
INTRODUCTION
• Malignant gliomas represent approximately 80% of all primary malignant brain

tumors, but their causes are still not fully understood
• Recent research suggests aberrant metabolism may play a role in glioma

tumorigenesis, providing etiological clues
• Military service members experience unique stressors and exposures that

may elevate brain cancer risk, and research to date focusing on military service
members remains limited

• To investigate the role of metabolic patterns associated with malignant glioma,
we performed a Metabolic-Wide Association Study (MWAS) to identify
metabolic biomarkers of glioma using pre-diagnostic serum samples from a
large, nested case-control study of 451 cases and 454 controls [1]

DISCUSSION AND CONCLUSIONS

• Key Interpretations:
• Found elevated prolyl-hydroxyproline levels in Cases. Proline metabolism is

known to be associated with Glioma and is an active area of research [4]
• Pathway enrichment discovered in Hexose Phosphorylation, Butanoate

Metabolism, Glyoxylate Metabolism pathways, which have been previously
implicated in Glioma [5,6]

• Study Strengths:
• Nested Case-Control Study; largest sample of Military Service Members for

investigation of metabolomics and Malignant Glioma risk, to date
• Linear Mixed-Models allow for analysis of all available samples

• Study Limitations:
• Metabolic features labeled by annotation algorithms which can fail to annotate some

features
• Histologic subtypes/Cancer stages known only for cases identified via the DoD

Cancer Registry, approx. 45% of cases; precluding analysis due to small sample size
• Future Work:

• Identify important combinations of metabolites using dimension reduction and
mixture models

• Use annotations to identify key classes of metabolic features, including
endogenous metabolites and exogenous exposures such as: PFAS, Plasticizers, etc.

• Study environmental exposures and glioma risk from the LC-MS data
• Evaluate if metabolic patterns mediate the relationship between unique military

environmental exposures and malignant glioma risk

METHODS

RESULTS

• 20K metabolic features detected; 10,171 features used in analysis
• 196 metabolic features significantly associated with malignant glioma (p < 0.05); Figure 1
• One metabolic feature (prolyl-hydroxyproline) was significantly positively associated with

glioma (after controlling for FDR at 0.2 level); Table 2
• Enriched Metabolic Pathways: Hexose Phosphorylation, Butanoate Metabolism,

Glyoxylate Metabolism; Figure 2

A Repeated Measures Metabolome−Wide Association Study of Malignant Glioma 
in U.S. Military Personnel

Blake Hansen1,2, Jordan McAdam1,2, M. Ryan Smith3,4, Jill Barnholtz-Sloan5, Kimberly Sullivan6, Dean Jones3, Brett Theeler7, Alina Brenner8, Jennifer Rusiecki2
1Henry M. Jackson Foundation for the Advancement of Military Medicine, Inc., Bethesda, MD; 2Department of Medicine, Uniformed Services University of the Health Sciences, Bethesda, MD; 3Department of Medicine, Emory University, Atlanta, GA; 4VA Healthcare System of Atlanta, Decatur, GA; 

5Winship Cancer Institute, Emory University, Atlanta GA; 6School of Public Health, Boston University, Boston, MA; 7Department of Neurology, Uniformed Services University of the Health Sciences, Bethesda, MD; 8Department of Epidemiology, Radiation Effects Research Foundation, Hiroshima, Japan

REFERENCES
1. Brenner, A. V., P. D. Inskip, J. Rusiecki, C. S. Rabkin, J. Engels and R. M. Pfeiffer (2018). "Serially

measured pre-diagnostic levels of serum cytokines and risk of brain cancer in active component military
personnel." British Journal of Cancer, 119(7): 893–900.

2. Karnovsky, A., & Li, S. (2020). Pathway analysis for targeted and untargeted metabolomics.
3. Pang, Z., Xu, L., Viau, C. et al. MetaboAnalystR 4.0: a unified LC-MS workflow for global metabolomics. Nat

Commun, 15, 3675 (2024).
4. Sawicka, M. M., Sawicki, K., Łysoń, T., Polityńska, B., & Miltyk, W. (2022). Proline Metabolism in Malignant

Gliomas: A Systematic Literature Review. Cancers, 14(8), 2030.
5. Baxter, M. E., Miller, H. A., Chen, J., Williams, B. J., & Frieboes, H. B. (2023). Metabolomic differentiation of

tumor core versus edge in glioma. Neurosurgical Focus, 54(6), E4.
6. Walsby-Tickle, J., Gannon, J., Hvinden, I. et al. Anion-exchange chromatography mass spectrometry

provides extensive coverage of primary metabolic pathways revealing altered metabolism in IDH1 mutant
cells. Commun Biol 3, 247 (2020).

ACKNOWLEDGEMENT AND DISCLAIMER

This work was supported by awards from the Murtha Cancer Center Research Program
(HU00012220063) and the Intramural Research Program of the National Institutes of Health,
National Cancer Institute. The contents of this publication are the sole responsibility of the authors
and do not necessarily reflect the views, opinions, or policies of Uniformed Services University of the
Health Sciences (USUHS); the Department of War (DoW); the Departments of the Army, Navy, or
Air Force; the US Department of Veterans Affairs; or the Henry M. Jackson Foundation for the
Advancement of Military Medicine, Inc.

Table 2. Description of Top 5 +/- Metabolic Associations

Table 1. Summary of Study Population

• Additional Analysis:
• 1 – 5 Years: 256 significant metabolic features, 1 enriched pathway: Di-

unsaturated fatty acid beta-oxidation
• 5 – 20 Years: 265 significant metabolic features, 2 enriched pathways:

Xenobiotic Metabolism, Aspartate Metabolism

• 1-3 pre-diagnostic samples from cases and individually matched controls
• Serum analyzed with high-resolution untargeted metabolomics via Dual-

column liquid chromatography and electrospray ionization (LC-MS)
• Zero values were considered < limit of detection (LOD)
• Metabolic features were excluded if >20% zeroes in cases or controls
• Zero values in retained features imputed with the minimum observed

value divided by √2
• Differences in metabolic patterns were assessed using linear mixed models

• controlling for sex, race, age, and branch of service
• Metabolic pathway enrichment analysis performed via mummichog

algorithm, version 2.0 [2]
• Metabolic features annotated using MetaboAnalyst version 6.0 [3]
• Additional Analyses considered MWAS stratified by lag time of serum sample

to diagnosis (1-5 years; 5-20 years)
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