter adulthood will often be 

affected by the long-term consequences of exposing the developing brain to medical 

interventions, including surgery, radiotherapy and/or chemotherapy

Aldape K, et al. Nature reviews Clinical oncology. 2019 Aug;16(8):509-20.





Incidence in Future?
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• Number of newly diagnosed cases of glioblastoma is expected to increase in 

the US, France, Germany, and Japan

15,000 

Decision Resources: Glioblastoma Multiforme. September 2013



EPIDEMIOLOGY

Glioblastoma (GBM)

Most common primary brain tumor of adults

Most aggressive (15 months median overall 

survival)  

Incidence: 4-5/100.000/year

Male to female ratio = 1.3:1  

Median age at diagnosis

◆ Primary glioblastoma:  64 years

◆ Secondary glioblastoma: 45 year

Low grade gliomas (LGGs)

5-10% of  all gliomas

Age at diagnosis: 30-50 years  

Most common symptom: seizures



Early era Precision neuroradiology

First 50 years
Current advances



Early era

Plain radiograph Pneumatoencephalograms Cereberal angiography

After discovery of Xrays 1918 1928



Precision neuroradiology

Radiotracer uptake CT Scan MRI

1971
1977



Newer imaging modalities

Functional MRI

Magnetic resonance spectroscopy (MRS)

Diffusion-perfusion
MRI

Radio Genomics

Eloquent  
areas



Molecular testing

• IDH1 and IDH2 (isocitrate dehydrogensase) mutations
• Good prognostic marker
• Can be done by IHC, PCR or pyrosequencing

• 1p19q co-deletion
• Mainly seen in ODG
• Good prognostic factor
• Can be done by PCR, FISH

• ATRX gene mutation (alpha thalassemia-mental 
retardation, X linked)
• Seen in 45% of anaplastic astrocytoma
• Considered as hallmark of astrocytoma
• ATRX loss is a good prognostic factor
• Can be done by IHC,FISH, PCR





MGMT (O-6 methylguanine methyltransferase)
promotor status

• Is crucial for genome stability

• It repairs methylation of DNA

• It also reverses the cytotoxic effects of alkylating agent

• Inactivation of MGMT makes it sensitive to alkylating agent

• Is a prognostic and predictive marker

• Done by PCR, pyrosequencing
M Hegi et al NEJM, 2005



CLASSIFICATION OF BRAIN TUMORS



• Treatment-induced changes in brai 
to therapy and disease recurrence

Challenges in Response Assessment:

Pseudoprogression

Apparent increase of tumor lesion Apparent decrease of tumor lesion on 
imaging that is not due to  on imaging that does not reflect

actual tumor growth true tumor reduction

Often occurs with antiangiogenic
agents such as bevacizumab

Observed in 5%–31% patients* after
RT/chemotherapy

• -Also been observed after treatment 

with immunotherapies, but is often 

followed by tumor regression

• -Apparent increases in tumor lesions 

in these cases may be a result of 

immune-cell infiltration of the tumor

Pseudoresponse



Current Standard of Care

Local + Distant Control

Maximum Surgical Resection

↓

Radiation + Temozolomide

↓

TMZ for ≥6 months 

NCCN. Clinical practice guidelines in oncology: central nervous system cancers. v.2.2021. nccn.org. 



NEUROSURGERY

◆ Objective: Maximal safe resection & histological + molecular confirmation

◆ The extent of resection is a prognostic factor but the prevention of new 
permanent  neurological deficits has higher priority

◆ Only complete tumour resection (at least all contrast-enhancing tumour on 
MRI)  has a positive prognostic impact on gliomas

◆ Indication for either tumour resection or stereotactic biopsy depending on:

◆ Tumour localisation, risk factors, age and comorbidities

◆ Preoperative +/- intraoperative advanced neuroimaging to plan neurosurgery 
improves  oncological and neurological outcomes



Radiotherapy for gliomas

High precision:
- Thermoplastic mask/non-invasive frame 

system immobilisation
- Image guidance positioning

Adverse effects of radiotherapy

Acute toxicity:
• Alopecia
• Fatigue

Fractionated RT is well tolerated

Late toxicity:
• Radiation necrosis
• Decline in cognitive function

• Prevention: Avoidance 
of  hippocampus

Dose distribution for potential hippocampal 
avoidance





PROTON BEAM THERAPY



Chemotherapy in high grade glioma

Nitrosoureas

🠶  Historically were standard choice of chemotherapy

🠶  Lipid-soluble agents and can cross the BBB

🠶  BCNU has mainly been evaluated as single-
agent therapy

🠶  Dose 150 to 200 mg/m2 i.v6 to 8 weekly

🠶  Toxicities myelosuppression, drug-
induced pulmonary fibrosis increases 
with cumulative dosages



Toxicity PCV Temozolamide

Hematolgical 9% 4%

Neuro-Oncology 8, 253–260, 2006



Targeted therapy

🠶  Challenges limiting the efficacy :-

➢ difficulty in crossing blood brain barrier

➢ heterogeneity of tumors

➢ lack of accurate and reproducible biomarker

➢ difficulty in assessing target modulation



🠶  Bevacizumab received approval by the US Food and Drug Adminstration (FDA) in

2009 for use in recurrent GBM:

Trial Study Arms Ph Study Setting N ORR, % mPFS, mo mOS, mo

BRAIN
 BEV 

II
Recurrent 167

 28 

glioblastoma 38

4.2 9.2

BEV + irinotecan 5.6 8.7

NCI BEV II
Recurrent 48 35

glioblastoma
16 wks 31 wks

JO22506 BEV II
Recurrent 

a 31 28glioblastom  
(Japan)

3.3 10.5

AVAglio[
BEV + RT + TMZ vs

Placebo + RT + TMZ
III

Newly diagnosed 921 NA
glioblastoma

10.6 vs 6.2* 16.8 vs 16.7†

➢ Only transitory clinical and radiographic benefit for a few month
➢ Main benefit is secondary to reduction in cerebral edema

Control group – TMZ 
BVZ group- BVZ/CPT-11

BVZ/CPT-11

High dose bevacizumab 15 mg/kg 3 weekly 
irinotecan 125mg/m2on D1, 8, 22, and 29

Sanchez et alOncol Lett. 2012 Nov; 4(5): 1114–1118.



Immunotherapy
🠶  Based on concept of harnessing the patient's 

own immune system to stimulate an antitumor 
response

🠶  Immunosuppression is inherently associated 
with glioblastoma and is mediated by a variety
of mechanisms

Current Status of Immunotherapy and Gene Therapy 
for High-Grade Gliomas James C. Marsh, MD, Justin 
Goldfarb, MD, Timothy D. Shafman, MD, and 
Aidnag Z. Diaz, MD, MPH

Conclusions

Although phase III data are lacking, the existing 
preclinical, phase I, and phase II data suggest that 
immunotherapy potentially offers a new approach 
in the treatment of high-grade gliomas, both in the 
initial treatment setting and in the context of 
recurrent tumors. 



Recurrent Glioblastoma: 
Nearly Universal and Still a Challenge

Agent Class N
Response 
Rate, %

Median OS
Median 
PFS/TTP

6-Mo PFS 
Rate, %

BCNU1 Alkylator 40 15 7.53 mo TTP: 13.3 wk 17.5

Gefitinib2.3 EGFR 57/38 0-13 39.4 wk TTP: 8 wk 9-13.2

Erlotinib4-6 EGFR
48/38

/16
6.3 6-9.7 mo

PFS: 2 mo
TTP: 145 d

3-20

Imatinib7,8 PDGFR 50/35 3-6 5.9 mo PFS: 1.8 mo 6-8

Temsirolimus9,10 mTOR 43/65 0-5 4.4 mo
TTP: 9 wk

TTP: 2.3 mo
2-8

Pooled ph II11 Various, 
1998-2002

291 7* 26 wk PFS: 7 wk 9 

1. Brandes, Neurology 2004;63:1281. 2. Rich. JCO. 2004;22:133. 3. Lieberman. ASCO 2003. Abstr 421. 4. Yung. Neuro Oncol. 
2010;12:1061. 5. Raizer. Neuro Oncol. 2010;12:95. 6. Vogelbaum. ASCO 2004. Abstr 1558. 7. Raymond. JCO. 2008;26:4659. 
8. Wen. Clin Cancer Res. 2006;12:4899. 9. Chang. Invest New Drugs. 2005;23:357. 10. Galanis. JCO. 2005;23:5294. 
11. Lamborn. Neuro Oncol. 2008;10:162.

*Response rate reported for n = 437 patients who received TMZ or other therapies.



Regorafinib (REG, Multi-TKI): Improves 6-Mo PFS, OS in 
rGBM?

▪ Randomized, multicenter, open-label phase II trial in Italy

Lombardi. Lancet Oncol. 2019;20:110.

Adults with GBM with 
first progression after 
surgery followed by 

RT + TMZ
(N = 119)

Until PD, unacceptable 
toxicity, consent 

withdrawal, or death

Regorafenib 160 mg PO QD 
for 3 wk on/1 wk off

(n = 59)

Lomustine 110 mg/m2 PO 
on D1 of every 6-wk cycle

(n = 60)

Treatment 
Arm

6-Mo PFS 
Rate, %

Median OS, 
Mo

Regorafenib 
(n = 59)

16.9 7.4

Lomustine 
(n = 60)

8.3 5.6

▪ Positive treatment arm or

▪ Negative control arm?

▪ GBM AGILE trial ongoing 
(NCT03970447)

‒ nGBM and rGBM



FGFR Abnormalities in Solid Tumors: Fusions

~8% of gliomas

Singh. Science 2012;337:1231. Di Stefano. Clin Cancer Res. 2015;21:3307. Lasorella. Neuro Oncol. 2017;19:475. Helsten. 
Clin Cancer Res. 2016;22:259.

© AACR 



FGFR Abnormalities and Infigratinib

▪ FGFR-TACC fusions

‒ Predict response to FGFR TKIs in vitro and in vivo1,2

‒ Role of FGFR amplifications or other mutations less clear

▪ Infigratinib: FGFR1-3 TKI in development for FGFR-driven cancers with 
high disease control rates, with accelerated FDA approval for FGFR
fusion–positive advanced cholangiocarcinoma3,4

▪ Conducted international phase II study for FGFR-altered recurrent 
glioma

1. Di Stefano. Clin Cancer Res. 2015;21:3307. 2. Singh. Science. 2012;337:1231. 
3. Javle. JCO. 2018;36:276. 4. Pal. Cancer Discov. 2018;8:812.



Selinexor: First-in-Class, Oral Selective Inhibitor of 
Nuclear Export 

▪ Exportin 1 (XPO1)1

‒ Major nuclear exporter

‒ Protein mislocalization

‒ Higher expression correlates 
with worse prognosis in GBM2

▪ Selinexor3

‒ Selective XPO1 inhibitor

‒ FDA accelerated approval for 
MM (2019)4, DLBCL (2020)5

OS in Patients With Glioma From R2 Genomics 
Database (N = 273)2

Low CRM1/XPO1 expression (n = 142)
High CRM1/XPO1 expression (n = 131)

P <.01

1. Green. Neuro Oncol. 2015;17:697. 2. Liu. J Hematol Oncol. 2016;9:108. 3. Argueta. Oncotarget. 2018;9:25529. 
4. FDA. FDA grants accelerated approval to selinexor for multiple myeloma. 5. FDA. FDA approves selinexor for relapsed/refractory 
diffuse large B-cell lymphoma.



Durable Response to Selinexor

Pre-baseline Baseline Partial 
Response

Complete 
Response

Subsequent trial in newly diagnosed and recurrent GBM ongoing (XPORT)

Lassman. Clin Cancer Res. 2022;28:452.



Conclusion of KING Trial

▪ At 80 mg weekly, single-agent selinexor induced responses and 
clinically relevant PFS6 with manageable side effects requiring dose 
reductions.

▪ Ongoing trials are evaluating safety and efficacy of selinexor in 
combination with other therapies for newly diagnosed or recurrent 
glioblastoma.



Reardon DA et al, SNO Annual Meeting 2016 

Lim M et al, ASCO 2016

ICI therapy in recurrent GBM



19
Reardon DA et al, Jama Oncology 2020



ICI therapy in newly diagnosed GMB

Lim M et al, NeuroOncol 2022Omuro A et al, NeuroOncol 2022





Clinical trials 
of ICIs



Medulloblastoma

• Medulloblastoma is a central nervous system (CNS) tumor of 
cerebellar origin that comprises approximately 1% of all brain tumors.

• However, medulloblastoma is the most common malignant brain 
cancer in children, accounting for 25–30% of childhood brain tumors 
and over 40% of posterior fossa childhood tumors. 

• Most patients present before 16 years of age, with over 70% before 
10, a third of which are younger than 3 years old; very few cases 
present under 1 year old. 

• The median age of diagnosis in children is about 5–7 years

Fang FY, et al. Cancers. 2022 May 3;14(9):2285.



Molecular 
Subtyping

Fang FY, et al. Cancers. 2022 May 3;14(9):2285.



Clinical trials and therapies in development for 
the four pediatric medulloblastoma subtypes

Fang FY, et al. Cancers. 2022 May 3;14(9):2285.



Clinical trials 
involving immune 
checkpoint-targeting 
immunotherapy in 
medulloblastoma.

Voskamp MJ, et al. Cancers. 2021 Oct 27;13(21):5387.



Chemotherapy in WHO grade I astrocytoma

🠶  Chemotherapy is often utilised as the initial therapeutic option in young children to avoid 
long term sequelae of RT

🠶  Multi centric trial suggestive of 50% of reduction in volume of tumor vs none in placebo 
group



Chemotherapy in low grade diffuse gliomas

18 to 39 years of age with STR or biopsy

EBRT 54 Gy/ 30#/6 wks

PCV- 6 cycles

N Engl J Med. 2016;374(14):1344.

No trials comparing 
temozolamide with PCV for
grade II

High risk diffuse LGGS



Meningioma

• Meningiomas are a primary intracranial tumor in adults, and this 
disease harbors an annual incidence rate of approximately 8.58 cases 
per 100,000 population.

• Incidence elevates with age, especially in those over 65 years.

• The overall proportion of WHO grade 1 was 80%, and about 20% are 
WHO grade 2 or 3.

• Among WHO grade 1/2 meningiomas, the incidence is 2.3 times 
higher in women than in men.

Li S, et al. Signal Transduction and Targeted Therapy. 2023 Jan 4;8(1):8.



• Summary of the 
activated 
signaling 
pathways and 
drug targets in 
meningioma

Li S, et al. Signal Transduction and Targeted Therapy. 2023 Jan 4;8(1):8.













Clinical trials of 
systemic 
treatment for 
meningioma

Li S, et al. Signal Transduction and Targeted Therapy. 2023 Jan 4;8(1):8.





Clinical trials on 
CAR T-based 
management of 
brain cancer

Huang Z, et al. Molecular Cancer. 2023 Dec;22(1):1-27.



Clinical trials on 
CAR T-based 
management of 
brain cancer

Huang Z, et al. Molecular Cancer. 2023 Dec;22(1):1-27.



Summary

⚫ The fifth edition of the WHO classification of CNS tumors in 2021 has
incorporated many advanced molecular alterations into the diagnostic standards.

⚫ Failure of several targeted agents, especially for GBM, illustrates that CNS
tumors do not only rely on a single pathway driven targeted therapy.

⚫ Future treatment may be improved in the following ways:

1)the combination strategies of multiple targeted drugs and immunotherapeutic approaches have been

proven efficacy against brain tumors, especially for recurrent/ progressive patients, and could be the

trend of treatment management in the future;

2) the limited scale of participation and specific patient groups indicates the necessity of performing

more larger and multicenter clinical trials to assess efficacy and safety;
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