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Introduction

Gliomas comprise a group of primary CNS 

neoplasms with characteristics of neuroglial cells 

(astrocytes, oligodendrocytes) that express 

varying degrees of aggressiveness. 
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LGGs are less common, comprising one-fifth of 

CNS glial tumors. 

Approximately 1800 new cases of LGG are 

diagnosed each year in the United States.

The goals of treatment for patients with LGGs

include 

1. Prolonging overall survival 

2. Progression free survival

3. Minimizing morbidity
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Diffuse Astrocytomas

Diffuse astrocytomas have a protracted natural 

history, which often terminates with transformation

into HGG.

Surgery, radiation therapy (RT), chemotherapy all 

have a role in the management of these tumors, but 

their indolent natural history has resulted in a 

number of areas of uncertainty.



Management Controversy

1. Aggressive treatment approach (immediate

surgical intervention versus a delayed

intervention in patients with limited disease 

and symptoms)

2. Role and timing of RT and/or chemotherapy

(as an adjuvant immediately after surgery 

versus delayed until there is evidence of 

recurrent or progressive disease)



Initial Management of 

Diffuse Astrocytomas

Surgery — In patients with LGGs, surgery

provides tissue for histopathologic diagnosis 

and for patients in whom a gross total resection 

is feasible, surgery may constitute the only

treatment initially required.

Gross total resection is often not possible and 

combined modality approach that includes 

RT and/or chemotherapy may be indicated.



Adjuvant Radiation Therapy 

for Diffuse Astrocytomas

RT is widely used after surgery to treat residual

disease in patients with diffuse astrocytomas. 

Technical advances in both diagnostic radiology 

and radiation oncology have significantly 

improved the planning and delivery of RT.

Controversies in the use of RT for LGGs have 

involved the optimal timing of radiation.



Timing of Radiation Therapy for 

Diffuse Astrocytomas
Prognostic factors are often used to choose patients who 

may benefit from immediate RT. 

High-risk features include 

1. Pure astrocytic histology

2. Persistence neurological symptoms including 

seizures

3. Recurrent disease

4. Progression of disease

5. Age ≥ 40

6. Size of tumor > 6cm

7. Tumor crossing the midline

8. High proliferative index (MIB-1 > 3%)



Side Effects of Radiation Therapy 

for Diffuse Astrocytomas

Progressive neurocognitive impairment is a 

potential consequence both of the disease and its 

treatment. 

It is not clear whether any observed impairment is 

an effect of the RT or whether the tumor itself 

and antiepileptic drug treatment are contributory. 



Side Effects of Radiation Therapy 

for Diffuse Astrocytomas

Several studies showed that the majority of 

patients with diffuse astrocytomas eventually 

transform into a higher grade of malignancy. 

It is not clear whether RT contributes to this 

transformation or whether this is a part of the 

natural history of LGGs.



Adjuvant chemotherapy for Diffuse 

Astrocytomas

Role of routine postoperative chemotherapy remains 

uncertain.

RTOG 9802 trial, in which 251 patients with incompletely

resected LGG were randomly assigned to postoperative RT 

with or without six cycles of adjuvant chemotherapy 

(procarbazine,lomustine ,vincristine (PCV).

The primary endpoint of the trial was overall survival. 

Although there was a trend toward longer survival, the 

difference was not statistically significant



Pilocytic Astrocytomas
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Pilocytic Astrocytomas

Such tumors are usually curable if completely resected; 

thus the goal of surgery should be complete removal. 

Malignant transformation of pilocytic astrocytomas to 

HGGs occurs in less than 5% of cases, and may happen in 

patients who have been previously irradiated. 



Pilocytic Astrocytomas

RT has not been demonstrated to have a 

favorable impact on survival or prevention of 

tumor progression in pilocytic astrocytomas; as 

a result, RT should be avoided in the initial 

management of these patients.
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Introduction

malignant gliomas

anaplastic gliomas

anaplastic
astrocytoma

anaplastic
oligodendroglioma

anaplastic
oligoastrocytoma

glioblastoma
(GBM)



Surgical Resection

Histologic diagnosis (surgical resection/stereotactic 

biopsy) is required for optimal treatment of patients 

with brain tumors. 

Biopsy alone is used in situations where the lesion 

is not amenable to resection, a meaningful 

amount of tumor tissue cannot be removed, or the 

patient's overall clinical condition will not permit 

surgery.



Radiation Therapy

Even patients who undergo a gross total 

resection of their malignant glioma have a high 

recurrence rate.

Adjuvant RT directed to residual microscopic 

and gross disease improves local control and 

survival after resection.



Radiation Therapy

The effect of RT on survival was initially 

demonstrated in patients treated with whole brain 

RT (WBRT). 

Subsequent advances in RT technique have 

utilized improved imaging of the tumor and 

focused on RT techniques that maximize

treatment to the tumor while minimizing

radiation to normal brain tissue. 



Radiation Therapy

Focal external beam RT, termed involved field RT 

(IFRT), has replaced WBRT as the standard 

approach. 

Some types of involved field RT include 3D-

conformal RT and intensity modulated RT.



Survival Benefit from RT

The efficacy of adjuvant WBRT was shown in at 
least three randomized trials conducted in the 
1970s. 

In a representative trial from the Brain Tumor Study 
Group (BTSG), the addition of adjuvant WBRT to 
surgical resection increased median survival from 
14 to 36 weeks. 

Other data from the BTSG demonstrated the 
superiority of adjuvant RT compared to adjuvant
chemotherapy alone as a postoperative therapy.



Involved Field RT

Involved field RT has become the standard

approach for adjuvant RT. 

The rationale for limiting the RT field is based 

upon the observation that recurrent malignant 

glioma develops within 2 cm of the original tumor 

site in 80- 90% of cases, while fewer than 10% are 

multifocal



3D Conformal RT(3D-CRT)

Current 3D conformal RT (3D-CRT) utilizes CT-

based treatment planning with dosimetric software 

to create composite treatment plans. 

Fusion of planning CT with MRI is extremely helpful 

in assisting with target definition.

The incorporation of PET or MR spectroscopy data 

is still largely investigational. 

Photons of 6 to 8 megavolts (MV) are commonly 

used with three to four angled radiation fields.





Intensity Modulated RT (IMRT) 

IMRT is a technique that relies upon software and 

modification of standard linear accelerator output 

to vary the radiation intensity across each 

treatment field. 

IMRT provides particular advantages when the 

target is juxtaposed to radiation-sensitive 

structures.





The most appropriate application of IMRT in the 

brain will likely be when the radiation target abuts 

radiation-sensitive structures such as the eyes, 

optic nerves, optic chiasm, or brainstem. 

The disadvantages of IMRT include increased 

radiation scattering to surrounding non target 

tissues and the complexity of radiation planning 

and increased delivery time for treatment.



Reirradiation

Survival benefit and safety of reirradiation as a 

component of therapy in glioma patients with prior 

cranial irradiation. 

Partial brain reirradiation to therapeutic doses 

for gliomas is considered acceptable with at least 

a five-year interval between radiation exposures.



Stereotactic Radiosurgery(SRS)

Stereotactic radiosurgery uses three-

dimensional planning techniques to precisely 

deliver narrowly collimated beams of ionizing 

radiation in a single high-dose fraction to small

(<4 cm) intracranial targets. 

When this approach is divided into several 

factions it is called stereotactic radiotherapy.



Advantages of SRS/SRT over 

3D-CRT

High conformity

To treat small lesions not to treat to 3D-CRT

Higher tumor dose

Save larger amount of normal tissue









Interstitial Brachytherapy

Interstitial brachytherapy uses the 

intraoperative placement of radioisotope seeds 

(iodine-125) into the tumor or resection cavity. 

These seeds release low-dose rate (LDR) 

irradiation for the duration of the life of the 

radioisotope. 

Brachytherapy permits the delivery of a large 

radiation dose to the tumor volume, with rapid 

fall-off in surrounding tissues.





Heavy Particle RT

Charged heavy particles (helium and neon 
ions), protons, and neutrons have been used 
alone and as a boost to conventional photon
EBRT. 

The rationale for heavy particle RT is that these 
techniques may work better in the hypoxic 
microenvironment of malignant gliomas. 

In addition, heavy particle RT induces damage at 
more DNA sites, and tumor cells are less able to 
repair multiple damaged sites compared to the 
more sparse damage following photon RT







Chemotherapy for Glioblastoma

Survival benefit with chemotherapy for patients 

with GBM was initially demonstrated using the 

nitrosourea carmustine, either alone or in 

combination regimens, became the standard of 

care. 

Subsequent trials have established the role 

of temozolomide as the current standard for 

adjuvant chemotherapy.



Temozolomide

Temozolomide, an oral alkylating agent.

The benefit of adjuvant treatment 

with temozolomide was demonstrated in a phase III 

trial in which 573 patients with GBM were randomly 

assigned to postoperative involved-field RT (60 Gy

in daily 30 fractions) versus the same RT plus 

concomitant temozolomide (75 mg/m 2 daily) 

followed by up to six cycles of adjuvant

temozolomide (150 to 200 mg/m 2 daily for five 

days, every 28 days)



Bevacizumab

Bevacizumab is a monoclonal antibody that binds 

vascular endothelial growth factor (VEGF), 

which plays a critical role in the development of 

the abnormal vasculature observed in malignant

gliomas and other tumors. 

In phase II studies in previously treated patients, 

bevacizumab reduced requirements for steroids

and was associated with imaging evidence of 

tumor response



Bevacizumab is being evaluated as a component 

of the initial combined modality approach in 

patients with newly diagnosed GBM. 

In a multicenter phase II study, 70 patients with 

newly diagnosed GBM were treated with 

bevacizumab (10 mg/kg every two weeks) in 

combination with a standard regimen of 

temozolomide plus RT. 

The median overall and progression-free 

survival was 19.6 and 13.6 months, respectively.



Anaplastic Astrocytoma

Temozolomide appears to be active in patients 

with anaplastic astrocytomas as well as GBM. 

In a retrospective analysis of 109 patients with 

anaplastic astrocytoma, adjuvant 

temozolomide was as effective and less toxic 

than PCV. 



Oligodendroglial Tumors

Patients with grade III oligodendroglial tumors

have a better prognosis than those with 

anaplastic astrocytomas.

Both RT and chemotherapy are active treatment 

modalities for patients with oligodendroglial

tumors.



MGMT Expression

Methyl guanine methyl transferase (MGMT) is an 

enzyme that is responsible for DNA-repair following 

alkylating agent chemotherapy. 

MGMT gene may be silenced by methylation of its 

promoter, thereby preventing repair of DNA 

damage and increasing the potential 

effectiveness of chemotherapy.



Several clinical studies have indicated that MGMT 

promoter methylation is associated with 

improved survival in patients receiving adjuvant 

chemotherapy, including temozolomide adjuvant 

chemotherapy trial.

Presence of methylation of the MGMT promoter

may also influence the patterns of clinical 

relapse. 




