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Abstract: 

Oligodendroglial tumors represent approximately 4-7% of all gliomas, however, 

in some series the incidence has been reported to be as high as 10-20% 

due to improved histological appreciation and recently recognized molecular signatures. 

Oligodendroglial tumors are classified as being low-grade oligodendroglial 

tumors (O), high grade anaplastic oligodendroglial tumors (AO) or mixed oligo- 

astrocytic tumors. The mixed tumors can again be low- (OA) or high-grade (AOA). The 

recent EORTC and RTOG randomized trials have provided level 1 evidence regarding 

best management of these tumors.  This review provides an overview of  

oligodendroglial tumors and discusses contemporary and evolving treatment strategies. 

 

      

 

 

Introduction: 

Oligodendroglial tumors are increasingly recognized  as a result of improved  

histological appreciation and the presence of a molecular signature that characterizes  

these tumors.  

Oligodendroglial tumors are a subtype of glioma and may be either low-grade (so 

called oligodendroglioma: O), high-grade (so called anaplastic oligodendroglioma: AO) 
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or as a component of a mixed malignant glioma (MMG). MMG may in addition, be 

either low- (oligoastrocytoma: OA) or high-grade (anaplastic oligoastrocytoma: AOA).  

Supratentorial low-grade gliomas (LGG) comprise a group of primary central nervous 

system (CNS) neoplasms that includes  both O and OA and which in adults, often 

become (>60%) become anaplastic. By contrast, in children, LGG even at time of 

recurrence typically remain low-grade.   

The treatment of oligodendroglial tumors has been better defined since the recent 

completion of five randomized trials, three involving LGG including both O and OA and 

two concerned with AO and AOA. 

 

Definition:  

The classification of gliomas (of which oligodendroglial tumors are a 

subtype) is based upon the presumed cell of origin and the degree of malignancy. 

Classification systems are derived from two original pathological schemes. The first was 

first proposed by Bailey and Cushing and posited that gliomas were derived from 

transformation of normal glial cells at some point during their development [1]. The 

second system proposed by Kernohan was based upon the extent of observed anaplastic 

features such as mitoses, endothelial proliferation, cellular atypia, and necrosis [2]. Both 

of these classification schemes persist in revised form. The first is the foundation for 

the World Health Organization (WHO) classification published in 1993 [3], while the  

second continues to be used in modified form called the St. Anne-Mayo Clinic schema  

(Daumas-Duport system) [4]. Studies by Zulch directly resulted in the development of  

the WHO classification of CNS tumors [5]. The WHO classification  from 2000 of brain  
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tumors from the is the most commonly pathological schema used for oligodendroglial  

and other CNS tumors[3]. 

LGG is a frequently used term, but it is not clearly defined by either of these 

classifications. These tumors have also been referred to as "benign" gliomas however 

neuro-oncologists recognize LGG as malignant albeit with the potential for 

relatively long survival. Although LGG have a more favorable prognosis than 

glioblastoma (GBM), they are only occasionally associated with prolonged (>10 years) 

survival and, over their natural history, frequently develop characteristics similar to more 

aggressive gliomas. 

 

Molecular biology:  

Kraus described shared allelic loss of chromosome 1p and 19q in both O and OA  

tumors suggesting a common origin of these tumors [6].  These losses most consistently  

mapped to the 19q and 1p regions, with allelic loss frequencies ranging from 40% - 86%  

for 19q and 50% - 83% for 1p.  

Zhu has in addition reported loss of heterozygosity on chromosome 4 in 

O [7].  Reifenberger described losses on 9p and chromosome 10 in oligodendroglial 

tumors in particular anaplastic variants [8].  It is believed that the losses on chromosome  

10 may encode for tumor suppressor genes as yet unidentified. It is now believed that  

the losses on chromosome 9p may encode for CDKN2A and CDKN2B [9,10]. The 19q  

and 1p losses are seen in both O and AO and are thus thought to be early important  

events in oligodendroglial tumorigenesis. Many studies have shown that pure O tumors  

commonly display allelic loss of 1p and 19q and astrocytic tumors contain TP53  
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mutations. Low grade OA tumors may either demonstrate an astrocytic (TP53) or  

oligodendroglial (1p/19g) genotype [9,10].    

Cairncross further demonstrated that loss of chromosome 1p is a statistically  

significant predictor of chemosensitivity, and combined loss involving chromosomes 1p  

and 19q is statistically significantly associated with both chemosensitivity and longer  

recurrence-free survival after chemotherapy (alkylating agents) [10] . Multivariate and  

univariate analysis showed that losses involving 1p and 19q were associated with longer  

overall survival. CDKN2A gene deletions, found on 9p, were associated with worse  

prognosis, as well as ring enhancement on magnetic resonance images (MR) [10].  

Di Rocco described the expression of the platelet derived growth factor 

(PDGF) and vascular endothelial growth factor (VEGF), and their receptors in 

oligodendroglial tumors [11]. They showed that the mitogen PDGF, which has 

been shown to have a role in neoplastic proliferation and is highly expressed in human 

glial tumors, is also expressed in O and may be acting in an autocrine stimulatory 

loop.  

Chan examined the expression of VEGF and its receptors in oligodendroglial 

tumors [12]. This study revealed that VEGF, which has been shown to induce 

neovascularization in tumors, particularly in response to hypoxia, was expressed in all 

AO but only infrequently (1/3) in O. In addition, the VEGF receptors were highly  

expressed in the tumor vasculature of AO, but were weak or undetectable in O.  Chan  

concluded that anaplastic progression of O may occur as a result of small zones of  

VEGF-expressing cells inducing early vascular proliferation, followed by an accelerated  

phase of angiogenesis closely associated with VEGF induction around areas of necrosis.  
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Fallon and Perry described the prognostic value of 1p, 19q, 9p, 10q and EGFR- 

FISH analyses in recurrent O [13].  Their data suggests that in O, 1p/19q tumor status 

was a  predictor of patient survival, even after recurrence. Fallon described 

p16 deletions, most common with tumor progression. By contrast, 10q deletions 

and epidermal growth factor receptor (EGFR) amplifications were sufficiently rare in  

oligodendroglial tumors to suggest the possibility of an alternate tumor histology. 

Walker recently described the molecular pathology and clinical characteristics 

of oligodendroglial neoplasms [14]. The authors investigated allelic imbalance at 1p36, 

19q13, 17p13, 10p12-15, and 10q22-26 and p53 mutation in 100 consecutive 

oligodendroglial neoplasms.  The -1p/-19q genotype, seen in 64%, 34%, 77%, and 30% 

of O, OA, AO, and AOA respectively, was inversely related to p53 mutation and 17p13 

loss. Genotype was unrelated to tumor location and could not distinguish high-grade 

tumors that presented de novo from those that progressed from a previous lower grade 

malignancy. Presentation with seizures was more common in cases with the -1p/-19q 

genotype, and these remained stable for longer before treatment. In longitudinal samples, 

74% retained their initial histological differentiation, whereas 29% showed new genetic 

alterations, the -1p/-19q genotype being acquired in three cases. Loss of 1p36 and 19q13, 

17p13, chromosome 10, and p53 mutation were significantly associated with survival in 

Kaplan-Meier analysis (p < 0.01), and loss of 1p36 and 19q13 and loss of 17p13 retained 

significance in multivariate analysis. In this series, clinical differences in tumors with and 

without the -1p/-19q genotype support a genetic approach to aid diagnosis and 

prognostication for oligodendroglial neoplasms. 
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Classification:  

LGG, considered by the WHO as predominantly Grade II gliomas in adults, occur  

approximately one-fifth as frequently as the more malignant gliomas. 

These tumors may develop in any CNS location.  LGG in a broad spectrum term that  

comprises several tumor types including low-grade astrocytoma (LGA), O and OA. 

Anaplastic oligodendroglial (AO) tumors are considered by the WHO as Grade 

III  glioma as are AOA.  As treatment differs, the treatment of O and OA will be 

discussed first followed by a discussion of AO and AOA. 

 

Low-Grade Oligodendroglioma 

Incidence: 

Rubinstein described O as representing 4-7% of all intracranial gliomas 

[15]. By contrast, Burger reported a higher incidence of oligodendroglial tumors  

(10-15%) amongst all primary brain tumors [16]. Coons described O tumors as  

comprising 25% of all gliomas, a significantly higher proportion than previously  

recognized.  [17].    O and OA are more common in males and most often present in  

patients in their 2nd  to 4th decade of life. 

Clinical presentation: 

Not infrequently, there is a delay between identification of a tumor by imaging  

studies (and believed to represent a probable LGG) and the time that histological  

confirmation isobtained. LGG (including O and OA) are likely when patients present  

with a transient neurologic disturbance consistent with seizure, and imaging reveals a  

non- enhancing hemispheric mass that produces little mass effect.  
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Neurologic symptoms generally reflect either the location of the tumor (e.g. 

hemiparesis, ataxia) or the result of increased intracranial pressure (eg, headache, 

nausea/vomiting or change in mental status).  

Still controversial is how to best manage patients with non- enhancing presumed  

LGG. In patients who are otherwise neurologically normal aside from tumor-related  

seizures (well controlled on anti-epileptic drugs), many physicians are reluctant to  

recommend biopsy or resective surgery and propose a “watch and wait” approach. In  

patients with neurological deficits, maximum safe resection is recommended. In non- 

resectable tumors (i.e. eloquent region of brain), observation with or without a biopsy  

may be advocated. However regularly scheduled neuroimaging is recommended. 

In patients deferring histological diagnosis, careful observation is reasonable until either 

symptoms or neuroimaging findings worsen. Whether such a delay in diagnosis and 

treatment significantly affects outcome of LGG is  discussed below. 

Radiology: 

Lee and Van Tassel described CT imaging characteristics of O [18]. O were 

most often supratentorial and as many as 60% of them calcified. Oligodendroglial 

tumors are commonly seen as a large, calcified, poorly to non-enhancing peripheral 

frontal tumors. Higher grade lesions (i.e. AO and AOA) more often enhance and are 

associated with hemorrhagic and necrotic areas. Among 831 consecutive patients with 

primary brain tumors, tumor contrast enhancement on CT was present in 96% of GBM, 

87% of all high-grade gliomas, 57% of anaplastic gliomas, and 21% of LGG [19a, 19b]  

Lee recently characterized MR features of O and OA and concluded these tumors 

were indistinguishable radiographically [20, 21]. The most common MR appearance was  
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an amorphous, stippled pattern with minimal enhancement on T1-weighted (T1W)  

imagesfollowing gadolinium. Characteristic was the finding of a honeycomb pattern on  

T1W images which reflects the tumor matrix of O and has been described in 

only one other primary parenchymal intracranial tumor, the intraventricular neurocytoma. 

Contrast enhancement was commonly minimal if present, dot-like or lacy in appearance, 

or most often, absent. As with CT, robust contrast enhancement is most commonly 

associated with an anaplastic tumor i.e. AO or AOA. Calcification was present in the  

majority (58%) of   O and OA.  

Pathology: 

O and OA appear as a sheet of round cells with a well-defined 

cytoplasmic membrane and an empty-looking cytoplasm (the so called fried egg 

appearance) [22]. Tumor cell density is usually low, but focal hypercellularity may be 

present. A rich thin-walled capillary network, calcification, and cortical invasion with 

perineuronal, perivascular, or subpial neoplastic cells (i.e. satellitosis) are often present.  

As is common of all LGA, accurate histological diagnosis may be challenging and not  

infrequently, neuropathologists disagree as to tumor subtype in a given patient. 

Survival: 

Although considered to have a somewhat more favorable prognosis than LGA, the 

behavior of O is similar, in that younger patients (i.e. < 40 years of age) with no 

neurological deficits and who undergo complete resection, have a better prognosis [23- 

26]. 

In adults, the majority of LGG eventually de-differentiate to a higher grade tumor 

[27-31]. In one series of 53 adults with supratentorial LGG, in whom the majority had 
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subtotal or gross total resection and postoperative RT, the median overall survival (OS) 

was 7.3 years with a five-year survival of 64% [28]. Deaths were generally due to 

evolution into an anaplastic astrocytoma or GBM. The median time to progression (TTP) 

was 4.5 years after the original surgery, and the survival from recurrence was only 12 

months. In this and other studies, young age, good performance status, and the clinical 

presentation of an isolated seizure with an otherwise normal examination were generally 

good prognostic features [27, 32- 42]. Oligodendroglial tumors also abide by the before 

mentioned criteria for good prognosis (see below). On the other hand, CT contrast 

enhancement of the original tumor appears to predict a high likelihood of progression to a 

malignant lesion [28]. 

More recent data suggests that patients with O and OA have a 

prolonged natural history. In a retrospective review of 106 patients with O or OA, the 

majority of whom had either biopsy alone or subtotal resection, the median TTP was 5 

years (range 0.5 to 14.2), and the median OS was 17 years [31]. Recurrence eventually 

developed in 68% of patients. Disease-free and OS did not differ with immediate or 

deferred therapy (see below). 

Treatment: 

The goals of treatment are symptom management, minimize treatment-related 

morbidity, prevent or delay tumor progression and deter malignant transformation 

(hypothetical). 

Symptomatic Management: 

Symptomatic management usually consists of headache and seizure management. 

Seizures associated with hemispheric O and OA can be a source of major morbidity and  
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are more refractory to medical management than idiopathic epilepsy [43]. Over one-half  

of patients with a short preoperative duration of seizures (less than one year) will have  

near complete or total resolution of seizures after  tumor resection. Although it is difficult  

to definitively demonstrate that it is superior to a standard tumor resection, some surgical  

neuro-oncologists advocate seizure-type surgery with intraoperative recording to localize  

the seizure focus and permit resection of the  source of refractory seizures [44,45]. 

 

Surgical Management: 

In the absence of controlled prospective trials comparing surgical approaches, 

there are several surgical perspectives advocated [46,47]. The early surgery advocates 

recommend maximum safe resection at the time of diagnosis, regardless of symptoms. 

This approach is based upon the belief that complete resection improves survival and 

may decrease the rate of malignant transformation [48]. Intraoperative MR has been used 

to assist the surgeon identify small lesions and to improve the extent of tumor resection 

[49-51].  

Trials by the European Organization for Research and Treatment of Cancer 

{EORTC} (discussed below) have demonstrated that the extent of surgical resection of 

LGG (including O and OA) favorably affects outcome [33,34,36,38, 53-56].  

Alternatively, some neuro-oncologists have described excellent outcomes in patients who  

underwent biopsy  only or in whom surgery is deferred [57]. 

Radiotherapy: 

Karim described the efficacy of radiotherapy (RT) and the presence of a dose- 

response relationship for LGG in two multicenter randomized trials conducted by 
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the EORTC [58]. For the dose-response trial, 379 adult patients with cerebral LGG were 

randomized to receive irradiation postoperatively with either 45 Gy or 59.4 Gy. With 343 

(91%) eligible and evaluable patients a minimum follow-up 50 months (median 74 

months), there was no significant difference in terms of OS (58% for the low-dose arm 

and 59% for the high-dose arm) or the progression free survival [PFS] (47% and 50%) 

between the two arms of the trial. However, this prospective trial revealed important 

determinants of prognosis (see below). Importantly, EORTC trial 

22844 did not demonstrate an advantage for low-dose versus high-dose RT (i.e. no 

advantage to high-dose RT). 

Van den Bent updated the Karim study conducted by the EORTC (trial 22845)  

describing 314 adult patients with LGG [59].  Patients after surgery were assigned to  

either early RT of 54 Gy or deferred RT at the time of progression (control group).  

Patients with  LGG, O and OA and incompletely resected pilocytic astrocytoma, with a  

WHO performance status 0-2 were eligible. 157 patients were assigned early RT and 157  

were assigned to deferred RT. Median PFS was 5.3 years in the early RT group and 3.4  

years in the control group (hazard ratio 0.59, 95% CI 0.45-0.77;  p<0.0001). However,  

OS was similar between groups: median OS in the early RT group was 7.4 years  

compared with 7.2 years in the deferred RT group (hazard ratio 0.97, 95% CI 0.71-1.34;  

p=0.872). In the control group, 65% of patients received RT at progression. At 1 year,  

seizures were better controlled in the early RT group. It was concluded that early RT after  

surgery lengthens the period without progression but does not affect OS. Because quality  

of life was not studied, it is not known whether time to progression reflects clinical  

deterioration. RT could be deferred for patients with O and OA who are in a good  
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condition, provided they are carefully monitored. 

An intergroup study conducted by the North Central Cancer Treatment Group 

(NCCTG), Radiation Therapy Oncology Group (RTOG), and Eastern Cooperative Group 

(ECOG) randomized 211 adults to low- versus high-dose RT [60] There was no 

difference in the 5-year OS or PFS rates between the two dose groups in either study. 

Similarly in a small Phase II Southwest Oncology Group (SWOG) study randomized 60 

adults with incompletely resected LGG to RT alone or RT plus lomustine (CCNU) 

chemotherapy [60]. There was no difference in outcome between the two treatments 

arms.  

Shaw summarized the results of these four prospective clinical trials of  

supratentorial LGG in adults [60]. The data from nearly 1,000 patients treated on these 

studies addressed the following three current controversies in the RT 

management of patients with LGG. Optimum timing of RT, optimum RT dose and 

addition of chemotherapy to RT. The 5-year OS and PFS rates in these four studies 

ranged from 58% to 72% and from 37% to 55%, respectively. Significant prognostic 

factors included extent of surgical resection, histology, tumor size, and age. 

Pignatti described prognostic factors in accordance with EORTC in adult 

patients with cerebral LGG, derived a prognostic scoring system, 

and validated results using an independent data set [42]. Cox analysis 

was performed on 322 patients from EORTC trial 22844 (construction set), and the 

results were validated on 288 patients from trial 22845 (validation set). Patients with 

pilocytic astrocytomas were excluded from this prognostic factor analysis. Multivariate 

analysis on the construction set showed that age > 40 years, astrocytoma histology 

 13



subtype, largest diameter of the tumor > 6centimeters, tumor crossing the midline, 

and presence of neurological deficit before surgery were unfavorable prognostic factors 

for survival. The total number of unfavorable factors present can be used to determine the 

prognostic score. Presence of up to two of these factors identifies the low-risk group, 

whereas a higher score identifies high-risk patients. The validity of the multivariate 

model and of the scoring system was confirmed in the validation set. These factors can be  

used to identify low-risk and high-risk patients. These prognostic factors may help in  

defining further treatment on an individual basis.  

Although relatively well tolerated, RT is not without potential long term 

morbidities.  A significant concern regarding RT is delayed neuropsychological 

sequelae [61-63]. It has been suggested that this complication is overstated [64] as 

cognitive decline is a function not only of RT, but also the tumor and antiepileptic drug 

use [63a].   Surma-aho in a single institution study of 51 patients undergoing 

resection for cerebral LGG, compared 28 who received post-surgery RT (but no 

chemotherapy or secondary surgery) to 23 patients who received no further therapy, 

including RT [61]. At a mean follow-up of seven years, the RT group performed 

significantly worse on tests of cognitive function, and had more severe MR-defined 

leukoencephalopathy, which correlated with poor memory. Kiebert in a follow-up study 

to EORTC 88245 described the effects of RT dose on cognitive decline [62]. An 

increased frequency of long-term adverse effects was noted in patients treated with a 

higher dose (59.4 Gy versus 45 Gy). Brown described a low frequency of cognitive 

decline in patients without tumor progression [65]. In a study by the NCCTG of 203  

adults with supratentorial LGG treated with RT and periodically assessed with Feinstein  
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Mini Mental Status Exam (MMSE), minimal cognitive decline was seen.  In patients  

without tumor  progression, deterioration from baseline MMSE occurred at years 1, 2,  

and 5 in 8.2%, 4.6%, and 5.3% of patients. Patients with significantly impaired baseline  

MMSE (defined as less than 27), showed even greater declines in performance.   

However, the lack of discrimination of this tool for neurocognitive assessment (as  

contrasted with neuropsychological assessments) may have underestimated the number of  

affected patients. 

Chemotherapy: 

Oligodendroglial tumors, because of their infrequency, are often grouped with 

LGG in various clinical chemotherapy studies, with little distinction being 

made concerning histology-specific patient response to chemotherapy and survival. 

Assessing benefit from chemotherapy can be difficult to judge using standard brain tumor 

response criteria [66,67], as O and OA are typically non-enhancing, ill- defined, and 

difficult to measure [68]. Unequivocal clinical improvement that is unaccompanied by a 

significant reduction in tumor size may indicate benefit, while in some studies, functional 

imaging (eg, with thallium-201 SPECT) appears to be a better predictor of tumor control 

and patient survival than CT or MRI [69]. Nevertheless, the end points of most LGG 

clinical trials are objective response rate and time to tumor progression. Increasingly 

recognized however, is the value of FLAIR and T2-weighted MR sequences, which   

objectively measure tumor and response to treatment. At this time however, there is no 

validated MR response criteria as contrasted with that commonly used for contrast 

enhancing gliomas. 

Adjuvant Chemotherapy: 
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Eyre for SWOG reported the only randomized study of adjuvant chemotherapy 

for LGG that was unfortunately closed early due to poor accrual (70). Sixty adult patients  

with incompletely excised LGG were randomly assigned to receive radiotherapy (55 Gy  

over a total of 6.5-7 weeks) either  alone or with CCNU (100 mg/m2 every 6 weeks).  

Evaluation of patient age, extent of surgery, tumor grade, and performance status showed  

no significant differences between  the treatment arms. The response rate, as judged by  

the disappearance or reduction in size of the tumor on CT/MR, was 79% for RT alone  

versus 54% for RT plus CCNU. The median survival time was 4.45 years for all patients,  

with no significant difference between treatment arms (p =  0.7). For the group as a  

whole, patient age and performance status were the most important prognostic  

parameters. The majority of patients receiving chemotherapy experienced moderate  

hematological toxicity. This study demonstrates that CCNU chemotherapy does not  

improve the results of RT in the treatment of incompletely  excised LGG. 

Buckner described a phase II trial of procarbazine, CCNU, and vincristine (PCV) 

as initial therapy for patients with O or OA [71]. Adult patients with residual 

tumor on MR following biopsy or subtotal resection of O or OA received up to six 

cycles of PCV. RT (59.4 or 54.0 Gy) began within 10 weeks of completing 

PCV or immediately, if there was evidence of tumor progression on PCV. 

Tumor tissue was analyzed by fluorescent in situ hybridization (FISH) for 1p and 19q 

deletion and by immunohistochemistry for p53 expression. Eight of 28 (29%) and 13 of 

25 (52%) eligible patients demonstrated tumor regression as assessed by the treating 

physician and a blinded central neuroradiology reviewer, respectively. Myelosuppression 

was the predominant toxicity. Loss of 1p and 19q were associated with O but not for OA 
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(p =.009), were inversely associated with p53 detection, and were not associated with 

response to PCV (possibly because of the small sample size). 

Quinn described a phase II trial of temozolomide (TMZ) in patients with 

progressive LGG not previously treated with RT [72]. TMZ was administered orally 

once a day (200 mg/m2/day) for five consecutive days. Treatment cycles were repeated 

every 28 days following the first daily dose of TMZ (5/28 schedule). Forty-six patients 

with LGG were treated. The objective response rate was 61% (24% complete response; 

CR and 37% partial response; PR), with an additional 35% of patients having stable 

disease (SD). Median PFS was 22 months (95% confidence interval [CI], 15 to infinity 

months) with a 6-month PFS of 98% (95% CI, 94% to 100%) and a 12-month PFS of 

76% (95% CI, 63% to 92%).   

 Brada in a study of thirty LGA treated primarily with TMZ including 11 O and 2  

OA tumors reported 3 PR, 14 minimal responses and 11 SD [73]. PFS at 3 years was  

reported as 66%. Quality of life (QOL) improvement at least in one domain was reported  

96% of patients. In addition 54% of patients with epilepsy had reduction in seizure  

frequency. This small trial suggests TMZ has single agent activity in LGA, provides  

modest improvement in QOL and control of epilepsy. Recently Mollemann have 

demonstrated a positive correlation between 1p- 19q- allelic loss and tumor content of 

MGMT (i.e. O6-methylguanine DNA methyltransferase gene hypermethylation) [74]. 

The authors posits that oligodendroglial tumor sensitivity to alkylator-based therapy is a 

reflection of low to absent MGMT expression, a repair enzyme of alkylator 

chemotherapy. 
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Salvage Chemotherapy: 

Recurrent O ands OA respond to various chemotherapies (Table 1), and in 

particular to PCV and TMZ [67,71,75-79]. 

Soffietti described a Phase II study to determine the benefits 

and toxicity of the PCV in patients with recurrent O and OA following either surgery 

alone or surgery with RT [76]. Patients were treated with up to six cycles of PCV, and 

response was evaluated by CT or MR. Sixteen of 

26 patients (62%) responded to PCV, 3 (12%) experienced CR, 13 (50%) 

demonstrated a PR, 8 (31%) had SD and 2 (8%) had progressive 

disease. All symptomatic patients who responded and three with SD improved 

in seizure frequency, lateralizing signs, and symptoms of intracranial hypertension. The 

response rate for patients with enhancing lesions (74%) 

was significantly higher than that of patients with non-enhancing lesions (29%) (p < 

0.05). Both O and OA responded to PCV, with complete responses occurring in 

association with pure O only. The overall median TTP was 24 

months and was significantly longer for those with O compared with those with OA (32 

versus 12 months) (p <0.001). Chemotherapy was well tolerated, with mild 

hematological toxicity and rare skin rashes being the most frequent sequelae.  

Stege described a study suggesting that PCV chemotherapy may provide 

a reasonable alternative to RT for the initial treatment of large O and thereby permit 

deferred RT [80]. However, randomized trials will be needed to confirm the 

efficacy of this approach. The authors retrospectively studied the outcome of 16 patients 

with newly diagnosed O and 5 patients with recurrent O treated with PCV and deferred 
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RT. Loss of chromosome 1p and 19q was assessed using FISH with locus-specific 

probes. Three of five patients (60%) with recurrent tumors responded. Thirteen of the 16 

newly diagnosed patients showed evidence of response with a median TTP of >24 

months. Only one of these patients experienced disease progression while receiving PCV. 

Several patients showed a significant clinical improvement despite minimal MR 

response. The authors conclude that newly diagnosed patients with O and OA, with or 

without loss of 1p/19q, responded to PCV chemotherapy. 

LGG are also responsive to second-line as well as first-line TMZ [72, 81, 82]. 

van den Bent described an EORTC Phase II trial (EORTC study 26971) of first- 

line chemotherapy with TMZ in recurrent O or OA. In this 

prospective, nonrandomized, multicenter trial, patients were treated with 200 

mg/m2 of TMZ on the 5/28 schedule for 12 cycles. Patients with a 

recurrence after initial surgery and RT, and with measurable on MR were eligible for this 

study. Patients with large lesions and mass effect or with new clinical deficits were not 

eligible. Pathology and MR of all responding patients were centrally reviewed. Thirty- 

eight  eligible patients were included. In three patients, pathology review did not confirm 

the presence of an O or OA. TMZ was generally well tolerated. The most frequent side 

effects were hematologic; only one patient discontinued treatment for toxicity. In 20 

(52.6%) of 38 patients (95% exact confidence interval, 35.8% to 69.0%), a CR (n = 

10) or PR to TMZ was observed. The overall median TTP was 10.4 months and 13.2 

months for responding patients. At 12 months from the start of treatment, 40% of patients 

were still free from progression.  

 Quinn described a series of 46 patients (which included 20 
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with OA and 16 with LGA), only one of whom had received prior chemotherapy 

(PCV), 11 had a CR and 17 had a PR (objective response rate 63%) to TMZ [72]. 

Response rates for A and O were similar, and the one year PFS rate for all patients was 

76%.                                           
 
           Hoang-Xuan reported a somewhat lower objective response rate in 60 

previously untreated patients with O or OA treated with TMZ 

[83]. Although clinical improvement was noted in 51% (particularly in those 

with uncontrolled epilepsy), only 17% had an objective PR. 

Nevertheless, the 1-year PFS rate was similar to the prior study, 73%. 

Chamberlain described a prospective Phase II study designed to establish the 

maximum tolerated dose and secondarily evaluate response rate to CPT-11 (irinotecan) 

in patients with recurrent O [84]. A 15% objective neuroradiographic response (all PR) 

was seen in this small cohort of patients with recurrent O 

having failed prior PCV and on cytochrome P450 enzyme inducing AEDs.  

Peterson retrospectively analyzed patients with O treated with second, third, or 

fourth cytotoxic salvage regimens for recurrent O [85].  Despite the small number of 

patients, two noteworthy trends emerged from their data: first, PCV was a highly 

effective salvage treatment when used at tumor recurrence following non-PCV 

chemotherapy regimens, and second, the synergistic combination of VP-16 and CDDP 

may have anti-oligodendroglioma activity. 

Lastly, Soffietti described a phase II study of second-line treatment with 

carboplatin for recurrent or progressive oligodendroglial tumors after PCV [86]. They 

concluded that when administered according to a monthly schedule, carboplatin exhibited 

modest activity in adult patients with recurrent or progressive oligodendroglioma or 
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oligoastrocytoma who experienced treatment failure after PCV chemotherapy. 

 

Anaplastic Oligodendroglioma  

Incidence: 

AO and AOA represent 3.5% of newly diagnosed anaplastic gliomas 

and 15% of all oligodendroglial tumors [87]. Some have described AO and AOA as 

being the third most common high-grade glioma [88] AO and AOA occur in 

males more frequently, and the peak occurrence is during the 5th and 6th decades [87].   

Clinical Presentation: 

Weir described a series of 63 patients with AO and stated that seizures were the 

most common initial symptom and occurred in 79% of patients [89]. 11% patients 

presented with headaches, 3% had weakness, 3% mental status changes. In this series, 

48% of patients had hemiparesis, 39% papilledema and 31% had mental status changes. 

Radiology: 

Reiche described a study to define the pattern of contrast enhancement in MR and 

CT of oligodendroglial tumors and to compare this pattern with tumor grade [90]. 12 

patients with O and 8 AO were reviewed. All AO showed tumor contrast enhancement on 

MR and CT. In addition, six O (50%) demonstrated MR contrast enhancement. In five O, 

tumor calcifications were detected by CT.  Of the O, CT showed 

contrast enhancement in three 3 (33%) and no enhancement in six (67%), while in three 

cases post-contrast CT was not available. A comparison of contrast enhancement with 

tumor grade resulted in a p- value of 0.042 for MR and of 0.011 for CT. A combined 

statistical test of tumor grade and calcifications detected by CT compared with MR 
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contrast enhancement showed a significant correlation (p=0.014). This data demonstrates 

that differentiating O from AO based on the MR contrast enhancement is not possible. 

Pathology: 

AO and AOA are more cellular tumors in comparison to O, demonstrate increased 

nuclear pleomorphism, vascular proliferation, and areas of focal tumor necrosis, but high  

mitotic activity is required for the diagnosis of AO according to the current WHO  

classisifcation [3,22]. AO and AOA tumors additionally develop astrocytic features  

[3,22].  These tumors have a propensity to include large entrapped reactive astrocytes as  

well as small tumor cells with eccentric non-fibrillar glassy cytoplasm strongly positive  

or glial fibrillary acidic protein (the so called minigemistocytes). 

Treatment:  

Treatment goals are similar to those of O (see above) however palliation of 

tumor-related signs and symptoms and disease control are of primary importance.  

Symptomatic treatment: 

Headaches and seizures are managed similar to that described for O and other 

gliomas [91]. The vasogenic edema that surrounds AO and AOA (and not seen in LGG) 

contribute significantly to morbidity. This results from disruption of the blood brain 

barrier, allowing protein-rich fluid to accumulate in the brain extracellular space. Tumor- 

related disruption in the blood brain barrier is caused by two major mechanisms; the local 

tumor production of factors that increase the permeability of tumor vessels (i.e. VEGF, 

glutamate, and leukotrienes) and the absence of tight endothelial cell junctions seen in 

tumor blood vessels [91]. Furthermore, because the brain is encased in the rigid cranium, 

unchecked cerebral edema may result in fatal herniation. The majority of patients with 
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AO/AOA and peritumoral edema can be adequately managed with corticosteroids. 

However, a reduction in elevated intracranial pressure (ICP) resulting from peritumoral 

edema may take several days with steroid therapy; thus, other therapies may be required 

when an acute reduction in ICP is required (i.e. mannitol, CSF diversion). 

Surgery: 

There are no prospective trials regarding the value of resective surgery for 

patients with high-grade gliomas including AO. However, the 

Brain Tumor Study Group in a retrospective analysis found a survival benefit for patients 

having small volume disease (measured by contrast-enhanced CT) following either initial 

surgery or at the completion of RT [92]. An often quoted paper is that by Lacroix (see 

below) which retrospectively evaluated the benefit of extent of tumor resection in patients 

 with GBM [93]. This study found that in patients with an image verified complete or 

near complete resection (defined as (98%+ resection), survival was improved in patients 

with GBM. Additionally, the position of the National Cancer Center Network (NCCN) as 

promulgated in the CNS guidelines calls for maximum safe resection [94]. 

Quigley in a meta-analysis described the relationship between survival and the 

extent of the resection in patients with supratentorial malignant gliomas [95]. They 

analyzed 20 reports comprising 5691 patients however, in only 4 reports was the extent 

of the surgical resection related to survival. In 2 of these four studies, it followed age, 

histology and performance status in prognostic importance. The 2 remaining 

studies however did not rank prognostic variables.  

In a single institution retrospective study from MD Anderson Cancer Center, 

Lacroix described a multivariate analysis of 416 patients with GBM and evaluated 
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prognosis, extent  of resection, and survival [93]. 
 
Five independent predictors of survival were identified: age, Karnofsky 

Performance Scale (KPS) score, extent of resection, and the degree of necrosis and 

enhancement on preoperative MR imaging studies. A significant survival advantage was 

associated with resection of 98% or more of the tumor volume (median OS 13 

months, 95% confidence interval [CI] 11.4-14.6 months), compared with 8.8 months 

(95% CI 7.4-10.2 months; p < 0.0001) for resections of less than 98%. Using an outcome 

scale ranging from 0 to 5 based on age, KPS score, and tumor necrosis on MR imaging, 

Lacroix observed significantly longer survival in patients with lower scores (1-3) who 

underwent aggressive resections, and a trend toward slightly longer survival was found in 

patients with higher scores (4-5). Gross-total tumor resection is associated with longer 

survival in patients with GBM, especially when other predictive variables are favorable. 

This data, and that mentioned above, argue that near complete surgical resection has 

prognostic benefit for patients with high-grade gliomas and by extrapolation, AO. This 

area of treatment however remains controversial. 

Radiation: 

 Two recently completed (though not yet published) randomized Phase III trials of 

AO and AOA are available and summarized below (see adjuvant chemotherapy) [96,97]. 

In brief, both randomized trials (performed by RTOG and EORTC) show no survival 

benefit when PCV chemotherapy is added to adjuvant RT (60 Gy given in accordance to 

RTOG guidelines). However in both trials, PFS was improved in the chemotherapy plus 

RT arms. 
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Chemotherapy: 

Adjuvant Chemotherapy: 

Cairncross recently reported on intergroup randomized clinical trial in which 

291 patients with AO or AOA were randomized to upfront RT versus upfront  iPCV 

followed by RT [96].This study demonstrated that the addition of neoadjuvant iPCV 

to RT increased the PFS (1.9 years in the RT group versus 2.6 years in the 

PCV + RT group) but the overall survival in these groups did not significantly change 

(4.5 years in the RT group and 4.8 years in the PCV + RT group). 

 van den Bent reported a recent EORTC trial for AO in which 368 patients 

were randomized to RT followed by PCV or RT alone [97]. The median OS was 

36.8 months in the RT + PCV arm and 30 months in the RT arm (not statistically 

different). Median PFS was 24.3 months in RT + PCV arm and 13.3 months in the RT 

only arm. Five-year OS was 41.9% in the RT + PCV arm and 35% in the RT only group. 

These trials suggest that PCV chemotherapy has a modest benefit in the adjuvant 

treatment of AO and AOA (improving PFS only) however as both trials have been 

reported only in abstract form, further data and in particular response of 1p- and 19q- 

tumors are pending.   

Abrey described a Phase II high-dose chemotherapy with stem cell rescue as 

initial therapy for AO and AOA [98]. Patients were treated iPCV followed by 

high-dose thiotepa with autologous stem cell rescue for patients with newly diagnosed 

AO or aggressive O. RT was deferred until evidence of tumor progression. Sixty-nine 

patients with a median age of 42 (range: 18-67) and a median Karnofsky Performance 

Score of 90 (range: 70-100) were enrolled. Sixteen patients had a prior diagnosis of O 
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and 16 had AO pathology. Only patients with neuroradiographically responsive tumors or 

without evidence of enhancing tumor after surgery and induction therapy were eligible to 

receive high-dose thiotepa. Thirty-nine patients (57%) completed the transplant regimen; 

their estimated median PFS is 69 months and median OS has not been reached. Twelve 

transplanted patients (31%) relapsed. Neither histology nor prior low-grade histology 

correlated with relapse; however, persistent non- enhancing tumor at transplant conferred 

an increased risk of relapse (p = 0.028). Thirty patients (43%) did not receive high-dose 

thiotepa for a variety of reasons most commonly because of stable or progressive disease 

(n = 21). How to interpret this study is problematic as no intent to treat analysis was  

presented and furthermore the trial was biased by an enrichment for small volume and  

responsive tumors. 

Salvage Chemotherapy: 

Bouffet reported on a small study of PCV for 23 patients with aggressive O or AO 

or AOA (Table 2) [99]. Sixteen (69%) responded to PCV with CR in two patients and PR 

in 14. Previously irradiated patients were as likely to respond to PCV as those previously 

not irradiated. An over 1-year history of seizures was the main clinical prognostic factor 

of response. All toxicities were manageable and no treatment related deaths occurred.  

van den Bent (Table 2) similarly described the response rate to PCV in patients 

with recurrent AO or AOA [100]. This was a retrospective, observational multicenter 

study. Patients treated with PCV or iPCV for a recurrent AO after surgery and RT with 

measurable disease were evaluated for response. Stabilized or responding patients 

received six cycles of PCV unless unacceptable toxicity occurred. Fifty-two patients were 

included; median TTP for the entire group was 10 months. In 17% 
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of patients a CR (TTP, 25 months) was obtained, and in 46% a PR (TTP, 12 months) was 

obtained. Median OS was 20 months. 

Although treatment was discontinued for toxicity in seven patients (13%), it was 

generally well tolerated. The iPCV regimen was more toxic. Patients initially presenting 

with seizures and patients with tumor necrosis in histological specimens had a better 

response rate in contrast to patients who had their first relapse within 1 year of first 

treatment (surgery and RT).  

Cairncross described a prospective National Cancer Institute of Canada Clinical 

Trials Group study of iPCV chemotherapy for AO (Table 2) [101]. In this 

single-arm multicenter Phase II study, patients with measurable, newly diagnosed or 

recurrent, contrast-enhancing AO were treated with up to six cycles of PCV. Central 

pathology and radiology review were mandatory, and rigorous response criteria based on 

imaging were used. Thirty-three patients entered the trial; nine were excluded 

subsequently, seven due to ineligible pathology. Eighteen of 24 eligible patients (75%) 

responded, nine completely (38%), four had stable disease (SD), and two progressed 

during the first cycle of PCV. Responses were observed in nine of 10 patients (90%) with 

a preexisting O and 10 of 15 (67%) with necrotic tumors, called GBM by some. 

Previously irradiated patients were as likely to respond to PCV as those newly diagnosed 

(11 of 15 [73%] versus seven of nine [78%]). The median TTP was 25.2 

months for complete responders, and was 14.2 months  or partial responders and 6.8 

months for stable patients. Four ineligible patients also responded to PCV; all had 

gliomas with oligodendroglial differentiation. All responders, eligible or ineligible, were 

stable or improved neurologically, but nine of 22 (41%) experienced a decline in Eastern 
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Cooperative Oncology Group (ECOG) performance status of one grade while on PCV. 

Adverse events on treatment included a death from Pneumocystis pneumonia, a severe 

reversible encephalopathy due to procarbazine, an intratumoral hemorrhage, and a 

subdural hematoma. All other acute toxicities were anticipated and manageable. They 

concluded that AO were chemosensitive brain tumors, patients with these tumors 

respond predictably, durably, and often completely to PCV, and many tolerate a dose- 

escalated formulation. 

In another study of PCV, Brandes described a phase II study of 

patients with AO and AOA recurrent after RT (Table 2) [102]. 37 patients were enrolled 

in this study.  Of these, 23 had AO (62%) and 14 had AOA (38%). All patients received 

PCV and cycles were repeated every 6 weeks. There were 11 CR (29.7%) and 11 PR 

(29.7%) reported and 8 patients had SD (21.6%). The response rate was higher in patients 

with AO compared with patients with AOA (77.2% vs. 22.7%; P = 0. 02). The overall 

median TTP was 12.3 months, 30.3 months in patients who achieved a CR, 19.1 months 

in patients who achieved a PR, and 6.1 months in patients with SD. The median TTP was 

18.6 months in AO patients and 6.14 in AOA patients. There were no cases of severe 

toxicity reported although in 16 patients (43%) who were free of disease progression, 

PCV was discontinued because of toxicity or inadequate recovery after 2 weeks of delay. 

Chinot evaluated the safety and efficacy of TMZ in patients with 

recurrent AO after RT and  PCV chemotherapy (Table 2) [103]. Forty-eight patients with 

histologically confirmed AO or AOA who had received previous PCV 

were treated with TMZ (using the 5/28 schedule). Eight patients (16.7%) demonstrated a 

CR, 13 patients (27.1%) a PR (overall objective response rate, 43.8%), and 19 patients 
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(39.6%) SD. For the entire treatment group, median PFS was 6.7 months 

and median OS was 10 months. For objective responders, median PFS was 13.1 months 

and median OS was 16 months. For complete responders, PFS was more than 11. 8 

months and OS was more than 26 months. Response correlated with improved survival. 

Twelve patients developed grade 1/2 thrombocytopenia and three patients developed 

grade 3 or higher thrombocytopenia. 

In another TMZ (5/28 schedule) study, van den Bent treated 30 recurrent 

AO (Table 2) [104].  Nine patients responded: 7 of 27 patients (26%) treated with TMZ 

and after prior PCV chemotherapy and 2 of 3 chemotherapy-naive patients (both CR). 

Median TTP in responding patients was 13 months.  

 

Conclusions: 

In summary, oligodendroglial tumors are increasingly recognized due to increased 

histological appreciation and the presence of molecular signatures that define these 

tumors. Oligodendroglial tumors are further stratified into low-grade (O), anaplastic 

(AO) or mixed low-grade (OA) and mixed high-grade (AOA) histiotypes. Pathology, 

radiology and cytogenetic studies play a complementary role in diagnosis, decision 

making and treatment.  

Trials of LGG by the EORTC and RTOG that included O and OA have 

demonstrated that the extent of surgical resection favorably affects outcome. Most 

importantly, these trials further demonstrated there is no significant difference in survival 

between high- and low-dose up-front RT or early versus deferred RT except for an 

improvement noted in PFS with early RT. The benefit of adjuvant chemotherapy for 
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LGG is as yet not defined as the only randomized trial by SWOG (and using CCNU) 

showed no benefit. There are however single institution trials 

which demonstrate that adjuvant chemotherapy may delay the need for RT by 18-24 

months. The role of salvage chemotherapy for recurrent O and OA is well established and 

furthermore, demonstrate that these tumors respond to a panoply of salvage regimens. 

Issues of controversy in the treatment of O and OA remain and include timing of and 

extent of surgery, how best to measure response (i.e. FLAIR MR sequence sequential 

changes) and the role (if any) of adjuvant chemotherapy. Adjuvant chemotherapy for low  

grade oligodendroglial tumors  may like RT,  improve seizure frequency [105]. 

AO and AOA represent 3.5% of newly diagnosed anaplastic gliomas 

and 15% of all oligodendroglial tumors. The treatment of these tumors has been clarified 

by the recent randomized trials reported by EORTC and RTOG. These trials somewhat 

surprisingly demonstrate that adjuvant chemotherapy (either adjuvant PCV or 

neoadjuvant  iPCV) when combined with RT, does not improve survival and furthermore 

has only modest benefits with respect to PFS. Still unclear is whether genotyping of these 

tumors predicts for survival in these randomized trials (data not yet reported). Issues 

relating to the value of extent of surgical resection in AO and AOA may be defined as 

these large trials as they are further analyzed. Not clear is whether the benefit of 

concurrent TMZ and RT followed by post-RT TMZ as seen with GBM might also be of 

value for AO and AOA [106]. Similar to O, AO and AOA are responsive to a variety of 

salvage chemotherapies.  

 

Expert Opinion: 
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 Oligodendroglial tumors when surgically accessible should be completely 

resected as both the RTOG and EORTC low-grade glioma trials have demonstrated that 

the extent of surgical resection favorably influences outcome. Whether to observe or 

surgically resect a newly discovered and suspected O/OA in a neurologically intact 

patient remains controversial however our bias is to offer surgery when a complete 

resection is surgically feasible. The benefit of radiotherapy whether administered early or 

late is defined by the patients enthusiasm for early radiotherapy treatment and the fact 

that early radiotherapy lengthens progression free survival. Only one trial (SWOG) has 

examined the utility of adjuvant chemotherapy, CCNU, for LGG and the trial showed no 

survival benefit when combined with radiotherapy versus radiotherapy only. Our bias is 

to defer adjuvant chemotherapy for O and OA unless treated on an investigational trial.  

However, at time of recurrence, O/OA often respond (or stabilize) to salvage 

chemotherapy suggesting further trials using upfront chemotherapy (i.e. TMZ) are 

warranted.  

Anaplastic oligodendroglial tumors (AO and AOA), show an improvement in 

time to tumor progression when treated with adjuvant PCV and radiotherapy when 

compared to radiotherapy alone. However survival in both groups (RT with or without 

PCV) is similar though outcome in patients with 1p-, 19q- tumors is still immature. Our 

bias is to use adjuvant chemotherapy as we believe delaying time to tumor progression 

results in a better quality of life for patients but recognize there is modest data to support 

this perspective. When possible, we treat AO/AOA in an adjuvant setting with both 

chemotherapy and radiotherapy on an investigational trial. Notwithstanding that 

AO/AOA respond to a variety of chemotherapies at time of recurrence, we advocate 
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enrollment onto phase 1 and 2 trials as new anti-glioma therapies are needed and best 

defined in this setting. 

 

Five Year View: 

Several developments are likely in the next several years regarding the treatment 

of oligodendroglial tumors.  Most likely an understanding of the molecular oncology of 

chromosome 1p and 19q allelic loss will be defined. Understanding the association 

between.1p-, 19q- allelic loss and treatment response, will likely lead to new avenues of 

targeted treatment for oligodendroglial tumors.  

Because of the shorter natural history of AO/AOA (mOS 3-4 years), new adjuvant 

phase 2 trials are nearing completion. Both standard (5/28) and dose-dense (7/14: 7 days 

on, 7 days off) adjuvant TMZ phase 2 trials are underway and when completed, will 

likely stimulate interest in the development of a new randomized phase 3 trial for these 

tumor types. The role of small molecular inhibitors such as platelet derived growth factor 

receptor inhibitors (i.e. imatinib or Gleevec) is an active study by the North Central 

Cancer Treatment Group for recurrent oligodendroglial tumors. Trials such as this will 

likely lead to novel targeted therapies for oligodendroglial tumors, an area of study as yet 

relatively unexplored and ripe for investigation. 

Lastly, it is also likely that a new multicenter randomized LGG trial will be 

initiated and incorporate experience gained with TMZ in the treatment of GBM. This 

randomized trial will almost certainly have one arm using concurrent TMZ and RT 

followed by TMZ similar to the EORTC/NCIC treatment now accepted as standard of 

 32



care for GBM. The RTOG has recently initiated a phase 2 trial for high-risk LGA that 

incorporates both upfront RT and concurrent TMZ followed by TMZ which hopefully 

will better define the role of adjuvant chemotherapy in the treatment of LGA. 

  

Key Issues: 

1. Oligodendroglial tumors are increasingly recognized and often associated with a 
molecular phenotype, allelic loss of 1p and 19q. 

2. The treatment of low-grade gliomas including oligodendrogliomas and 
oligoastrocytomas has been the subject of 4 randomized trials. 

3. Radiotherapy dose and timing of radiotherapy have been defined by the 
abovementioned trials and suggest early treatment delays time to tumor 
progression but has no effect on overall survival when compared to delayed 
radiotherapy. Further, a radiotherapy dose of 50-54 Gy appears to offer the best 
response and least neurotoxicity. Lastly, the inclusion of CCNU to early 
radiotherapy with respect to survival is similar to that of radiotherapy alone. 

4. The treatment of anaplastic oligodendroglial tumors has been the subject of 2 
randomized trials. 

5. Both trials demonstrate that upfront PCV chemotherapy delays time to tumor 
progression but has no effect on overall survival when compared to radiotherapy. 

6. The majority of recurrent oligodendroglial tumors respond to a variety of 
chemotherapies including both alkylator- and antimetabolite-based chemotherapy.     

      

 

                                                       Table 1.   

 
Oligodendroglioma; Response to         
chemotherapy.  

    
             Median    Median response   
Chemotherapy       Response [%]           Duration [mons]    Author/Year 
PCV             60-80               12-18    Soffietti 1998 
Temozolomide 40 6-7   van den Bent 2003 
Taxol 15 10   Chamberlain 1995 
VP-16/CDDP 40 11     Peterson 1996 
Melphalan 55 6 Chamberlain 1988  
CPT-11 15 6 Chamberlain 2002 
Carboplatin              13                   3      Soffietti 2004 
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                                                               Table 2. 

                              Chemotherapy for Anaplastic Oligodendroglioma    
          
        Response Rate    
Author,   Chemo Prior             
year          n regimen chemo CR PR Total TTP Med OS 
                    
Cairncross 24    PCV       - 9 9 18(75%) 16.3 mons    NR   
1994                   
                    

Kim 
           
32(1)    PCV       - 10 19 29(91%) 15.4 mons    NR   

1996                   
                    
Bouffet 23    PCV       - 2 14 16(69%) NR    NR   
1998                   
                    
van den Bent 52    PCV       - 9 24 33(63%) 10 mons  20 mons   
1998                   
                    
Brandes     37(2)     PCV       - 11 11 22 (59%) 12 mons  31 mons   
2004                   
                    
Triebels 24    PCV   TMZ 2 2 4(17%) 6 mons    NR   
2004                   
                    
Chinot 48     TMZ    all 8 13 21(44%) 6.7 mons  10 mons   
2001                   
                    
Brandes 9    TMZ   PCV 1 1 2(22%) NR   NR   
2001                   
                    
van de Bent 3    TMZ      - 2 0 2(66%) NR     
2001 27   TMZ   PCV 0 7 7(26%) NR     
 
 
CR: complete response; PR: partial response; PCV: Procarbazine, CCNU, Vincristine; 
TMZ: Temozolomide; TTP: Time to tumor progression; NR: Not reported; OS: Overall 
survival. 

 
 

 34



 

 
 

REFERENCES 
1.  Bailey P, Cushing H. A Classification of Tumors of the Glioma Group. Lippincott, 
Philadelphia, 1926. 
2.  Kernohan JW, Mabon RF, Svien HJ, et al. A simplified classification of the gliomas. 
Symposium on a new simplified concept of gliomas. Mayo Clin Proc 1949; 25:71. 
3.  Kleihues P, Louis DN et al. The WHO classification of tumors of the nervous system. 
J Neuropathol Exp Neurol 2002; 61(3):215-25. 
4. Daumas-Duport C, Scheithauer BW, Kelly PJ. A histologic and cytologic method for 
the spatial definition of gliomas. Mayo Clin Proc 1987; 62:435. 
5.  Zulch KJ. Historical development of the classification of brain tumours and the new 
proposal of the World Health Organization (WHO). Neurosurg Rev 1981; 4(3):123-7. 
6.  Kraus JA, Koopman J, Kaskel P et al. Shared allelic loss on chromosome 1p and 19q 
suggest a common origin of oligodendroglioma and oligoastrocytoma. J Neuropathol Exp 
Neurol 1995; 54:91-95. 
7.  Zhu J, Guo SZ, Beggs AH et al. Microsatellite instability analysis of primary brain 
tumors. Oncogene 1996; 12:1417-1423.   
8.  Reifenberger J, Reifenberger G, Liu L et al. Molecular genetic analysis of 
oligodendroglial tumors shows preferential allelic deletions on 19q and 1p. Am J Pathol 
1994; 145:1175-1190. 
9.  Louis DN and Gusella JF. A tiger behind many doors: multiple genetic pathways to 
malignant glioma. Trends Genet 1995; 10:412-415. 
10. Cairncross JG, Ueki K, Zlatescu MC et al. Specific genetic predictors of 
chemotherapeutic response and survival in patients with anaplastic oligodendrogliomas. J 
Natl Cancer Inst 1998; 90:1473-1479. 
11. Di Rocco F, Carroll RS, Zhang J et al. Platelet-derived growth factor and its receptor 
expression in human oligodendrogliomas. Neurosurgery 1998; 42:341-345. 
12. Chan ASY, Leung SY, Wong MP et al. Expression of vascular endothelial growth 
factor and it’s receptors in the anaplastic progression of astrocytoma, oligodendroglioma, 
and ependymoma. Am J Surg Pathol 1998; 22:816-826. 
13.  Fallon KB, Palmer CA, Roth KA et al. Prognostic value of 1p, 19q, 9p, 10q, and 
EGFR-FISH analyses in recurrent oligodendrogliomas. J Neuropathol Exp Neurol 2004; 
63(4):314-22. 
14.  Walker C, du Plessis DG, Joyce KA et al. Molecular pathology and clinical 
characteristics of oligodendroglial neoplasms. Ann Neurol 2005; 57(6):855-65. 
15.  Rubinstein LJ. Oligodendrogliomas. Tumors of the Central Nervous System. 
Washington, D.C. Armed Forces Institute of Pathology 1972; pp 85-104. 
16.  Burger PC, Scheithauer BW and Vogel F. Oligodendroglioma. Surgical Pathology of 
the Nervous System and its Coverings, May 2002, 3rd edition. New York: John Wiley & 
Sons; pp 306-327. 

 35



17.  Coons SW, Johnson PC, Scheithauer BW et al. Improving diagnostic accuracy and 
interobserver concordance in the classification and grading of primary gliomas. Cancer 
1997; 79(7):1381-93. 
18. Lee YY, Van Tassel P. Intracranial oligodendrogliomas: imaging findings in 35 
untreated cases. AJNR 1989; 10:119-127.   
19a. Lote, K, Egeland, T, Hager, B, et al. Prognostic significance of CT contrast 
enhancement within histological subgroups of intracranial glioma. J Neurooncol 1998; 
40:161. 
19b. Chamberlain MC et al. Absence of contrast enhancement on CT brain scans of 
patients with supratentorial malignant gliomas. Neurology 1988; 38(9):1371-4. 
20.  Lee C, Duncan VW, Young AB. Magnetic resonance features of the enigmatic 
oligodendroglioma. Invest Radiol 1998; 33:222-231. 
21. Derlon JM, Petit-Taboue MC, Chapon F. The in vivo metabolic pattern of low grade 
brain gliomas: a positron emission tomography study using 18-F-fluorodeoxyglucose and 
11C-L-methylmethionine. Neurosurgery 1997; 40: 276-287.   
22. **Reifenberger G et al. Oligodendroglioma. In: Kleihaus P, Cavenee WK, eds. World 
Health Organization classification of tumours. Pathology and genetics of tumours of the 
nervous system. Lyon, France: IARC Press, 2000:55-70. WHO classification of brain 
tumors. 
23. Burger PC, Rawlings CE, Cox EB, et al. Clinicopathologic correlations in the 
oligodendroglioma. Cancer 1987; 59:1345.  
24. Ludwig, CL, Smith, MT, Godfrey, AD, Armbrustmacher, VW. A clinicopathological 
study of 323 patients with oligodendrogliomas. Ann Neurol 1986; 19:15. 
25.  Kros JM, Pieterman H, van Eden CG et al. Oligodendroglioma: The Rotterdam-
Dijksigt experience. Neurosurgery 1994; 34:959. 
26.  Celli P, Nofrone I, Palma L, et al. Cerebral oligodendroglioma: prognostic factors 
and life history. Neurosurgery 1994; 35:1018. 
27.  Recht LD, Lew R, Smith TW. Suspected low-grade glioma: Is deferring treatment 
safe? Ann Neurol 1992; 31:431. 
28. McCormack BM, Miller DC, Budzilovich GN et al. Treatment and survival of low-
grade astrocytoma in adults 1977-1988. Neurosurgery 1992; 31:636.  
29.  Muller W, Afra D, Schroder R. Supratentorial recurrences of gliomas. Morphological 
studies in relation to time intervals with astrocytomas. Acta Neurochir (Wien) 1977; 
37:75. 
30.  Muller W, Afra D, Schroder R. Supratentorial recurrences of gliomas. Morphological 
studies in relation to time intervals with oligodendrogliomas. Acta Neurochir (Wien) 
1977; 39:15. 
31. Olson JD, Riedel E, DeAngelis LM. Long-term outcome of low-grade 
oligodendroglioma and mixed glioma. Neurology 2000; 54:1442. 
32. Germano IM, Ito M, Cho KG, et al. Correlation of histopathological features and 
proliferative potential of gliomas. J Neurosurg 1989; 70:701.  
33. Whitton AC, Bloom HJ. Low grade glioma of the cerebral hemispheres in adults: A 
retrospective analysis of 88 cases. Int J Radiat Oncol Biol Phys 1990; 18:783.  

 36



34. North CA, North RB, Epstein JA, et al. Low-grade cerebral astrocytomas. Survival 
and quality of life after radiation therapy. Cancer 1990; 66:6. 
35. Shaw EG, Evans RG, Scheithauer BW, et al. Postoperative radiotherapy of 
intracranial ependymoma in pediatric and adult patients. Int J Radiat Oncol Biol Phys 
1987; 13:1457. 
36.  Laws ER, Taylor WF, Clifton MB et al. Neurosurgical management of low-grade 
astrocytoma of the cerebral hemispheres. J Neurosurg 1984; 61:665. 
37. Medbery CA, Straus KL, Steinberg SM, et al. Low-grade astrocytomas: Treatment 
results and prognostic variables. Int J Radiat Oncol Biol Phys 1988; 15:837.  
38. Soffietti R, Chio A, Giordana MT, et al. Prognostic factors in well-differentiated 
cerebral astrocytomas in the adult. Neurosurgery 1989; 24:686.  
39. Smith DF, Hutton JL, Sandemann D, et al. The prognosis of primary intracerebral 
tumours presenting with epilepsy: The outcome of medical and surgical management. J 
Neurol Neurosurg Psychiatry 1991; 54:915.  
40.  Hutton JL, Smith DF, Sandemann D, et al. Development of prognostic index for 
primary supratentorial intracerebral tumours. J Neurol Neurosurg Psychiatry 1992; 
55:271. 
41. Vecht CJ. Effect of age on treatment decisions in low-grade glioma. J Neurol 
Neurosurg Psychiatry 1993; 56:1259. 
42. Pignatti F, van Den Bent M, Curran D, et al. Prognostic factors for survival in adult 
patients with cerebral low-grade glioma. J Clin Oncol 2002; 20:2076. 
43. Glantz M, Recht LD. Epilepsy in the cancer patient. In: Handbook of Clinical 
Oncology, Neuro-Oncology - Part III, Vecht, CJ (Ed), Elsevier, Amsterdam 1997. p.9.  
44.  Pilcher WH, Sibergeld DL, Berger MS et al. Intraoperative electrocorticography 
during tumor resection: Impact on seizure outcome in patients with gangliogliomas. J 
Neurosurg 1993; 78:891. 
45.  Zentner J, Hufnagel A, Wolf HK, et al. Surgical treatment of neoplasms associated 
with medically intractable epilepsy. Neurosurgery 1997; 41:378. 
46.  Piepmeier J, Baehring JM. Surgical resection for patients with benign primary brain 
tumors and low grade gliomas. J Neurooncol 2004; 69:55. 
47. Bampoe J, Bernstein M. The role of surgery in low grade gliomas. J Neurooncol 
1999; 42:259.  
48. Piepmeier J, Christopher S, Spencer D, et al. Variations in the natural history and 
survival of patients with supratentorial low-grade astrocytomas. Neurosurgery 1996; 
38:872. 
49.  Albayrak B, Samdani AF, Black PM. Intra-operative magnetic resonance imaging in 
neurosurgery. Acta Neurochir (Wien) 2004; 146:543. 
50. Claus EB, Horlacher A, Hsu L, et al. Survival rates in patients with low-grade glioma 
after intraoperative magnetic resonance image guidance. Cancer 2005; 103:1227. 
51.  Henson JW, Gaviani P, Gonzalez RG. MRI in treatment of adult gliomas. Lancet 
Oncol 2005; 6:167. 
52.  van Veelen ML, Avezaat CJ, Kros JM, et al. Supratentorial low grade astrocytoma: 

 37



prognostic factors, dedifferentiation, and the issue of early versus late surgery. J Neurol 
Neurosurg Psychiatry 1998; 64:581. 
53. Forsyth PA, Shaw EG, Scheithauer BW et al. Supratentorial pilocytic astrocytomas. 
A clinicopathologic, prognostic, and flow cytometric study of 51 patients. Cancer 1993; 
72:1335.  
54. Leibel SA, Sheline GE, Wara WM, et al. The role of radiation therapy in the 
treatment of astrocytomas. Cancer 1975; 35:1551. 
55. Vertosick FT, Selker RG, Arena VC. Survival of patients with well-differentiated 
astrocytomas diagnosed in the era of computed tomography. Neurosurgery 1991; 28:496.
56. Garcia DM, Fulling KH, Marks JI. The value of radiation therapy in addition to 
surgery for astrocytomas of the adult cerebrum. Cancer 1985; 55:919. 
57.  van Veelen ML et al. Supratentorial low grade astrocytoma: prognostic factors, 
dedifferentiation, and the issue of early versus late surgery. J Neurol Neurosurg 
Psychiatry 1998; 64(5):581-7. 
58. **Karim AB, Afra D, Cornu P et al. Randomized trial on the efficacy of radiotherapy 
for cerebral low grade glioma in the adult: European Organization for Research and 
Treatment of Cancer Study 22845 with the Medical Research Council Study BRO4: an 
interim analysis. Int J Radiat Oncol Biol Phys 2002; 52(2):316-24. 
Early postoperative conventional RT appears to improve the time to progression or 
progression-free survival, but not overall survival, for patients with low-grade glioma.  
59. **van den Bent MJ, Afra D et al. Long term efficacy of early versus delayed 
radiotherapy for low grade astrocytoma and oligodendroglioma in adults: the EORTC 
22845 randomized trial. Lancet 2005; 366(9490):985-90. 
Early radiotherapy after surgery lengthens the period without progression but does not 
affect overall survival. 
60. Shaw EG, Tatter SB, Lesser GJ et al. Current controversies in the radiotherapeutic 
management of adult low grade glioma. Semin Oncol 2004; 31(5):653-8.  
61. Surma-aho O, Niemela M, Vilkki J et al. Adverse long-term effects of brain 
radiotherapy in adult low-grade glioma patients. Neurology 2001; 56:1285. 
62.  Kiebert GM, Curran D, Aaronson NK et al. Quality of life after radiation therapy of 
cerebral low-grade gliomas of the adult: Results of a randomized Phase III trial on dose 
response (EORTC Trial 22844). Eur J Cancer 1998; 34:1902. 
63. Klein M, Heimans JJ, Aaronson NK, et al. Effect of radiotherapy and other treatment-
related factors on mid-term to long-term cognitive sequelae in low-grade gliomas: a 
comparative study. Lancet 2002; 360:1361. 
64. Taphoorn MJ, Schiphorst AK, Snoek FJ, et al. Cognitive functions and quality of life 
in patients with low-grade gliomas: The impact of radiotherapy. Ann Neurol 1994; 36:48.
65. Brown PD, Buckner JC, O'Fallon JR, et al. Effects of radiotherapy on cognitive 
function in patients with low-grade glioma measured by the Folstein mini-mental state 
examination. J Clin Oncol 2003; 21:2519. 
66. Macdonald DR, Cascino TL, Schold SC Jr, Cairncross, JG. Response criteria for 
phase II studies of supratentorial malignant glioma. J Clin Oncol 1990; 8:1277.  
67. Diabira S, Rousselet MC, Gamelin E et al. PCV chemotherapy for 

 38



oligodendroglioma: response analyzed on T2 weighted-MRI. J Neurooncol 2001; 55:45.  
68. Perry JR, Cairncross JG. Glioma therapies: how to tell which work?. J Clin Oncol 
2003; 21:3547.  
69. Vos MJ, Hoekstra OS, Barkhof F, et al. Thallium-201 single-photon emission 
computed tomography as an early predictor of outcome in recurrent glioma. J Clin Oncol 
2003; 21:3559.  
70. **Eyre HJ, Crowley JJ, Townsend JJ et al. A randomized trial of radiotherapy versus 
radiotherapy plus CCNU for incompletely resected low-grade gliomas: A Southwest 
Oncology Group study. J Neurosurg 1993; 78:909. 
A prospective randomized study demonstrating that CCNU chemotherapy does not 
improve the results of radiation therapy in the treatment of incompletely excised low-
grade gliomas. 
71. Buckner JC, Gesme D Jr, O'Fallon JR, et al. Phase II Trial of Procarbazine, 
Lomustine, and Vincristine as Initial Therapy for Patients With Low-Grade 
Oligodendroglioma or Oligoastrocytoma: Efficacy and Associations With Chromosomal 
Abnormalities. J Clin Oncol 2003; 21:251. 
72. Quinn JA, Reardon DA, Friedman AH, et al. Phase II Trial of Temozolomide in 
Patients With Progressive Low-Grade Glioma. J Clin Oncol 2003; 21:646.  
73. Brada M, Viviers L, Abson C et al. Phse II study of primary temozolamide 
chemotherapy in patients with WHO grade II gliomas. Ann Oncol 2003; 14(12):1715-21.  
74. Mollemann M, Wolter M, Felsberg J et al. Frequent Promoter Hypermethylation and 
Low Expression of the MGMT Gene in Oligodendroglial Tumors. Int J Cancer 2004; 
113: 379-385. 
75. **Cairncross G, Macdonald D, Ludwin S, et al. Chemotherapy for anaplastic 
oligodendroglioma. National Cancer Institute of Canada Clinical Trials Group. J Clin 
Oncol 1994; 12:2013. 
Study demonstrated that anaplastic oligodendrogliomas are chemosensitive brain 
cancers that respond predictably, durably, and often completely to PCV. 
76. Soffietti R, Ruda R, Bradac GB et al. PCV chemotherapy for recurrent 
oligodendrogliomas and oligoastrocytomas. Neurosurgery 1998; 43:1066. 
77.  Glass J, Hochberg FH, Gruber ML, et al. The treatment of oligodendrogliomas and 
mixed oligodendroglioma-astrocytomas with PCV chemotherapy. J Neurosurg 1992; 
76:741. 
78. Mason WP, Krol GS, DeAngelis LM. Low-grade oligodendroglioma responds to 
chemotherapy. Neurology 1996; 46:203. 
79.  Allison RR, Schulsinger A, Vongtama V, et al. Radiation and chemotherapy improve 
outcome in oligodendroglioma. Int J Radiat Oncol Biol Phys 1997; 37:399. 
80. Stege EM, Kros JM, de Bruin HG, et al. Successful treatment of low-grade 
oligodendroglial tumors with a chemotherapy regimen of procarbazine, lomustine, and 
vincristine. Cancer 2005; 103:802. 
81.  van den Bent MJ, Taphoorn MJ, Brandes AA, et al. Phase II study of first-line 
chemotherapy with temozolomide in recurrent oligodendroglial tumors: the European 
Organization for Research and Treatment of Cancer Brain Tumor Group Study 26971. J 

 39



Clin Oncol 2003; 21:2525. 
82.  van den Bent MJ, Keime-Guibert F, Brandes AA, et al. Temozolomide 
chemotherapy in recurrent oligodendroglioma. Neurology 2001; 57:340. 
83.  Hoang-Xuan K, Capelle L, Kujas M, et al. Temozolomide as initial treatment for 
adults with low-grade oligodendrogliomas or oligoastrocytomas and correlation with 
chromosome 1p deletions. J Clin Oncol 2004; 22:3133. 
84.  Chamberlain MC. Salvage chemotherapy with CPT 11 for recurrent 
oligodendrogliomas. J Neurooncol 2002; 59(2):157-63.   
85.  Peterson K et al. Salvage chemotherapy for oligodendroglioma. J Neurosurg 1996; 
85(4):597-601. 
86.  Soffietti R et al. Second-line treatment with carboplatin for recurrent or progressive 
oligodendroglial tumors after PCV (procarbazine, lomustine, and vincristine) 
chemotherapy: a phase II study. Cancer 2004; 100(4):807-13. 
87.  Mork SJ et al. Oligodendroglioma: incidence and biological behavior in a defined 
population. J Neurosurg 1985; 63:881-889. 
88.  Celli P et al. Cerebral oligodendroglioma: prognostic factors and life history. 
Neurosurgery 1994; 35:1018-1034. 
89.  Weir B et al. Oligodendrogliomas: An analysis of 63 cases. J Neurosurg 1968; 
29:500-504. 
90.  Reiche W. Oligodendrogliomas. Acta Radiol 2002; 43(5):474-82. 
91.  Chang SM et al. Patterns of care for adults with newly diagnosed malignant glioma. 
JAMA 2005; 2:293(5):557-64. 
92.  Wood JR, Green SB, Shapiro WR. The prognostic importance of tumor size in 
malignant gliomas: a computed tomographic scan study by the Brain Tumor Cooperative 
Group. J Clin Oncol 1988; 6(2):338-43. 
93.  Lacroix M et al. A multivariate analysis of 416 patients with glioblastoma 
multiforme: prognosis, extent of resection, and survival. J Neurosurg 2001; 95(2):190-8. 
94. Journal of the National Comprehensive Cancer Network. Sept 2005; Vol 3(5).  
95. Quigley MR, Maroon JC. The relationship between survival and the extent of the 
resection in patients with supratentorial malignant gliomas. Neurosurgery 1991; 
29(3):385-8. 
96.  **Cairncross JG et al. An Intergroup Randomized Controlled Clinical Trial (RCT) of 
Chemotherapy plus Radiation (RT) versus RT alone for Pure and Mixed Anaplastic 
Oligodendrogliomas: Initial Report of RTOG 94-02. In abstract form presented at ASCO 
2004. 
Treatment with intensified PCV in addition to radiotherapy in anaplastic 
oligodendrogliomas increased the time to progression but the overall survival was 
unchanged. 
97.  **van den Bent MJ et al. First analysis of EORTC trial 26951, a randomized phase 
III study of adjuvant PCV chemotherapy in patients with highly anaplastic 
oligodendroglioma. In abstract form presented at ASCO 2005. 
Addition of PCV to RT improved time to tumor progression in AO but overall survival 
was not affected. 

 40



98.  Abrey LE et al. High dose chemotherapy with stem cell rescue as initial therapy for 
anaplastic oligodendroglioma. J Neurooncol 2003; 65(2):127-34. 
99.  Bouffet E, Jouvet A, Thiesse P et al. Chemotherapy for aggressive or anaplastic 
high grade oligodendrogliomas and oligoastrocytomas: better than a salvage treatment. 
Br J Neurosurg 1998; 12:217. 
100.  van den Bent MJ, Kros JM, Heimans JJ, et al. Response rate and prognostic factors 
of recurrent oligodendroglioma treated with procarbazine, CCNU, and vincristine 
chemotherapy. Dutch Neuro-Oncology Group. Neurology 1998; 51:1140. 
101. Cairncross G, MacDonald D, Ludwin S, et al. Chemotherapy for anaplastic 
oligodendroglioma. National Cancer Institute of Canada Clinical Trials Group. J Clin 
Oncol 1994; 12:2013. 
102.  Brandes AA et al. Efficacy and feasibility of standard procarbazine, lomustine, and 
vincristine chemotherapy in anaplastic oligodendroglioma and oligoastrocytoma 
recurrent after radiotherapy. A Phase II study. Cancer 2004; 1:101(9):2079-85.  
103. Chinot O. Chemotherapy for the treatment of oligodendroglial tumors. Semin Oncol 
2001; 28(4 Suppl 13):13-8. 
104. van den Bent MJ et al. Temozolomide chemotherapy in recurrent 
oligodendroglioma. Neurology 2001; 24:57(2):340-2. 
105. Pace A et al. Temozolamide chemotherapy for progressive low-grade glioma: 
clinical benefits and radiological response. Ann Oncol 2003; 14(12):1695-6. 
106. Stupp R et al. Radiotherapy plus concomitant and adjuvant temozolomide for 
glioblastom a. N Engl J Med 2005; 10:352(10):987-96. 
 
 

 41


	Oligodendroglial Tumors: A Review 

