
Lipidomique Sanguine et Métabolomique du 
Cancer Colorectal par GC×GC-LR/HR-TOFMS
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Complexes Matrices …



GC×GC-(HR)TOFMS



GC×GC-TOFMS Principle

Injector

1st dimension 2nd dimension

Detector

Column 1 Column 2
30m x 0.25mm x 0.25µm 2m x 0.10mm x 0.10µm

Modulator







Inside the normal GC oven
-Modulator
-Secondary oven



When your detector is a 
fast acquisition MS 
[(HR)TOFMS or qMS]



Non-modulated Modulated
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45 min run, 20-200 Hz, 30-400 amu = >1 108 data points...
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GCxGC OR comprehensive two-dimensional gas chromatography (TITLE-ABS-KEY)
(n=2617)

GCxGC OR comprehensive two-dimensional gas chromatography AND Mass
Spectrometry (TITLE-ABS-KEY) (n=1892)

GCxGC OR comprehensive two-dimensional gas chromatography AND Time-of flight
Mass Spectrometry (TITLE-ABS-KEY) (n=1158)

GCxGC OR comprehensive two-dimensional gas chromatography AND high resolution
Time-of flight Mass Spectrometry (TITLE-ABS-KEY) (n=165)



Petroleum

Environmental

Food

Flav. & Fragr.

Metabolomics

Forensics

<0,3% of metabolomics is
done using GCxGC...

<10 % of metabolomics
is done using GC...
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Metabolomics (n=78073)

Metabolomics AND GC (n=7344)

Metabolomics AND GCxGC (n=214)



The Big Picture – Medical Applications

+ low invasiveness

+ Precise pattern 
and feature
identification

+ Data reduction, feature selection
and diagnosis/prognosis

Fit to the Particular Scientific Question





Colorectal Cancer Screening



Colorectal Cancer (CRC)

Created with BioRender.comCancer Statistics 2023. CA Cancer J Clin 2023



Classification & Monitoring Methods of CRC 

There is space for alternative 
low invasive techniques! 

Created with BioRender.com



Blood Metabolomics & Lipidomics
(Colorectal Cancer)



Can GC(×GC)-
MS be used ?



Analytical Strategy

Minimally invasive 
sampling

Global 
metabolomics

Lipidomics
Analysis

Identification and annotation 

Large scale screening 



Sample Categories

Serum Sample

Adenoma
(n=23)

Control 
(n=21)

Adenocarcinoma 
(n=20)

How does it translate in analytical count? 

64 samples 
9 “bad”

10 baseline QC
19 QCs 

6 NIST 
SRM1950

6 ID 
standards

114 
injections

2 methods à 228 injections



QA/QC Implementation

Step-1
Identification 

assurance, check for 
carry over

Step-2
Baseline for QC Chart

Step-3
Randomized sample 

analysis with QC samples

Step-4
Repeating step 1 to 
check the system 

stability



QC Charting Lipidomics Pooled Human Plasma



Sample Preparation Workflow (Metabolomics)

230 analytes (a.a., RCOOH, carboH, 
FAMEs, nucleosides)

8 selected features



Sample Preparation Workflow (Lipidomics)

an Open Access Journal by MDPI

Lipid Serum Profiling of Boar-Tainted and Untainted Pigs Using GC×GC–Lipid Serum Profiling of Boar-Tainted and Untainted Pigs Using GC×GC–

TOFMS: An Exploratory StudyTOFMS: An Exploratory Study

Kinjal Bhatt; Thibaut Dejong; Lena M. Dubois; Alice Markey; Nicolas Gengler; José Wavreille;

Pierre-Hugues Stefanuto; Jean-François Focant

Metabolites 20222022, Volume 12, Issue 11, 1111

40 analytes (FAMEs)

8 selected features



Structured Separation of FAMEs (NIST SRM 1950)

8                        24                      41                    58 
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Separation according to:
- molecular weight (number of carbons) 
- number of double bonds 
- position of double bonds

*n = number of double bonds



Unsupervised Lipidomics PCA

40 analytes (13 SFA, 9 MUFA, 6 PUFA ω-3, 8 PUFA ω-6, 1 PUFA ω-9, 3 cholestadiene isomers) 

Alignment and pre-
processing 

Unsupervised 
screening



Feature Selection Lipidomics (PLS-DA, RF) 
Top 8 selected features

Potential 
ID Class CAS Similarity Reverse Probability 

(%) △ LRI
Mass 

accuracy 
(ppm)

(FDR)<0.05 VIP Score 
(>1)

RF, MDA 
(>0.008)

C20:4 n-3 PUFA (ω-3) 132712-70-0 882 875 30.1 12 - 2.6 × 10-4 1.9847 0.019331

C20:5 n-3* PUFA (ω-3) 2734-47-6 890 892 58.5 8 -1.17 1.1 × 10-11 2.8251 0.079084

C22:5 n-3 PUFA (ω-3) 108698-02-8 851 851 74.1 13 - 5.3 × 10-3 2.1896 0.032492

C22:6 n-3* PUFA (ω-3) 2566-90-7 900 910 72.9 16 -1.01 2.0 × 10-3 1.6093 0.019366

C18:3 n-6* PUFA (ω-6) 16326-32-2 875 875 56.3 11 0.74 9.7 × 10-8 2.4366 0.046362

C20:3 n-6* PUFA (ω-6) 21061-10-9 919 907 69.7 12 -1.03 7.5 × 10-8 1.9479 0.036985

C22:5 n-6 PUFA (ω-6) - 897 883 28.6 18 - 7.5 × 10-8 2.2631 0.044829

C18:0* SFA 112-61-8 925 955 84.3 1 0.37 7.0 × 10-3 1.1598 0.0087911



Feature Selection Lipidomics (PLS-DA, RF) 
C20:5 n-3 (1) C20:4 n-3 (6) C22:5 n-3 (5) C22:6 n-3 (7)

C18:3 n-6 (4) C20:3 n-6 (3) C22:5 n-6 (2) C18:0 (8)

PU
FA

 (ω
-3

)

ControlAdenomaAdenocarcinoma

PU
FA

 (ω
-6

)

SF
A Upregulated 

in CRC

Downregulated 
in CRC



Feature Selection Lipidomics (PLS-DA, RF) PCA 
Top 8 selected features



Random Forest Cross-Validation Lipidomics

Random selection
2/3 data set for building
1/3 data for validation

OOB error 0,015



Quantitative Enrichment Analysis (QEA) 

Lipidomics



Feature Selection Metabolomics (PLS-DA, RF) PCA 
Top 105 selected features



Feature Selection Metabolomics (PLS-DA, RF) 

Top 8 features

6 a.a., 1 sugar, 
1 acid

All 
downregulated 
in CRC except 

one Upregulated 
in CRC



Quantitative Enrichment Analysis (QEA) 

Lipidomics

Metabolomics



Take Home Messages: Performances

• GC×GC-(HR)TOFMS can contribute to the study CRC 
metabolomics/lipidomics

• Complementary QEA can be performed (different pathways)

• Lipidomics gives insights on cancer stages…

• Lipidomics is faster and readily automated

• Lipidomics is more easily transferable to 1DGC-MS

• Metabolmomics is more comprehensive… 



Take Home Messages: How Green is all this ?

• ‘Quick and dirty’ estimates…

• GC×GC-(HR)TOFMS = MS 1 Kwh + GC 3 Kwh (GCxGC 
option 0.3 kW) (CF 1.5kW) + Computer 0.5 Kwh = 4.8 
Kwh/day (LECO Corp.)

• LC-MS/MS = 5 Kwh/day (my greenlab.org)

• GC-MSD = 8 Kwh/day (Agilent)

• … need for some accurate ‘apple to apple comparison’



Recent efforts to increase greeness in chromatography, Napolitano-Tabares et al., 2021



Recent efforts to increase greeness in chromatography, Napolitano-Tabares et al., 2021


