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Reproducible Serum Metabolomics Reveals Consistent Pathway
Alterations in Ovarian Cancer Across Independent Cohorts

ICulp-Hill R, 'Giles B, 'Goldberg M, 'Law RA, 'Radnaa E, 'Kilkenny S, 'Wong M, 'Hansen C, 2Bitler BG, 2Behbakht K, 'Fa VS, 'McElhinny A

Background and Rationale

Bsmm Ovarian cancer (OC) remains highly lethal

(?') Symptoms overlap with benign gynecologic and Gl conditions'

9 Avg. diagnhostic delay is ~9 months in the U.S.?

;I:"I. >70% diaghosed with late-stage OC, 5-year survival 10-30% °

X Lack of effective diagnostic tools for early-stage OC

_l.l"; If OC is diaghosed at early stages, survival jumps to >90% “

Altered metabolism is a cancer hallmark
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 While genomics and transcriptomics
reflect biological potential and
proteomics reflects functional
machinery, metabolomics captures
the phenotype — the integrated
output of tumor and host
metabolism.

e MS-based metabolomics enables
detection of subtle metabolic
shifts, offering a powerful tool for
early cancer detection.

 Metabolomic biomarkers have the
potential to iImprove diagnostic
accuracy and complement existing
methods by detecting tumor-driven
metabolic rewiring.

Metabolomics + Hallmarks of Cancer

adapted from "Hallmarks of Cancer: The Next Generation” Hanahan & Weinberg 2071

Lactate suppresses T-cell and NK cell activity

Tumor metabolism depletes nutrients, limiting

Deregulating cellular
energetics
Warburg effect increases glucose and lactate

Glutamine and lipid metabolism supports
energy and biosynthesis for tumor growth

Sustained proliferative

metabolism provides energy and
building blocks for cell division

Evading growth
suppressors

Metabolites influence epigenetic regulation
Alters expression of tumor suppressor
pathways

signaling ! f
Increased glycolysis and FA

immune cell function

Avoiding immune
destruction

Inducing
angiogenesis
Lactate and hypoxia-related

metabolites activate VEGF signaling
Promotes blood vessel formation

Inflammation alters glucose and lipid
metabolism in tumor microenvironment

Tumor-promoting

inflammation ) .
Genome instability

& mutation

Metabolic stress increases reactive oxygen
species (ROS), metabolic byproducts
promote DNA damage and mutation

Enabling replicative

immortality
Increased nucleotide and one-carbon
metabolism

Supports continuous DNA replication

Resisting cell death

Altered redox metabolism (NAD,
glutathione, ROS)
Supports survival under stress

Activating invasion

and metastasis Original hallmarks
Altered lipid and energy metabolism Enabling factors
Supports membrane remodeling and .

cell migration Emer aging hallmarks
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Study Design + Workflow

We conducted metabolomics analysis of two independent, clinically annotated cohorts. Cohort 1 was obtained from
the University of Colorado Gynecologic Tissue and Fluid Bank + commercial vendors. Cohort 2 was collected from a
prospectively enrolled symptomatic population (Manchester University NHS Foundation Trust + commercial
vendors). Samples were blinded and cohorts processed independently.

Diagnosis ____|Group | Cohort1 | Cohort2 | Combined _
Benignh Gynecologic Conditions

*normal/healthy samples from cohort 2 comprise normal healthy donors and individuals seeking care for symptoms with no confirmed diagnosis

Cancer

Non-Cancer

( Sample Collection

Cohorts include serum samples
from various conditions, including

normal, benign, and different stages
and subtypes of ovarian cancer
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Cross-cohort Reproducibility
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of consistent features
mapped to key pathways
Identified in pathway analysis

of significantly altered
features maintained
directionality across cohorts

168 116 284

50 O 50

25 19 4t

544 400 944 Despite independent sample acquisition and analytical batches,

metabolic alterations showed reproducible directional trends across

[ Sample Preparation J

. cohorts.
( Data acquisition )

U 2%.'. | MeOH extraction

Patient-derived samples were
processed for detection of small
molecules using LC-MS

Implications

« OC metabolic alterations are reproducible in symptomatic
populations

LC-MS:
Pos/Neg ion
modes +

= curated
metabolomics
database
detection

Pathway-level changes align with prior OC biology

This supports biological signhal rather than cohort-specific artifacts

Metabolic Alterations in OC
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The Power of Multi-omics

We observed consistent
alterations in several metabolic
pathways. Amino acids were
decreased while fatty acids and

Cohort 1 Cohort 2

acyl-carnitines were increased in 1 ! Prior work shows strong
OC groups relative to non-OC performance in identifying OC
groups oo - using lipids and proteins®.

Reproducible metabolic
alterations across
Independent cohorts support
the integration of
metabolomics into
multi-omic biomarker
development pipelines.
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Sensitivity

Pathway analysis also revealed
that amino acid and fatty acid
metabolism were altered in OC -
relative to non-OC.
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Control vs. OC AUC: 0.93 (0.90-0.96)
Control vs. early OC AUC: 0.91 (0.87—-0.95)

These pathways have previously 1 075 %0 025 0 1 75 om0 oz 0
been individually implicated in

ovarian cancer biology and
metabolic reprogramming.

Control vs. OC AUC: 0.92 (0.89-0.96)
Control vs. early OC AUC: 0.88 (0.83—0.93)

Conclusions

AN

Trp metabolism » This study represents the largest metabolomics analyses of symptomatic

OC cohorts to date.

* Serum metabolomics analysis identifies consistent pathway-level alterations
In OC.

Cys+Met metabolism
«@  Gly+Ser+Thr metabolism

e . . . . .

® « Key metabolic pathways (amino acids, acyl-carnitines, fatty acids) show

" Arg+Pro metatf":m Ala+Asp+Glu metabolism reproducible dysregulation across independent cohorts.
® < . . . . .
° Phe+?yr+Trp etabolism » Directional concordance across cohorts supports biological consistency
°e O e
rather than cohort-specific signal.
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0 O OLinoIeic pcid metfb%%sm * Findings support continued investigation of metabolomics as part of
8° O multi-omic biomarker strategies.
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