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ABSTRACT 

The goal of this work was to demonstrate prospectively that maximal surgical resection of low grade oligodendroglio-
mas without adjuvant therapy does not reduce life expectancy over that of historical controls. All patients with surgi-
cally accessible grade II oligodendrogliomas underwent maximal resection using stereotactic guidance and/or cortical 
mapping and were followed with serial MRI scans without adjuvant therapy until either progression or spread into 
brain regions deemed not surgically resectable. Nineteen patients were treated between 1993 and 2006. Ten patients 
required reoperation an average of 55 months after their first surgery. Nine patients progressed to anaplastic tumors 
an average of 42 months after their first surgery: six patients died from their tumors an average of 73 months after di-
agnosis, two are still alive 76 and 18 months after progression, and one was lost to follow up. Ten patients are alive 
and progression-free an average of 116 months after diagnosis, one of whom was lost to follow up at 106 months from 
diagnosis. Four patients are alive and event-free an average of 125 months after diagnosis. All are male and three had 
tumors in the superior frontal gyrus. The event-free survival, progression-free survival, and overall survival of our pa-
tients are not worse than those of patients treated with postoperative adjuvant therapy. Withholding adjuvant therapy at 
diagnosis appears to be safe. It will be important to establish the molecular differences between the patients who did 
very well and those who progressed so that adjuvant therapy could be offered to the latter. 
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1. Introduction 

The management of low-grade oligodendrogliomas has 
been controversial, without a consensus in the neuro- 
oncological community on the role and timing of surgery 
[1,2] and of adjuvant radiation and chemotherapy [1,3-7]. 
For 19 years, the senior author [DAR] has prospectively 
managed low grade oligodendrogliomas amenable to 
surgery with radical resection using stereotactic guidance 
and intraoperative cortical mapping when indicated, fol-
lowed by observation without adjuvant therapy until his-
tological progression or extension into unresectable areas. 
This protocol was based, in part, in the belief that radical 
cytoreduction might reduce the risk of malignant trans-
formation [8], the ultimate cause of death of most pa-
tients harboring low-grade glial neoplasms [9]. The re-
sults of this management protocol are reported. 

2. Methods 

In 1990, a prospective management protocol for low 
grade [WHO Grade II] oligodendrogliomas was begun 
which recommended radical resection followed by ob-
servation with serial MRI and the withholding of adju-
vant therapy until demonstrated histopathological pro-
gression to a higher grade tumor or until the tumor 
spread into areas of the brain which contraindicated fur-
ther resection. Tumors thought suitable for this protocol 
were generally areas of T1 shortening and T2 signal in-
crease [prolongation] on MRI without gadolinium en-
hancement. Tumors not amenable to radical resection 
were biopsied stereotactically and then either observed or 
treated adjuvantly, and were not included in this study. 
Resections were always carried out with stereotactic 
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guidance, initially frame based [Leksell, Elekta], and 
later, frameless [Stealth, Medtronic]. When tumors were 
immediately adjacent to or potentially within eloquent 
cortical or subcortical structures, surgery was carried out 
under local anesthesia with bipolar corticography and 
intraoperative EEG. Extent of resection was quantified 
by postoperative MRI obtained within 48 hours of sur-
gery. Pathology of grade II oligodendroglioma by a neu-
ropathologist using WHO criteria [10] resulted in with-
holding of adjuvant therapy and the initiation of regular 
clinical and MRI follow up at 6 month intervals. All pa-
tients underwent baseline MRI 2-3 months postopera-
tively to allow surgical edema to subside. This scan was 
used as the baseline for future scans. Tumor recurrences 
judged to be resectable were reoperated according to the 
same protocol. If the tumor grade had not changed, then 
no adjuvant therapy was given. If tumors progressed to a 
higher grade or invaded eloquent structures, then adju-
vant therapy was recommended. Institutional Review 
Board approval for this study was obtained both at the 
University of Michigan Hospitals and at Rogue Valley 
Medical Center. 

3. Results 

Patients in this study were operated upon between 1993 
and 2006. During that time, the senior author operated 
upon 877 intracranial tumors, of which 318 were gliomas. 
Nineteen patients with pure, grade II oligodendrogliomas 
were treated (Table 1). Eleven presented with a seizure. 
Eleven patients were male. Ages ranged from 20 to 71, 
average 38 years. Only three patients were older than 50 

years. Ten tumors were in the frontal lobe, six in the 
temporal lobe, two in the parietal lobe, and one in the 
occipital lobe. Eleven tumors were in the right hemi-
sphere, and eight in the left. No patient sustained a new 
neurologic deficit or other serious complication as a re-
sult of surgery. 

Complete follow up was available on 17 patients. Two 
were lost to follow up at 32 and 106 months postopera-
tively. Overall survival, event free survival, and progres-
sion free survival are shown in Figures 1-3 as Kaplan 
Meier plots. Ten patients required reoperation an average 
of 55 months after their first surgery. Nine patients pro-
gressed to anaplastic tumors an average of 42 months 
after their first surgery [exact time of progression was 
uncertain for three]: six patients died from their tumors 
an average of 73 months after diagnosis, two are still 
alive 76 and 18 months after progression, and one was 
lost to follow up. Ten patients are alive and progres-
sion-free an average of 116 months after diagnosis, one 
of whom was lost to follow up at 106 months from diag-
nosis. Four patients are alive and event-free an average 
of 125 months after diagnosis. All four are male and 
three had tumors in the superior frontal gyrus and one in 
the right temporal lobe. Two are surgeons and are work-
ing full time. 

4. Illustrative Cases 

Patient 1 was a 38 year-old male surgeon who had a sin-
gle seizure. MRI showed a mass in the posterior aspect of 
the right superior frontal gyrus (Figures 4 and 5). The 

 
Table 1. Patient characteristics. 

Age Gender Surgery Date Time to Reop  Prog Time   Survival 
   (months)  (months)  (months) 

30 M  9/9/02   49      69 
43 M  9/8/99   25   84   102 
29 M  7/10/98  17   39   115 
36 F  12/1/97  9   13   52 (D) 
43 M  11/5/93        115 
34 M  12/1/99        102 
26 M  12/16/94     ?   39 (D) 
54 F  5/19/95     32   32 (LTF) 
39 F  6/27/01  60      84 
29 M  2/2/96         148 
38 M  10/29/97        129 
29 F  12/12/97  76      126 
71 M  8/11/99     ?   53 (D) 
44 F  12/12/97     46   67 (D) 
54 F  4/24/98  50      122 
39 M  5/8/95   77   ?   85 (D) 
25 F  7/19/96     34   128 (D) 
20 F  4/12/93  73, 106     106 (LTF) 
52 M  4/21/95  117      158 

D = Died  LTF= Lost to follow-up 
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Figure 1. Kaplan-Meier plot of overall survival. 
 

 

Figure 2. Kaplan-Meier plot of progression free survival. 
 

 

Figure 3. Kaplan-Meier plot of treatment free survival. 

 

Figure 4. Axial T2-weighted MRI showing an area of T2 
signal shortening in the right superior frontal gyrus which 
was a grade II oligodendroglioma at surgery. 
 

 

Figure 5. Axial T1-weighted gadolinium enhanced MRI 
showing an area of hypointensity in the right superior 
frontal gyrus without enhancement. 
 
mass was radically resected at craniotomy under local 
anesthesia with stereotactic guidance and electrocortico 
graphy. No adjuvant therapy was given. The patient re-
mains free of recurrence or progression 13 years post-
operatively (Figure 6). 

Patient 2 was a 44 year-old female with recurrent 
trigeminal neuralgia. An MRI obtained in evaluation of 
her neuralgia showed an incidental, asymptomatic mass 
in the tip of the right temporal lobe consistent with a low-  
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Figure 6. Axial FLAIR MRI obtained 128 months post-
operatively. 
 
grade glioma (Figure 7). The mass had not been present 
on previous MRIs obtained less than 2 years prior. 

The mass was resected including a margin of 2 centi-
meters and was found to be a grade II oligodendroglioma. 
No adjuvant therapy was given. A recurrence 46 months 
later was called a glioblastoma, and was treated with 
adjuvant radiation and chemotherapy (Figure 8). The 
patient died 67 months after diagnosis. 

5. Discussion 

Potential reasons for withholding radiation therapy at 
diagnosis of WHO grade II oligodendroglioma include 
favorable natural history, benefit of gross total resection, 
lack of definitively demonstrated efficacy for radiation,  

 

 

Figure 7. Axial, T2-weighted MRI scan showing an area of 
T2 signal shortening in the anterolateral aspect of the right 
temporal lobe which was a grade II oligodendroglioma at 
surgery. 

 

Figure 8. Axial, T1-weighted, gadolinium-enhanced MRI 
scan showing a glioblastoma in the right temporal lobe at 
the site of the previous oligodendroglioma. 
 
potential for high-grade radiation toxicity, radiation in-
duced cognitive dysfunction, or radiation related acceler-
ated malignant progression, and the availability of effec-
tive chemotherapy. 

Our data show that half of our patients are alive and 
progression free an average of 116 months after diagno-
sis without adjuvant therapy, consistent with previous 
reports of the favorable natural history of many oli-
godendrogliomas. Three patients are alive and event-free 
an average of 127 months after diagnosis. Yet, patients 
like Patient 1 above progressed and died despite early 
detection and aggressive surgery. This disparity of out-
come indicates the heterogeneous nature of the tumors 
despite their common histologic features. 

Although a pathological diagnosis of oligodendro-
glioma has traditionally depended upon light microscopic 
features, in recent years, the detection of losses at chro-
mosome 1p36 and 19q13 have become more common 
determinants of oligodendroglial origin [11,12] and have 
been linked to better prognosis for response to adjuvant 
treatment [13-17]. A translocation may be responsible for 
many of these losses, may be linked to better overall sur-
vival, and may be most common in lesions found in the 
frontal lobes [9,16]. As more tumors are subjected to this 
analysis, it may be that the definition of an oligodendro-
glioma will narrow, and older series based on light mi-
croscopic definition may be found to contain tumors no 
longer thought to be oligodendrogliomas. This factor 
may account for some of the conflicting results from ear-
lier studies, as noted below, and the variable outcomes of 
our patients. 

The degree to which surgical resection influences sur-
vival remains controversial, and no prospective, random-
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ized trial has been conducted to answer this question [9, 
18-20]. A retrospective study of 167 patients with vari-
ous low-grade gliomas found that minimal postoperative 
residual tumor was associated with an improved 5-year 
survival rate [21]. Another retrospective study of 216 
patients with various types of hemispheric low grade 
gliomas showed an improved outcome with greater ex-
tent of resection [20]. Keles [18] reviewed the literature 
and determined that a preponderance of the evidence 
favored resection over biopsy only. In analyzing the 
EORTC data, it was noted in the univariate analysis that 
greater than 90% resection was associated with longer 
overall survival, but the result was diminished greatly in 
the multivariate analysis [22]. In summarizing the results 
of multiple prospective trials involving almost 1000 pa-
tients [23], it was noted that extent of resection was a 
significant prognostic variable [along with age, histology, 
and tumor size]. In a stereotactic radiation study [24], 
extent of resection, was found not to be predictive of 
survival. A recent report on the role of intraoperative 
MRI in the resection of low-grade gliomas noted an in-
creased risk of recurrence and death with subtotal resec-
tion [25]. Some studies suggest a reduced rate of malig-
nant transformation with aggressive surgical resection [8, 
26,27]. 

With respect to efficacy of postoperative radiation, 
some retrospective studies have suggested that there is 
benefit to postoperative radiotherapy for low-grade oli-
godendrogliomas [28-31], but prospective trials have 
appeared only recently. Two prospective, randomized, 
dose response trials reported no improvement with higher 
doses of radiation when compared to lower doses [32,33] 
and greater toxicity in the higher dose arm [33]. The lack 
of a dose response may be interpreted by some to indi-
cate a lack of efficacy. 

A prospective, 24 center, European trial of early ver-
sus delayed radiotherapy randomized 157 patients with 
various low-grade glioma histologies to early radiation 
[54Gy in 1.8 Gy fractions] and 157 patients to deferred 
radiation until time of progression [34]. Progression free 
survival was longer in the early radiation group, but 
overall survival was not significantly different. Among 
the 314 patients were 42 with oligodendrogliomas, of 
whom 19 were randomized to delayed radiation and 23 to 
early radiation. Outcomes for these patients were not 
reported separately from the entire group. The absence of 
a survival benefit to early irradiation was attributed to the 
efficacy of salvage radiotherapy at recurrence. The re-
sults of this trial have been disputed due to the inclusion 
of multiple tumor histologies, errors in pathologic grad-
ing, the lack of accurate determination of the extent of 
resection, its intention-to-treat paradigm [35], and for its 

lack of quality-of-life data [6].  
In another prospective study, 18 patients were given 

no adjuvant treatment after gross total resection, or che-
motherapy after subtotal resection or biopsy. At a median 
follow-up of 4.7 years, all patients were alive and only 
one had progressed (6%) [36]. Fifteen patients had pure, 
low-grade oligodendrogliomas, but only five of the 18 
underwent total resection by postoperative MRI. One 
patient who underwent gross total resection and no adju-
vant therapy recurred at 2.5 years and underwent suc-
cessful chemotherapy, but it is not clear if this patient 
had a pure oligodendroglioma or was one of the three 
with oligoastrocytomas. 

When stereotactic radiation therapy was given at diag-
nosis for 24 WHO grade II oligodendrogliomas and 24 
oligoastrocytomas, survival rates of 89% at 5 years and 
74% at 10 years have been reported [24]. Progression-free 
survival was 52% at five years. It is not possible from this 
report to determine which patients had gross total resec-
tions. When compared to our data showing 50% progres-
sion free at greater than 9 years, there at least appears to 
be no harm in withholding adjuvant therapy. 

In summary, multiple radiotherapy dose response trials 
have not demonstrated a dose response in low-grade oli-
godendroglioma, nor have prospective, randomized trials 
demonstrated a survival benefit for radiotherapy versus 
withholding radiation until progression. 

Reasons for withholding adjuvant radiotherapy have 
included the risk of radiation induced cognitive dysfunc-
tion [34] or high grade radiation toxicity [33]. In a study 
involving 51 patients from a single institution, postopera-
tive radiation therapy was associated with significantly 
worse cognitive function and more severe leukoen-
cephalopathy on MRI [37]. However, a case control 
study failed to detect any evidence of cognitive decline 
when fractions of less than 2 Gray were used [38]. Ra-
diation has also been thought to increase the risk of ma-
lignant transformation [9], but the recent European ran-
domized trial did not find a higher incidence of malig-
nant progression in the early radiation group [34]. In 
contrast, early radiation may improve seizure control in 
some patients [6,39]. Therefore, given the improved time 
to progression and improved seizure control with early 
radiotherapy, some have argued in favor of early treat-
ment [6]. 

Since the recognition of the chemosensitivity of oli-
godendroglial tumors more than 15 years ago, there is 
now some tendency to use chemotherapy rather than ra-
diation as the initial adjuvant therapy in oligodendro-
gliomas [4,6,40]. 

The event-free survival, progression-free survival, and 
overall survival of our patients are not worse than those 
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of patients treated with postoperative adjuvant therapy. 
Strict comparison with previous series is difficult be-
cause many contain several types of low-grade gliomas 
rather than only oligodendrogliomas, maximal resection 
was not documented in many cases, adjuvant therapy was 
used in a non-protocol driven fashion, and follow-up was 
shorter. Although our series is small, it is the only pro-
spective series of pure low-grade oligodendrogliomas 
managed with maximal resection and no adjuvant ther-
apy, and with long term follow up available. Withholding 
adjuvant therapy at diagnosis appears to be safe. It will 
be important to establish the molecular differences be-
tween the patients who had no evidence of tumor pro-
gression and those who progressed so that adjuvant ther-
apy could be offered to the latter. 
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