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Junsheng Chu1 and Nan Ji1*

1Department of Neurosurgery, Beijing Tiantan Hospital, Capital Medical University, Beijing, China,
2National Cancer Center, Chinese Academy of Medical Sciences and Peking Union Medical College,
Beijing, China, 3Beijing Neurosurgical Institute, Capital Medical University, Beijing, China
Background: The prognostic value of body mass index (BMI) in primary WHO

grade 4 gliomas is not widely acknowledged. This study aims to assess the

survival outcomes of patients with different BMIs.

Methods: Real-world data of patients diagnosed with primary WHO grade 4

(2021 version) glioma was assessed. All 127 patients admitted in this study were

administered with standard-of-care from September 2018 to September 2021.

The outcomes of overall survival and progression-free survival were analyzed.

Results: The baseline characteristics of clinical features, molecular features, and

secondary treatment in BMI subsets showed no significant difference. The

survival analyses showed a significantly superior overall survival (OS) in the

overweight group compared to the normal weight group. A trend of better OS

in the overweight group compared to the obesity group was observed. The

univariate Cox regression demonstrated patients of round-BMI 25 and 26 had

superior OS outcomes.

Conclusion: In this real-world setting, patients with a BMI between 24 and 28

have superior overall survival. Patients in the proper BMI range may acquire

survival benefits undergoing standard-of-care of primary WHO grade 4 gliomas.

The prospective studies on a larger scale on these subsets of patients are

necessary to solve the paradox of BMI in glioma.
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Introduction

Glioblastoma (GBM) is the most aggressive and common

primary brain tumor with a poor prognosis (1, 2). The current

standard-of-care (maximal safe resection-gross total resection,

concurrent chemoradiotherapy, and adjuvant chemotherapy)

results in a median survival time of merely 13.2 to 16.8 months

(3). Despite ongoing efforts, the identification of subpopulations of

glioblastoma using molecular markers has advanced further than

the much-needed studies of developing novel therapeutic strategies,

including isocitrate dehydrogenase (IDH) and O6-methylguanine

(O6-MeG)-DNA methyltransferase (MGMT) promoter

methylation status (4, 5). However, more high-power clinical

prognostic biomarkers are necessary to be developed. The clinical

characteristics such as age, gender, pathological type, lifestyle,

surgical resections, and cognitive impairments showed capability

in predicting clinical outcomes of glioma (6, 7).

BMI, generally used to distinguish different body obesity

conditions, has been proposed as a feasible prognostic factor in

predicting the clinical outcome of patients with various diseases. A

substantial increment in the risk of various diseases has also been

observed in underweight people (8, 9). As an easily obtained and

simply used indicator in multiple clinical and research scenarios,

BMI has been associated with tumor progression and prognosis in

17 of 22 cancers, including liver, colon, and postmenopausal breast

cancer (10). Higher BMI has also been associated with lower

mortality risk in patients undergoing surgical procedures. The

obese population, defined by BMI, has been associated with better

prognoses of cancer patients undergoing surgery, including rectal

cancer, non-small-cell lung cancer, intra-abdominal cancer,

hepatocellular carcinoma, and pancreatic cancer, and this is called

the “obesity paradox” (11). The elevated BMI may be associated

with better survival in patients with newly diagnosed GBM (12–14).

However, a large prospective multicenter study found no

relationship between BMI and survival in newly diagnosed and

previously untreated GBM patients (15). Still, no consensus has

been reached yet on the topic of obesity-paradox in GBM patients.

In this real-world study, we aimed to explore the relationship

between BMI with the overall survival (OS) and progression-free

survival (PFS) of patients with primary WHO grade 4 glioma.
Materials and methods

The ethical committee of Beijing Tiantan Hospital (JS2012-001-

03) approved this cohort study. The study was performed in

accordance with the Declaration of Helsinki, and conducted a

retrospective review of medical records, with minimal risk to

patients. All patients selected for this study gave their written consent.
Study design and participants

This is a retrospective study of primary WHO grade 4 gliomas

performed in Beijing Tiantan Hospital. A total of 316 patients,
Frontiers in Oncology 02
diagnosed with “glioblastoma” (WHO 2016 version), were recorded

from September 2018 to September 2021. The follow-up procedure

ended in September 2022. Of all excluded records shown in Figure 1,

35 were duplicated records from multiple hospitalizations, 45 were

patients admitted specifically for chemotherapy, 13 were patients

enrolled in interventional clinical trials, 17 were confirmed as

recurrent glioblastomas, and 23 were patients diagnosed as

anaplastic oligodendroglioma or anaplastic astrocytoma after

surgery. We further excluded 53 patients without detailed follow-

up data and three patients without weight and height records. BMI

was calculated by the formula (BMI = weight in kilograms/(height in

meters)2), the pre-surgery BMI was used in this study. Eventually, 127

patients were enrolled in this study. All patients were classified by

their BMI into four groups: underweight (BMI, <18.5), normal weight

(BMI, from 18.5 to 23.9), overweight (BMI, from 24 to 27.9), and

obese (BMI, >=28).
Data collection

Demographic, imaging data, molecular information, surgery,

chemoradiotherapy, and follow-up records were collected from the

electronic medical records system, and data were recorded into a

standardized predesigned database. A team of trained clinicians

performed the data processing and analyses. All data acquired from

the electronic records were cross-checked by two clinicians.
FIGURE 1

Flowchart of patient enrollment and exclusion.
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Interpretation of imaging information

All imaging results were reviewed and interpreted by

experienced clinicians. Features such as tumor laterality, location,

presence of contrast enhancement, and extent of resection were

collected. Magnetic resonance images (MRI) before and within 72 h

after operation were compared, and the extent of resection was

divided into gross total resection (GTR, no postoperative evidence

of residual tumor) and subtotal resection (STR, postoperative

evidence of residual tumor).
Histological and molecular characteristics

Histopathological records and molecular assays of glioma

biomarkers were extracted, including IDH mutation status, MGMT

promoter methylation status, telomerase reverse transcriptase

(TERT) promoter mutation, and chromosome 1p19q co-deletion

status. Mutational molecular characteristics were obtained via next-

generation sequencing (NGS). The MGMT promoter methylation

status was detected by pyrosequencing. The fluorescence in situ

hybridization (FISH) was performed to delineate 1p19q co-deletion

status. All enrolled patients were classified into GBM, GBM-NOS,

and astrocytoma WHO grade 4, according to the 2021 version of

WHO criteria. Tumors with pathologically microvascular

proliferation or necrosis and essential molecular characteristics

(IDH-wildtype) were classified as GBM; tumors with

histopathological features of GBM but without essential molecular

characteristics (IDH-wildtype) were classified as astrocytoma WHO

grade 4; tumors with histopathological features of GBM but without

available molecular information were classified as not otherwise

specified (NOS) GBM.
Definition of clinical characteristics

Patients’ clinical characteristics were recorded per the following

definitions. History of epilepsy was defined as any type of epilepsy

before surgical intervention of the brain tumor. History of anti-

epilepsy drugs was defined as any usage of such agents before

surgical intervention. Enzyme-inducing anti-epilepsy drugs

(EIAED) were defined as anti-epileptic agents that induce the

activity of hepatic mixed function oxidase enzymes, which

interfere with the kinetics of other drugs. History of heart disease

was defined as any type of heart disease including both vascular and

non-vascular. History of hypertension was defined as blood

pressure above 140/90 (mmHg) and clinically diagnosed in a

medical institution. History of diabetes was defined as the formal

diagnosis of diabetes before neurosurgery. Trauma history was

defined as any type of trauma (not limited to cerebral trauma).

The family history of malignancy was defined as any type of

malignancy, excluding benign tumors. The history of

cerebrovascular disease was defined as both hemorrhagic and

ischemic diseases. The location of the brain lesion was categorized

by tumor location as left, right, or bilateral.
Frontiers in Oncology 03
Outcomes and definitions

In this study, the OS and PFS of patients were set as primary

and secondary outcomes, respectively. OS is defined as the date

from initial pathologic diagnosis to the date of death or the date of

last follow-up, and PFS is defined as the date from initial pathologic

diagnosis to the date of progression assessed by MRI or the date of

last follow-up.
Tumor volume estimation

A gross-resection style of surgery was performed for patients

with high precedence when possible. We therefore obtained tumor

samples with relatively high integrity, which is fundamental for the

veracity of recorded tumor diameters. All resected samples were

measured promptly after surgery. Tumor volume (TV) was

estimated using the formula: TV= a (length) × b (width) × g
(height) × 6/p.
Treatment strategy

All patients underwent surgical resection, followed by

conventional radiation therapy administrated at 2 Gy per fraction

five days a week up to a total of approximately 60 Gy; patients

additionally were administered daily temozolomide (75 mg/m2

orally) followed by standard maintenance temozolomide

chemotherapy (150-200 mg/m2/d for 5 days every 28 days, 6

cycles), according to the protocol established by the European

Organization for Research and Treatment of Cancer (EORTC)

Brain Tumor and Radiotherapy Groups and the National Cancer

Institute of Canada (NCIC) Clinical Trials Group.
Follow-up

All patients were instructed to perform MRI at three-month

intervals to follow up on the progression of lesions before

discharging. Researchers collected clinical information every three

months by telephone calls, including clinical symptoms, quality of

life, cognitive status, and any adverse events associated with

therapy. If we were unable to successfully contact a patient after

two attempts, they were considered lost to follow-up, and their data

were excluded from our analysis. If patients exhibited clinical

progression, an MRI was conducted within two weeks. All MRIs

were reviewed by two experienced clinicians.
Statistical analysis

Statistical analyses were performed using SPSS 25.0 (IBM Corp.,

Armonk, NY, United States). Continuous and categorical variables

were presented as median (IQR) and n (%), respectively. ANOVA

analysis, c² test, or Fisher’s exact test were performed in comparison
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of differences between groups where appropriate. The log-rank test

was used in the comparison of OS and PFS between groups, which

was plotted using the Kaplan–Meier method. The univariable Cox

regression model was performed for hazard ratio (HR) estimation

between groups. Statistical significance for the analyses was defined

as P < 0.05. Missing values of individual records were excluded for

its specific analysis.
Results

Detailed demographic and clinical characteristics of patients

within different BMI groups are shown in Table 1. No significant

differences were found among BMI subsets for clinical features of

sex, age, epilepsy history, usage of the anti-epilepsy drug, usage of
Frontiers in Oncology 04
enzyme-inducing anti-epilepsy drug (EIAED), heart disease history,

hypertension, diabetes, trauma history, family history of

malignancy, history of cerebrovascular disease, number of lesion

(s), location of lesion(s), tumor volume, excision extension, IDH 1/2

mutation, MGMT promoter methylation, TERT promoter

mutations, and integrated diagnosis.

The survival analysis was performed in the comparison of BMI

subsets, and the Kaplan-Meier curve is shown in Figure 2A. The

median OS was 1023 days in the underweight group, 514 days in the

normal weight group, 777 days in the overweight group, and 573

days in the obesity group. Log-rank test showed a significantly

higher OS for patients in the overweight group compared to

patients in the normal weight group (p = 0.003), and a trend of

favoring a better OS of the overweight group compared with the

obesity group was observed (p = 0.110). Patients in the underweight
TABLE 1 Characteristics of the patients enrolled in the study.

Characteristics Healthy
Weight
(N=56)

Overweight
(N=49)

Obesity
(N=17)

Underweight
(N=5)

Total(N=127) * P value

Sex 0.06

Female 21(16.54%) 20(15.75%) 8(6.30%) 5(3.94%) 54(42.52%)

Male 35(27.56%) 29(22.83%) 9(7.09%) 0(0%) 73(57.48%)

Age (Years) 0.80

Median[min-max] 57.00[29.00,75.00] 55.00[31.00,74.00] 53.00[29.00,79.00] 49.00[34.00,74.00] 55.00[29.00,79.00]

Epilepsy 0.06

No 42(33.60%) 30(24.00%) 15(12.00%) 2(1.60%) 89(71.20%)

Yes 13(10.40%) 18(14.40%) 2(1.60%) 3(2.40%) 36(28.80%)

Anti-epilepsy drug 0.17

No 46(38.98%) 35(29.66%) 16(13.56%) 3(2.54%) 100(84.75%)

Yes 6(5.08%) 9(7.63%) 1(0.85%) 2(1.69%) 18(15.25%)

EIAED 0.63

No 51(43.97%) 42(36.21%) 17(14.66%) 5(4.31%) 115(99.14%)

Yes 0(0%) 1(0.86%) 0(0%) 0(0%) 1(0.86%)

Heart disease 0.94

No 54(43.20%) 45(36.00%) 16(12.80%) 5(4.00%) 120(96.00%)

Yes 2(1.60%) 2(1.60%) 1(0.80%) 0(0%) 5(4.00%)

Hypertension 0.98

No 40(31.75%) 35(27.78%) 12(9.52%) 4(3.17%) 91(72.22%)

Yes 16(12.70%) 13(10.32%) 5(3.97%) 1(0.79%) 35(27.78%)

Diabetes 0.68

No 51(40.48%) 41(32.54%) 15(11.90%) 5(3.97%) 112(88.89%)

Yes 5(3.97%) 7(5.56%) 2(1.59%) 0(0%) 14(11.11%)

Trauma history 0.63

No 53(42.40%) 47(37.60%) 17(13.60%) 4(3.20%) 121(96.80%)

(Continued)
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TABLE 1 Continued

Characteristics Healthy
Weight
(N=56)

Overweight
(N=49)

Obesity
(N=17)

Underweight
(N=5)

Total(N=127) * P value

Trauma history 0.63

Yes 3(2.40%) 1(0.80%) 0(0%) 0(0%) 4(3.20%)

Family history of malignancy 0.61

No 45(35.71%) 41(32.54%) 15(11.90%) 5(3.97%) 106(84.13%)

Yes 11(8.73%) 7(5.56%) 2(1.59%) 0(0%) 20(15.87%)

History of cerebrovascular disease 0.66

No 56(44.80%) 47(37.60%) 17(13.60%) 4(3.20%) 124(99.20%)

Yes 0(0%) 1(0.80%) 0(0%) 0(0%) 1(0.80%)

Family history of cerebrovascular disease 0.42

No 49(39.20%) 46(36.80%) 15(12.00%) 4(3.20%) 114(91.20%)

Yes 7(5.60%) 2(1.60%) 2(1.60%) 0(0%) 11(8.80%)

Number of lesions 0.83

Multiple 2(1.59%) 1(0.79%) 0(0%) 0(0%) 3(2.38%)

Single 54(42.86%) 47(37.30%) 17(13.49%) 5(3.97%) 123(97.62%)

Location of lesion 0.66

Bilateral 0(0%) 2(1.60%) 0(0%) 0(0%) 2(1.60%)

Left 23(18.40%) 18(14.40%) 7(5.60%) 3(2.40%) 51(40.80%)

Right 33(26.40%) 27(21.60%) 10(8.00%) 2(1.60%) 72(57.60%)

Tumor volume (cm3) 0.12

Mean ± SD 51.63 ± 41.72 63.22 ± 46.82 50.76 ± 25.89 21.26 ± 12.14 54.68 ± 41.90

Excision extension 0.61

Gross resection 45(35.71%) 41(32.54%) 15(11.90%) 5(3.97%) 106(84.13%)

Subtotal resection 11(8.73%) 7(5.56%) 2(1.59%) 0(0%) 20(15.87%)

IDH1 0.31

Mutant 4(3.45%) 6(5.17%) 4(3.45%) 1(0.86%) 15(12.93%)

Wildtype 48(41.38%) 37(31.90%) 12(10.34%) 4(3.45%) 101(87.07%)

IDH2 Not applicable

Wildtype 52(45.22%) 43(37.39%) 16(13.91%) 4(3.48%) 115(100.00%)

MGMT promoter methylation 0.2

M 32(27.83%) 20(17.39%) 5(4.35%) 3(2.61%) 60(52.17%)

UM 20(17.39%) 23(20.00%) 10(8.70%) 2(1.74%) 55(47.83%)

TERT_C228T 0.38

Mutant 20(17.39%) 20(17.39%) 10(8.70%) 3(2.61%) 53(46.09%)

Wildtype 31(26.96%) 23(20.00%) 6(5.22%) 2(1.74%) 62(53.91%)

TERT_C250T 0.34

Mutant 12(10.43%) 4(3.48%) 3(2.61%) 1(0.87%) 20(17.39%)

Wildtype 39(33.91%) 39(33.91%) 13(11.30%) 4(3.48%) 95(82.61%)

(Continued)
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group showed superior OS compared with patients in the normal

group (p = 0.030); however, the limited sample size of the

underweight group makes the findings inconclusive. Therefore,

the underweight group has been principally excluded from the

analyses of this study. Overweight patients were shown to have
Frontiers in Oncology 06
superior OS outcomes, but not obese patients. It seems to be a

paradox that gaining weight improves OS, up to a certain level.

Further analysis was performed to explore the OS superiority

and the breakpoints of OS-beneficial BMI in patients with

overweight. Univariate Cox regression was performed for all BMI
TABLE 1 Continued

Characteristics Healthy
Weight
(N=56)

Overweight
(N=49)

Obesity
(N=17)

Underweight
(N=5)

Total(N=127) * P value

Diagnosis 0.41

CNS4 4(3.15%) 6(4.72%) 4(3.15%) 1(0.79%) 15(11.81%)

GBM 49(38.58%) 37(29.13%) 12(9.45%) 4(3.15%) 102(80.31%)

GBM-NOS 3(2.36%) 6(4.72%) 1(0.79%) 0(0%) 10(7.87%)
EIAED, enzyme inducing anti-epilepsy drug; IDH 1/2, isocitrate dehydrogenase 1/2; MGMT, O6-methylguanine (O6-MeG)-DNA methyltransferase; TERT, telomerase reverse transcriptase;
CNS, central nervous system; GBM, glioblastoma; NOS, not otherwise specified.
* p value indicate difference between BMI categories and were calculated by ANOVA analysis or c² test, as appropriate. P < 0.05 was considered statistically significant.
B

A

FIGURE 2

Kaplan-Meier plot and forest plot of the relative hazard ratio of BMI categories (A) Kaplan-Meier plot of patients from different BMI categories. Log-
rank significances between groups are shown beside the color bar. (B) Forest plot of the relative hazard ratio of round-BMI grouped patients, and
BMI 31 is set as a reference in the univariate Cox regression.
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subgroups using the BMI 31 group as a reference (Figure 2B).

Although no significant hazard ratios were observed in round-BMI

subsets, it was observed that patients of round-BMI 25 and 26

obtained slightly superior OS outcomes with standard-of-care

of glioblastoma.

For better reliability, sensitivity analysis was also used to explore

the OS in BMI clusters (excluding the underweight group) within

different subgrouping arrangements, including subgrouping by age,

sex, integrated diagnosis of tumor, epilepsy history, MGMT promoter

methylation status, TERT promoter mutations, and tumor volume.

Kaplan-Meier plots and log-rank analyses are shown in Figure 3 and

Supplementary Figures 1–3. A univariate Cox regression model was

performed to calculate HRs for subgroups in the comparison of

normal weight vs. overweight and obesity vs. overweight. Figure 4

shows a forest plot of HRs by groups where a superiority in OS of

overweight group vs. normal weight group within different subgroups

can be observed; a similar trend was observed in the comparison of

obesity vs. overweight groups.

Explorations of PFS as a secondary outcome were performed on

patients in different BMI groups. The median PFS was 241 days in

the underweight group, 282 days in the normal weight group, 351
Frontiers in Oncology 07
days in the overweight group, and 286 days in the obesity group

(Supplementary Figure 4). Log-rank test demonstrated no

significant PFS difference among BMI categories (Supplementary

Figure 4). However, using an identical grouping as that in OS

analysis (Supplementary Figures 5-10) revealed significant PFS

differences between the overweight and obesity group in female

patients (p=0.010), patients with methylated MGMT promoter

(p=0.030), patients without TERT_C228T promoter mutation

(p=0.020), patients without TERT_C250T promoter mutation

(p=0.0095) and patients without diabetes (p=0.040).
Discussion

The index of weight relation to height (BMI) has been used in

many studies to assess the risk of death. Standard BMI categories

were developed by the World Health Organization (WHO) and the

National Heart, Lung, and Blood Institute (NHLBI), namely

underweight (<18.5), normal weight (>=18.5, <24.9), overweight

(>=25, <29), and obesity (>30) (16). However, non-routine

categorization of BMI was conducted in several studies. It is
FIGURE 3

Kaplan-Meier plots of subgroup analyses. Survival analyses of different subgroup settings. Median survival times and significances were shown in
the annotations.
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worth noting that the diversity of body compositions, age, and race

observed in patients with identical BMI led to disparate clinical

outcomes (10). It is acknowledged that overweight and obesity

condition increase the morbidity and mortality of coronary disease,

hemorrhagic stroke, and ischemic stroke in the Asia-Pacific region

(17), which is supported by large-scale epidemiological studies of

wide populations (18). However, several studies have challenged

this hypothesis by demonstrating that overweight and early obese

status are associated with improved survival in patients suffering

from various cancerous diseases, such as colorectal and renal

cancers, colorectal metastases, acute myeloid leukemia, and

lymphoma (19). This finding is termed the “obesity paradox”,

which occurs when the risk of clinical outcome is significantly

reduced for BMI values above 22.5 kg/m2. For patients with very

high BMI, risk either returns to unity or is increased in cancer
Frontiers in Oncology 08
populations (20). Mortality to BMI curves is commonly U-shaped

(increased mortality at both ends) (10).

Studies have analyzed the obesity paradox in various diseases,

and it has been well described in studies of cardiovascular diseases

(21, 22). The association between improved survival and obesity,

described by measurement of adiposity from multiple aspects, in

heart failure patients has been reported (23). A recent study

demonstrated that the short and long-term outcomes tend to

improve in patients with obesity undergoing surgical procedures

compared to normal-weight individuals (11). Though the reliability

of an accurate measurement of adiposity has been questioned, BMI

is a convenient parameter in describing obesity-paradox and

predicting clinical outcomes in various diseases. For hospitalized

and ICU patients or those with chronic illnesses, a J-shaped

relationship between BMI and mortality has been demonstrated,
B

A

FIGURE 4

Forest plots of metadata of hazard ratios for different subgrouping settings (A) Hazard ratios for comparison of normal weight vs overweight setting.
(B) Hazard ratios for comparison of obesity vs overweight setting.
frontiersin.org

https://doi.org/10.3389/fonc.2024.1318785
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wang et al. 10.3389/fonc.2024.1318785
with overweight and moderate obesity being protective compared

with a normal BMI or more severe obesity (24). In addition, BMI

has been used to evaluate prognosis in numerous cancers (19, 25,

26). Among patients with cancer, such as lung cancer, colorectal

cancer, renal cell carcinoma, and diffuse large B-cell lymphoma,

higher BMI is associated with improved survival compared with

normal-weight patients (25, 27).

The vast majority (>75%) of gliomas are high-grade (WHO

grade 3 and 4), with the most common and aggressive form of

glioma being GBM; WHO grade 4 gliomas, particularly GBM can

exhibit pronounced intra-tumoral heterogeneity that confounds

clinical diagnosis and management, with a dismal prognosis (28).

Despite the increasing emergence of novel genetic and epigenetic

biomarkers, it is still challenging to predict clinical outcomes of

gliomas or to guide individualized therapy (29–33). BMI as a

rapidly and easily acquired parameter in clinical scenarios shows

potential capability as a prognostic factor in glioma. A recent study

accomplished by Chambless et al. argued that obesity is an

independent risk factor for poor outcomes in patients with high-

grade glioma, and elevated BMI should be considered when

stratifying risk for patients with high-grade glioma (34). However,

the pooled analysis of five studies demonstrated a decreased OS in

patients with lower BMI compared with patients with obesity (35).

Consequently, the prognostic value of BMI in patients with GBM

was proposed in several studies (12–14). The unavailability of

MGMT promoter methylation status may be a limitation for

these studies, which can affect the sensitivity of patients to

temozolomide chemotherapy and the OS of patients. In addition,

different studies use different BMI categories. Currently, based on

the 2021WHO classification of CNS tumors, no consensus has been

achieved about obesity-paradox from the aspect of BMI in primary

WHO grade 4 gliomas.

Our study revealed that survival risk showed a U-shape

regression within escalating BMI (Figure 2), in which round-BMI

grouping of the cohort is used for Cox regression analysis. Several

clues may help to understand the paradox that low weight is

associated with higher mortality, and patients who have normal

weight at the time of diagnosis may have previously been

overweight or obese before experiencing unintentional weight loss

(25). Weight loss is often recognized as a marker of more aggressive

cancer and/or advanced activity, even a marker of subclinical tumor

activity that can impact lipid metabolism as early as two years before

a diagnosis is made (10). In a large prospective cohort of lung cancer,

the percentage of patients experiencing pre-diagnosis weight loss

ranged from 35% in patients with obesity to 75% in patients with

underweight. The relationship between survival and severity of pre-

diagnosis weight loss tended to be linear (36). PrimaryWHO grade 4

gliomas among patients with overweight and obesity may have less

aggressive characteristics compared with those among normal-weight

patients (19). Molecular heterogeneity is a major characteristic of

tumors, and obesity is associated with more indolent molecular

variants, including reduced fatty acid synthase (FASN) expression

(19). The survival advantage originating from higher BMI may be

associated with differences in fatty acid metabolism, and the statistical

significance in both FASN and the immediate upstream enzyme

acetyl-CoA carboxylase (ACACA) and its encoded protein ACC were
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observed in patients with obesity and patients with normal weight.

FASN is downregulated in patients with obesity but upregulated in

patients with normal weight, and the overexpression of FASN is

associated with aggressive disease and poor prognosis in several

cancer types, including renal cell carcinoma, colon cancer, and

prostate cancer (37–40). FASN encodes rate-limiting enzymes

involved in fatty acid synthesis, which is a process essential for

tumor growth and associated with the incidence of cancer-specific

death (37). Patients with overweight and obesity may show superior

treatment response and better tolerance for adjuvant chemotherapy

compared with normal-weight patients, which might be the

consequence of differential pharmacokinetics of cancer treatment

regimens (19, 41). Even high BMI appears to be independently

associated with improved survival with immune checkpoint

inhibitor therapy (atezolizumab) in patients with non-small cell

lung cancer (NSCLC), and a linear association between increasing

BMI and OS was observed (42). Excess adipose tissue may have a

protective role as a nutrient reserve, which helps improve the survival

of patients enduring chemoradiotherapy and adjuvant

chemotherapy. In addition, overweight people pay more attention

to their health status and have more regular medical follow-ups due

to their higher risk of comorbidities (36). Therefore, a sequential

record of BMI during the process of disease progression would be

helpful to further understand the clinical outcome-predicting role of

BMI in all fields of research, especially for cancer research, because

universal weight loss happens in the majority of cancer patients.

Proposing an ideal BMI for cancer patients would be useful in the

administration of cancer, which still requires considerable effort.

This study has several limitations. A relatively small size cohort

was used in this study, and a larger sample size would certainly be

helpful to make the conclusion more solid. Cohorts from multiple

regions or races would possibly improve the extrapolation of

conclusions. Few patients were finally enrolled in the underweight

group so the association between clinical outcome and patients with

underweight remains ambiguous. Currently, the sensitivity and

reliability of BMI in assessing malnutrition and adiposity have

been questioned. Novel nutrition-related parameters, such as waist

circumference, waist-to-hip ratio, and skinfold would make BMI

more comprehensive in assessing body condition; body

composition assessment techniques, such as dual-energy X-ray

absorptiometry, computed tomography (CT) and MRI, and

biological parameters such as serum albumin concentration could

also be considered.
Conclusions

We conducted a retrospective real-world study to assess the

prognostic capability of BMI in patients with primaryWHO grade 4

gliomas. BMI was shown to be a feasible prognostic factor.

Overweight patients were shown to have superior survival

benefits. While the limited sample size of this study may impact

the reliability of the results, ideal weight management may increase

the survival benefits of patients. Future studies will be required to

consider novel nutritional parameters and the history of weight

change to develop a comprehensive prognosis of patients with
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primary WHO grade 4 gliomas. Finally, a multicenter study with a

larger sample size may provide further evidence to support the

“obesity paradox” in WHO grade 4 gliomas.
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1. Tan AC, Ashley DM, López GY, Malinzak M, Friedman HS, Khasraw M.
Management of glioblastoma: State of the art and future directions. CA Cancer J
Clin. (2020) 70:299–312. doi: 10.3322/caac.21613

2. Ji N, Zhang Y, Liu Y, Xie J, Wang Y, Hao S, et al. Heat shock protein peptide
complex-96 vaccination for newly diagnosed glioblastoma: a phase I, single-arm trial.
JCI Insight. (2018) 3(10):e99145. doi: 10.1172/jci.insight.99145

3. Stupp R, Hegi ME, Mason WP, van den Bent MJ, Taphoorn MJ, Janzer RC, 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) 10:459–66. doi: 10.1016/
S1470-2045(09)70025-7

4. Aldape K, Zadeh G, Mansouri S, Reifenberger G, von Deimling A. Glioblastoma:
pathology, molecular mechanisms and markers. Acta Neuropathol. (2015) 129:829–48.
doi: 10.1007/s00401-015-1432-1

5. Butler M, Pongor L, Su YT, Xi L, Raffeld M, Quezado M, et al. MGMT status as a
clinical biomarker in glioblastoma. Trends Cancer. (2020) 6:380–91. doi: 10.1016/
j.trecan.2020.02.010
6. Ning L, LiangW, Guo H, Liu J, Xie L. Correlations between clinical characteristics
and prognosis in patients with grade II glioma. Evid Based Complement Alternat Med.
(2021) 2021:5873213. doi: 10.1155/2021/5873213

7. van Kessel E, Huenges Wajer IMC, Ruis C, Seute T, Fonville S, De Vos F, et al.
Cognitive impairments are independently associated with shorter survival in diffuse
glioma patients. J Neurol. (2021) 268:1434–42. doi: 10.1007/s00415-020-10303-w

8. Qizilbash N, Gregson J, Johnson ME, Pearce N, Douglas I, Wing K, et al. BMI and
risk of dementia in two million people over two decades: a retrospective cohort study.
Lancet Diabetes Endocrinol. (2015) 3:431–6. doi: 10.1016/S2213-8587(15)00033-9

9. Foltynie T, Athauda D, Diabetes BMI. and parkinson’s. Mov Disord. (2020)
35:201–3. doi: 10.1002/mds.27941

10. Strulov Shachar S, Williams GR. The obesity paradox in cancer-moving beyond
BMI. Cancer Epidemiol Biomarkers Prev. (2017) 26:13–6. doi: 10.1158/1055-9965.EPI-
16-0439

11. Dotan I, Shochat T, Shimon I, Akirov A, The Association Between BMI. and
mortality in surgical patients. World J Surg. (2021) 45:1390–9. doi: 10.1007/s00268-
021-05961-4
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2024.1318785/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1318785/full#supplementary-material
https://doi.org/10.3322/caac.21613
https://doi.org/10.1172/jci.insight.99145
https://doi.org/10.1016/S1470-2045(09)70025-7
https://doi.org/10.1016/S1470-2045(09)70025-7
https://doi.org/10.1007/s00401-015-1432-1
https://doi.org/10.1016/j.trecan.2020.02.010
https://doi.org/10.1016/j.trecan.2020.02.010
https://doi.org/10.1155/2021/5873213
https://doi.org/10.1007/s00415-020-10303-w
https://doi.org/10.1016/S2213-8587(15)00033-9
https://doi.org/10.1002/mds.27941
https://doi.org/10.1158/1055-9965.EPI-16-0439
https://doi.org/10.1158/1055-9965.EPI-16-0439
https://doi.org/10.1007/s00268-021-05961-4
https://doi.org/10.1007/s00268-021-05961-4
https://doi.org/10.3389/fonc.2024.1318785
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wang et al. 10.3389/fonc.2024.1318785
12. Valente Aguiar P, Carvalho B, Vaz R, Linhares P. Body mass index as an
independent prognostic factor in glioblastoma. Cancer Causes Control. (2021) 32:327–
36. doi: 10.1007/s10552-020-01388-9

13. Potharaju M, Mangaleswaran B, Mathavan A, John R, Thamburaj V, Ghosh S,
et al. Body mass index as a prognostic marker in glioblastoma multiforme: A clinical
outcome. Int J Radiat Oncol Biol Phys. (2018) 102:204–9. doi: 10.1016/
j.ijrobp.2018.05.024

14. Cha JY, Park JS, Hong YK, Jeun SS, Ahn S. Impact of body mass index on
survival outcome in patients with newly diagnosed glioblastoma: A retrospective single-
center study. Integr Cancer Ther. (2021) 20:1534735421991233. doi: 10.1177/
1534735421991233

15. Jones LW, Ali-Osman F, Lipp E, Marcello JE, McCarthy B, McCoy L, et al.
Association between body mass index and mortality in patients with glioblastoma
mutliforme. Cancer Causes Control. (2010) 21:2195–201. doi: 10.1007/s10552-010-
9639-x

16. Flegal KM, Kit BK, Graubard BI. Body mass index categories in observational
studies of weight and risk of death. Am J Epidemiol. (2014) 180:288–96. doi: 10.1093/
aje/kwu111

17. A.P.C.S. Collaboration. The burden of overweight and obesity in the Asia–Pacific
region. Obes Rev. (2007) 8:191–6. doi: 10.1111/j.1467-789X.2006.00292.x

18. Woo J. Body mass index and mortality. Age Ageing. (2016) 45:331–3.
doi: 10.1093/ageing/afw042

19. Lennon H, Sperrin M, Badrick E, Renehan AG. The obesity paradox in cancer: a
review. Curr Oncol Rep. (2016) 18:56. doi: 10.1007/s11912-016-0539-4

20. Arnold M, Leitzmann M, Freisling H, Bray F, Romieu I, Renehan A, et al.
Obesity and cancer: an update of the global impact. Cancer Epidemiol. (2016) 41:8–15.
doi: 10.1016/j.canep.2016.01.003

21. Ortega FB, Lavie CJ, Blair SN. Obesity and cardiovascular disease. Circ Res.
(2016) 118:1752–70. doi: 10.1161/CIRCRESAHA.115.306883

22. Mandviwala T, Khalid U, Deswal A. Obesity and cardiovascular disease: a risk factor
or a risk marker? Curr Atheroscler Rep. (2016) 18:21. doi: 10.1007/s11883-016-0575-4

23. Horwich TB, Fonarow GC, Clark AL. Obesity and the obesity paradox in heart
failure. Prog Cardiovasc Dis. (2018) 61:151–6. doi: 10.1016/j.pcad.2018.05.005

24. Schetz M, De Jong A, Deane AM, Druml W, Hemelaar P, Pelosi P, et al. Obesity
in the critically ill: a narrative review. Intensive Care Med. (2019) 45:757–69.
doi: 10.1007/s00134-019-05594-1

25. Park Y, Peterson LL, Colditz GA. The plausibility of obesity paradox in cancer-
point. Cancer Res. (2018) 78:1898–903. doi: 10.1158/0008-5472.CAN-17-3043

26. Laird BJA, Skipworth RJE. The obesity paradox in cancer: is bigger better?
J Cachexia Sarcopenia Muscle. (2022) 13:1440–1. doi: 10.1002/jcsm.13007

27. Zhang X, Liu Y, Shao H, Zheng X. Obesity paradox in lung cancer prognosis:
evolving biological insights and clinical implications. J Thorac Oncol. (2017) 12:1478–
88. doi: 10.1016/j.jtho.2017.07.022

28. Hu LS, Hawkins-Daarud A, Wang L, Li J, Swanson KR. Imaging of intratumoral
heterogeneity in high-grade glioma. Cancer Lett. (2020) 477:97–106. doi: 10.1016/
j.canlet.2020.02.025
Frontiers in Oncology 11
29. Funakoshi Y, Hata N, Takigawa K, Arita H, Kuga D, Hatae R, et al. Clinical
significance of CDKN2A homozygous deletion in combination with methylated
MGMT status for IDH-wildtype glioblastoma. Cancer Med. (2021) 10:3177–87.
doi: 10.1002/cam4.3860

30. Silantyev AS, Falzone L, Libra M, Gurina OI, Kardashova KS, Nikolouzakis TK,
et al. Current and future trends on diagnosis and prognosis of glioblastoma: from
molecular biology to proteomics. Cells. (2019) 8(8):863. doi: 10.3390/cells8080863

31. Pirozzi CJ, Yan H. The implications of IDH mutations for cancer development
and therapy. Nat Rev Clin Oncol. (2021) 18:645–61. doi: 10.1038/s41571-021-00521-0

32. Katsigiannis S, Grau S, Krischek B, Er K, Pintea B, Goldbrunner R, et al. MGMT-
positive vs MGMT-negative patients with glioblastoma: identification of prognostic
factors and resection threshold. Neurosurgery. (2021) 88:E323–e329. doi: 10.1093/
neuros/nyaa562

33. Fujimoto K, Arita H, Satomi K, Yamasaki K, Matsushita Y, Nakamura T, et al.
TERT promoter mutation status is necessary and sufficient to diagnose IDH-wildtype
diffuse astrocytic glioma with molecular features of glioblastoma. Acta Neuropathol.
(2021) 142:323–38. doi: 10.1007/s00401-021-02337-9

34. Chambless LB, Parker SL, Hassam-Malani L, McGirt MJ, Thompson RC. Type 2
diabetes mellitus and obesity are independent risk factors for poor outcome in patients
with high-grade glioma. J Neurooncol. (2012) 106:383–9. doi: 10.1007/s11060-011-
0676-4

35. Guven DC, Aksun MS, Cakir IY, Kilickap S, Kertmen N. The association of BMI
and sarcopenia with survival in patients with glioblastoma multiforme. Future Oncol.
(2021) 17:4405–13. doi: 10.2217/fon-2021-0681

36. Morel H, Raynard B, d’Arlhac M, Hauss PA, Lecuyer E, Oliviero G, et al.
Prediagnosis weight loss, a stronger factor thann BMI, to predict survival in patients
with lung cancer. Lung Cancer. (2018) 126:55–63. doi: 10.1016/j.lungcan.2018.07.005

37. Hakimi AA, Furberg H, Zabor EC, Jacobsen A, Schultz N, Ciriello G, et al. An
epidemiologic and genomic investigation into the obesity paradox in renal cell
carcinoma. J Natl Cancer Inst. (2013) 105:1862–70. doi: 10.1093/jnci/djt310

38. Horiguchi A, Asano T, Asano T, Ito K, Sumitomo M, Hayakawa M. Fatty acid
synthase over expression is an indicator of tumor aggressiveness and poor prognosis in
renal cell carcinoma. J Urol. (2008) 180:1137–40. doi: 10.1016/j.juro.2008.04.135

39. Ogino S, Nosho K, Meyerhardt JA, Kirkner GJ, Chan AT, Kawasaki T, et al.
Cohort study of fatty acid synthase expression and patient survival in colon cancer. J
Clin Oncol. (2008) 26:5713–20. doi: 10.1200/JCO.2008.18.2675

40. Nguyen PL, Ma J, Chavarro JE, Freedman ML, Lis R, Fedele G, et al. Fatty acid
synthase polymorphisms, tumor expression, body mass index, prostate cancer risk, and
survival. J Clin Oncol. (2010) 28:3958–64. doi: 10.1200/JCO.2009.27.0793

41. Vengoji R, Atri P, Macha MA, Seshacharyulu P, Perumal N, Mallya K, et al.
Differential gene expression-based connectivity mapping identified novel drug
candidate and improved Temozolomide efficacy for Glioblastoma. J Exp Clin Cancer
Res. (2021) 40:335. doi: 10.1186/s13046-021-02135-x

42. Kichenadasse G, Miners JO, Mangoni AA, Rowland A, Hopkins AM, Sorich MJ.
Association between body mass index and overall survival with immune checkpoint
inhibitor therapy for advanced non-small cell lung cancer. JAMA Oncol. (2020) 6:512–
8. doi: 10.1001/jamaoncol.2019.5241
frontiersin.org

https://doi.org/10.1007/s10552-020-01388-9
https://doi.org/10.1016/j.ijrobp.2018.05.024
https://doi.org/10.1016/j.ijrobp.2018.05.024
https://doi.org/10.1177/1534735421991233
https://doi.org/10.1177/1534735421991233
https://doi.org/10.1007/s10552-010-9639-x
https://doi.org/10.1007/s10552-010-9639-x
https://doi.org/10.1093/aje/kwu111
https://doi.org/10.1093/aje/kwu111
https://doi.org/10.1111/j.1467-789X.2006.00292.x
https://doi.org/10.1093/ageing/afw042
https://doi.org/10.1007/s11912-016-0539-4
https://doi.org/10.1016/j.canep.2016.01.003
https://doi.org/10.1161/CIRCRESAHA.115.306883
https://doi.org/10.1007/s11883-016-0575-4
https://doi.org/10.1016/j.pcad.2018.05.005
https://doi.org/10.1007/s00134-019-05594-1
https://doi.org/10.1158/0008-5472.CAN-17-3043
https://doi.org/10.1002/jcsm.13007
https://doi.org/10.1016/j.jtho.2017.07.022
https://doi.org/10.1016/j.canlet.2020.02.025
https://doi.org/10.1016/j.canlet.2020.02.025
https://doi.org/10.1002/cam4.3860
https://doi.org/10.3390/cells8080863
https://doi.org/10.1038/s41571-021-00521-0
https://doi.org/10.1093/neuros/nyaa562
https://doi.org/10.1093/neuros/nyaa562
https://doi.org/10.1007/s00401-021-02337-9
https://doi.org/10.1007/s11060-011-0676-4
https://doi.org/10.1007/s11060-011-0676-4
https://doi.org/10.2217/fon-2021-0681
https://doi.org/10.1016/j.lungcan.2018.07.005
https://doi.org/10.1093/jnci/djt310
https://doi.org/10.1016/j.juro.2008.04.135
https://doi.org/10.1200/JCO.2008.18.2675
https://doi.org/10.1200/JCO.2009.27.0793
https://doi.org/10.1186/s13046-021-02135-x
https://doi.org/10.1001/jamaoncol.2019.5241
https://doi.org/10.3389/fonc.2024.1318785
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Association of body mass index with clinical outcome of primary WHO grade 4 glioma
	Introduction
	Materials and methods
	Study design and participants
	Data collection
	Interpretation of imaging information
	Histological and molecular characteristics
	Definition of clinical characteristics
	Outcomes and definitions
	Tumor volume estimation
	Treatment strategy
	Follow-up
	Statistical analysis

	Results
	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


