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Abstract. Due to the favorable natural history in patients with 
low-grade gliomas (LGGs), there is no consensus on the treat-
ment strategy following maximal safe surgical resection. A 
number of studies have been conducted to identify prognostic 
factors in patients treated for LGG. The present study evalu-
ated the treatment outcomes as well as prognostic factors and 
their impact on overall survival (OS) and disease-free survival 
(DFS). We retrospectively reviewed 30 consecutive patients 
treated for LGG at the Department of Radiotherapy from 
February 2008 to July 2011. The patients underwent surgical 
intervention and postoperative radiotherapy. The response to 
radiotherapy was evaluated from six to eight weeks after the 
end of treatment using MRI analysis. Kaplan-Maier analysis 
was used for OS and DFS estimation. The endpoint was 
mortality as a result of any cause. Within a median follow-up  
of 21.8 months, 9 patients (30%) with disease progression 
were reported. The two- and five-year DFS and OS was 85.2 
and 68.3% for DFS, and 84.3 and 63.4% for OS, respectively. 
The response to radiotherapy, evaluated in an MRI study, was 
found to be highly correlated with OS (p<0.0001). We also 
observed a significantly higher OS in patients with disease 
progression treated with salvage chemotherapy after the end of 
radiotherapy (p=0.08). Improved outcome among patients with 
LGG may be predicted by response to radiotherapy evaluated 
by MRI following termination of treatment.

Introduction

Low-grade gliomas (LGGs) have a relatively slow growth rate. 
Adjuvant treatment following maximal safe surgical resec-
tion for patients with LGG remains controversial due to the 
favorable natural history of the disease. A survival benefit in 

patients treated with aggressive surgical resection and postop-
erative radiotherapy has not been demonstrated in prospective 
clinical trials. The majority of retrospective studies demon-
strated improved outcomes in groups of patients with total 
or subtotal resection  (1-3). However, even with aggressive 
surgical procedures, total resection is rarely achieved. This is 
due to the tumor size, location in critical regions of the brain 
and the diffusely infiltrative nature of these tumors.

In general, the majority of patients undergo surgery at the 
time of symptom presentation. Consequently, it is difficult to 
establish the histopathological diagnosis and grade, and to 
determine further treatment strategies. Three phase III trials 
investigated the role of radiotherapy in patients with LGGs 
who underwent surgical resection. In the EORTC 22845 
multi‑institutional study, patients were randomized to receive 
postoperative radiotherapy of 54.0 Gy, or radiotherapy at the 
time of progression. A statistically significant improvement in 
median progression-free survival (PFS), 5.3 versus 3.4 years 
(p<0.0001), was found in the group of patients treated with early 
radiotherapy compared to patients treated with radiotherapy at 
progression. There was no difference in the median OS in the 
study, 7.4 versus 7.2 years in the group of patients with early 
versus late radiotherapy (p=0.8) (4). In the subsequent study 
(EORTC 22844), the radiation dose was established in post-
operative patients, who were randomized to receive 45.0 or 
59.4 Gy. There were no statistically significant differences in 
5-year OS, 58 versus 59%, and PFS, 47 versus 50%, in patients 
who received 45.0 and 59.4 Gy, respectively (5). In the third 
study, patients were again randomized to radiotherapy at a low 
dose of 50.4 Gy or a high dose of 64.8 Gy. There were no statis-
tically significant differences in OS and PFS, but grade 3-5 
neurotoxicity was observed in 5% of patients treated with a 
high-dose of radiotherapy compared to 2.5% of patients in the 
low-dose regimen (6). Several studies have been conducted to 
identify prognostic factors in patients treated for LGG (1,3,7,8). 
The age at the time of diagnosis, performance status, histo- 
logical subtype, tumor site and size, type of symptoms at diag-
nosis, the duration of disease symptoms prior to diagnosis and 
extent of resection have been proposed as prognostic factors for 
PFS and OS. However, in many of these retrospective studies, 
the small number of patients and the heterogeneity of treat-
ments limited the analysis of prognostic factors.
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Pignatti et al (9) conducted an analysis, which was based 
on data from EORTC 22844 and 22845 studies, and presented 
a scoring system to identify patients with a low and high risk. 
The multivariate analysis showed that patients >40 years, with 
astrocytoma histopathology, a tumor size of ≥6 cm, tumor 
crossing the midline, as well as occurrence of neurological 
deficits, were correlated with worse survival (9). In our retro-
spective study, the treatment outcomes of patients with LGG 
were presented. Potential prognostic factors were evaluated as 
well as their impact on DFS and OS.

Patients and methods

Patients. A total of 30 patients who underwent tumor excision 
and adjuvant radiotherapy due to diagnosis of brain tumor were 
enrolled in this retrospective study. The patients underwent 
radical radiotherapy between February 2008 and July 2011 
at the Radiotherapy Department of the Medical University 
of Lodz, Poland. There were 16 males (53%) and 14 females 
(47%). The male to female ratio was 1.1:1. The age of patients 
fluctuated between 20 and 72 years [mean 41.4; median 40.5; 
95% confidence interval (CI 95%) 36.9‑45.9; standard devia-
tion (SD) 12.0]. In the analyzed group, the performance status 
of patients was evaluated using the Karnofsky Performance 
Scale (KPS) index. There were three patients (10%) classified 
at 100% KPS. Fourteen (47%) and 8 patients (27%) were clas-
sified at 90 and 80% KPS, respectively. Five patients (17%) 
were classified at 70% KPS. The duration of disease symp-
toms prior to the start of treatment ranged from 1 to 107 days. 
The mean duration of disease symptoms was 19.0±30.9 days 
(median 6.0, CI 95% 7.1-31.0). Tumor limited to one lobe was 
reported in 20 patients (67%). In seven cases (23%) the tumor 
was localized within two or three lobes. In two (7%) and one 
(3%) patients the tumor was limited to the midline zone and 
cerebellum, respectively. The tumor size (the largest diameter 
defined in millimeters, measured by preoperative CT or MRI) 
ranged from 14 to 102  mm (mean 69.9±35.2; median 85; 
CI 95% 56.5-83.3).

The tumor tissue collected during surgery allowed a histo-
pathological diagnosis to be determined in all patients, and 
became a basis for planning the further treatment strategy. 
According to tumor histology, there were 14 astrocytomas 
(47%), 3 oligodendrogliomas (10%), 8 mixed tumors (26%) 
and 5 gemistocytic astrocytomas (17%). Five patients (17%) 
underwent a total tumor excision. All patients were enrolled in 
the study after total excision due to high risk of surgical treat-
ment failure (patients >40 years, astrocytoma histopathology, 
tumor size of ≥6 cm, tumor crossing the midline as well as 
occurrence of neurological deficits)  (9). In total, 19 (63%) 
and 6 patients (20%) underwent subtotal excision and biopsy, 
respectively. The mean size of the residual tumor following 
subtotal resection or biopsy was 51.5±18.6 mm (median 47.5; 
CI 95% 44.5‑58.4). In the group of patients who underwent 
total and subtotal tumor excision 3 recurrences (10%) and 
3 cases of disease progression (10%), respectively, were 
observed prior to the start of adjuvant therapy. Four patients 
(13%) underwent tumor re-excision, which was defined as the 
subtotal in all cases. No adjuvant chemotherapy was adminis-
tered following surgery. Patient and tumor characteristics are 
shown in Table I.

The study was approved by the ethics committee of the 
Medical University of Lodz. Consent was obtained from the 
patients or from a family member.

Radiotherapy. External beam radiotherapy was delivered 
using a linear accelerator (6 MV photons). Precise patient 
immobilization and reproducibility of head positioning was 
achieved by using thermoplatic masks. The treatment volumes 
as well as critical organs (optic nerves and optic chiasm, 
lenses and brain stem) and radiation dose were defined using 
the ‘Eclipse Varian’ computer planning system. The tumor or 
tumor bed demonstrated on preoperative T1- and T2-weighted 
MRI sequences with a margin of 1.5 cm, included in clinical 
target volume (CTV), were treated. The three-dimensional 
conformal technique was used in each case. Treatment 

Table I. Patient characteristics and tumor details.

Analysed factors	 N (%)

Gender	
  Males	 16 (53)
  Females	 14 (47)
Age (years)	
  <40	 14 (47)
  ≥40	 16 (53)
Performance status	
  ≥90%	 17 (57)
  <90%	 13 (43)
Duration of disease symptoms (days)	
  ≥19	 20 (67)
  <19	 10 (33)
Tumor site	
  One lobe	 20 (67)
  Two or three lobes	 7 (23)
  Midline zone	 2 (7)
  Cerebellum	 1 (3)
Tumor size (cm)	
  <3	 3 (10)
  3-5	 13 (43)
  >5	 14 (47)
Histopathology	
  Astrocytoma	 14 (47)
  Oligodendroglioma	 3 (10)
  Mixed tumor	 8 (26)
  Gemistocytic astrocytoma	 5 (17)
Residual tumor	
  Yes	 25 (83)
  No	 5 (17)
Response to radiotherapy	
  Complete remission	 10 (33)
  Stabilization	 17 (57)
  Disease progression	 3 (10)
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volumes were defined according to the 50 and 62 International 
Commission on Radiation Units and Measurements (ICRU) 
reports. The target volume was covered by the 95% isodose. 
The daily radiation dose was 1.8 Gy increasing to a total radia-
tion dose of 54.0 Gy in 30 fractions. In the group of patients 
with gemistocytic astrocytoma histopathology, the total dose 
was escalated to 60 Gy, with 2.0 Gy per fraction. Treatment was 
administered five days per week for five weeks. The correct-
ness of treatment plan realization was checked on a simulator, 
where treatment fields were transmitted on the patient's skin, 
and saved in the computer system simultaneously. Treatment 
field set-up repeatability was evaluated through simulator and 
accelerator image fusion and geometric error measurement.

Follow-up. Patients were followed up after the end of 
radiotherapy. A general and neurological examination was 
evaluated during every follow-up visit, as well as a brain 
MRI study. Patients were evaluated for disease progression 
as well as treatment-related toxicity. The treatment-related 
toxicity was evaluated according to the RTOG/EORTC clas-
sification. The response to radiotherapy was evaluated from 
six to eight weeks following the end of treatment using MRI 
study. Complete remission was achieved in 10 patients (33%). 
Disease progression and stabilization were observed in 3 
(10%) and 17 patients (57%), respectively. In 9 patients (30%), 
disease progression was reported during the whole follow-up 
period. The disease progression was confirmed in a brain 
MRI study. The tumor size after progression ranged from 20 
to 106 mm (mean 90.8±27.2; median 85; CI 95% 80.3-101.2). 
Three patients with disease progression underwent re-excision 
defined as subtotal resections.

The histological progression of malignancy to grade III 
(anaplastic variants), according to WHO scale, was reported 
in two patients following re-excision. One patient qualified 
for stereotactic radiosurgery as salvage retreatment. A dose of 
12.0 Gy radiation in 80% isodose was delivered. Chemotherapy 
as a salvage treatment was used in a group of six patients 
with disease progression. Three patients received temozolo-
mide (TMZ), and the remaining three patients received the 
PCV regimen (procarbazine, lomustine and vincristine). Of 
5 patients treated with chemotherapy, only one did not receive 
six cycles. One patient treated with the PCV regimen received 
4 cycles due to general and neurological deterioration. In four 
patients treated with chemotherapy, further progression was 
reported in imaging studies. Partial and complete regression 
were reported in two patients.

Statistical analysis. In the present retrospective study, OS and 
DFS for all patients have been estimated. The Kaplan-Meier 
analysis was used for OS and DFS estimation. The end-point 
of the analysis was mortality as a result of any cause. The 
Chi‑square test was used to determine whether the distribution 
of prognostic variables was significantly different. Comparisons 
of survival curves were made using the log-rank test. Clinical 
prognostic factors including age, performance status, duration 
of the disease symptoms, tumor site, postoperative margin 
status, tumor size, histopathological tumor type, recurrence 
after surgery, response to adjuvant radiotherapy and use of 
chemotherapy were included in the statistical analysis. P<0.05 
was considered to indicate a statistically significant difference.

Results

Disease progression and clinicopathological characteristics. 
Within a median follow-up of 21.8 months (range, 3.9-52.6) 
there were 9 patients (30%) reported to have disease progres-
sion. In the analyzed group of patients, the 2- and 5-year 
DFS was 85.2 and 68.3%, respectively. The mean DFS was 
33.6 months (range, 5.6-107.5; median 24.8; 95% CI 23.3‑43.9; 
SD 27.6). The 2- and 5-year OS in the analyzed group of 
patients was 84.3 and 63.4%, respectively. The mean OS was 
36.2 months (range, 5.6-107.5; median 26.9; 95% CI 25.4-46.8; 
SD 28.6). The 2- and 5-year DFS and OS are shown in Figs. 1 
and 2, respectively. In the present analyzed group of patients, 
the age, performance status, duration of disease symptoms 
and tumor site, as well as tumor size and histopathological 
tumor type, did not have any impact on DFS and OS. The 
residual tumor following surgery did not show any negative 
values in respect to OS (p=0.7), but we noted a trend towards 
statistically significant longer OS in the group of patients who 
underwent re-excision due to recurrence before radiotherapy 
had been initiated (p=0.03).

Overall survival in respect to response to radiotherapy. In the 
statistical analysis, we reported that response to radiotherapy 
evaluated from 6 to 8 weeks after treatment termination was 
highly correlated with OS. The mean OS in the group of patients 
with noted complete remission was 4.03 years compared to 
2.9 years in the group with disease stabilization. The mean 
survival in the group of patients with progression in the 
period of 6-8 weeks following radiotherapy termination was 
8.3 months. The p-value in the log-rank analysis was <0.0001. 
The OS in responders and non-responders is shown in Fig. 3. 
In the presented analysis we observed a statistically significant 
higher OS in patients with disease progression after the end 
of radiotherapy treated with salvage chemotherapy (p=0.08). 
The mean OS of patients treated with salvage chemotherapy 
was 3.8 years compared to 2.8 years in the group of patients 
without the treatment. Late toxicity was not assessed in our 
group of patients due to the retrospective nature of the study. 

Figure 1. Disease-free survival for the entire group of patients included in the 
statistical analysis.
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For those patients who were alive without any active tumor 
at the last follow-up, the quality of life was determined to be 
extremely good, without evidence of postradiation necrosis in 
imaging studies.

Discussion

The prognosis for patients with LGG is favorable, and long 
survival is expected in this group of patients. In the three 
largest randomized trials, EORTC 22844, EORTC 22845 and 
the NCCTG trial, the 5-year OS ranged from 58 to 72%. In 
the present study, the 5-year OS and DFS was 63.4 and 68.3%, 
respectively. The treatment results are in agreement with previ-
ously reported studies (4-6). The role of the extent of surgical 
excision in the treatment of patients with LGG is controversial. 
Extent of surgical excision was identified as a prognostic factor 
in a number of studies (1,3,4‑6,10,11). However, it is worth 

noting that some authors reported that the extent of surgical 
excision was not correlated with DFS and OS (12,13). It was 
postulated that extensive resection was possible to conduct due 
to the limited size and superficial localization of the tumor. 
However, our results showed the extent of surgical excision did 
not have any impact on DFS and OS rates. LGGs are infiltra-
tive tumors with microscopic invasion beyond the radiographic 
margins, thus, gross total resection is rarely achieved. In 
total, 25 patients included in our study received immediate 
radiotherapy with a total dose of 54.0 Gy in 30 fractions, and 
the remaining five patients with gemistocytic astrocytoma 
histopathology received a total dose of 60 Gy. The EORTC 
22845 study compared immediate radiotherapy with treatment 
after recurrence. OS and time to progression were the primary 
end points. In this study, immediate postoperative irradiation 
increased the median PFS, but not OS (4). The EORTC study 
conducted a detailed analysis of prognostic factors for OS 
based on the 22844 and 22845 studies. Factors that negatively 
affected survival were age >40 years, astrocytoma histology, 
maximum tumor diameter ≥6 cm, tumor crossing the corpus 
callosum and the presence of a neurological deficit prior to 
surgery (4,5).

In the present retrospective study, the patients had indica-
tions for radiotherapy according to the negative prognostic 
factors that were defined in the EORTC studies. These factors 
were included in the statistical analysis. The majority of studies 
found some correlation between survival and signs and symp-
toms at the time of presentation. A number of studies found 
that the presence of neurological deficits as well as the poor 
performance status of the patients were negative prognostic 
factors (3,7,10,11). In one study, the authors noted the favorable 
outcomes in a group of patients presenting with seizures as the 
only symptom of disease (3). In the present analysis patients' 
KPS, and the duration of disease symptoms were evaluated. Our 
results did not show an association between these values and 
treatment outcomes. These three factors (performance status, 
presence of seizures and neurological deficits) are connected. 
When neurological or other functional deficits are observed, a 
decrease in the performance status is reported. Pignatti et al 
revealed a close relationship between the presence of seizures 
and presence of other neurological symptoms (9). This asso-
ciation was also observed in a study in which epilepsy was 
associated with a better outcome if this was the only symptom 
at presentation. When other symptoms were presented, seizures 
were no longer a positive prognostic factor (14).

Age is the fundamental prognostic factor for survival of 
patients with LGGs (3-5,7,10,11,13-15). The elderly patients 
had a worse prognosis. In one study, a linear relationship 
between age and patient prognosis was reported (7). A cut-off 
point of 40 years was selected in the majority of the above-
mentioned studies. In the present group of patients the mean 
age was 41.4 years, median 40.5 and 95% CI was 36.9-45.9. 
Our results did not confirm a significant association between 
age and prognosis of patients with LGGs. This finding was 
probably due to the small number of patients in the analysis, 
and the non-parametric distribution of this value. We also 
did not find a significant correlation between tumor histology 
subtype and DFS or OS. This was probably due to the small 
number of patients included in the statistical analysis and the 
unequal distribution of histological subgroups.

Figure 2. Overall survival for the entire group of patients included in the 
statistical analysis.

Figure 3. Overall survival in respect to response to radiotherapy. CR, com-
plete remission; SD, disease stabilization; PD, disease progression.
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In the majority of studies, patients with oligodendrogliomas 
or mixed oligoastrocytic tumors had a more favorable prog-
nosis than patients with pure astrocytic histology (3-5,8,9). 
In the present study, the response to radiotherapy following 
treatment termination was highly correlated with higher OS 
rate. The mean OS in the group of patients with complete 
remission was 4.03 years compared to 2.9 years in the group 
with disease stabilization. The mean survival in the group of 
patients with progression in the period of 6-8 weeks following 
radiotherapy termination was 8.3 months. The p-value in the 
log-rank analysis was <0.0001. Few data are available in the 
literature describing the correlation between response of LGGs 
to radiotherapy and treatment outcomes. Bauman et al (16) 
analyzed symptomatic improvement and PFS as a function of 
radiographic response in a group of 21 patients with LGGs 
treated with postoperative radiotherapy. The authors reported 
clinical improvement and a ≥50% decrease in the maximum 
tumor cross-sectional area in 11 patients (52%). More partial 
responders improved symptomatically than non‑responders, 
but there was no statistically significant correlation between 
radiographic response and PFS. The median time to maximum 
response was 2.8 months following treatment termination. The 
median time to progression measured from the start of radio-
therapy was 4.8 years, and the 5-year PFS rate was 43% (16). 
The results of this study suggest that LGGs are moderately 
radioresponsive tumors. These results were confirmed by other 
authors (17,18). Eyre et al reported an 80% rate of response to 
radiotherapy (17), whereas results of another study found the 
rate of response to radiotherapy to be 46% (18). In the EORTC 
22845 and EORTC 22844 studies postoperative computed 
tomography scans were not routinely performed, thus, the 
residual amount of tumor was not assessed, and the response to 
radiotherapy was not evaluated (4,5). For patients with LGGs 
suffering from tumor progression, the optimal management is 
unclear. In the present study, we observed a statistically signifi-
cant higher OS in patients treated with salvage chemotherapy 
due to disease progression after the end of radiotherapy. In 
high-risk patients, the adjuvant chemotherapy after postop-
erative radiotherapy has been explored in a large randomized 
RTOG trial. Patients were randomized to postoperative radio-
therapy with or without adjuvant PCV chemotherapy. Patients 
were stratified by age, histology, performance status and pres-
ence/absence of contrast enhancement on postoperative MRI 
studies. The initial analysis following a median follow-up of 
>4 years showed that adjuvant chemotherapy did not translate 
into improved outcome in high-risk patients (19). Response to 
treatment and prognosis may vary in patients with LGGs.

Several phase II studies of PCV or TMZ chemotherapy regi-
mens in the treatment of new, progressive or recurrent LGGs 
have been performed (20-26). A similar response rate was 
observed for astrocytomas and oligodendrogliomas (20,25,26). 
Chemotherapy was effective in previously treated and 
untreated patients (21,22,26). Although oligodendrogliomas 
with deletion of chromosome 1p and 19q may be more sensi-
tive to treatment (23,28), tumors without these deletions were 
also responsive to chemotherapy (27). The natural history of 
oligodendroglial tumors is more protracted compared with 
astrocytic tumors. Furthermore, oligodendrogliomas show a 
higher sensitivity to chemotherapy. In particular, pure oligo-
dendrogliomas with a loss of heterozygosity on chromosomes 

1p/19q have been identified as tumors with a much more 
favorable natural history, irrespective of treatment (29). In 
the present study, patients who qualified for salvage chemo-
therapy were young, without neurological deficits, and with 
good general condition. These are commonly known positive 
prognostic factors that are associated with better treatment 
outcomes. The small number of patients, heterogeneity and 
retrospective character of the study does not allow for the 
generalization of these results to the whole population.

Additional prospective studies are required for a more 
robust description of the association between the response 
to postoperative radiotherapy and treatment outcomes. If the 
evidence for the existence of this association was demon-
strated, it would be possible to identify high-risk patients 
with indications for adjuvant chemotherapy, or escalation of 
radiation dose. Thus, these issued should be investigated in 
future studies.
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