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Introduction

Glioblastoma, isocitrate dehydrogenase (IDH) wildtype 
(World Health Organization (WHO) grade 4) is the most 
common malignant primary brain tumour in adults with the 
worse prognosis [1]. Maximal safe resection [2–7] followed 
by standard chemoradiotherapy protocol [8] is the current 
standard of care. At imaging discovery, glioblastoma, IDH-
wildtype typically present with a ring-like pattern of con-
trast enhancement (CE) area surrounding central necrosis. 
The presence of a CE is linked to the presence of a micro-
vascular proliferation or to a blood-brain barrier disruption 
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Abstract
Background and objectives Contrast enhancement in glioblastoma, IDH-wildtype is common but not systematic. In the era 
of the WHO 2021 Classification of CNS Tumors, the prognostic impact of a contrast enhancement and the pattern of contrast 
enhancement is not clearly elucidated.
Methods We performed an observational, retrospective, single-centre cohort study at a tertiary neurosurgical oncology 
centre (January 2006 - December 2022). We screened adult patients with a newly-diagnosed glioblastoma, IDH-wildtype in 
order to assess the prognosis role of the contrast enhancement and the pattern of contrast enhancement.
Results We included 1149 glioblastomas, IDH-wildtype: 26 (2.3%) had a no contrast enhancement, 45 (4.0%) had a faint 
and patchy contrast enhancement, 118 (10.5%) had a nodular contrast enhancement, and 960 (85.5%) had a ring-like contrast 
enhancement. Overall survival was longer in non-contrast enhanced glioblastomas (26.7 months) than in contrast enhanced 
glioblastomas (10.9 months) (p < 0.001). In contrast enhanced glioblastomas, a ring-like pattern was associated with shorter 
overall survival than in faint and patchy and nodular patterns (10.0 months versus 13.0 months, respectively) (p = 0.033). 
Whatever the presence of a contrast enhancement and the pattern of contrast enhancement, surgical resection was an inde-
pendent predictor of longer overall survival, while age ≥ 70 years, preoperative KPS score < 70, tumour volume ≥ 30cm3, 
and postoperative residual contrast enhancement were independent predictors of shorter overall survival.
Conclusion A contrast enhancement is present in the majority (97.7%) of glioblastomas, IDH-wildtype and, regardless of 
the pattern, is associated with a shorter overall survival. The ring-like pattern of contrast enhancement is typical in glioblas-
tomas, IDH-wildtype (85.5%) and remains an independent predictor of shorter overall survival compared to other patterns 
(faint and patchy and nodular).
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and is a hallmark for higher-grade diffuse gliomas, which 
are characterized by neoangiogenesis [9]. In a recent study, 
the authors demonstrated that the presence of CE and that 
the pattern of CE (absence, faint and patchy, nodular, and 
ring-like) significantly impacted survival of diffuse astro-
cytomas [9]. This highlighted its usefulness as an easily 
available prognostic marker in an integrated grading sys-
tem [9]. However, literature on this topic is contradictory 
and difficult to compare, mainly due to differences in MRI 
techniques and imaging evaluation criteria, and to variations 
of tumour classification over time [10–13]. To diagnose a 
glioblastoma, IDH-wildtype in adults, the current 2021 
WHO Classification of Tumours of the Central Nervous 
System does not incorporate the preoperative MRI analy-
sis, and especially the pattern of CE. Several glioblastomas, 
IDH-wildtype, do not exhibit CE and have a radiological 
appearance that more closely resembles the classic radio-
logical appearance of a lower-grade glioma [14]. However, 
CE on MRI reflects macroscopically the degree of aggres-
siveness of a tumour and, therefore, may help refining prog-
nosis [9, 15]. If the presence of a CE helps grading diffuse 
astrocytomas according to the 2016 WHO Classification, 
there is no information of its prognostic significance in the 
specific subgroup of glioblastoma, IDH-wildtype according 
to the current 2021 WHO Classification. Numerous studies 
have been conducted on the prognostic impact of contrast 
enhancement in high-grade gliomas. However, few of them 
focused on a homogeneous population of glioblastomas, 
IDH-wildtype and, each time, included a small number of 
cases. Pons-Escoda et al. in 2024, summarized the impor-
tance of the pre-operative MRI analysis in the diagnosis 
of gliomas of any grade taking into account the new WHO 
2021 classification and especially the radiological differ-
ences between typical glioblastomas, IDH-wildtype and 
molecular ones [16].

In the present study, we assessed the prognostic sig-
nificance of CE and of the pattern of CE in adult patients 
harbouring a newly-diagnosed supratentorial glioblastoma, 
IDH-wildtype.

Methods

Study design

An observational, retrospective, single-centre cohort study 
was conducted at a tertiary neurosurgical oncology centre 
between January 2006 and December 2022 at the standard 
chemoradiotherapy protocol era and before the tumor-treat-
ing field era [8, 17]. The manuscript was written according 
to the Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) checklist [18].

Participants

Inclusion criteria were: (1) histo-molecular diagnosis of 
glioblastoma, IDH-wildtype according to the 2021 WHO 
Classification [1]; (2) available pre- and postoperative 
MRIs; and (3) available postoperative follow-up. Exclusion 
criteria were: (1) other histo-molecular subtypes; (2) lack 
of clinical, imaging and/or follow-up data; and (3) patients 
under 18 years.

Data collection

Data were systematically gathered from medical records 
using a protocol designed for the study by the first author 
(AR). Clinical characteristics at the time of histo-molecular 
diagnosis were: sex, age, and Karnofsky Performance Sta-
tus (KPS) score.

Imaging characteristics on preoperative MRI were 
evaluated on 3D gradient-echo T1 sequence and Fluid-
Attenuated with Inversion Recovery (FLAIR) sequence 
acquired in axial plane or 3D volume. The MRI protocols 
are detailed in the supplementary materials. The follow-
ing variables were assessed: presence of CE, pattern of CE 
(absence, faint and patchy, nodular-like, or ring-like sur-
rounding a central necrosis, as previously described [19]), 
and tumour volume (i.e. volume of the enhancement and 
central necrosis, obtained by lesion segmentation on preop-
erative 3D T1-weighted sequences with gadolinium based 
on a methodology previously described) [20]. Briefly, one 
evaluator segmented glioblastoma components on preop-
erative images with use of open-source Multi-Image Analy-
sis GUI software (2016, MANGO software, version 4.0.1; 
Research Imaging Institute, University of Texas Health Sci-
ence Center, San Antonio, http://ric.uthscsa.edu/mango/) 
and designed several semiautomated scripts from the macro 
command. We summed enhancing and necrotic components 
to form the whole solid tumor component, which constituted 
the subsequent region of interest [20]. Although no central 
imaging review was performed for all patients for the pur-
pose of the present study, 535 cases (46.6%) cases had previ-
ously been centrally reviewed in the framework of previous 
studies. For these cases, imaging data were obtained from 
an independent central radiological review by one neuro-
radiologist while blind to clinical, histopathological, and 
molecular reviews, and outcomes. Imaging data included: 
presence of a tumoral CE on preoperative MRI and the pat-
tern of CE (faint and patchy, nodular, and ring-like).

Treatment-related characteristics were: surgical treat-
ment (biopsy versus surgical resection), extent of surgical 
resection (partial resection defined by removal of < 90% of 
enhancing tumour, subtotal resection defined by removal of 
90–99% of enhancing tumour and total resection defined by 
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removal of 100% of enhancing tumour [21, 22]), comple-
tion of the standard chemoradiotherapy protocol (defined as 
≥ 6 cycles of adjuvant Temozolomide). We established the 
extent of resection by quantifying the volume of residual 
tumoral contrast enhancement on postoperative (within 
48 h) 3D T1-weighted fast spoiled gradient-recalled images. 
Long-term survivors were defined as patients alive ≥ 2 years 
since diagnosis.

Histomolecular diagnosis

The histological diagnosis of glioblastoma was done when 
microvascular proliferation or tumor necrosis were detected. 
Screening for IDH1 mutations was systematically carried 
out using immunohistochemistry targeting the IDH1R132H 
mutation. For patients < 55 years old, a targeted DNA-
sequencing of IDH1/2 mutations had additionally been per-
formed to identify minor IDH mutations. For patients with 
an IDH-wildtype diffuse astrocytoma lacking histological 
features of glioblastoma, further molecular analyses were 
performed to identify molecular signatures of glioblastoma: 
EGFR amplification, combined gain of chromosome 7 and 
loss of chromosome 10, and/or hTERT promoter mutation 
[1].

Statistical analyses

Continuous variables were described as mean ± standard 
deviation. Categorical variables were described as percent-
ages. Univariable analyses were carried out, computing 
unadjusted odds ratios, and using the chi-square or Fish-
er’s exact test for comparing categorical variables, and the 
unpaired t-test or Mann–Whitney U test for continuous vari-
ables, as appropriate. Unadjusted survival curves for over-
all survival (OS) and progression-free survival (PFS) were 
plotted by the Kaplan-Meier method, using log-rank tests to 
assess significance for group comparison. Cox proportional 
hazard models were constructed using a backward stepwise 
approach, adjusting for predictors previously associated at 
the p < 0.2 level with mortality and recurrence in unadjusted 
analysis. We retained only the variables significant at the 
p < 0.05 level. Statistical analyses were performed using 
JMP software (Version 17.2.0; SAS Institute Inc, Cary, 
North Carolina, USA).

Results

Clinical, imaging, and treatment-related 
characteristics

Patient characteristics are detailed in Table 1. The agree-
ment rate of the central imaging review of the 535 cases was 
99.3% (n = 531/535). The four discordant cases were clas-
sified as non-contrast enhanced glioblastomas after review. 
We included 1149 patients treated for a newly diagnosed 
supratentorial glioblastoma, IDH-wildtype (662 men; mean 
age of 62 ± 12 years, range 19–93). Twenty-six patients 
(2.3%) had a non-contrast enhanced glioblastoma, and 1123 
patients (97.7%) had a contrast enhanced glioblastoma: 
45 faint and patchy CE (4.0%), 118 nodular CE (10.5%), 

Table 1 Main characteristics of the study sample (n = 1149)
Parameters Whole series 

patients
(n = 1149)
n %

Clinical characteristics
Sex
 Male 487 42.4
 Female 662 57.6
Age
 <70 years 806 70.1
 ≥70 years 343 29.9
Preoperative Karnofsky Performance Status score
 ≥70 870 75.7
 <70 279 24.3
Imaging characteristics
Contrast enhancement
 No 26 2.3
 Yes 1123 97.7
Pattern of contrast enhancement
 No 26 2.3
 Faint and patchy 45 3.9
 Nodular 118 10.3
 Ring-like surrounding necrosis 960 83.5
Volume of the CE (cm3)
 <30 cm3 594 51.7
 ≥30 cm3 555 48.3
Treatment-related characteristics
Surgical treatment
 Biopsy 534 46.5
 Surgical resection 615 53.5
Extent of surgical resection (for CE glioblastomas, n = 1123)
 Biopsy 519 46.2
 Partial resection 101 9
 Subtotal resection 103 9.2
 Total and supratotal resection 400 35.6
Completion of standard radiochemotherapy protocol 
(n = 1114)
 No 522 46.9
 Yes 592 53.1
Survival characteristics
Long-term survivors
 No 955 83.1
 Yes 194 16.9
CE: contrast enhancement
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1.27 [95% CI 1.12–1.44], p < 0.001), and post-operative 
residual CE (aHR, 1.35 [95% CI 1.13–1.61], p = 0.001) 
were independently associated with a shorter PFS (Supple-
mentary Table 2).

In the whole series, the median OS was 11.0 months 
(95%CI, 10.0–12.0). The median OS was significantly higher 
in patients with a non-contrast enhanced glioblastoma (26.7 
months; 95%CI, 16.0-30.5) than in patients with a contrast 
enhanced glioblastoma (10.9 months; 95%CI, 10.0–12.0; 
p < 0.001) (Fig. 2A). In the subgroup of patients with a con-
trast enhanced glioblastoma (n = 1123, 97.7%), the median 
OS did not significantly differ between faint and patchy CE 
(12.5 months; 95%CI, 7.5–17.7), nodular CE (13.0 months; 
95%CI, 10.7–16.5), and ring-like CE (10.0 months; 95%CI, 
9.4–11.2; p = 0.071) (Fig. 2B). The median OS was signifi-
cantly shorter in ring-like CE surrounding central necrosis 
(10.0 months; 95%CI, 9.4–11.2) than in other patterns of 
CE (13.0 months; 95%CI, 11.0-16.2; p = 0.033) (Fig. 2C). 
After adjustments using Cox models, surgical resection 
(aHR, 0.53 [95% CI 0.45–0.64], p < 0.001) was indepen-
dently associated with a longer OS, while age ≥ 70 years 
(aHR, 1.47 [95% CI 1.28–1.69], p < 0.001), preoperative 
KPS score < 70 (aHR, 1.72 [95% CI 1.48–1.99], p < 0.001), 
presence of a CE whatever the CE pattern (aHR, 1.81 [95% 
CI 1.12–2.94], p = 0.015), tumour volume ≥ 30cm3 (aHR, 
1.44 [95% CI 1.26–1.63], p < 0.001), and post-operative 
residual CE (aHR, 1.46 [95% CI 1.22–1.75], p < 0.001) were 
independently associated with a shorter OS (Table 2). After 
adjustments using Cox models in the subgroup of patients 
with a contrast enhanced glioblastoma, surgical resection 
(aHR, 0.52 [95% CI 0.44–0.62], p < 0.001) was indepen-
dently associated with a longer OS, while age ≥ 70 years 
(aHR, 1.46 [95% CI 1.27–1.67], p < 0.001), preoperative 
KPS score < 70 (aHR, 1.71 [95% CI 1.48–1.98], p < 0.001), 
ring-like CE surrounding central necrosis (aHR, 1.20 [95% 
CI 1.01–1.42], p = 0.046), tumour volume ≥ 30cm3 (aHR, 
1.41 [95% CI 1.23–1.60], p < 0.001), and post-operative 
residual CE (aHR, 1.44 [95% CI 1.21–1.73], p < 0.001) 
were independently associated with a shorter OS (Table 3).

and 960 ring-like CE surrounding central necrosis (85.5%) 
(Table 1). The different CE patterns are illustrated in Fig. 1. 
For all the non-contrast enhanced tumour cases, we con-
firmed the diagnosis by identifying the molecular features 
of glioblastoma: EGFR amplification, combined gain of 
chromosome 7 and loss of chromosome 10, and/or hTERT 
promoter mutation. We found a significant higher rate of 
long-term survivor in the non-contrast enhanced glioblas-
toma than in patients with a contrast enhanced glioblastoma 
(42.3% versus 16.3%, respectively) (p = 0.002). Adjuvant 
oncological treatment was available for 1114 cases (97.0%) 
and the completion of the standard chemoradiation protocol 
was done in 592 cases (53.1%). The median time to start 
chemoradiation therapy was 6 weeks (mean 5.8 weeks +/- 
2.3 weeks).

Survival analyses

During the follow-up period (median,10.2 months; range, 
0-141), 1047 patients (91.1%) died and 1087 patients 
(94.6%) experienced disease progression.

In the whole series, the median PFS was 6.5 months 
(95%CI, 6.0–7.0). The median PFS was significantly higher 
in patients with a non-contrast enhanced glioblastoma (9.5 
months; 95%CI, 7.0–26.0) than in patients with a con-
trast enhanced glioblastoma (6.5 months; 95%CI, 6.0–7.0; 
p = 0.007) (Supplementary Fig. 1A). In the subgroup of 
patients with a contrast enhanced glioblastoma (n = 1123, 
97.7%), the median PFS did not significantly differ between 
faint and patchy CE (7.5 months; 95%CI, 5.0–10.0), nodu-
lar CE (7.0 months; 95%CI, 5.5–8.5), and ring-like CE sur-
rounding central necrosis (6.4 months; 95%CI, 6.0–7.0; 
p = 0.606) (Supplementary Fig. 1B). The median PFS did 
not significantly differ between ring-like CE surrounding 
central necrosis (6.4 months; 95%CI, 6.0–7.0) and other 
patterns of CE (7.0 months; 95%CI, 6.0-8.5; p = 0.294) 
(Supplementary Fig. 1C). After adjustments using Cox 
models, surgical resection (aHR, 0.59 [95% CI 0.50–0.70], 
p < 0.001) was independently associated with a longer 
PFS, while age ≥ 70 years (aHR, 1.22 [95% CI 1.07–1.40], 
p = 0.004), preoperative KPS score < 70 (aHR, 1.48 [95% 
CI 1.29–1.71], p < 0.001), tumour volume ≥ 30cm3 (aHR, 
1.27 [95% CI 1.12–1.44], p < 0.001), and post-operative 
residual CE (aHR, 1.37 [95% CI 1.15–1.63], p < 0.001) 
were independently associated with a shorter PFS (Supple-
mentary Table 1). After adjustments using Cox models in 
the subgroup of patients with a contrast enhanced glioblas-
toma, surgical resection (aHR, 0.58 [95% CI 0.49–0.69], 
p < 0.001) was independently associated with a longer 
PFS, while age ≥ 70 years (aHR, 1.23 [95% CI 1.08–1.41], 
p = 0.003), preoperative KPS score < 70 (aHR, 1.49 [95% 
CI 1.29–1.72], p < 0.001), tumour volume ≥ 30cm3 (aHR, 

Fig. 1 Illustrative cases
MRI illustration with 3 sequences (T1-weighted, T1-weighted with 
gadolinium injection and FLAIR). (Upper left) glioblastoma IDH-
wildtype without CE. (Upper right) glioblastoma IDH-wildtype with 
a faint and patchy CE. (Lower left) glioblastoma IDH-wildtype with 
a nodular CE. (Lower right) glioblastoma IDH-wildtype with a ring-
like CE surrounding central necrosis
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3 anaplastic astrocytomas, IDH-mutant [28]. In 2017, Zhou 
et al., found that no CE and a smooth non-enhancing margin 
were predictive of longer PFS while a smooth non-enhancing 
margin was a significant predictor of longer OS in lower-grade 
gliomas [12]. Michiwaki et al. in 2019, found a 76.1% rate of 
ring-like CE surrounding central necrosis in glioblastomas, 
IDH-wildtype [29]. They found a high sensitivity (0.89) and 
specificity (0.91) of ring-like CE surrounding central necro-
sis to predict a glioblastoma, IDH-wildtype and identified this 
pattern of CE as a strong predictor of worse prognosis at the 
molecular era [29]. Similar than the present study, they showed 
that the ring-like CE surrounding central necrosis was the most 
frequent pattern of CE but did not assess the other CE pat-
terns [29]. In 2020, Tesileanu et al. in a cohort of 268 newly 
diagnosed IDH-wildtype glioblastomas, found a rate of 7.4% 
of patients without contrast enhancement at diagnosis [14]. In 
2023, Pokhylevych et al., found a 81.2% rate of ring-like CE 
surrounding central necrosis in paediatric glioblastomas [30]. 
A recent study assessed a cohort of 629 diffuse astrocytomas 
including IDH-mutant and IDH-wildtype subtypes and found 
a significant impact of CE and of CE pattern on survivals [9]. 
PFS and OS were both significantly longer in the non-enhanc-
ing tumour subgroup than in the faint and patchy CE pattern 
subgroup, and than in the nodular and ring-like CE surround-
ing central necrosis pattern subgroup [9]. They confirmed that 
the pattern of CE observed on preoperative MRI significantly 
impacted survival, and especially the ring-like CE surrounding 
central necrosis pattern, which was associated with worse OS 
[9]. Moreover, they performed a combined histo-radiological 
neoangiogenesis evaluation assessing the presence/absence of 
microvascular proliferation (MVP+/MVP-) based on histo-
pathological analysis and the presence/absence of a CE (CE+/
CE-) based on imaging analysis with a very high correlation 
between them (96.3%). The remaining cases had coherent 
explanations: focal MVP for CE-/MVP + cases and presence 
of a marked perivascular lymphocytic inflammatory infil-
trates and a gemistocytic component for CE+/MVP- cases. 
They demonstrated that adding preoperative and postoperative 
imaging analyses to the current histo-molecular diagnosis in 
daily clinical practice seems interesting and useful. However, 
all these studies were performed before the new 2021 WHO 
Classification of CNS Tumors. In the present study, we demon-
strated similar results on glioblastomas, IDH-wildtype accord-
ing to the latest 2021 WHO Classification, which suggests the 
usefulness of integrating the CE parameters that are easily 
available biomarkers in an integrated radio-histo-molecular 
grading system [9].

The present results also suggest the importance of analysing 
the early postoperative MRI in order to assess the representa-
tivity of the tumoral sampling and the presence of a residual 
CE [9]. Many recent studies highlighted the importance of 

Discussion

Key results

In this retrospective, single-centre cohort study, we found 
that: (1) CE was typical in glioblastomas, IDH-wildtype, rep-
resenting 97.7% of cases; (2) when present, the CE patterns 
were ring-like surrounding central necrosis in 85.5% of cases, 
nodular in 10.5% of cases, faint and patchy in 4.0% of cases; 
(3) non-contrast enhanced glioblastoma had a higher rate of 
long-term survivor than in contrast enhanced glioblastoma; 
(4) non-contrast enhanced glioblastomas had longer survivals 
while ring-like CE surrounding central necrosis glioblastomas 
had shorter survivals; (5) in contrast enhanced glioblastoma, 
surgical resection represents independent predictors of longer 
survivals, while age ≥ 70 years, preoperative KPS score < 70, 
tumour volume ≥ 30cm3, and postoperative residual CE repre-
sent independent predictors of shorter survivals.

Interpretation

Contrast enhancement on MRI is a hallmark of glioblastoma, 
IDH-wildtype. This classical imaging description is challenged 
at the histo-molecular era: the diagnosis of glioblastoma can be 
made on non-enhanced tumour [23]. Non-contrast enhancing 
glioblastomas are defined by an abnormal signal intensity on 
FLAIR sequences without CE. Previous studies have suggested 
that non-contrast enhanced glioblastomas could be an early 
form of the disease [24–26]. A previous study identified this 
imaging subtype as “early-stage glioblastomas, IDH-wildtype” 
[9]. In 2018, the cIMPACT-NOW update 3 [23], integrated 
into the current 2021 WHO classification [1], defined the “dif-
fuse astrocytic glioma IDH-wildtype with molecular features 
of glioblastoma”. This entity described an astrocytoma, IDH-
wildtype without morphological grade 4 criteria (i.e. microvas-
cular proliferation and/or necrosis) but with molecular features 
of glioblastoma: EGFR amplification, combined gain of chro-
mosome 7 and loss of chromosome 10, and/or hTERT promoter 
mutation [23]. However, this entity, regardless of its imaging 
findings, de facto integrates contrast-enhanced glioblastoma 
with a surgical sampling limited to the non-enhanced portion 
of the tumour, non-contrast enhanced glioblastoma with his-
topathological grade 4 criteria (i.e. microvascular proliferation 
and/or necrosis), or a non-optimal contrast injection procedure 
[9]. In the present study, we identified non-contrast enhanced 
glioblastoma, IDH-wildtype as a very rare entity, representing 
2.3% of cases, with a better prognosis.

In diffuse gliomas, the CE patterns predict survival [12, 
27]. In 2009, Pallud et al., identified the nodular-like pattern of 
CE and the time-progressive CE as predictors of worse OS in 
grade 2 gliomas [19]. In 2015, Wang et al., found that the pres-
ence of CE was associated with shorter PFS and OS in grade 
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Fig. 2 Overall survival curves according to the Kaplan-
Meier method
(A) The median OS was significantly higher in the 
non-contrast enhanced glioblastomas (26.7 months; 
95%CI, 16.0-30.5) than in the contrast enhanced 
glioblastomas (10.9 months; 95%CI, 10.0–12.0) 
(p < 0.001). (B) In the subgroup of contrast enhanced 
glioblastomas (n = 1123, 97.7%), the median OS 
did not significantly differ between faint and patchy 
CE (12.5 months; 95%CI, 7.5–17.7), nodular CE 
(13.0 months; 95%CI, 10.7–16.5), and ring-like CE 
surrounding central necrosis (10.0 months; 95%CI, 
9.4–11.2) (p = 0.071). (C) In the subgroup of contrast 
enhanced glioblastomas (n = 1123, 97.7%), the median 
OS was significantly shorter in ring-like CE surround-
ing central necrosis (10.0 months; 95%CI, 9.4–11.2) 
than in other patterns of CE (13.0 months; 95%CI, 
11.0-16.2; p = 0.033)
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Limitations

The present results should be interpreted with caution given 
the retrospective, monocentric, and observational study design. 
We acknowledge the lack of systematic central imaging review 
for assessing the presence of CE and the pattern of CE (central 
imaging review performed in 46.6% of cases). The imbalance 
between the subgroup of non-contrast enhanced glioblastomas 
compared to contrast enhanced glioblastomas may have biased 
statistical analyses and precluded carrying statistical analyses 
on this subgroup and to study the impact of the extent of resec-
tion whose definition is different from the contrast enhanced 
glioblastomas [31]. Several variables of potential interest were 
not systematically collected in our dataset, including diffusion-
weighted imaging (DWI), the dynamic susceptibility contrast 
perfusion-weighted imaging (DSC-PWI), the histopathologi-
cal criteria (i.e. mitosis, necrosis and microvascular prolifera-
tion), and the MGMT promoter methylation status that may 
have impacted radiological and survival analyses. The lack of 
an external validation set also limited the generalizability of the 
results. Further confirmatory analyses are required.

accurately assess the extent of resection and the postoperative 
residual CE and non-CE volume [3, 31, 32].

Generalizability

We report a large study assessing the prognostic significance of 
CE on a single-centre, homogeneous cohort reflecting the real-
life management of newly diagnosed supratentorial glioblas-
toma, IDH-wildtype in adults. We identified the presence of 
CE but also the pattern of CE as independent predictors of sur-
vivals (PFS and OS). Our results suggest incorporating these 
imaging criteria on the daily management of glioblastoma 
patients to refine their prognosis and management. In addition, 
we suggest incorporating CE parameters on future clinical tri-
als as potential confounding factors. However, these results 
cannot be extrapolated to paediatric patients, to recurrent glio-
blastomas, IDH-wildtype and to other subtypes of high-grade 
gliomas (i.e. IDH-mutant, H3K27M-mutant, H3G34-mutant).

Table 2 Predictors of overall survival in the whole series (n = 1149). Unadjusted and adjusted hazard ratios by Cox proportional hazards model
Parameters Unadjusted Hazard Ratio Adjusted Hazard Ratio

uHR 95% CI p-value aHR 95% CI p-value
Clinical characteristics
Sex
 Female 1 (ref)
 Male 1.07 0.95–1.21 0.258
Age
 <70 years 1 (ref) 1 (ref)
 ≥70 years 1.68 1.47–1.91 < 0.001 1.47 1.28–1.69 < 0.001
Preoperative Karnofsky Performance Status score
 ≥70 1 (ref) 1 (ref)
 <70 2.01 1.74–2.32 < 0.001 1.72 1.48–1.99 < 0.001
Imaging characteristics
Contrast enhancement
 No 1 (ref) 1 (ref)
 Yes 2 1.27–3.15 0.003 1.81 1.12–2.94 0.015
Tumour volume (cm3), median 28.5cm3

 <30 cm3 1 (ref) 1 (ref)
 ≥30 cm3 1.31 1.16–1.48 < 0.001 1.44 1.26–1.63 < 0.001
Treatment-related characteristics
Surgical treatment
 Biopsy 1 (ref) 1 (ref)
 Surgical resection 0.44 0.39–0.50 < 0.001 0.53 0.45–0.64 < 0.001
Extent of surgical resection
 Biopsy and partial resection 1 (ref)
 Subtotal, total and supratotal resection 0.44 0.38–0.49 < 0.001
Post-operative residual contrast enhancement*
 No 1 (ref) 1 (ref)
 Yes 2.31 2.02–2.63 < 0.001 1.46 1.22–1.75 < 0.001
CI: confidence interval; uHR: unadjusted Hazard ratio; aHR: adjusted Hazard ratio; CE: contrast enhancement;
* No = total and supratotal resections; Yes = no-CE tumours, biopsy, partial and subtotal resection
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Conclusion

The ring-like pattern of CE surrounding central necrosis is 
typical in glioblastomas, IDH-wildtype, representing 85.5% 
of cases, while the absence of CE is rare, representing 2.3% 
of cases. The presence/absence and pattern of CE in MRI are 
independent survival (OS) predictors in glioblastomas, IDH-
wildtype. Further histo-molecular analyses are required to 
understand the differences in prognosis between non-contrast 
enhancing and contrast enhancing glioblastomas, IDH-wild-
type in adults.
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Table 3 Predictors of overall survival in contrast enhanced glioblastoma patients (n = 1123). Unadjusted and adjusted hazard ratios by Cox pro-
portional hazards model
Parameters Unadjusted Hazard Ratio Adjusted Hazard Ratio

uHR 95% CI p-value aHR 95% CI p-value
Clinical characteristics
Sex
 Female 1 (ref)
 Male 1.07 0.95–1.21 0.257
Age
 <70 years 1 (ref) 1 (ref)
 ≥70 years 1.68 1.47–1.92 < 0.001 1.46 1.27–1.67 < 0.001
Preoperative Karnofsky Performance Status score
 ≥70 1 (ref) 1 (ref)
 <70 2.01 1.74–2.32 < 0.001 1.71 1.48–1.98 < 0.001
Imaging characteristics
Pattern of contrast enhancement*
 Non necrotic 1 (ref) 1 (ref)
 Necrotic 1.2 1.01–1.44 0.036 1.2 1.01–1.42 0.046
Tumour volume (cm3)
 <30 cm3 1 (ref) 1 (ref)
 ≥30 cm3 1.31 1.16–1.48 < 0.001 1.41 1.23–1.60 < 0.001
Treatment-related characteristics
Surgical treatment
 Biopsy 1 (ref) 1 (ref)
 Surgical resection 0.44 0.39–0.50 < 0.001 0.52 0.44–0.62 < 0.001
Extent of surgical resection
 Biopsy and partial resection 1 (ref)
 Subtotal, total and supratotal resection 0.42 0.37–0.47 < 0.001
Post-operative residual contrast enhancement**
 No 1 (ref) 1 (ref)
 Yes 2.26 1.98–2.58 < 0.001 1.44 1.21–1.73 < 0.001
CI: confidence interval; uHR: unadjusted Hazard ratio; aHR: adjusted Hazard ratio; CE: contrast enhancement;
* Necrotic = ring-line CE surrounding necrosis; Non necrotic: faint and patchy CE and nodular CE
** No = total and supratotal resections; Yes = biopsy, partial and subtotal resection
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