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Abstract. Surgery, radiation and chemotherapy are the stan-
dard of care for GBM patients, however, the impact of extent 
of resection (EOR) and radiotherapy (RT) on patient survival 
across age groups has not been established. Therefore, we 
present the current largest study on EOR and RT in GBM over 
the past three decades. Using the population based Surveillance, 
Epidemiology and End Results (SEER) registry, we identified 
a total of 21,783 GBM patients (1973‑2007). Survival analysis 
based on EOR and RT was performed by means of factor 
analysis, Kaplan‑Meier survival and Cox proportional hazard's 
ratio. Age, RT and EOR were highly prognostic (p<0.00001). 
Combined gross total resection  (GTR) and RT showed the 
longest median survival  (11 months) compared to subtotal 
resection  (STR) and RT  (9 months). Survival times after 
monotherapy with RT, GTR and STR were 5, 3 and 2 months, 
respectively. Patients without therapy showed a median survival 
of 1 month. RT and GTR demonstrated highest median survival. 
Interestingly, survival advantage of GTR versus STR amounted 
to only 1-2 months. Monotherapy (GTR, STR or RT) showed a 
significantly lower survival rate compared to combination thera-
pies. RT alone yielded significantly better survival compared to 
any resective approach. Relative to overall age-specific median 
survival, elderly patients still reasonably benefit from RT alone. 
However, across all age groups multimodality treatment with 
surgery and RT continues to provide the largest survival benefit 
compared to either treatment alone and, thus, should be pursued 
whenever feasible.

Introduction

Malignant gliomas, including the most common and fatal 
form glioblastoma multiforme (GBM), remain a challenge 
to treat (1-14). In the United States alone, more than 10,000 
patients per year are newly diagnosed with GBM (15). Despite 
ongoing trials, the best currently available multimodal treat-
ment approaches include surgical resection followed by 
adjuvant radiation and temozolomide treatment (RT/TMZ), 
resulting in a low median overall survival (OS) ranging from 
12.2‑15.9 months (5,9-11,16). Previous studies have shown that 
survival rates are significantly influenced by certain clinical 
and molecular factors  (2,3,6,8,17-21). Of those, surgical 
gross total resection (GTR), which is defined as a complete 
removal of the contrast enhancing portion of the tumor as 
measured on postoperative MRI by volumetric analysis, 
is one of the important independent predictors of patient 
survival (5,9‑11,13). Stupp et al showed a median survival rate 
of 18.8 months after GTR versus 13.5 months after subtotal 
resection (STR) versus 9.4 months after biopsy alone (13). 
These findings were confirmed by McGirt et al who in a large 
series of 700 GBM patients demonstrated a survival benefit of 
approximately 5-6 months after primary and secondary GTR, 
when compared to STR (9). A more recent study by Sanai et al 
demonstrated that pursuing a more aggressive EOR results in 
increased survival, especially in patients with a higher degree 
of tumor removal. Thus, STR of 78% or more still yielded a 
significant survival benefit in patients afflicted with GBM (11).

Beyond the EOR, the postoperative adjuvant treatment 
regimen is most relevant in determining patient outcome 
and multiple studies indicate that a combination of radio-
chemotherapy and especially RT/TMZ further improves 
patient survival (3,13,14). However, the majority of previous 
studies have been comparing survival and EOR in GBM 
patients admitted to a neurosurgical service and receiving 
RT/TMZ (11,13,14) and hence only examined a selected group 
of GBM patients. The recently published studies by Koshy et al 
and Johnson et al were the first groups comparing survival 
of GBM patients from the Surveillance, Epidemiology and 
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End Results  (SEER) program before and during the TMZ 
era and showed a significant survival benefit in TMZ treated 
patients (22,23). In these studies, however, only patients from 
the last decade (2000‑2008) were included for analysis, without 
subgroup analysis with regard to RT and EOR. In our here 
presented population‑based study, which spans over the past 
three decades, we provide a comprehensive analysis of GBM 
patient data to demonstrate the overall and age-specific impact 
of RT compared to EOR and its relevance for prognosis.

Materials and methods

SEER and data extraction. The Surveillance, Epidemiology 
and End Results (SEER) program of the National Cancer 
Institute, established in 1973, collects incidence and survival 
data for patients with malignant tumors from selected popula-
tion-based cancer registries across the US. Since this data set is 
population-based, it captures a defined geographical area with 
a demographically well-defined population representing 28% 
of the US population; regions were selected by NCI for inclu-
sion into SEER for their ability to operate a population-based 
cancer registry and for their diverse population subgroups. 
Data for this study were downloaded from the SEER public-
use homepage (http://seer.cancer.gov/, NCI, Bethesda, MD) and 
were converted to Microsoft Access and Excel databases for 
data extraction and further analysis.

Patient population and variable collection. A total of 21,783 
patients diagnosed with GBM (SEER code 9440/ICD-O-3) 
between 1973 and 2007 was identified and included for 
analysis in this study. Of those, the following patient variables 
were analyzed: year of diagnosis, age at diagnosis, gender, 
race/ethnicity, laterality of lesion, number of primaries (single 
versus multiple lesions), radiation treatment (RT), extent of 
resection (EOR) and survival. For comparative analysis the 
maximum common amount of available patients per set of 
variables was chosen.

In a second step patients were binned in 10-year age intervals 
(<20, 20-30, 30-40, 40-50, 50-60, 60-70, 70-80 and >80 years) 
and data were analyzed for overall and treatment specific 
survival (Table II).

Statistical analysis. Factor analysis and Cox proportional hazards 
ratio were used to determine the variables most closely correlated 
to survival and most relevant for prognosis. Overall and treat-
ment specific survival was computed using the Kaplan‑Meier 
method and the log-rank test. Respective SEER data use policies 
have been adhered to for this study. The statistical analysis was 
performed using Microsoft Excel and Access 2010, JMP Pro 9.01 
(SAS, Cary, NC) statistical software packages.

Results

Demographics. The mean onset age of GBM in the analyzed 
patient cohort of 21,783 individuals was 61.5 years (male, 
60.5 years; female, 63 years) and the gender distribution 
was 57% male (N=12,447) and 43% female (N=9336). The 
ethnicity in the SEER patient data set with GBM (SEER 
code 9440/ICD-O-3) was predominantly Caucasian white 
with 92% (N=20,057) followed by African American 

0.05% (N=966), similar ethnical GBM data were previously 
reported (24,25).

Cluster correlation and survival. The median OS of all patients 
was 6 months for individuals included in this study (women, 
6 months; men, 7 months) (Fig. 1a). The age-adjusted survival 
development over time shows a marked increase of overall 
median survival after 1997 (Fig. 1b). In the factor analysis the 
best negative correlation to survival was observed for age, the 
best positive correlation for EOR and RT (Fig. 2a and b). The 
most significant (p<0.00001) prognostic survival variables 
were: RT, age and EOR and in the proportional hazard's ratio 
test, these 3 variables were found to be significant independent 
predictors for patient survival (Table I).

With regard to EOR, the median OS reported for GTR 
patient was 10 months compared to 8 months for STR or 
5 months for biopsy only (all p<0.00001) (Fig. 3). Kaplan‑Meier 
analysis of patients with and without RT reported a survival 
benefit of approximately 7 months for patients in the RT 
group (p<0.00001; Fig. 4). Because both RT and EOR were 
significant and independent prognostic variables, we further 
subcategorized the patient cohort as follows: i) GTR/RT, 
ii) GTR alone, iii) STR/RT, iv) STR alone, v) RT alone and 
vi) no surgery/no RT. In this subset analysis, patients with 
neither surgery nor RT showed a median survival of only 
1 month. Likewise STR survival without RT demonstrated 
a low survival (2 months) and GTR without RT showed a 
relatively low median survival of 3 months. Interestingly, 
patients treated with RT without any surgical interven-
tion had a higher median survival (5 months) than patients 
treated with any surgical monotherapy. When surgery and 
RT was combined, median survival markedly increased for 
both GTR/RT (11 months) and STR/RT (9 months) (Fig. 5, 
Table II).

Age distribution and survival variables. Analysis of patients 
binned into 10-year age subgroups demonstrates that patients 
receiving neither surgical treatment nor RT showed a median 
survival of only 1 month across all age groups. Furthermore, 
patients undergoing STR without RT showed a survival advan-
tage of 1 month when 30 years and older, whilst STR in patients 
below age 30 showed an average of more than 5 months of 
increased survival when compared to patient receiving no 
treatment at all.

GTR alone improved survival when compared to both 
no treatment and STR in all age groups. However, relative to 
the age specific overall median survival, GTR alone results 
in below average survival in patients younger than 70 years 
(Table II, Fig. 6). RT, when employed as a monotherapy, is 
superior to both GTR and STR alone across all age groups. 
But it results in significantly decreased median survival 
compared to overall age-specific survival, except in elderly 
patients above 70 years of age. Either combined GTR or STR 
with adjuvant RT yielded the highest median survival across 
all examined age groups. With increasing age, the relative 
survival advantage compared with the overall age specific 
median survival advantage increases with more aggressive 
therapy (Fig. 6). When comparing median survival times in 
patients undergoing STR or GTR monotherapies across age 
intervals, less distinct survival differences are demonstrated 
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Table I. Effect likelihood ratio table: EOR, RT and age are significant independent predictor for patient survival in GBM.

Variable	 Nparm	 DF	 Chi-square	 p-value

Extent of resection	 4	 4	 897.256437	 <0.00001
Radiation treatment (RT)	 3	 3	 2,739.97669	 <0.00001
Age	 1	 1	 1,015.88061	 <0.00001

Figure 2. (A) Factor analysis with nine glioblastoma patient variables and 
(B) cluster correlation heatmap showing survival, RT and EOR clusters. Age is 
negatively correlated.

Figure 3. Kaplan‑Meier plot, EOR with a comparison of GTR, STR, biopsy, 
no surgery and no data (2,185 patients).

Figure 1. (A) Kaplan‑Meier plot, SEER overall 21,783 GBM patient median survival and (B) yearly median survival development over time (y-axis, median 
survival in months; x-axis, timeline in years).
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with increasing age. Of note, in the setting of adjuvant RT; 
STR and GTR yielded very similar effects on survival in the 
age groups below 30 years (STR/GTR, 94-120%). This rela-
tive survival contribution remained stable at 75-83% when 
examined across advancing age groups (Table II).

Figure 5. Kaplan‑Meier plot, GTR, STR and no surgical intervention paired 
with and without RT resulting in the following groups: GTR/RT, STR/RT, RT, 
GTR, STR, no surgery/no RT. In 5,295 patients no data were available.
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Figure 4. Kaplan‑Meier plot, comparison of patients receiving RT versus no RT. 
In 646 patients no data were available.
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Discussion

In this study, we identified RT, age and EOR to be significant 
and independent prognostic factors in a cohort of 21,783 GBM 
patients. From the variables selected for analysis, RT, age and 
EOR were most closely correlated with outcome as reflected in 
survival times (Fig. 2). These three variables were all highly 
prognostic (p<0.00001) as well as independent predictors for 
survival in the Cox proportional hazards ratio (Table I). The 
fact that age continues to be a strong predictor of survival is 
concordant with previously published literature. Among various 
other age-related general factors, this is thought to reflect that 
GBM in older patients are most commonly of the primary 
(de novo) type. This type is more aggressive, invasive, and has 
a different genomic and molecular microenvironment (26,27) 
when compared to secondary GBM seen more commonly in 
younger patients.

With regard to the relevance of EOR, the scientific debate 
is ongoing, but our study clearly demonstrates an overall 
median survival advantage, which is significantly higher for 
GTR (10 months) when compared to STR (8 months) or biopsy 
(5 months) (p<0.00001; Fig. 3). The survival benefit of GTR 
compared to STR is concordant with the literature; however, 
studies disagree on a threshold of resection leading to a signifi-
cant survival advantage (10,11,13).

Nevertheless, our analysis indicates that any reasonable 
surgical resection improves survival by 8-10 months in the 
setting of adjuvant RT. This is of great clinical significance and 
challenges the previous widely held belief, which suggests that 
only GTR or near total resections of greater than 98% of tumor 
volume offers a significant survival benefit (5).

A recent study by Sanai et al (11), similarly challenged 
this doctrine by demonstrating that STR of more than 78% of 
tumor volume already benefitted the patient with respect to post-
treatment survival. Our results as well as those from the latter 
study suggest that EOR is a significant predictor of survival and 
offers hope to those patients in whom GTR is not achievable. 
Surgical resection in absence of adjuvant RT improves median 
survival by 1-2 months only and thus confers a minimal advan-
tage compared to patients who did neither undergo resection nor 

RT. Conversely, RT alone resulted in a 2-3 months prolonged 
survival period when compared to monotherapy with GTR or 
STR (Fig. 5). The relative shorter survival times in either the 
surgery alone (2-3 months) or RT alone groups (5 months) 
compared to concurrent treatment (9-11 months) suggests a 
beneficial treatment synergy, but may also reflect the fact that 
healthier patients are more likely to receive more comprehen-
sive therapy.

The presented median OS of 6 months derived from the 
whole SEER GBM patient cohort is relatively low, when 
compared to other published studies presenting a median OS 
range of 12.2‑15.9 months (5,9-11). This might be due to the fact 
that these data sets, unlike the SEER, for the most part repre-
sent a highly preselected group of patients (e.g. admitted to an 
expert neurosurgical oncology service, also receiving adjuvant 
TMZ/RT at different intervals) (9-11).

The strength of this study clearly is the dataset spanning 
more than 3 decades with the advantage of not being influenced 
by selection biases associated with treatment and referral 
patterns seen in many of the previous studies. Furthermore, a 
clear upward trend for survival (Fig. 1b) can be seen starting 
in 1997, this may coincide with the introduction of novel 
chemotherapeutic agents, refined irradiation protocols, and 
advanced surgical techniques (5,11,28,29). These results are 
also in agreement to the recently published studies comparing 
the adjuvant era before and after introduction of temozolomide 
therapy  (22,23). Both studies showed a significant patient 
survival benefit after the presented EORTC/NCIC trial in 
2004. Regardless of this study's limitations inherent to SEER 
(such as lack of adjuvant chemotherapy and quantitative EOR 
data, as well as less standardized data collection/documenta-
tion compared to smaller single center studies) the strength 
of our study lies within the large scale population-based 
approach.

We clearly corroborated data that patients, who receive 
postoperative RT survived 7 months longer than non-radiated 
patients (p<0.00001; Fig. 4). It was also obvious that RT without 
surgery resulted in consistently better survival than survival in 
those patients who were treated by surgery alone, whether GTR 
or STR (Fig. 5). This difference was confirmed across all age 
groups (Table II). This is of great clinical significance since 
elderly patients or those with surgical contraindications can 
benefit from treatment, even when receiving RT alone. RT as a 
suitable treatment modality for GBM patients was analyzed in 
the elderly before and our results confirm the findings of these 
studies with a significant survival benefit of patients receiving 
RT compared to patients who do not (12,30,31). However, the 
more aggressive the treatment regimen, the higher the relative 
survival gain compared to the age specific median survival  and 
this is seen particularly in the elderly patient (Fig. 6). Thus, 
we were able to show that even patients of 80 years and older, 
if eligible, should undergo aggressive treatment since this can 
result in prolonged survival. In general, our study demonstrates 
that a comprehensive treatment regimen is of utmost impor-
tance to prolong survival in GBM patients across all age groups.

Age specific analysis suggested GTR to be superior to 
STR particularly in younger patients. Interestingly, in patients 
below 30 years of age this advantage was lost when RT was 
added to the treatment regimen, stressing the importance of 
adjuvant RT.

Figure 6. Relative median survival advantage across age groups compared to 
overall median survival. Red, higher than median survival compared to overall 
age specific median survival; blue, lower than median survival compared to 
overall age specific median survival.
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