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Prognostic Metabolome and Colorectal Cancer Recurrence

Prognostic Metabolome and Overall Survival following Colorectal Cancer

Conclusion
- Recent advances in biomolecular techniques and bioinformatic technology have 
allowed unravelling of metabolic pathway information with real clinical application
- Herein we identified flux in specific oncometabolites and activity in specific metabolic 
pathways that are significantly associated with CRC recurrence and five-year survival 
through cross-reference of synthesised published data and publicly-available metabolite 
databases
- Specific metabolites and metabolic pathways are dysregulated in the setting of poor 
prognostic colorectal cancers and such metabolic signatures are associated with specific 
genomic SNPs
- These findings provide a platform for prognostic biomarker discovery and development 
in colorectal cancer as well as identify potential for therapeutic targeting in a retrograde 
approach from the clinical onco-phenotype
- This approach may contribute to better understanding the phenomenon of non-
hereditary CRC in young adults as an assessment of environmental effect
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Methods
Search Strategy and Quality Assessment
- A systematic review of studies utilising metabolomics to
Identify patients at risk of cancer recurrence and poor
survival outcomes in CRC was performed in keeping with
PRISMA guidelines to include studies on adult (>18 years
old) human patients were searched that reported data on
specific metabolites as prognostic indicators in colorectal
cancer
- The QUADOMICS tool was used to assess study quality

Data Analysis and Multi-Omics Cross-Talk
- Author and clinicopathological data was extracted along
with the following metabolomic data: biological specimen
utilised and timing of sampling (tissue, serum, plasma);
method of metabolome extraction and analytic platform;
follow-up, recurrence and survival data. Specific metabolites significantly associated with recurrence or 
survival were recorded by name and whether increased, decreased or bi-directionally changed
- MetaboAnalyst software, version 4.0 was used to perform metabolomic analysis
- Metabolite set enrichment analysis (MSEA) was performed to identify consistent biologically meaningful 
patterns of metabolic pathway activity indicative of CRC prognosis. Metabolites significantly associated 
with prognosis were included in analysis with independent analyses performed for recurrence and 
survival. Significance was accepted as area under the curve (AUC) >0.5 and an associated p value <0.05 
on diagnostic accuracy testing. reporting of results using Holm p <0.05 was used to assess for statistical 
significance (adjusts p value to counteract the problem of multiple comparisons) and a false discovery 
rate (FDR) <0.40 to further adjust for multiple comparisons and type I errors
- Pathway enrichment analysis with pathway topology analysis was then performed to identify the most 
active metabolites in recurrence and survival. Results were interpreted using Holm p<0.05and FDR<0.40 
- Genomic single nucleotide polymorphisms (SNPs) associated with colorectal cancer prognosis and 
specific metabolomic patterns identified were identified through cross-referencing the following 
databases: Human Metabolome Database (HMDB), the Small Molecule Pathway Database (SMPDB), 
PubChem and Kyoto Encyclopaedia of Genes and Genomes (KEGG) Pathway Database

Single-nucleotide polymorphism (SNP) Crosstalk
- Eleven SNPs demonstrated significant association with prognostic activity in identified 
metabolic pathways (n=3 for CRC recurrence: Rs2300701, Rs313408, Rs7018169) had 
previously shown clinical association in cancer and n=1 SNP prognostic for CRC 
survival: Rs12106696)
- RS2300701 represents an intron variant SNV on chromosome two at position 2p12, 
the position of the SRD5A2 gene. SRD5A2 has a controversial role in prostate cancer
- Rs313408 is also an intron variant SNV on chromosome 11 which encodes gene 
DYNC2H1 mutations in this gene are associated with diffuse-type gastric cancer
- Rs7018169 represents an intron variant SNV on chromosome and encodes the 
ST3GAL1 gene with a role in breast and ovarian cancer most notably ovarian cancer but 
also breast cancer through promotion of cell migration and invasion. and may be linked 
to development of peritoneal disease, particularly in ovarian cancer
- Rs12106696 was associated with worse survival in CRC. It is an SNV (intron variant) 
on chromosome 3 at position 3p13 in the position of protein-coding gene zinc finger 
protein 385D (ZNF385D) gene which has been observed in liver, prostate, cervical and 
ovarian cancer

Background
- Metabolomics may be defined as the comprehensive study of the metabolome, a 
collection of all end-points of metabolism in an organism or biologic system at a given 
point in time and is the end point of analysis in the omics-cascade1

- In its simplest form the omics-cascade proceeds from genomics to transcriptomics, 
proteomics and metabolomics however multi-level cross talk can also occur1

- Specific environmental factors impact transition along the omics cascade and 
metabolomics therefore most accurately represents the posttranscriptional cellular 
phenotype compared to upstream omics within the omics-cascade
- Cancer cells undergo metabolic transformation to sustain fast cell growth and 
proliferation, resulting in different metabolic phenotypes in cancer cells compared with 
their control counterparts2,3

- Identifying differential metabolites
has potential as diagnostic and
prognostic markers in cancer and
identifying therapeutic targets4,5

Figure 1: The ‘omics’ cascade of biological 
systems proceeds from genome to transcriptome, 
proteome and finally metabolome. Biologic cross-
talk can occur from and within all levels and each 
level may be heavily influenced by environmental 
factors 
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and five year overall survival 

Pathway Name Hits p Holm p FDR Pathway Name Hits p Holm p FDR

Urea Cycle 29 1.93 0.00202 0.198 Glutamate Metabolism 49 3.25 0.038 1

Ammonia Recycling 32 2.12 0.0037 0.359 Taurine and Hypotaurine Metabolism 12 0.797 0.04 1

Glycine and Serine Metabolism 59 3.92 0.0039 0.374 Glucose-Alanine Cycle 13 0.863 0.0495 1

Glutathione Metabolism 21 1.39 0.00985 0.935 Arginine and Proline Metabolism 53 3.52 0.0552 1

Alanine Metabolism 17 1.13 0.0219 1 Beta-Alanine Metabolism 34 2.26 0.0687 1
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Ammonia RecyclingHomocysteine Degradation

Beta-Alanine Metabolism

Glycine and Serine Metabolism

Methionine Metabolism

Urea Cycle

Pathway Name Match Status p Impact Source Pathway Name Match Status p Impact Source

Ammonia Recycling 5/25 0.022 0.025 KEGG, SMP Glycine and Serine Metabolism 6/50 0.113 0.119 KEGG, SMP

Homocysteine Degradation 2/7 0.075 0.001 KEGG, SMP Methionine Metabolism 5/39 0.116 0.048 KEGG, SMP

Beta-Alanine Metabolism 4/26 0.091 0.381 KEGG, SMP Urea Cycle 3/23 0.198 0.111 KEGG, SMP

Pathway Name Hits p Holm p FDR Pathway Name Hits p Holm p FDR
Aspartate Metabolism 35 1.2 8.13E-04 0.0788 Arginine and Proline Metabolism 53 1.81 0.0304 1

Ammonia Recycling 32 1.09 0.0036 0.345 Purine Metabolism 74 2.53 0.035 1

Glutathione Metabolism 21 0.718 0.00453 0.431 Malate-Aspartate Shuttle 10 0.342 0.043 1

Glutamate Metabolism 49 1.67 0.0223 1 Taurine and Hypotaurine Metabolism 12 0.41 0.0604 1

Beta-Alanine Metabolism 34 1.16 0.0256 1 Urea Cycle 29 0.991 0.0727 1
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Pathway Name Match Status p Impact Source Pathway Name Match Status p Impact Source

Aspartate Metabolism 4/34 0.027 0.85 KEGG SMP Phosphatidylcholine Biosynthesis 2/18 0.126 0.171 SMP

Ammonia Recycling 3/25 0.052 0.057 KEGG SMP Glutathione Metabolism 2/19 0.138 0.073 KEGG SMP

Beta-Alanine Metabolism 3/26 0.058 0.380 SMP Methionine Metabolism 3/39 0.149 0.009 KEGG SMP

Ammonia Recycling

Recurrence Survival

SNP Hits p Holm p FDR SNP Hits p Holm p FDR
Rs2194980 8 1.88E-8 0.0001 8.27E-5 Rs2194980 8 4.13E-8 1.82E-4 1.82E-4

Rs1392880 4 8.4E-7 0.0037 9.26E-4 Rs169712 5 2.67E-7 0.001 5.88E-4

Rs2567397 | Rs7664292 4 8.4E-7 0.0037 9.26E-4 Rs12106696 3 3.7E-6 0.016 0.005

Rs715 4 8.4E-7 0.0037 9.26E-4 Rs1392880 4 1.47E-5 0.065 0.008

Rs169712 5 4.1E-6 0.0181 0.002 Rs17543807 4 1.47E-5 0.065 0.008

Rs2300701 5 4.1E- 0.0181 0.002 Rs2567397 | Rs7664292 4 1.47E-5 0.065 0.008

Rs313408 5 4.1E- 0.0181 0.002 Rs2593780 4 1.47E-5 0.065 0.008

Rs7018169 5 4.1E- 0.0181 0.002 Rs715 4 1.47E-5 0.065 0.008

A. Recurrence B. Survival

Figure: Single nucleotide 
polymorphisms identified 
as prognostic in colorectal 
cancer based on metabolic 
signatures. 
p-value is encoded by intensity 
of red colour of circles and size 
of the circles represent the 
diversity of genomic 
interactions based on the 
number of single nucleotide 
polymorphisms (SNPs) 
identified. Rs=reference SNP

N=5 studies reported on metabolites prognostic for CRC 
recurrence

Pathway results from metabolite set enrichment analysis 
(MSEA) for CRC recurrence is summarised

Eight metabolic pathways were identified as expressively active in 
patients who developed CRC recurrence, three pathways 
demonstrated significance and an FDR<0.4: urea cycle 
(FDR=0.198); ammonia recycling (FDR=0.359); glycine and serine 
metabolism (FDR=0.374).

Pathway enrichment analysis for specific metabolites 
prognostic for CRC recurrence identified through 

pathway analysis
The following metabolites were particularly significant in 
ammonia recycling (p=0.022) with predominant flux in the 
following metabolites: L-aspartic acid, L-histidine, L-serine, pyruvic 
acid and glycine. Activity in homocysteine degradation and ß-
alanine metabolism approached significance (p=0.075, p=0.091 
respectively). In homocysteine degradation, flux in L-serine and L-
cysteine were most significantly observed and in ß-alanine 
metabolism, flux in uracil, ß-alanine, L-aspartic acid and L-histidine 
concentrations were observed.

N=6 studies reported prognostic metabolites for CRC survival
Metabolite set enrichment analysis (MSEA) for CRC 

survival is summarised
Eight metabolic pathways were expressively active in the setting 
of worse CRC survival and two pathways demonstrated 
statistical significance and an FDR<0.4: aspartate metabolism 
(FDR=0.08) and ammonia recycling (FDR=0.345).

Pathway enrichment analysis for specific metabolites 
associated with poor CRC survival

These were particularly active in aspartate metabolism (p=0.027) 
with predominant flux in the following metabolites: L-aspartic 
acid, acetylglycine, L-asparagine and ß-alanine. Activity in ammonia 
and ß-alanine metabolic pathways approached significance 
(p=0.052, p=0.058 respectively). In ammonia recycling, flux in L-
aspartic acid, L-histidine, glycine, L-serine and pyruvic acid 
concentrations were most active and in ß-alanine metabolism flux 
in uracil ß-alanine, L-aspartic acid and L-histidine concentrations 
were most active.

- Nine studies were included in final analysis 
reporting on 1117 CRC patients
- Overall, studies were of high quality with 
scores ranging from 83.8-95.6% (median 
score 86.5%)
- Of the 1117 CRC patients studied, 52.6% 
(n=588) were male and 47.2% (n=529) 
female; median age ranged from 57-73.9
- Four studies reported on the metabolome 
of tumour tissue, one study reported on a 
combination of plasma and tumour tissue 
and three studies blood-based metabolome 
(one analysing plasma and two analysing 
serum)
- Metabolite detection was performed using 
a variety of methods including, most 
commonly: ultra-performance liquid 
chromatography with electrospray 
ionization quadrupole time-of-flight mass 
spectrometry (UPLC-QTOF-MS); liquid 
chromatography-mass spectrometry (LC-
MS)

Figure One: PRISMA flow chart showing study selection 
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Additional studies  identified 
through other sources 

(n = 3) 

 
Studies after duplicates removed 
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Cancer outcomes not reported (n = 21) 
Therapeutic interventions (n = 14) 
Cancer diagnosis (n = 33) 
Other cancer/benign disease(n = 9) 
Alternate ‘omics’ study (n =13 ) 
Microbiome study (n = 4) 
In vivo/vitro (n = 8) 
Protocol/abstract/review (n = 9) 

Studies meeting inclusion 
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Studies included in enrichment 
to pathway analysis and SNP 
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