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Abstract
Background. The aim of this study is to address the paucity of epidemiological data regarding the characteristics, 
treatment patterns and survival outcomes of Chinese glioblastoma patients.
Methods.   This was a population-level study of Hong Kong adult (>18 years) Chinese patients with newly diag-
nosed histologically confirmed glioblastoma between 2006 and 2019. The age standardized incidence rate (ASIR), 
patient-, tumor- treatment-related characteristics, overall survival (OS) as well as its predictors were determined.
Results.  One thousand and ten patients with a median follow-up of 10.0 months were reviewed. The ASIR of glio-
blastoma was 1.0 per 100 000 population with no significant change during the study period. The mean age was 57 
+ 14 years. The median OS was 10.6 months (IQR: 5.2–18.4). Independent predictors for survival were: Karnofsky 
performance score >80 (adjusted OR: 0.8; 95% CI: 0.6–0.9), IDH-1 mutant (aOR: 0.7; 95% CI: 0.5–0.9) or MGMT meth-
ylated (aOR: 0.7; 95% CI: 0.5–0.8) glioblastomas, gross total resection (aOR: 0.8; 95% CI: 0.5–0.8) and temozolomide 
chemoradiotherapy (aOR 0.4; 95% CI: 0.3–0.6). Despite the significant increased administration of temozolomide 
chemoradiotherapy from 39% (127/326) of patients in 2006–2010 to 63% (227/356) in 2015–2019 (P-value < .001), 
median OS did not improve (2006–2010: 10.3 months vs 2015–2019: 11.8 months) (OR: 1.1; 95% CI: 0.9–1.3).
Conclusions. The incidence of glioblastoma in the Chinese general population is low. We charted the development 
of neuro-oncological care of glioblastoma patients in Hong Kong during the temozolomide era. Although there 
was an increased adoption of temozolomide chemoradiotherapy, a corresponding improvement in survival was 
not observed.

Patterns of care and survival of Chinese glioblastoma 
patients in the temozolomide era: a Hong Kong 
population-level analysis over a 14-year period
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Glioblastoma is the commonest primary malignant brain 
tumor in adults accounting for 60% of gliomas and 15% of 
all central nervous system tumors.1 In spite of standard-
of-care treatment consisting of maximal safe resection 
followed by temozolomide (TMZ) chemotherapy and ra-
diotherapy (RT), the prognosis remains poor.2–4 Studies 
have documented the median overall survival (OS) of gli-
oblastoma patients to vary from 12 to 15 months, but pre-
dominantly involved patients from Western countries.1,5 
In contrast, few epidemiologic studies of Chinese patients 
exist although distinct racial differences in the incidence, 
molecular profile and prognosis of Asians are increasingly 
being recognized.6

Brain tumor registries are vital in understanding the 
burden of disease and to harmonize care among pa-
tients from different regions or ethnicities.7,8 In 2018, the 
National Brain Tumor Registry of China (NBTRC) was ini-
tiated to prospectively collect data from 2019 to 2024 from 
54 participating hospitals.8 However, until this registry is 
completed, there is a lack of patient-level clinical, tumor bi-
omarker and treatment data among Chinese glioblastoma 
patients which are crucial for conducting multicenter clin-
ical research. The Chinese Glioma Genome Atlas (CGGA), 
the only publicly-accessible database established in 2012, 
lacks information on patient Karnofsky performance status 
(KPS) and extent of resection, both known important pre-
dictors for OS.9

Hong Kong is a special administrative region in China 
with a population of 7.8 million where 94% of the popula-
tion is ethnic Chinese.10 Universal healthcare is delivered 
by the Hospital Authority (HA), a statutory body that man-
ages all public hospitals, accounting for 90% of inpatient 
bed-days in the city. To address the lack of epidemiologic 
studies reviewing glioblastoma in adult Chinese patients, 
we established the Hong Kong Glioblastoma Registry, a 
population-level database to determine the incidence, 
treatment patterns, overall survival and its predictors over 
a 14-year period in the TMZ era. Comparisons were then 
made with publicly-accessible glioblastoma databases.

Materials and Methods

Study Population and Data Collection

This was a multicenter retrospective study that was ap-
proved by the HA institutional review board (reference 
number: KC/KE-18-0262/ER-4). Adult Chinese patients age 
18 years or older with a new diagnosis of histologically con-
firmed cerebral glioblastoma from the 1 January 2006 to 31 
December 2019 were reviewed. The pathological diagnosis 
was established in accordance with the prevailing World 
Health Organisation (WHO) Classification of Tumors of the 
Central Nervous System (CNS) at the time. During 2006, gli-
oblastoma was diagnosed as specified by the 2nd edition of 

the WHO classification.11 From 2007 to 2015, the diagnosis 
was made with regard to the 2007 3rd edition and from 
2016 to 2019 in accordance with the 2016 4th edition.12,13 
Through the HA electronic medical record system, patients 
were first identified by the International Classification of 
Diseases for Oncology, Third Edition (ICD-O-3) nomencla-
ture for cancer topography, ie brain (“C711-C719”), and his-
tological type, glioblastoma (“9440/3”). Patients with the 
histological codes for gliosarcoma/gliofibroma (“9442”) 
or giant cell glioblastoma (“9441”) were excluded as they 
represent prognostically and epidemiologically distinct 
groups. Clinical data was broadly categorized into patient-, 
tumor- and treatment-related factors. Patient-related data 
included age, gender and pretreatment KPS. Tumor-related 
data included its location, isocitrate dehydrodegenase-1 
(IDH-1) mutation status and promoter O6-methylguanine-
methyltransferase (pMGMT) methylation status. The 
former was determined by immunohistochemistry or by 
DNA sequencing when the results were equivocal or if the 
patient was younger than 55 years-old. pMGMT methyla-
tion analysis was performed by methylation-specific pol-
ymerase chain reaction. Extent of resection (EOR) was 
defined according to the neurosurgeon’s description from 
operation records and was categorized into either biopsy, 
subtotal resection (STR) or gross total resection (GTR).

The primary endpoint was OS, defined as the date of the 
first surgery that confirmed the diagnosis of glioblastoma 
until death. Cases were subdivided into 3 time periods 
according to the year of diagnosis. The period between 
1 January 2006 and 31 December 2010, was considered 
the “incipient” phase when TMZ + RT and the importance 
of pMGMT methylation testing was increasingly recog-
nized.2,14 In Hong Kong, temozolomide was first incorpo-
rated into the Hospital Authority’s drug formulary in 2010, 
but was listed as a self-financed item. Between 1 January 
2011 and 31 December 2014 was considered the “transi-
tion” phase, when conditional governmental safety net 
funding for TMZ to treat pMGMT methylated glioblastoma 
patients was approved and a renewed appreciation for 
significance of EOR on prognosis was established.15 From 
1 January 2015 to 31 December 2019 was determined the 
“modern” era where standardized biomarker testing ac-
cording to the 4th WHO Classification was made widely 
available and safety net governmental funding was ex-
panded to all glioblastoma patients regardless of pMGMT 
methylation status.12 Cases were censored by 31 October 
2021.

Database Comparisons

Three publicly accessible clinical databases of glio-
blastoma patients were interrogated. They were: The 
Cancer Genome Atlas (TCGA, https://cancergenome.
nih.gov) using the glioblastoma dataset made avail-
able in 2013; the Chinese Glioma Genome Atlas (CGGA,  
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http://cgga.org.cn, dataset: mRNAseq_693) made available 
in 2015 and the REpository for Molecular BRAin Neoplasia 
DaTa (REMBRANDT) 2018 database (https://www.ncbi.
nlm.nih.gov/geo/query/acc.cgi?acc=GSE108474, dataset: 
GSE108474).9,16,17 The CGGA is a database consisting of 
clinically-annotated glioblastoma patient-derived molec-
ular data collected from a consortium of six academic in-
stitutions from Northern China.9 The REMBRANDT project 
was a joint initiative of the US National Cancer Institute 
and the National Institutes of Neurological Disorders and 
Stroke that consisted of prospectively collected clinical-
molecular data acquired from 14 academic institutions in 
North America from 2004 to 2006.17 Only adult patients 
with new histologically confirmed glioblastoma were in-
cluded in this study (Figure 1). The characteristics and OS 
outcomes of patients from these databases were then 
compared to the Hong Kong cohort.

Statistical Analysis

Age-standardized glioblastoma incidence per 100 000 Hong 
Kong inhabitants was calculated using standard popula-
tion data from the Hong Kong Annual Digest of Statistics, 
Census and Statistics Department, The Government of 
the Hong Kong Special Administrative Region.18 The rela-
tive annual change in the age-standardized incidence rate 

(ASIR) was estimated using Poisson regression and the 
Davies’ test was utilized to detect significant changes in 
incidence trends. Survival analysis was performed using 
multivariate Cox proportional hazards modeling. Survival 
probabilities were represented by Kaplan-Meier plots and 
subgroup analysis by log-rank testing. Independent sam-
ples t-testing and chi-squared testing was conducted to 
compare variables across databases. One-way analysis of 
variance (ANOVA) was also carried out for continuous data 
across different categorical variables. A P-value of <.05 was 
considered statistically significant. Competing risk analysis 
was not performed since glioblastoma patients generally 
had short survival durations. All tests were performed util-
izing the Statistical Package for the Social Sciences soft-
ware version 21.0 (SPSS Inc., Chicago, Illinois, USA).

Results

A total of 1059 consecutive Hong Kong patients were iden-
tified with newly diagnosed histologically confirmed glio-
blastoma during this 14-year period. One thousand and ten 
patients were reviewed for this study. Forty-nine were ex-
cluded since 23 (2.2%) were younger than 18 years old and 
26 (2.5%) were not Chinese. The demographics, tumor and 
treatment data of these patients are presented in Table 1. 

  
1841 Glioblastma patients from 4 publicly-accessible databases

Hong Kong
1059 patients

CGGA
249 patients

REMBRANDT
261 patients

49 patients excluded
23 < 18 years

26 not Chinese

110 patients excluded
      109 recurrent tumors
        1 < 18 years

110 patients excluded
      63 inadequate clinical data
      43 no histological confirmation

1010 reviewed

139 reviewed 155 reviewed
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40 patients excluded
40 < 18 years
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577 patients

Figure 1.  Flow diagram illustrating the total number of adult glioblastoma patients reviewed from each database. N.B. TCGA, The Cancer 
Genome Atlas; CGGA, Chinese Glioma Genome Atlas; REMBRANDT, Repository of Molecular Brain Neoplasia Data.
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Table 1.  Patient, Tumor and Treatment Characteristics for Each Glioblastoma Treatment Phase

 Total Incipient phase Transitional phase Modern phase  

2006–2010 2011–2014 2015–2019

n = 1010 (%) n = 326 (%) n = 328 (%) n = 356 (%)

Patient factors

  Age at diagnosis, years, mean ± SD 57.0 ± 13.6 57.0 ± 14.4 59.0 ± 13.6 60.0 ± 12.7

  Age categories

    18–49 260 (26) 96 (30) 86 (26) 78 (22)

    50–59 275 (27) 86 (27) 88 (27) 99 (28)

    60–69 286 (28) 72 (22) 100 (31) 116 (33)

    70–79 163 (16) 57 (18) 47 (14) 59 (17)

    ≥80 26 (3) 15 (5) 7 (2) 4 (1)

  Male 626 (62) 204 (63) 206 (63) 215 (60)

  KPS

    <80 594 (59) 169 (52) 215 (66) 209 (59)

    ≥80 416 (41) 157 (48) 113 (35) 147 (41)

  Follow-up time, months, median (IQR) 10 (5–20) 10 (5–20) 10 (4–18) 11 (5–21)

Tumor factors

  Location by lobe

    Frontal 379 (37) 124 (38) 102 (31) 133 (37)

    Temporal 270 (27) 86 (27) 94 (29) 91 (26)

    Parietal 229 (23) 65 (20) 81 (25) 82 (23)

    Central core* 56 (6) 14 (3) 18 (6) 21 (6)

    Occipital 41 (4) 13 (4) 12 (4) 16 (5)

    Cerebellum 31 (3) 12 (4) 13 (4) 6 (2)

    Brainstem 4 (0.4) 0 2 (0.6) 2 (0.6)

  IDH-1 status† (valid %)

    Mutant 51 (12) 5 (56) 14 (15) 33 (11)

    Wild-type 362 (88) 4 (44) 82 (85) 276 (89)

    Missing 597 317 232 47

  pMGMT status‡ (valid %)

    Methylated 303 (45) 56 (44) 121 (46) 127 (44)

    Unmethylated 375 (55) 70 (56) 140 (54) 165 (57)

    Missing 332 200 67 64

Treatment factors

  Extent of resection

    GTR 312 (31) 100 (30) 103 (31) 110 (31)

    STR 545 (54) 184 (57) 173 (53) 187 (53)

    Biopsy 153 (15) 42 (13) 52 (16) 59 (17)

  TMZ + RT 516 (51) 127 (39) 161 (49) 227 (63)

  Chemotherapy only 67 (7) 25 (8) 17 (5) 25 (7)

  RT only 273 (27) 107 (33) 100 (30) 66 (19)

  No adjuvant treatment 155 (15) 67 (21) 50 (15) 38 (11)

N.B. KPS, Karnofsky performance status; IDH-1, isocitrate dehydrogenase-1; pMGMT, methylguanine-methyltransferase promoter; GTR, gross 
total resection; STR, subtotal resection; TMZ, temozolomide; RT, radiotherapy.
*Central core comprises of the insula, basal ganglia and the thalamus.
†41% (413/1010) specimens had IDH-1 mutation testing.
‡67% (678/1010) specimens underwent pMGMT methylation testing.
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Follow-up was complete for 98% (990/1010) of patients. The 
mean follow-up duration was 16.6 + 19.3 months (median 
follow-up: 10.0  months; IQR: 5.0–19.8). The ASIR of glio-
blastoma was 1.0 per 100 000 population and there was no 
significant year-on-year difference (P-value: .66). The mean 
age of patients was 57.0 + 13.6  years with a median of 
59.0 years (IQR: 49.0–66.0). The peak incidence was at the 
50-to-69 years age group (Figure 2). The majority were men 
with a female: male ratio of 1: 1.6 and 41% (416/1010) of pa-
tients had a preoperative KPS of 80–100. For those with the 
relevant tumor molecular biomarker testing performed, 
45% (303/678) of glioblastomas were pMGMT methylated 
and 12%, (51/413) were IDH-1 mutant.

Patterns of Care in Hong Kong

Only 31% (312/1010) of patients underwent gross total 
tumor resection. The majority had subtotal resections 
(535, 54%) and 15% (152/1010) had tumor biopsies (Table 
1). Half of patients (516, 51%) received adjuvant TMZ + RT 
and 27% (273) had RT alone. For the time periods of care 
in the TMZ era, 326 (32%) patients were diagnosed in the 
incipient phase (2006–2010), 328 (32%) patients in the tran-
sitional phase (2011–2014) and 356 (35%) patients in the 
modern phase (2015–2019). The proportion of tumors that 
were grossly resected were comparable over the 3 time-
periods (P-value: .42). In contrast, there was a significant 
stepwise increase in the number of patients that received 

TMZ + RT from the initial incipient phase: 39% (127), to the 
transitional phase: 49% (161) and the modern phase: 63% 
(227) (P-value < .001). Consequently, significantly fewer 
patients received conservative management reflecting 
a trend for adopting standard-of-care therapy (P-value < 
.001). Similarly, pMGMT and IDH-1 molecular tumor pro-
filing was more increasingly performed. In the transitional 
phase, there was a considerable increase in pMGMT meth-
ylation testing (80%, 261/328) compared to the previous in-
cipient phase (39%, 126/326) that coincided with the rise in 
TMZ + RT (P-value: .03). IDH-1 mutation testing has also 
increased from just 3% (9/326) in the incipient phase to 
87% (309/356) in the modern phase (P-value: .04). The in-
dependent factors that influenced the prescription of TMZ 
+ RT for Hong Kong patients were: age > 70 years (adjusted 
OR: 0.7; 95% CI: 0.5–0.9), a preoperative KPS > 80 (aOR: 2.0; 
95% CI: 1.5–2.9), methylated tumors (aOR: 1.6; 95% CI: 1.1–
2.1) and GTR (aOR: 1.4; 95% CI: 1.0–2.0).

Trends and Predictors of Overall Survival

The median OS (mOS) for Chinese glioblastoma patients 
was 10.6  months (IQR: 5.2–18.4) with the proportions 
of patients achieving 12- and 24-month survival being 
45% (464/1010) and 20% (204/1010), respectively. From 
univariate analysis, predictors for improved OS were 
patient age < 70 years (log-rank test, P-value: .04), a pre-
operative KPS of > 80 (P-value < .001), IDH-1 mutant status,  
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(P-value < .001), pMGMT methylated status (P-value < .001),  
GTR (P-value: .03) and TMZ + RT (P-value < .001)  
(Figure 3). Multivariate analysis revealed that patients with 
a KPS of > 80 (adjusted OR: 0.8; 95% CI: 0.6–0.9), IDH-1 mu-
tant (aOR: 0.7; 95% CI: 0.5–0.9) or pMGMT methylated (aOR: 
0.7; 95% CI: 0.5–0.8) glioblastomas, GTR (aOR: 0.8; 95% CI: 
0.5–0.8) and TMZ + RT (aOR 0.4; 95% CI: 0.3–0.6) were in-
dependent predictors for OS (Table 2). Since glioblastoma 
pMGMT status was identified as a major determinant for 
prescribing standard-of-care treatment, a subgroup anal-
ysis was performed to evaluate the efficacy of TMZ + RT vs 
adjuvant RT alone for patients with pMGMT unmethylated 
tumors (Supplementary Table 3). 56% (211/375) of these 
patients received TMZ + RT and a survival benefit was 
observed compared to those that only had RT. The mOS 
of patients was 13.6 months (IQR: 9.1–20.4) compared to 
9.8 months (IQR: 6.8–15.3) for those that received RT alone 
(P-value: .004). After adjusting for age, preoperative KPS, 
extent of resection and IDH-1 mutation status, TMZ + RT 
was an independent significant determinant of OS with an 
aOR of 1.6 (95% CI: 1.0–2.3) (Figure 4a).

Although an increase in OS was observed over the 
14-year time period, the rise was insignificant (P-value: 
.41). For the incipient phase the mOS was 10.3  months 
(IQR: 5.6–20.4), the transition phase, 10.8  months (IQR: 
4.6–18.7) and the modern phase was 11.9 months (IQR: 5.3–
22.0) (Figure 4b). The 12-, 24-, 36-month survival rates for 
each phase were also comparable (Supplementary Table 
4). Survival outcomes also did not improve with time when 
subgroup analyses were performed for patients younger 
than 60 (P-value: .56) or 70 years (P-value: .75).

Comparison with Publicly Accessible 
Glioblastoma Databases

A total of 1841 adult glioblastoma patients from four inde-
pendent cohorts, including the present registry, were ana-
lyzed. The Hong Kong registry comprised 55% (1010/1841) 
of patients (Supplementary Table 5). The age (P-value: .44) 
and gender distribution (P-value: .10) of Hong Kong patients 
were similar to the other databases. A significantly larger 
proportion of TCGA cohort patients had a preoperative KPS 
> 80 (56%) compared to the Hong Kong and REMBRANDT 
cohort patients where only 40% had good functional per-
formance (P-value < .001). However, a greater proportion 
of tumors were IDH-1 mutant in both the Hong Kong (12%) 
and CGGA cohorts (18%) compared to TCGA cohort (7%) 
(P-value < .01). With regard to treatment, 31% of Hong 
Kong patients underwent GTR which was comparable to 
the REMBRANDT cohort (35%) (P-value: .09). No such data 
was available from the TCGA and CCGA databases. Only 
half of Hong Kong patients (51%) received TMZ + RT which 
was similar to the TCGA (41%) and REMBRANDT (44%) co-
horts, but was significantly lower than the CGGA cohort 
(73%) (P-value < .001).

The mOS of Hong Kong registry patients was the shortest 
of the publicly-accessible databases, but was insignificant 
compared to patients of the TCGA (P-value: .11) and CGGA 
(P-value: .09) cohorts (Tables 2, Supplementary Table 5 and 
Figure 5). A significantly larger proportion of CGGA cohort 
patients were able to achieve 12- and 24-month survival 

compared to the Hong Kong and TCGA cohorts (P-value: 
< .01). Patients of the REMBRANDT cohort had a substan-
tially longer mOS as well as the highest 12-, 24-, 36-month 
and 5-year survival rates among all the databases (P-value 
< .001) (Supplementary Table 5).

Discussion

The age-standardized incidence rate of glioblastoma 
among Chinese is 1.0 per 100 000 person-years and has 
remained unchanged during this 14-year study period. 
Previously cited rates for Chinese of 1–4 per 100 000 were 
founded on individual institutional brain tumor registries 
with limited information regarding a definitive histological 
diagnosis of glioblastoma and follow-up rates.19,20 In com-
parison, the current registry reviewed population-based 
public healthcare provider data with a 98% follow-up rate. 
The incidence of glioblastoma among Chinese is lower 
than Caucasians from North America (3.9 per 100 000 
person-years) or those from European countries such as 
Switzerland (3.9 per 100 000), Austria (3.4 per 100 000), 
France (3.3 per 100 000), Finland (2.9 per 100 000)  and 
Denmark (males: 6.3 per 100 000; females: 3.9 per 100 
000).6,21–25 Chinese glioblastoma incidence was also lower 
than the Japanese (2.6 per 100 000), Indians (2.5 per 100 
000), African-Americans (1.8 per 100 000) and Asian Pacific 
Islanders (1.5 per 100 000), but similar to South Koreans 
(1.1 per 100 000).6,26–28 Previous investigators commented 
that the ASIRs of glioblastoma were higher for industrial-
ized nations, attributing the cause to socio-economic differ-
ences or under reporting among low-and-middle-income 
countries. Yet developed Asian countries such as Japan and 
South Korea have consistently recorded a lower incidence 
than Caucasians.29 In Hong Kong, an affluent South-east 
Asian city that offers universal healthcare, our findings 
support the possibility of an underlying racial predisposi-
tion to gliomagenesis that is seldom explored. Some have 
demonstrated that among non-Caucasian astrocytoma pa-
tients a significantly higher proportion of tumors had TP53 
mutations compared to Caucasians.30,31 But these studies 
reviewed a limited number of patients and other epidemio-
logical surveys have so far failed to detect a distinct molec-
ular profile among Asians.32

The most significant therapeutic breakthrough for gli-
oblastoma in the last 15  years was the introduction of 
TMZ + RT as standard-of-care treatment.2,5 The land-
mark trial that compared multimodal therapy to RT 
alone documented an improvement in mOS from 12.1 to 
14.6 months.2 Multimodal therapy has subsequently been 
incorporated in several clinical practice guidelines as level 
I recommended first-line treatment.3,4 A meta-analysis re-
vealed a doubling of 2-year survival rates since its adop-
tion from 9% to 18%.5 The current study determined the 
territory-wide mOS of Chinese patients in the TMZ-era was 
10.6  months which is in line with other population-level 
studies from western Europe, North America and Australia 
where mOS ranged from 9.7 to 11.7  months.23–25,33,34 
The 2-year survival rate of 20.0% was also comparable 
to other national brain tumor registry data recording 
rates of 16.6 to 25.0%.23–25,33,34 It is a common to observe 
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shorter OS durations in real-world cancer studies com-
pared to that reported in clinical trials. Rigorous subject 
eligibility criteria including age, functional performance, 

comorbidities, study protocol-driven scanning schedules 
for early detection of tumor recurrence, as well as en-
hanced access to care are frequent sources of selection 
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Figure 3.  Kaplan-Meier overall survival analysis of identified patient-, tumor- and treatment-related prognostic factors for Hong Kong adult gli-
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bias.35 To illustrate, REMBRANDT cohort patients survived 
longer compared to Hong Kong cohort patients despite 
having similar GTR and TMZ + RT rates. It is postulated 
that since REMBRANDT patients were treated at major US 
academic cancer centers there they likely represented a 
highly selected cohort.17 A review of glioblastoma registry 
patients for potential phase III trial eligibility noted that 
59% would not fulfill recruitment criteria emphasizing the 
lack of real-world representation in the literature.35

Our study validated established prognostic factors for 
survival among Chinese glioblastoma patients.2–4,14,15,36 
Patients had a better prognosis if they had good preop-
erative functional performance, had tumors that were 
either IDH-1 mutated or pMGMT methylated, that un-
derwent gross total resection or received TMZ + RT. The 
significance of extent of resection and functional per-
formance reflects the importance of maximal safe re-
section, the only modifiable prognosticator for survival 

  
Table 2.  Predictors for Overall Survival and Comparison with Publicly Accessible Databases

 Univariate analysis Multivariate analysis

OR 95% CI P-value OR 95% CI P-value  

Patient factors

  Age at diagnosis, years

    <70 1 (Ref) – – 1 (Ref) – –

    ≥70 13.4 12.3–14.4 0.04 1.1 0.9–1.4 NS

  Gender

    Female 1 (Ref) – – 1 (Ref) – –

    Male 1.1 1.0–1.3 NS 1.2 0.6–1.0 NS

  KPS

    <80 1 (Ref) – – 1 (Ref) – –

    ≥80 0.7 0.6–0.8 <0.001 0.8 0.6–0.9 0.02

Tumor factors

  IDH-1 status

    Wildtype 1 (Ref) – – 1 (Ref) – –

    Mutant 0.5 0.4–0.7 <0.001 0.7 0.5–0.9 0.04

  pMGMT status

    Unmethylated 1 (Ref) – – 1 (Ref) – –

    Methylated 0.6 0.5–0.7 <0.001 0.7 0.5–0.8 <0.001

Treatment factors

  EOR       

    Biopsy or STR 1 (Ref) – – 1 (Ref) – –

    GTR 0.8 0.8–1.0 0.03 0.8 0.6–1.0 0.05

  Adjuvant treatment

    No TMZ + RT 1 (Ref) – – 1 (Ref) – –

    TMZ + RT 0.4 0.3–0.5 <0.001 0.4 0.3–0.6 <0.001

  Treatment era

    Incipient 2006–2010 1 (Ref)  – 1 (Ref) – –

    Transitional 2011–2014 0.9 0.7–1.1 NS 0.9 0.7–1.3 NS

    Modern 2015–2019 0.9 0.7–1.0 NS 0.9 0.7–1.2 NS

Glioblastoma database

  Overall survival

    Hong Kong 1 (Ref) – – 1 (Ref) – –

    TCGA 0.90 0.81–1.00 NS 0.96 0.85–1.08 NS

    CGGA 0.97 0.80–1.17 NS 0.86 0.70–1.04 NS

    REMBRANDT 0.67 0.56–0.79 <0.001 0.60 0.50–0.71 <0.001

N.B. Ref, reference; TCGA, The Cancer Genome Atlas; CGGA, Chinese Glioma Genome Atlas; REMBRANDT, Repository of Molecular Brain 
Neoplasia Data; KPS, Karnofsky performance status; IDH-1, isocitrate dehydrogenase-1; pMGMT, methylguanine-methyltransferase promoter; 
GTR, gross total resection; STR, subtotal resection; TMZ, temozolomide; RT, radiotherapy; NS, not significant.
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regardless of molecular subtype.15,36 GTR was achieved 
in 31% of Hong Kong patients which was similar to the 
REMBRANDT cohort (35%) (Supplementary Table 5). In 
comparison, a systematic analysis of 37 studies revealed 
that the mean rate of GTR was 41% and concluded that 
patients were 61% more likely to achieve 1-year survival 
than those that received STR.36 A single-institution study 
of 967 Chinese patients documented a demonstrable 
improvement in mOS from 16.3 months to 18.2 months 
by adopting intraoperative MRI (iMRI) and brain map-
ping techniques to achieve a GTR rate of 63%.37 iMRI, 
5-aminolevulinic acid (5-ALA) fluorescence-guided resec-
tion and brain mapping are surgical techniques that have 
consistently been proven to increase EOR translating to 
improved OS.38–40 In Hong Kong iMRI facilities are not 
available and fewer than 10% of patients underwent 
fluorescence-guided resection or awake craniotomy for 
tumor resection. Another contributing factor for the lower 
GTR rate could be due to the high proportion of patients 
that had poor preoperative KPS upon presentation (59%). 
Concerns for inducing further neurological injury may 
have interfered with attempts for aggressive resection, 
especially when functional performance was identified as 
a major determinant for prescribing subsequent TMZ + RT 
in our locality.

This study also revealed a trend for longer survival 
among glioblastoma patients treated in mainland 
Chinese institutions (CGGA) than in Hong Kong. Apart 
from the significantly higher number of mainland 
Chinese patients having good preoperative KPS than in 
Hong Kong (56% vs 41%; P-value < .001) another factor 
accounting for this discrepancy was the notable differ-
ence in prescribing TMZ + RT among CGGA patients 
(74% vs 51%; P-value < .001) (Supplementary Table 5).9,37 
In Hong Kong, pMGMT unmethylated glioblastoma 

patients were less likely to receive standard-of-care 
treatment.

There is ample evidence establishing pMGMT meth-
ylation as an important prognostic and predictive bio-
marker.14 From our subgroup analysis of unmethylated 
tumor patients, we noted that TMZ + RT continued 
to confer a survival benefit compared to RT alone 
(13.6  months vs 9.8  months). Whether TMZ should be 
withheld from these patients is a subject of debate.41,42 
Two prospective trials of elderly glioblastoma patients, 
defined as either >65  years or >60  years, compared up-
front TMZ alone vs RT alone and concluded that chemo-
therapy for this relatively frail population was detrimental 
for those with unmethylated tumors.43,44 In addition, sev-
eral phase III randomized-controlled trials (RCT) that com-
pared TMZ + RT with novel agents did not detect shorter 
OS among unmethylated tumor patients when TMZ was 
omitted. Nevertheless, the majority of these patients con-
tinue to be treated with TMZ in the United States, Europe 
and China.23,37,45 In Hong Kong, this practice is also increas-
ingly being observed (Table 1). Apart from the difficulty of 
withholding a well-tolerated chemotherapeutic agent for 
those with the poorest prognosis, there are a number of 
reasons for prescribing TMZ regardless of pMGMT meth-
ylation status. First, there is insufficient evidence to with-
hold TMZ from patients <65 years of age.41 Second, there 
is the marginal, but clinically meaningful survival advan-
tage observed in a proportion of unmethylated tumor 
trial subjects ranging from 4 to 6 weeks.46 Third, a re-
cent meta-analysis of 5 clinical trials that reviewed 655 
unmethylated glioblastoma patients, failed to draw defini-
tive conclusions on whether TMZ should be omitted due to 
the paucity of survival data among those treated with RT 
alone.47 Finally, the Checkmate 498 trial, the largest phase 
III RCT of unmethylated tumor patients in the literature 
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that investigated the role of nivolumab + RT compared 
to TMZ + RT, noted a significant survival benefit for those 
that received standard-of-care treatment.48 A  mOS of 
14.9 months (95% CI: 13.3–16.1) was observed among TMZ 
+ RT control group subjects in contrast to 13.4  months 
(95% CI: 12.6–14.3) among those that received nivolumab 
+ RT.48 As the first to prospectively study the omission of 
TMZ from this population, the investigators concluded 
that TMZ should continue to be a part of standard care for 
all glioblastoma patients regardless of pMGMT methyla-
tion status.48 The results of the European Organisation for 
Research and Treatment of Cancer (EORTC) phase III trial 
of anaplastic glioma without 1p/19q co-deletion (CATNON) 
(ClinicalTrials.gov identifier: NCT00626990) could clarify 
the role of TMZ in the treatment of pMGMT unmethylated 
high grade gliomas. Although the latest second interim 
analysis noted that the benefits of TMZ + RT was limited 
to IDH1-mutant WHO grade 3/4 gliomas, a conclusive ev-
idence revealing the association with pMGMT status has 
yet to be reported.49 Until further evidence is unveiled, 
the latest Society for Neuro-oncology and European 
Association of Neuro-oncology clinical practice guide-
lines recommend TMZ for unmethylated tumor patients 
of favorable age (<70 years) and functional performance, 
but also advised withholding the agent in circumstances 
where the risks outweighed its benefits.3,4

Several study limitations exist. First, it was based on 
data from Hong Kong, a south China coastal city, and 
not from a national registry. Nevertheless, since the 
latter has yet to be established and the current study is 
the largest cohort of Chinese glioblastoma patients in 
the literature, we believe our observations reasonably 
represent real-world practice. Second, information on 
progression-free survival and tumor recurrence treat-
ment were not reviewed. Due to the lack of local con-
sensus on second-line systemic therapy we considered 
the data to be too heterogeneous to draw meaningful 
conclusions. Third, due to the retrospective nature of the 
study, tumor biomarker data was incomplete. Only since 
2019 was routine IDH-1 mutation and pMGMT methyla-
tion testing centrally funded, previously such investiga-
tions were carried out by individual institution ad hoc 
requests. Another study limitation was that extent of re-
section data was primarily drawn from operative record 
neurosurgical assessments and not by independent 
evaluations by postoperative day 1 to 3 MRI scans. The 
major reason why we relied on such assessments was 
because of the absence of standard imaging protocols in 
Hong Kong where only 2 of the 7 neurosurgical centers 
in the city offer early postoperative scanning. Finally, this 
study defined glioblastoma patients according to the 4th 
WHO classification and included IDH-1 mutant tumors. 
The latest 5th edition recently refined the diagnosis of 
glioblastoma by adopting a multi-layered integrated 
approach incorporating new molecular criteria such as 
TERT promoter mutation, EGFR amplification or chromo-
somal 7+ gain/chromosomal 10- loss for IDH-1 wildtype 
tumors.50 Since the majority of diffuse astrocytomas in 
Hong Kong were not subject to such testing, a propor-
tion of tumors may have been inadvertently excluded 
from the registry.

Conclusions

This study is the first report revealing the incidence and 
OS of Chinese glioblastoma patients using a territory-wide 
population database. The incidence of glioblastoma is rela-
tively low compared to other ethnicities and has remained 
stable during the study period. We charted the develop-
ment of neuro-oncological care in Hong Kong. Although 
the survival of glioblastoma patients in general has not 
significantly increased, achieving gross total resection and 
temozolomide chemoradiotherapy can improve outcomes.

Supplementary Material

Supplementary material is available at Neuro-Oncology 
Practice online.

Funding

No funding was received for this research.

Conflict of interest statement. All authors certify that they 
have no affiliations with or involvement in any organization or 
entity with any financial interest (such as honoraria; educational 
grants; participation in speakers’ bureaus; membership, employ-
ment, consultancies, stock ownership, or other equity interest; 
and expert testimony or patent-licensing arrangements), or 
non-financial interest (such as personal or professional relation-
ships, affiliations, knowledge or beliefs) in the subject matter or 
materials discussed in this manuscript.

References

1.	 Ostrom QT, Cioffi G, Waite K, Kruchko C, Barnholtz-Sloan JS. CBTRUS 
statistical report: primary brain and other central nervous system tumors 
diagnosed in the United States in 2014-2018. Neuro Oncol. 2021;23(12 
Suppl 2):iii1–iii105.

2.	 Stupp R, Mason WP, van den Bent MJ, et  al. Radiotherapy plus con-
comitant and adjuvant temozolomide for glioblastoma. N Engl J Med. 
2005;352(10):987–996.

3.	 Weller M, van den Bent M, Preusser M, et al. EANO guidelines on the 
diagnosis and treatment of diffuse gliomas of adulthood. Nat Rev Clin 
Oncol. 2021;18(3):170–186.

4.	 Wen PY, Weller M, Lee EQ, et al. Glioblastoma in adults: a Society for 
Neuro-Oncology (SNO) and European Society of Neuro-Oncology (EANO) 
consensus review on current management and future directions. Neuro 
Oncol. 2020;22(8):1073–1113.

5.	 Poon MTC, Sudlow CLM, Figueroa JD, Brennan PM. Longer-term (>/= 
2  years) survival in patients with glioblastoma in population-based 

D
ow

nloaded from
 https://academ

ic.oup.com
/nop/article/10/1/50/6695301 by guest on 02 February 2023



 60 Woo et al. Patterns of care of Chinese glioblastoma patients

studies pre- and post-2005: a systematic review and meta-analysis. Sci 
Rep. 2020;10(1):11622.

6.	 Ostrom  QT, Cote  DJ, Ascha  M, Kruchko  C, Barnholtz-Sloan  JS. Adult 
glioma incidence and survival by race or ethnicity in the United States 
from 2000 to 2014. JAMA Oncol. 2018;4(9):1254–1262.

7.	 Kruchko C, Ostrom QT, Gittleman H, Barnholtz-Sloan JS. The CBTRUS 
story: providing accurate population-based statistics on brain and 
other central nervous system tumors for everyone. Neuro Oncol. 
2018;20(3):295–298.

8.	 Zhang L, Jia W, Ji N, Li D, Xiao D. Establishment of the national brain 
tumor registry of China. JCO Glob Oncol. 2020;6:47–48.

9.	 Zhao Z, Zhang KN, Wang Q, et al. Chinese Glioma Genome Atlas (CGGA): 
a comprehensive resource with functional genomic data from Chinese 
glioma patients. Genomics Proteomics Bioinformatics 2021;19(1):1–12.

10.	 Mid-year population for 2021. The Government of the Hong Kong Special 
Administrative Region. July 18, 2022. https://www.censtatd.gov.hk/en/
press_release_detail.html?id=4888 

11.	 Kleihues  P, Louis  DN, Scheithauer  BW, et  al. The WHO classifica-
tion of tumors of the nervous system. J Neuropathol Exp Neurol. 
2002;61(3):21525. discussion 2269.

12.	 Louis  DN, Perry  A, Reifenberger  G, et  al. The 2016 World Health 
Organization Classification of Tumors of the Central Nervous System: a 
summary. Acta Neuropathol. 2016;131(6):803–820.

13.	 Louis  DN, Ohgaki  H, Wiestler  OD, et  al. The 2007 WHO classifica-
tion of tumours of the central nervous system. Acta Neuropathol. 
2007;114(2):97–109.

14.	 Hegi  ME, Diserens  AC, Gorlia  T, et  al. MGMT gene silencing 
and benefit from temozolomide in glioblastoma. N Engl J Med. 
2005;352(10):997–1003.

15.	 Sanai N, Polley MY, McDermott MW, Parsa AT, Berger MS. An extent 
of resection threshold for newly diagnosed glioblastomas. J Neurosurg. 
2011;115(1):3–8.

16.	 Brennan CW, Verhaak RG, McKenna A, et al. The somatic genomic land-
scape of glioblastoma. Cell. 2013;155(2):462–477.

17.	 Gusev  Y, Bhuvaneshwar  K, Song  L, et  al. The REMBRANDT study, a 
large collection of genomic data from brain cancer patients. Sci Data. 
2018;5:180158.

18.	 Department Census and Stastistics. Hong Kong Annual Digest of 
Statistics. The Government of the Hong Kong Special Administrative 
Region. 2022. July 11, 2022. https://www.censtatd.gov.hk/en/
EIndexbySubject.html?scode=460&pcode=B1010003

19.	 Jiang T, Tang GF, Lin Y, et al. Prevalence estimates for primary brain tu-
mors in China: a multi-center cross-sectional study. Chin Med J (Engl). 
2011;124(17):2578–2583.

20.	 Pu JKS, Ng GKB, Leung GKK, Wong CK. One-year review of the in-
cidence of brain tumours in Hong Kong Chinese patients as part 
of the Hong Kong Brain and Spinal Tumours Registry. Surg Pract. 
2012;16(4):133–136.

21.	 Gramatzki  D, Dehler  S, Rushing  EJ, et  al. Glioblastoma in the 
Canton of Zurich, Switzerland revisited: 2005 to 2009. Cancer. 
2016;122(14):2206–2215.

22.	 Wöhrer  A, Waldhör  T, Heinzl  H, et  al. The Austrian Brain Tumour 
Registry: a cooperative way to establish a population-based brain tu-
mour registry. J Neurooncol. 2009;95(3):401–411.

23.	 Fabbro-Peray  P, Zouaoui  S, Darlix  A, et  al. Association of patterns 
of care, prognostic factors, and use of radiotherapy-temozolomide 
therapy with survival in patients with newly diagnosed glioblas-
toma: a French national population-based study. J Neurooncol. 
2019;142(1):91–101.

24.	 Korja M, Raj R, Seppä K, et al. Glioblastoma survival is improving de-
spite increasing incidence rates: a nationwide study between 2000 and 
2013 in Finland. Neuro Oncol. 2019;21(3):370–379.

25.	 Hansen S, Rasmussen BK, Laursen RJ, et al. Treatment and survival of 
glioblastoma patients in Denmark: the Danish Neuro-Oncology Registry 
2009-2014. J Neurooncol. 2018;139(2):479–489.

26.	 Matsumoto F, Takeshima H, Yamashita S, et al. Epidemiologic study of 
primary brain tumors in miyazaki prefecture: a regional 10-year survey in 
Southern Japan. Neurol Med Chir (Tokyo). 2021;61(8):492–498.

27.	 Yeole  BB. Trends in the brain cancer incidence in India. Asian Pac J 
Cancer Prev. 2008;9(2):267–270.

28.	 Kang  H, Song  SW, Ha  J, et  al. A nationwide, population-based epi-
demiology study of primary central nervous system tumors in Korea, 
2007-2016: a Comparison with United States Data. Cancer Res Treat. 
2021;53(2):355–366.

29.	 Khazaei Z, Goodarzi E, Borhaninejad V, et al. The association between 
incidence and mortality of brain cancer and human development index 
(HDI): an ecological study. BMC Public Health. 2020;20(1):1696.

30.	 Chen P, Aldape K, Wiencke JK, et al. Ethnicity delineates different genetic 
pathways in malignant glioma. Cancer Res. 2001;61(10):3949–3954.

31.	 Das A, Tan WL, Teo J, Smith DR. Glioblastoma multiforme in an Asian 
population: evidence for a distinct genetic pathway. J Neurooncol. 
2002;60(2):117–125.

32.	 Jacobs DI, Walsh KM, Wrensch M, et al. Leveraging ethnic group inci-
dence variation to investigate genetic susceptibility to glioma: a novel 
candidate SNP approach. Front Genet. 2012;3:203.

33.	 Johnston  A, Creighton  N, Parkinson  J, et  al. Ongoing improvements 
in postoperative survival of glioblastoma in the temozolomide era: a 
population-based data linkage study. Neurooncol Pract. 2020;7(1):22–30.

34.	 Efremov  L, Abera  SF, Bedir  A, Vordermark  D, Medenwald  D. Patterns 
of glioblastoma treatment and survival over a 16-years period: pooled 
data from the German Cancer Registries. J Cancer Res Clin Oncol. 
2021;147(11):3381–3390.

35.	 Skaga  E, Skretteberg  MA, Johannesen  TB, et  al. Real-world validity 
of randomized controlled phase III trials in newly diagnosed glioblas-
toma: to whom do the results of the trials apply? Neurooncol Adv. 
2021;3(1):vdab008.

36.	 Brown  TJ, Brennan  MC, Li  M, et  al. Association of the extent of re-
section with survival in glioblastoma: a systematic review and meta-
analysis. JAMA Oncol. 2016;2(11):1460–1469.

37.	 Luo C, Song K, Wu S, et al. The prognosis of glioblastoma: a large, multi-
factorial study. Br J Neurosurg. 2021;35(5):555–561.

38.	 Nikova  AS, Vlotinou  P, Karelis  L, Karanikas  M, Birbilis  TA. Gross 
total resection with fluorescence could lead to improved overall sur-
vival rates: a systematic review and meta-analysis. Br J Neurosurg. 
2021;36(3):316–322.

39.	 Zhang JJY, Lee KS, Voisin MR, et al. Awake craniotomy for resection 
of supratentorial glioblastoma: a systematic review and meta-analysis. 
Neurooncol Adv. 2020;2(1):vdaa111.

40.	 Shah AS, Sylvester PT, Yahanda AT, et al. Intraoperative MRI for newly 
diagnosed supratentorial glioblastoma: a multicenter-registry compara-
tive study to conventional surgery. J Neurosurg. 2020:1–10.

41.	 Taylor JW, Schiff D. Treatment considerations for MGMT-unmethylated 
glioblastoma. Curr Neurol Neurosci Rep. 2015;15(1):507.

42.	 Hegi ME, Stupp R. Withholding temozolomide in glioblastoma patients 
with unmethylated MGMT promoter--still a dilemma? Neuro Oncol. 
2015;17(11):1425–1427.

43.	 Wick  W, Platten  M, Meisner  C, et  al. Temozolomide chemotherapy 
alone versus radiotherapy alone for malignant astrocytoma in 
the elderly: the NOA-08 randomised, phase 3 trial. Lancet Oncol. 
2012;13(7):707–715.

44.	 Malmström  A, Grønberg  BH, Marosi  C, et  al. Temozolomide versus 
standard 6-week radiotherapy versus hypofractionated radiotherapy in 
patients older than 60 years with glioblastoma: the Nordic randomised, 
phase 3 trial. Lancet Oncol. 2012;13(9):916–926.

D
ow

nloaded from
 https://academ

ic.oup.com
/nop/article/10/1/50/6695301 by guest on 02 February 2023

https://www.censtatd.gov.hk/en/press_release_detail.html?id=4888
https://www.censtatd.gov.hk/en/press_release_detail.html?id=4888
https://www.censtatd.gov.hk/en/EIndexbySubject.html?scode=460&pcode=B1010003
https://www.censtatd.gov.hk/en/EIndexbySubject.html?scode=460&pcode=B1010003


61Woo et al. Patterns of care of Chinese glioblastoma patients
N

eu
ro-O

n
colog

y 
P

ractice

25.	 Hansen S, Rasmussen BK, Laursen RJ, et al. Treatment and survival of 
glioblastoma patients in Denmark: the Danish Neuro-Oncology Registry 
2009-2014. J Neurooncol. 2018;139(2):479–489.

26.	 Matsumoto F, Takeshima H, Yamashita S, et al. Epidemiologic study of 
primary brain tumors in miyazaki prefecture: a regional 10-year survey in 
Southern Japan. Neurol Med Chir (Tokyo). 2021;61(8):492–498.

27.	 Yeole  BB. Trends in the brain cancer incidence in India. Asian Pac J 
Cancer Prev. 2008;9(2):267–270.

28.	 Kang  H, Song  SW, Ha  J, et  al. A nationwide, population-based epi-
demiology study of primary central nervous system tumors in Korea, 
2007-2016: a Comparison with United States Data. Cancer Res Treat. 
2021;53(2):355–366.

29.	 Khazaei Z, Goodarzi E, Borhaninejad V, et al. The association between 
incidence and mortality of brain cancer and human development index 
(HDI): an ecological study. BMC Public Health. 2020;20(1):1696.

30.	 Chen P, Aldape K, Wiencke JK, et al. Ethnicity delineates different genetic 
pathways in malignant glioma. Cancer Res. 2001;61(10):3949–3954.

31.	 Das A, Tan WL, Teo J, Smith DR. Glioblastoma multiforme in an Asian 
population: evidence for a distinct genetic pathway. J Neurooncol. 
2002;60(2):117–125.

32.	 Jacobs DI, Walsh KM, Wrensch M, et al. Leveraging ethnic group inci-
dence variation to investigate genetic susceptibility to glioma: a novel 
candidate SNP approach. Front Genet. 2012;3:203.

33.	 Johnston  A, Creighton  N, Parkinson  J, et  al. Ongoing improvements 
in postoperative survival of glioblastoma in the temozolomide era: a 
population-based data linkage study. Neurooncol Pract. 2020;7(1):22–30.

34.	 Efremov  L, Abera  SF, Bedir  A, Vordermark  D, Medenwald  D. Patterns 
of glioblastoma treatment and survival over a 16-years period: pooled 
data from the German Cancer Registries. J Cancer Res Clin Oncol. 
2021;147(11):3381–3390.

35.	 Skaga  E, Skretteberg  MA, Johannesen  TB, et  al. Real-world validity 
of randomized controlled phase III trials in newly diagnosed glioblas-
toma: to whom do the results of the trials apply? Neurooncol Adv. 
2021;3(1):vdab008.

36.	 Brown  TJ, Brennan  MC, Li  M, et  al. Association of the extent of re-
section with survival in glioblastoma: a systematic review and meta-
analysis. JAMA Oncol. 2016;2(11):1460–1469.

37.	 Luo C, Song K, Wu S, et al. The prognosis of glioblastoma: a large, multi-
factorial study. Br J Neurosurg. 2021;35(5):555–561.

38.	 Nikova  AS, Vlotinou  P, Karelis  L, Karanikas  M, Birbilis  TA. Gross 
total resection with fluorescence could lead to improved overall sur-
vival rates: a systematic review and meta-analysis. Br J Neurosurg. 
2021;36(3):316–322.

39.	 Zhang JJY, Lee KS, Voisin MR, et al. Awake craniotomy for resection 
of supratentorial glioblastoma: a systematic review and meta-analysis. 
Neurooncol Adv. 2020;2(1):vdaa111.

40.	 Shah AS, Sylvester PT, Yahanda AT, et al. Intraoperative MRI for newly 
diagnosed supratentorial glioblastoma: a multicenter-registry compara-
tive study to conventional surgery. J Neurosurg. 2020:1–10.

41.	 Taylor JW, Schiff D. Treatment considerations for MGMT-unmethylated 
glioblastoma. Curr Neurol Neurosci Rep. 2015;15(1):507.

42.	 Hegi ME, Stupp R. Withholding temozolomide in glioblastoma patients 
with unmethylated MGMT promoter--still a dilemma? Neuro Oncol. 
2015;17(11):1425–1427.

43.	 Wick  W, Platten  M, Meisner  C, et  al. Temozolomide chemotherapy 
alone versus radiotherapy alone for malignant astrocytoma in 
the elderly: the NOA-08 randomised, phase 3 trial. Lancet Oncol. 
2012;13(7):707–715.

44.	 Malmström  A, Grønberg  BH, Marosi  C, et  al. Temozolomide versus 
standard 6-week radiotherapy versus hypofractionated radiotherapy in 
patients older than 60 years with glioblastoma: the Nordic randomised, 
phase 3 trial. Lancet Oncol. 2012;13(9):916–926.

45.	 Brandes AA, Franceschi E, Ermani M, et al. Pattern of care and effective-
ness of treatment for glioblastoma patients in the real world: Results 
from a prospective population-based registry. Could survival differ in a 
high-volume center? Neurooncol Pract. 2014;1(4):166–171.

46.	 Stupp  R, Hegi  ME, Mason  WP, et  al. Effects of radiotherapy with 
concomitant and adjuvant temozolomide versus radiotherapy alone 
on survival in glioblastoma in a randomised phase III study: 5-year 
analysis of the EORTC-NCIC trial. Lancet Oncol. 2009;10(5):459–466.

47.	 Alnahhas  I, Alsawas  M, Rayi  A, et  al. Characterizing benefit from 
temozolomide in MGMT promoter unmethylated and methylated gli-
oblastoma: a systematic review and meta-analysis. Neurooncol Adv.  
2020;2(1):vdaa082.

48.	 Omuro A, Brandes AA, Carpentier AF, et al. Radiotherapy combined with 
nivolumab or temozolomide for newly diagnosed glioblastoma with 
unmethylated MGMT promoter: an international randomized phase 3 
trial. Neuro Oncol. 2022;14:noac099.

49.	 van  den  Bent  MJ, Tesileanu  CMS, Wick  W, et  al. Adjuvant and 
concurrent temozolomide for 1p/19q non-co-deleted anaplastic 
glioma (CATNON; EORTC study 26053-22054): second interim anal-
ysis of a randomised, open-label, phase 3 study. Lancet Oncol. 
2021;22(6):813–823.

50.	 Louis  DN, Perry  A, Wesseling  P, et  al. The 2021 WHO classification 
of tumors of the central nervous system: a summary. Neuro Oncol. 
2021;23(8):1231–1251.

D
ow

nloaded from
 https://academ

ic.oup.com
/nop/article/10/1/50/6695301 by guest on 02 February 2023


