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Abstract 

Purpose: Glioblastoma (GBM) is the most common primary malignant brain tumor and entails a grim prognosis. 

The aim of the present study is to provide an in-depth analysis of clinical, analytical and radiological features of 

a cohort of GBM long-term survivors (LTS) treated at a major tertiary referral Hospital in Portugal and perform 

a matched cohort comparison to patients surviving less than 2 years in order to identify distinctive prognostic 

factors. 

Methods: A study population was identified by analyzing a pathological database of GBM patients operated 

between 2010 and 2018 at Centro Hospitalar Universitário São João. LTS were identified if they had an overall 

survival (OS) of at least 36 months. A matching cohort for age, gender and performance status with less than 24 

months OS was identified through binary logistic regression. Clinical and radiological data were obtained and 

statistically significant differences identified. 

Results: Out of 436 adult GBM patients, 27 met inclusion criteria. Tumor’s mass effect was identified more often 

in the matched cohort versus the LTS cohort (p=0.006), subventricular proximity was significantly different 

between cohorts, with subventricular zone involvement (group I/II) more frequent in the matched cohort 

(p=0.039). Neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR) were significantly lower in 

the LTS cohort compared to the matched cohort (p < 0.001). 

Conclusions: In our group of GBM long-term survivors, the absence of mass effect, low serum inflammatory 

markers and low frequency of subventricular zone involvement stand out as variables with prognostic impact 

when compared to non-long-term survivors. 
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Introduction: 

Glioblastoma (GBM) is the most common primary malignant brain tumor and portends one of the most malevolent 

clinical prognoses. Median overall survival (OS) of patients with GBM in population-based studies is 

approximately 10 to 12 months [1,2], rising to 15-16 months for those receiving standard of care surgery and 

adjuvant chemoradiation [3,4].  However, only 3-5% of the patients survive for more than 3 years and are referred 

to as long-term survivors. Nevertheless, GBM exhibits a substantial degree of heterogeneity in both clinical and 

molecular profiles. The clinical and molecular factors that contribute to long-term survival are still incompletely 

defined [5]. For instance, contrary to what was thought, long-term survival does not require IDH mutation and 

therefore, IDH1 status is not the only player responsible for long-term survivorship in the temozolomide era [6]. 

Additionally, long-term survival is not dictated by a single transcriptional subclass [7]. 

Few studies have focused on features that predict long-term survival. These patients exhibit a disease course that 

is qualitatively different from the vast majority of GBM patients. For example, half of patients who have survived 

four years will survive four more [8]. Do these patients simply exhibit all the features associated with good 

prognosis or is it related to a different set of features of the disease? Answering this question would allow 

improvement of prognostic scales, but also indicate therapeutic strategies to convert more patients into extreme 

long-term survivors [9]. 

The present study aims to provide an in-depth analysis of clinical, analytical and radiological features of a cohort 

of GBM long-term survivors treated at a major tertiary referral Hospital in Portugal. Taking a relatively sized 

cohort of patients diagnosed and treated over a period of 8 years, we provide some insight into the clinical, 

analytical, radiological and therapeutic features of patients deemed long-term survivors (OS ≥ 3 years). 

Additionally, we perform a matched cohort comparison to patients surviving less than 2 years and identify 

predictive prognostic factors. 
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Materials and methods 

Study population 

The study population was identified by analyzing a pathological database comprising patients operated at Centro 

Hospitalar Universitário São João between 2010 and 2018. 1708 cases of CNS neoplasia were identified, of which 

436 were adult GBM’s. Out of that pool of patients the inclusion criteria were subsequently applied, as layed out 

in Figure 1. A final cohort was obtained, consisting of 27 adult patients with histologically confirmed de novo 

GBM with an OS of at least 36 months. All histopathological specimens were centrally reviewed by a 

neuropathologist, confirming the diagnosis of GBM. 

Clinical and radiological data were obtained and reviewed. Variables included: gender, age, comorbidities 

(Charlson Comorbidity Index), ECOG (Eastern Cooperative Oncology Group) performance status at admission, 

motor deficits at presentation and the number of surgeries performed. MRI´s were reviewed to obtain information 

regarding localization, volume, largest diameter, focality, laterality, mass effect, subventricular zone proximity 

(SVZ score) and tumor resection rate. Haematological counts of the neutrophil to lymphocyte ratio (NLR) and 

platelet to lymphocyte ratio (PLR) were obtained. Adjuvant radiotherapy and chemotherapy treatments for each 

patient were fully reviewed. 

 

 

Statistical Methods  

Descriptive statistics were used to describe patient demographic and clinical characteristics. Categorical variables 

are presented as observed counts and weighted percentages, and continuous variables as median with the 

corresponding range. The Kaplan-Meier estimation method was used to obtain median survival times and survival 

probabilities for all patients. A matching cohort with less than 24 months of OS was identified through binary 

logistic regression, using age, gender and ECOG performance status as matching covariates. Differences between 

groups were analyzed using Chi-square, Fisher’s exact test or Mann–Whitney U test as appropriate. A p value 

0.05 was considered to be statistically significant. All statistical analyses were conducted in IBM SPSS Statistics 

26. 

 
Ethics approval 

This study was approved by the Local Ethical Committee of Centro Hospitalar Universitário de São João, (Porto, 

Portugal) and was conducted according to the National Ethical Guidelines. 
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Results 

Patient characteristics 

The study population of GBM long-term survivors consisted of 27 patients, that presented at the time of diagnosis 

a median age of 54 years (range 30 – 76 years), with 12 male and 15 female patients. ECOG performance status 

was 0 for most patients (70%), with 4 patients presenting an ECOG of 2 or above (15%). Relating to comorbidities, 

as assessed by the Charlson Comorbidity Index, results were more scattered, ranging from 2 to 6, the more frequent 

indices being 3 (33%) and 2 (30%). At the time of diagnosis 10 patients presented with motor deficits (37%). 

Haematological variables of interest were assessed, namely the NLR and the PLR, which presented a median of 

1.21 (range 0.16 – 18.80) and 24.7 (range 8.13 – 353.16) respectively. 

Furthermore, eight patients that were still alive at the time this study was conducted were contacted and asked to 

provide quality of life assessments through EORTC QLQ-30 and QLQ-BN20 surveys. Four completed surveys 

were obtained, showing that the patient’s self-assessment of their health over the preceding week had a mean 

score of 5 out of 7 (range 4 to 7) and their assessment of their global quality of life over the same period also had 

a mean score of 5 out of 7 (range 4 to 7). Regarding the QLQ-BN20 assessments, the most frequent complaints 

were headaches, difficulty reading and difficulty in remaining up once standing, and concerns were also common 

regarding the future and changes in family dynamics. 

 

Tumor characteristics 

Tumor localization varied and had a frontal lobe distribution in 7 patients (26%). Fifteen were right-sided (56%), 

8 were left-sided (30%) and 1 was bilateral. Nineteen patients (70%) presented unifocal disease while 5 patients 

(18.5%) presented multifocal tumors. Out of the assessed tumors, 13 (48%) presented mass effect. 

Assessment was also performed regarding the tumor’s proximity to subventricular and cortical zones, with most 

patients (41%) having cortical lesions without subventricular contact (group III), while 2 patients (7%) presented 

neither cortical nor subventricular contact (group IV), 7 (26%) presented cortical and subventricular contact 

(group I) and 4 (15%) only subventricular contact (group II). 

Full clinical and tumor characteristics are depicted in Table 1. 

Tumor volumes were assessed pre-operatively, with a mean of 34mm3 (ranging from 6mm3 to 126mm3). The 

tumor’s largest diameter was also assessed and presented a mean of 4 cm (ranging between 3 cm – 8 cm). 

Unfortunately, MGMT (5 patients) and IDH status (12 patients) were not consistently available to draw further 

conclusions.  

 

Treatment data 

Out of the 27 patients assessed, one single resective surgery was performed in 21 patients (78%), while 4 patients 

(15%) underwent two surgeries and 2 patients (7.4%) had only biopsy performed. Surgical resection was assessed 

in post-operative MRI, with complete surgical resection achieved in 14 patients (52%) as valued by no contrast-

enhancing residual tumor, subtotal resection in 7 patients (26%), and only partial resection in 3 patients (11.1%). 

After surgery all patients underwent treatment with radiotherapy, with 23 patients (85%) undergoing a total dose 

of 60 Gy, 1 patient (4%) having 52 Gy, 2 patients (7%) having 40,05 Gy. 

Regarding chemotherapy, all 27 patients had first line temozolomide. Further protocols varied and second-line 

chemotherapy was applied to 20 patients (74%). Third-line chemotherapy was applied to 11 patients (41%). 
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Fourth-line chemotherapy was applied to 4 patients (15%). Fifth-line chemotherapy was applied to a single 

patient, with 2 months progression-free survival period. The chemotherapy regimens used at different time points 

are described in Table 2. 

 

Survival data 

The group’s median OS was 63 months (95% CI 38.6 – 87.4 months). Median progression-free survival (PFS-1) 

was 17 months (95% CI 0.038 – 33.96 months). Second median progression-free survival (PFS-2) was 8 months 

(95% CI 0.16 – 15.84). Third median progression-free survival (PFS-3) was 3 months (95% CI 2.05 – 3.95). 

Figure 2 illustrates Kaplan-Meier’s survival curves of LTS. 

 

Matching cohort 

The group consisted of 27 patients with surgically resected de novo GBM matched for the demographic and 

clinical variables previously described, with a median OS of 12 months (95% CI 11.2 – 12.8), all having received 

temozolomide as a first-line chemotherapy and achieving a median progression-free survival of 6 months (95% 

CI 3.5 – 8.5 months) and 26 (96%) receiving 60 Gy of radiotherapy. Motor deficits at presentation were identified 

in 13 patients (48%), and 21 patients (78%) underwent single surgery, while 5 (19%) had two surgeries and a 

single patient had four surgeries. Comorbidity indices varied from 2 to 5, with the more frequent being 3 (41%) 

and 2 (30%). Frontal tumors were identified in 11 patients (41%), right sided were more frequent, seen in 15 

patients (56%) and focal tumors accounted for the majority, identified in 24 patients (89%). Complete tumor 

resection was achieved in 15 patients (56%), subtotal in 6 (22%) and partial resection in the remaining 6 patients 

(22%).  

Statistically significant differences were detected between the groups in several characteristics. Tumor’s mass 

effect was identified in 24 patients (89%) in the matching group versus 13 patients (54.2%) in the long-term 

survival group (p = 0.006, Chi-Square test). Subventricular proximity was also significantly different between 

groups with 20 patients (74.1%) having SVZ group I or II in the matching cohort versus 11 patients (45.8%) in 

the long-term survival group (p = 0.039, Chi-Square test). Regarding haematological parameters, NLR was 

assessed using a cut-off of 4, and statistically significant differences were observed, with the matching cohort 

having significantly less patients with NLR < 4 (3 patients, 11.1%) compared to the long-term survival group (26 

patients, 96.3%) (p < 0.001, Chi-Square test). Regarding PLR, matching cohort patients had significantly less 

patients with PLR <= 175 (8 patients, 29.6%) compared to long-term survival group (26 patients, 96.3%) (p < 

0.001, Chi-Square test). The comparison of means of absolute values of NLR and PLR also disclosed statistical 

significance (Mann-Whitney U test, 39.00, p < 0.001). A full analysis of the differences identified between the 

matching cohort and the study population can be reviewed in Table 3. Kaplan-Meier curves according to mass 

effect, NLR and PLR are shown in Figure 3. 
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Discussion 

In our study, the prevalence of LTS was found to be 6.2% (27 out of 436 patients) of the overall de novo GBM 

diagnosed in the study period, which is within the range of prevalence reported in the literature (2.2% to 14,6%) 

[10, 11, 12, 13, 14, 15]. An OS of at least 36 months is generally accepted as the cut-off to define a long-term 

survivor, although such definition is not consensual, as exemplified by several studies who define long-term 

survival as 24 months [16, 17, 18] while others define it as 60 months [19, 20, 21], and others yet combine a 36- 

and 60-month period [22, 23]. In the present study, 36 months was deemed the most reasonable option, given the 

literature available and the composition of our cohort. The available evidence from studies carried out using an 

OS of 36 months was assessed to compare for variables such as age at diagnosis, sex, median OS and presentation. 

Age at presentation was generally slightly lower than our cohort, with a minimum of 47 years in one study [10], 

and only one study presenting a comparable age at presentation of 55 years [11]. Interestingly, regarding sex 

distribution in the analyzed cohorts, all exhibited males as the majority of patients, which does not hold true in 

our study, where 55.6% of patients are female. Regarding motor deficits at presentation, one study reported it as 

present in 13% of patients [12] and another reported 33% [13], the former having a larger cohort and the latter a 

smaller and more similar cohort to our study, which reports motor deficits at presentation in 37% of patients. 

Tumor localization in the frontal lobe was also assessed in the literature, and values ranged from 25% to 52% [11, 

12, 24, 14, 25], while our study reports 26% frontal tumors, being of note that Zreik et al report, in the largest 

cohort analyzed in the literature, a similar value of 31%, with 8757 patients in their group [11]. Finally, median 

OS was generally lower in the reviewed studies, ranging from 41 to 110 months, with only two studies reporting 

longer median OS [12, 13], while most reported lower median OS than the present study [10, 11, 24, 14, 26, 25]. 

Interestingly, although our matching cohort was matched for age, gender and performance status, the type of 

surgery and tumor characteristics (diameter, volume and EOR) were also fairly equivalent between groups. 

Numerous variables were analyzed and compared, and the available results point to significant differences 

between our study population and the matched cohort, namely in mass effect, NLR, PLR and involvement of 

subventricular zone.  

Mass effect is a sign that is generally accepted as being associated with poorer outcomes, whether it originates 

from trauma, stroke or a tumor, so it is not a surprising find that in our study the identification of mass effect on 

pre-operative MRI has been associated with shorter OS. This was found in 48.1% (n = 13) of patients in the study 

population versus 88.9% (n = 24) of the patients in the matched cohort for comparison, which proved to be a 

statistically significant difference (p = 0.006). As Steed et al point out, the clinical estimation by measuring 

midline shift, apart from the inter-operator variability in the assessment, constitutes a variable that lacks exact 

quantification, thus having the potential to underestimate the mass effect of tumors located in areas where the 

mass effect vector would be in an anterior/posterior or superior/inferior direction [27]. On the other hand, the 

existence of a tumor creating a mass effect can lead to raised intracranial pressure, which can cause neurological 

symptoms, prompting an earlier patient assessment and diagnosis, which can in turn favor a better prognosis [28]. 

Another recent area of interest that warrants further investigation is tumor infiltration through white matter tracts, 

rather than purely mass effect identification on imaging, as the means to identify patients that might have poor 

prognosis [29]. 

NLR and PLR are systemic inflammatory markers which have been studied as possible markers of prognostic 

outcome in GBM patients, as means to identify high risk patients and target more aggressive therapies to this 
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subgroup [30, 31]. Lei et al, in a recent systematic review using the same cut-off point of 4 concluded that a high 

NLR is related to poor survival [32], as is confirmed by the present study, which found a median NLR of 1.21 in 

the study group versus a median of 7.67 in the matching cohort (p < 0.0001). Although such difference in the 

NLR between the two groups correlates with current knowledge in the literature, further investigation would be 

welcomed to assess the dynamics of NLR during treatment, and its possible association with different treatment 

modalities, as is stated by Mason et al, that suggest that these dynamic changes in NLR during focal radiotherapy 

and concomitant TMZ could yield stronger prognostic information [33]. PLR is another inflammatory marker that 

was analyzed, and which yielded statistically significant differences between the study group and the matching 

cohort, suggesting a lower PLR is associated with a longer OS (p < 0.0001). Although this fact has been reported 

in several studies [34, 35, 36], such conclusions are not overall accepted as true, since some studies have found 

this relationship to be either non-existent to the extent that it constitutes a viable prognostic marker or that it does 

exist but is of a lesser value than the NLR as a prognostic marker [37, 38]. Given the fact that such differences 

still exist, further investigation would be warranted to clarify the role of PLR as a prognostic marker. 

The subventricular zone is an area that stands out as a prominent neural stem cell niche, which has led investigation 

into the possibility of it being related to the origin and biological behavior of GBM’s, as well as its implications 

in OS and tumor progression [39, 40]. In the present study, pre-operative MRI’s were analyzed and the tumor 

proximity to the SVZ was classified in four groups, as previously laid out. Subsequently, such classification was 

compared with the matching cohort, which yielded statistically significant differences (p = 0.049), suggesting that 

proximity to the SVZ (groups I and II) was more associated with the short-survival group, an outcome previously 

observed in other studies [41, 42, 15]. Although our study validates the findings of previous authors regarding the 

relationship between the tumor proximity to the SVZ and a decreased OS, further investigation is warranted to 

assess how this information can translate into effective targeted therapies. 

Although reports from QoL questionnaires are too few to draw any legitimate conclusions, it is our understanding 

that a tendency towards a preserved quality of life can be seen from both tools applied (EORTC QLQ-30 and 

QLQ-BN20). However, this is an area that would warrant further investigation to enable potential conclusions to 

be drawn. 

The present study has limitations, namely the fact that it is retrospective in nature, so prospective studies would 

be a welcomed addition to substantiate our findings. Another area we identify as a limitation in this study is the 

lack of complete molecular data, which could prove instrumental in understanding the biological behavior of these 

tumors, as well as possibly provide new insight into markers that could have a prognostic role or influence the 

overall prognosis of these patients in ways we are yet to uncover. 

 

 

 

Conclusion 

In our study, we identified a cohort of patients diagnosed with de novo GMB which reached a survival of at least 

3 years, accounting for 6.2% of all diagnosed GBM in the study period. The absence of mass effect, low serum 

inflammatory markers and low frequency of subventricular zone involvement were significantly more prevalent 

in long-term survivors than in non-long-term survivors. 
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Table 1: Clinical and tumor characteristics of study population 

 N (%) 
Sex 

Female 
Male 

 
15 (55.6) 
12 (44.4) 

Age (years), median 
range 

54  
30 - 76 

ECOG 
0 
1 
2 
3 
4 

 
19 (70.4) 
4 (14.8) 
1 (3.7) 
1 (3.7) 
2 (7.4) 

Charlson Comorbidity Index 
0 
1 
2 
3 
4 
5 
6 

 
- 
- 

8 (29.6) 
9 (33.3) 
4 (14.8) 
5 (18.5) 
1 (3.7) 

Motor deficits at presentation 
Yes 
No 

 
10 (37) 
17 (63) 

NLR, median 
range 

1.21 
0.16 - 18.8 

PLR, median 
range 

24.7 
8.13 - 353.16 

Median OS, months 
95% CI 

63 
38.6 - 87.4 

Median PFS 1, months  
95% CI  

17 
0.038 - 33.96 

Median PFS 2, months 
95% CI 

8 
0.16 - 15.84 

Median PFS 3, months 
95% CI 

3 
2.05 - 3.95 

Median PFS 4, months 
95% CI 

2 
- 

Median PFS 5, months 
95% CI 

2 
- 
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Table 1: Continued 

 N (%) 
Tumor localization 

Frontal 
Non-frontal 
Unknown 

 
7 (25.9) 
17 (63) 
3 (11.1) 

Tumor laterality 
Right 
Left 
Bilateral 
Unknown 

 
15 (55.6) 
8 (29.6) 
1 (3.7) 
3 (11.1) 

Tumor focality 
Unifocal 
Multifocal 
Unknown 

 
19 (70.4) 
5 (18.5) 
3 (11.1) 

Tumor mass effect 
Yes 
No 
Unknown 

 
13 (48.1) 
11 (40.7) 
3 (11.1) 

SVZ group 
I 
II 
III 
IV 
Unknown 

 
7 (25.9) 
4 (14.8) 
11 (40.7) 
2 (7.4) 
3 (11.1) 

Tumor volume (cc), mean 
range 

33.97 
5.89 - 125.54 

Largest diameter (cm), mean 
range 

4.40 
2.63 - 7-45 

ECOG: Eastern Cooperative Oncology Group performance status; NLR: Neutrophil-lymphocyte ratio; PLR: 
Platelet-lymphocyte ratio; OS: Overall survival; PFS: Progression-free survival; SVZ: Subventricular zone 

௻௿



Table 2: Treatment data of study population 

 N (%) 
First line CT 

TMZ 
 

27 (100) 
Second line CT 

BEV-based therapy 
Lomustine 
PCV 
TMZ 

 
11 (40.7) 
1 (3.7) 
1 (3.7) 
7 (25.9) 

Third line CT 
BEV-based therapy 
Lomustine 
PCV 
TMZ 

 
3 (11.1) 
2 (7.4) 
3 (11.1) 
3 (11.1) 

Fourth line CT 
Lomustine 
TMZ 

 
1 (3.7) 
1 (3.7) 

Fifth line CT 
PCV 

 
1 (3.7) 

Radiotherapy 
40.05 Gy 
52 Gy 
60 Gy 
Unknown 

 
2 (7.4) 
1 (3.7) 

23 (85.2) 
1 (3.7) 

Surgeries 
1 
2 

 
23 (85.2) 
4 (14.8) 

Type of surgery 
Total 
Subtotal 
Partial 
Biopsy 
Unknown 

 
14 (51.9) 
7 (25.9) 
3 (11.1) 
2 (7.4) 
1 (3.7) 

CT: Chemotherapy; TMZ: Temozolomide; BEV: Bevacizumab; PCV: Procarbazine, lomustine, vincristine 
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Table 3: Characteristics of long-term survival group versus matching cohort (age, gender and performance status 
matched) at baseline  

 LTS  
(>36 months) 

Matching cohort  
(<24 months) 

p 

 N (%) N (%) 0.690 
Age (years), median 
range 

54 
30-76 

54 
26-77 

 

Gender   0.276 
Female 15 (55.6) 11 (40.7)  
Male 12 (44.4) 16 (59.3)  

ECOG   0.669 
0 19 (70.4) 21 (77.8)  
1 4 (14.8) 4 (14.8)  
2 1 (3.7) 1 (3.7)  
3 1 (3.7) 1 (3.7)  
4 2 (7,4) -  

Tumor focality   0.451 
             Unifocal 19 (70.4) 24 (88.9)  
             Multifocal 5 (18.5) 3 (11.1)  
             Unknown 3 (11.1) -  
Type of surgery   0.788 

Total  14 (51.9) 15 (55.6)  
Subtotal  7 (25.9) 6 (22.2)  
Partial 3 (11.1) 6 (22.2)  
Biopsy 2 (7.4) -  
Unknown 1 (3.7) -  

SVZ group   0.039* 
I 7 (25.9) 11 (40.7)  
II 4 (14.8) 9 (33.3)  

               III 11(40.7) 7 (25.9)  
               IV 2 (7.4) -  
               Unknown 3 (11.1) -  
Mass effect 
             Yes 
             No 

 
13 (48.1) 
11 (40.7) 

 
24 (88.9) 
 3 (11.1) 

0.006* 

Largest diameter (cm), mean 4.4 4.98 0.167 
Tumor volume (cc), mean 33.9 39.7 0.293 
EOR (%), mean 90.5 88.9 0.187 
Residual tumor volume (cc), mean 2.29 3.96 0.434 
NLR 1.21 7.67 <0.0001* 
PLR 24.7 204.55 <0.0001* 
Second-line CT    

BEV-based therapy 11 (40.7) 16 (59.2)  
Lomustine 1 (3.7) -  
PCV 1 (3.7) -  
TMZ 7 (25.9) 1 (3.7)  

Third-line CT    
BEV-based therapy 3 (11.1) -  
Lomustine 2 (7.4) 3 (11.1)  
PCV 3 (11.1) 4 (14.8)  
TMZ 3 (11.1) 3 (11.1)  

median OS, months 
95% CI 

63 
38.6-87.4 

12 
11.2-12.8 

 

median PFS, months 
95% CI 

17 
0.04-33.96 

6 
3.5-8.5 

 

LTS: Long-term survival; ECOG: Eastern Cooperative Oncology Group performance status; SVZ: 
Subventricular zone; EOR: Extent of resection; NLR: Neutrophil-lymphocyte ratio; PLR: Platelet-
lymphocyte ratio. BEV: Bevacizumab; PCV: Procarbazine, lomustine, vincristine; TMZ: Temozolomide; 
CT: Chemotherapy; OS: Overall survival; PFS: Progression-free survival  

*p<0.05 deemed significant 
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Exclusion of duplicates (n = 38)
Exclusion of paediatric patients (n = 31)
Exclusion of patients without de novo GBM, high grade 
glioma or not meeting inclusion criteria (n = 1203)

Pathologydatabase (”CNS neoplasias”)
(n = 1708)

Selected patients for survival analysis (n = 436)

Exclusion of patients with OS inferior to 36 months (n = 408)

Selected patients for final analysis (n = 28)

Final cohort of patients (n = 27)

Exclusion of patients with diagnosis of Anaplastic Oligodendroglioma
following Anatomical Pathology review (n = 1)

Figure 1: Flowchart of patient selection
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Figure 2: Kaplan-Meier survival curve of long-term survivors 
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Figure 3: Kaplan-Meier survival curves according to mass effect, NLR, PLR and SVZ involvement 
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 Item 
No Recommendation 

Pag 
No 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 
abstract 

11 

(b) Provide in the abstract an informative and balanced summary of what was 
done and what was found 

11 

Introduction 
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported 

12 

Objectives 3 State specific objectives, including any prespecified hypotheses 12 

Methods 
Study design 4 Present key elements of study design early in the paper 13 

Setting 5 Describe the setting, locations, and relevant dates, including periods of 
recruitment, exposure, follow-up, and data collection 

13 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up 

13 

(b) For matched studies, give matching criteria and number of exposed and 
unexposed 

13 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria, if applicable 

13 

Data sources/ 
measurement 

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if 
there is more than one group 

13 

Bias 9 Describe any efforts to address potential sources of bias NA 

Study size 10 Explain how the study size was arrived at 30 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why 

13 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for 
confounding 

13 

(b) Describe any methods used to examine subgroups and interactions 13 

(c) Explain how missing data were addressed 13 

(d) If applicable, explain how loss to follow-up was addressed NA 

(e) Describe any sensitivity analyses 13 

Results  

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, 
completing follow-up, and analysed 

30 

(b) Give reasons for non-participation at each stage 30 

(c) Consider use of a flow diagram 30 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) 
and information on exposures and potential confounders 

25, 
26 

(b) Indicate number of participants with missing data for each variable of interest NA 

(c) Summarise follow-up time (eg, average and total amount) NA 

Outcome data 15* Report numbers of outcome events or summary measures over time 31 
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Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 
and why they were included 

28, 
29 

(b) Report category boundaries when continuous variables were categorized 27-
31 

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period 

NA 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses 

30-
31 

Discussion 
Key results 18 Summarise key results with reference to study objectives 14, 

15 
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 

Discuss both direction and magnitude of any potential bias 

17 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence 

16, 
17 

Generalisability 21 Discuss the generalisability (external validity) of the study results 16, 
17 

Other information 
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based 

NA 

 
*Give information separately for exposed and unexposed groups. 
 
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at http://www.strobe-statement.org. 
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