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Simple Summary: The metabolic syndrome has been associated with systemic cancers but its
association with patients with glioblastoma is unclear. This study retrospectively examined patients
with IDH-wild type glioblastoma and demonstrated that the metabolic syndrome is more prevalent
in glioblastoma patients (41%) compared to the general population (33%). However, after adjusting
for confounders, metabolic syndrome is not significantly linked to overall survival (p = 0.1).
Nonetheless, the accumulation of metabolic risk factors correlates with decreased survival (p = 0.03),
with hyperglycemia identified as a significant independent risk factor (p = 0.05). These findings
suggest that while the metabolic syndrome may not affect survival significantly, hyperglycemia
does. This highlights the need for further research and targeted clinical management.

Abstract: Background: The metabolic syndrome increases the risk of developing various systemic
cancers. The prevalence of the metabolic syndrome in newly diagnosed glioblastoma patients is
unknown. Further, there have been contradictory reports about how the metabolic syndrome affects
clinical outcomes. Therefore, the purpose of this study is to test the hypothesis that the metabolic
syndrome is associated with increased prevalence of glioblastoma and worsened survival outcomes.
Methods: This retrospective cohort study examines seventy-three patients with isocitrate
dehydrogenase (IDH)-wild type glioblastoma as it provides for a relatively homogeneous
population to examine. Patient characteristics, vital signs, lab results, tumor molecular markers, and
overall survival were analyzed. Patients with the metabolic syndrome and individual risk factors
were identified and survival outcomes were examined. Results: Our results demonstrate that there
is a higher prevalence of the metabolic syndrome in our cohort of patients with glioblastoma than
the general population (41% vs 33%). We also demonstrate that after correction for confounding
variables, the metabolic syndrome is not significantly associated with overall survival (p = 0.1).
When analyzing individual metabolic risk factors, we demonstrate that there is a significant
association between the accumulation of metabolic risk factors and decreased survival (p = 0.03),
and hyperglycemia emerges as a significant independent risk factor for decreased survival (p = 0.05).
Conclusion: These results suggest that metabolic risk factors can affect survival in patients with
glioblastoma, which can have significant implications for clinical practice. These findings need to
be further explored through further clinical and mechanistic studies.
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1. Introduction

A hallmark of cancer is altered cellular metabolism. An early observation of such has been
described as the Warburg effect, wherein rapidly dividing cancer cells shift their metabolism of
glucose to lactate. For gliomas, the identification of isocitrate dehydrogenase (IDH) mutations as a
critical marker of tumor behavior and prognosis has invigorated efforts to better understand glioma
metabolism [1]. Outside of the nervous system, systemic metabolic dysregulation manifesting as the
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metabolic syndrome has been associated with increased prevalence of systemic cancers [2]. Recent
studies have explored this association with gliomas but have had conflicting results [3-5]. The
purpose of this study is to test the hypothesis that patients with pre-existing metabolic syndrome
have an increased prevalence of IDH-wild type glioblastoma and worse survival outcomes. This
study emphasizes the examination of patients solely with IDH-wild type glioblastoma as IDH-
mutant gliomas are known to have different metabolic features [6].

2. Materials and Methods

A retrospective case-control study was conducted examining 73 patients with pathologically
confirmed glioblastoma isocitrate dehydrogenase (IDH)-wild type treated at the University of
California, Davis between 2018 and 2023. The study was conducted in accordance with the
Declaration of Helsinki and approved by the Institutional Review Board of the University of
California, Davis, 95817 on April 23, 2023. All patients were adults, and they underwent surgical
resection followed by standard of care chemoradiation [7] —though some were unable to complete
treatment due to poor functional status or decision to transition to hospice care. Electronic medical
records were reviewed to identify whether these patients had developed the metabolic syndrome
prior to diagnosis of the tumor. Records reviewed included progression free survival, overall
survival, treatment, pathologic diagnosis, tumor molecular characteristics, blood pressure, body
mass index, medications, and laboratory data.

Metabolic syndrome was defined based on the internationally agreed upon definition [8]. Based
on this definition, patients meet criteria for the metabolic syndrome if they have three of the five
following criteria: obesity, hypertension, hyperglycemia, decreased high density lipoprotein (HDL),
and hypertriglyceridemia. Obesity is defined as body mass index (BMI) greater than 30 kg/m?2.
Hypertension is defined as systolic blood pressure greater that 130, diastolic blood pressure greater
than 90, or currently taking antihypertensives. Hyperglycemia is determined by fasting blood glucose
greater than 100, HgAlc greater than 6.0, or patient currently taking antihyperglycemics. Decreased
HDL must be less than 40 mg/dL in males or less than 50mg/dL in females; it is also defined as patient
currently taking a statin medication. Hypertriglyceridemia requires a triglyceride level greater than
150mg/dL. It is important to emphasize that these features were captured prior to tumor diagnosis
and treatment, since certain treatments can exacerbate these metabolic risk factors (e.g., steroid use).

For calculation of overall survival, the date of diagnosis was defined as the date of the first
surgery that led to tumor diagnosis. Date of death was determined as either the confirmed death date
or the final electronic medical record (EMR) entry. All patients in this study died from this
malignancy. Statistical analyses included unpaired t-tests when comparing two groups and linear
regression models for comparison of two continuous variables. Kaplan-Meier curves were used to
depict overall survival between groups over time. Statistical significance was drawn for p-values less
than 0.05.

3. Results
3.1. Patient Characteristics

Table 1 depicts the characteristics of the patients involved in this study. All seventy-three
patients had IDH-wild type glioblastoma. Metabolic syndrome was identified in 41% of the patients
(30/73) (Table 1), which is greater than the estimated prevalence of the metabolic syndrome of 33% in
the general adult population in the United States [9]. Patients with metabolic syndrome were
significantly older than those without (69.7 vs 62.1 years, p = 0.01) (Supplementary Figure S1). Thirty
patients (41%) met the above criteria for metabolic syndrome, of which 10 (14%) were female and 20
(27%) were male. Among those without metabolic syndrome, 15 (21%) were female and 28 (38%)
were male. There was a similar distribution of race between the two groups, with White race making
up 77% of those with metabolic syndrome and 65% of those without. Those without the metabolic
syndrome tended to have a higher prevalence of gross total resection, methylguanine
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methyltransferase (MGMT) methylation, and epidermal growth factor receptor (EGFR) amplification
(Table 1).

Table 1. Patient Characteristics. Comparison of the demographics, treatment status, and tumor
molecular features between patients with and without the metabolic syndrome.

MetS! Absent MetS Present
Total (Percent) 43 (59%) 30 (41%)
Female 15 10
Male 28 20
White 28 23
Age, mean (95% C.I.) 62.1 (58.3 — 66.0) 69.7 (65.8 —73.6)
Hispanic 6 1
African American 1 1
Asian 1 1
Pacific Islander 1 0
Other/Unknown 6 4
Gross total resection 23 10
Subtotal resection 13 15
Biopsy 5 5
Unknown resection 2 0
MGMT methylated 19 10
MGMT not methylated 23 20
EGFR amplified 21 16
EGEFR not amplified 8 12
EGFR Unknown 14 2

! MetS: metabolic syndrome.

3.2. Metabolic Syndrome and Individual Risk Factors Are Associated with Worsened Overall Survival

Overall survival was defined from the date of the first surgery to the date of death. Patients with
metabolic syndrome had a significant reduction in mean overall survival (7.9 vs. 15.0 months, p-value
0.01) prior to correcting for confounding variables (Figure 1B). Kaplan-Meier plot also demonstrates
this result and demonstrates reduction in median overall survival for patients with metabolic
syndrome (5.8 vs. 11.4 months) (Figure 1A). Evaluation for confounding variables demonstrated that
patients with metabolic syndrome were older on average (Table 1). Age also demonstrated a
significant negative association with overall survival (Figure 3A). After correction for age differences
between patients with and without metabolic syndrome, metabolic syndrome demonstrated a trend
for worsened survival (7.9 vs. 12.5 months, p = 0.1) (Figure 1C).
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Figure 1. Metabolic risk factors are associated with worsened overall survival. A) Kaplan-Meier
plot demonstrating worsened overall survival in patients with the metabolic syndrome. B) Patients
with the metabolic syndrome have decreased mean overall survival. C) After correction for age as a
confounding variable, metabolic syndrome only demonstrates a trend to worsened survival. D)
Accumulation of increasing numbers of metabolic risk factors is associated with worsened survival.
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Given this trend, we conjectured that rather than evaluating survival simply based upon the
criteria of metabolic syndrome, it may be valuable to evaluate metabolic risk factors individually and
as patients accumulate additional risk factors. As patients accumulate additional risk factors, there is
a significant negative association with overall survival (slope =-2.5 months per additional risk factor,
p = 0.03) (Figure 1D). However, the largest change in survival resulted from accumulation of the first
risk factor, while subsequent risk factors had less of an effect on survival.

We next examined each metabolic risk factor individually as it affects overall survival in our
patients. Given that we previously identified a strong negative association between age and overall
survival, all subsequent analyses include a correction factor for age differences. Despite correction
for age differences, hyperglycemia demonstrated a significant negative association with overall
survival (11.2 vs. 16.9 years, p = 0.05) (Figure 2C). Hypertension demonstrated a trend for worsened
overall survival (11.9 vs. 16.8 years, p = 0.1) (Figure 2B). Obesity, decreased HDL, and
hypertriglyceridemia did not affect overall survival (Figure 2A, D, E).
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Figure 2. Association of individual metabolic risk factors with overall survival. A, B, D, and E) BMI,
hypertension, decreased HDL or statin use, and hypertriglyceridemia are not associated with
survival. C) Hyperglycemia is significantly associated with worsened survival.

Analyses were performed to examine whether the following patient characteristics affected
overall survival: age, race, sex, resection status, MGMT methylation status, and EGFR amplification
status. As discussed previously, age demonstrated a strong negative association with overall survival
(slope =-0.33 months of survival per year of age, p = 0.004) (Figure 3A). Race and sex did not lead to
a significant effect on overall survival (Figure 3B, C). Resection status did demonstrate a positive
association with survival with gross total resection (GTR) having greater overall survival compared
to biopsy (14.8 months vs. 5.7 months, p = 0.05) (Figure 4A). MGMT methylation was also associated
with improved survival compared to unmethylated status (15.6 months vs. 9.8 months, p = 0.04)
(Figure 4B). EGFR amplification was not associated with survival (12.8 months vs. 9.1 months, p =
0.29) (Figure 4C).
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Figure 3. Patient demographics and overall survival. A) Older age at diagnosis has a directly
proportional association with worsened survival. B and C) Race and sex are not associated with

survival.
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Figure 4. Extent of resection and tumor molecular markers are associated with overall survival. A)
Increased extent of resection is associated with improved survival. B and C) MGMT methylation but
not EGFR amplification is associated with improved survival.

4. Discussion

The metabolic syndrome has been associated with increased prevalence and decreased survival
in multiple types of cancer, including breast, liver, colorectal, bladder, pancreatic, and endometrial
[2], though a mechanistic understanding is lacking. One hypothesized mechanism suggests that
metabolic dysregulation leads to a systemic inflammatory state in which cytokines and growth
factors can facilitate cancer cell proliferation [10]. Another proposed mechanism is that the metabolic
syndrome leads to insulin resistance and hyperinsulinemia that leads to increased insulin-like growth
factor (IGF 1) activity, which may lead to the development and progression of tumors [11].

4.1. Association between the Prevalence of the Metabolic Syndrome and the Development of Glioblastoma

On the other hand, the association between the metabolic syndrome and glioblastoma
pathogenesis has not been sufficiently explored. Three prior studies have examined this association
with conflicting results. Rogers et al. examined a cohort of patients from Cleveland, Ohio and
demonstrated a slightly higher prevalence of the metabolic syndrome among patients who developed
glioblastoma compared to the general population (35.6% vs 34.7%, respectively) [3]. McManus et al.
similarly examined this association in a cohort of patients from New Zealand and also showed a
slight increase in prevalence of the metabolic syndrome among patients who developed glioblastoma
(18.2% vs 16%) [4]. Lucas et al. examined a cohort of patients from Portugal and demonstrated the
opposite association, having observed a much lower prevalence of the metabolic syndrome among
patients who developed glioblastoma (11.1% vs 32.7%) [5]. Our results demonstrate a higher
prevalence of the metabolic syndrome in patients who developed glioblastoma (41% vs 33%) (Table
1). These findings are interesting but are limited to retrospective studies and as such future
prospective studies are needed to better evaluate this association. If the association is validated, then
metabolic risk factor modification could prove to be a promising approach to the treatment of patients
with glioblastoma. Further, studies examining the mechanisms underlying this association could
identify future targets for drug development.

4.2. Association between the Metabolic Syndrome and Overall Survival in Patients with Glioblastoma

Two of the previously referenced studies demonstrated that the metabolic syndrome was
associated with worsened survival. McManus et al. demonstrated a significantly decreased overall
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survival in patients with the metabolic syndrome (8.0 months vs 13.0 months, p = 0.016) [4]. Rogers
et al. demonstrated only a trend towards worsened survival in patients with the metabolic syndrome
(7.7 months vs 12.7 months, p = 0.22); however, they identified a significant association of the
metabolic syndrome with decreased survival in a subset of patients who completed the full schedule
of concurrent chemoradiation (12.4 months vs 17.9 months, p = 0.18). Lucas et al. on the other hand
demonstrated a trend towards improved survival in patients with the metabolic syndrome who later
developed glioblastoma (19.8 months vs 17.7 months, p = 0.085) [5]. Our results in Figure 1
demonstrate that the metabolic syndrome in patients who later developed glioblastoma is associated
with a trend toward decreased survival (7.9 vs 12.5 months, p = 0.1)—after correction for the
confounding variable of age, which itself is a significant prognostic factor. Interestingly, there was a
significant association between the accumulation of additional metabolic risk factors and decreased
overall survival (Figure 1d). To our knowledge, this is the first study to demonstrate this somewhat
linear association between the number of metabolic risk factors a patient has with overall survival.

4.3. Association of Hyperglycemia with Worsened Overall Survival

In our analysis, hyperglycemia emerged as an independent risk factor associated with decreased
overall survival (11.2 vs. 16.9 years, p = 0.05) (Figure 2), while hypertension demonstrated a trend
toward worsened survival. Hyperglycemia in patients prior to the diagnosis of glioblastoma has been
demonstrated by multiple studies to be associated with decreased overall survival [12-14]. Multiple
hypotheses have been proposed to explain why hyperglycemia may worsen survival. As gliomas are
reliant on glycolysis instead of aerobic respiration even in the presence of oxygen, the excess
availability of glucose to these cancer cells can facilitate tumor growth [15]. Another mechanism
suggests that insulin resistance and hyperinsulinemia can facilitate tumor growth via IGF-1-mediated
signaling [11,16]. This association between hyperglycemia and worsened overall survival challenges
the commonplace usage of corticosteroids for the treatment of post-operative and tumor-related
cerebral edema [17]. Further, multiple studies are beginning to try to target hyperglycemia and
glucose metabolism in the treatment of glioblastoma, though results thus far have not been
compelling [18-21].

4.4. Strengths and Limitations

The prior studies included both IDH wild type and IDH mutant tumors in their analyses, though
the proportion of patients with IDH mutant tumors was generally small and likely not to have
affected their results considerably [3-5]. As IDH mutant tumors have been shown to undergo
different metabolism [6], this study focused solely on IDH wild type tumors, which improves the
generalizability of our findings. This study also demonstrated that extent of resection and MGMT
promoter methylation status were important prognostic factors that were significantly associated
with overall survival. These results also validate the generalizability of our dataset by re-
demonstrating these associations with overall survival [22,23].

There are limitations to the results presented in this study. This study had a limited sample size
leading to relatively low power of the statistical results. Further, as a retrospective study, the results
presented here are associations from which causality should not be assumed. Additionally, the
retrospective nature of this study meant that there were group differences for which correction had
to be made in order to make broader inferences. For example, patients with the metabolic syndrome
were significantly older and age was significantly associated with worsened survival; thus, correction
for age had to be performed to examine the effect of the metabolic syndrome on survival. Future
prospective clinical studies and further mechanistic research are critical to clarify whether there is a
meaningful association between the metabolic syndrome and survival in patients who develop
glioblastoma.

5. Conclusions


https://doi.org/10.20944/preprints202409.0546.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 September 2024 d0i:10.20944/preprints202409.0546.v1

The metabolic syndrome has been associated with tumorigenesis and decreased survival in
multiple cancer types, though its association with glioma pathogenesis remains unclear. This study
demonstrates that the metabolic syndrome has a higher prevalence in patients with glioblastoma
compared to the general population and is associated with decreased overall survival.
Hyperglycemia appears to be the strongest driver of this finding, which has been supported by
multiple prior studies. Additional prospective clinical studies and mechanistic research are needed
to better evaluate these associations. If confirmed, clinical strategies to target metabolic risk factors
may play an important role in the treatment of patients with glioblastoma.

Supplementary Materials: The following supporting information can be downloaded at:
www.mdpi.com/xxx/s1, Figure S1. A) Patients with the metabolic syndrome were significantly older than
patients without the metabolic syndrome. B) Patients with the metabolic syndrome demonstrated a trend
towards higher KI67 index than those without the metabolic syndrome.
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