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New cancer biomarkers 
discovered in breath using 
GC×GC with BenchTOF MS

Novel predictive biomarkers for cancer have been 
identified in breath by researchers at Imperial College 
London (ICL), UK, using two-dimensional gas 
chromatography with time-of-flight mass spectrometry. 
The technique enabled them to detect compounds they 
had not previously seen in breath samples.

Oesophago-gastric cancer is currently detected at a late stage in the 
disease’s progression by invasive techniques such as endoscopy. Professor 
George Hanna, head of the Department of Surgery and Cancer at ICL, plans 
to improve survival rates by use of non-invasive breath tests during triage. 
Breath tests would be a quick way to identify patients at risk, who would 
then be selected for an endoscopy at an earlier stage.

“However, breath samples are more complex than we first thought,” said 
Hanna. Breath consists of over 1000 volatile organic compounds (VOCs), 
some of which are present in trace amounts. “We needed to profile samples 
in as much detail as possible to be sure we didn’t overlook any compounds 
of relevance.” 

GC×GC–TOF MS enabled detection of important trace compounds

Initially, the team was using thermal desorption (TD) to prepare samples 
and gas chromatography–mass spectrometry (GC–MS) to analyse them. 

“We were happy with the sample security provided by our thermal desorber 
from Markes International, especially the option to re-collect portions of 
our samples, which is very useful during the discovery phase,” said Hanna. 

“But we needed a GC–MS system that could offer more sensitive, confident 
identification of the wide-ranging volatiles in breath.” 
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Hanna was aware that GC×GC–TOF MS could 
provide the separation and sensitive detection 
they required to enable them to discover more 
in their samples, and his team worked with 
SepSolve to set up a system. “Bob Green and his 
colleagues from SepSolve are highly 
knowledgeable about GC×GC–TOF MS. They 
performed a feasibility study to prove that their 
system would provide comprehensive, reliable 
and repeatable analysis,” said Hanna. “Working 
closely with them has allowed us to benefit 
from their expertise to develop and optimise our 
methods.”

Speeding up the screening process

Using GC×GC–TOF MS, Hanna’s team identified several predictive biomarkers for oesophago-gastric and 
colorectal cancers. With further support from SepSolve, they have transitioned to faster TD–GC–TOF MS 
methods to speed up the breath sample screening process. “Now that we know what compounds to target, we 
can run over 400 samples a week,” said Hanna. Using the power of Tandem Ionisation® (soft and hard 
ionisation spectra obtained simultaneously in a single run), the team can obtain confirmation of compound 
identity, despite the reduced analysis time. Their next step is to carry out a large-scale validation of their 
method, which could involve analysing breath samples from up to 6000 people. 

Three BenchTOF™ systems and two new BenchTOF2™ 
systems are being run routinely in Hanna’s lab for 
breath and other biological samples. To analyse 
samples such as saliva and urine, VOCs are extracted 
using a Centri® extraction and enrichment platform 
from Markes International, which automates sample 
extraction using four methods – HiSorb™ high-
capacity sorptive extraction, SPME (solid-phase 
microextraction) and SPME–trap, headspace and 
headspace–trap and TD.

Hanna hopes that the analysis of volatiles from breath, 
urine and saliva, together with analysis of cell cultures 
will lead to a better understanding of the kinetics of 
cancer-related biomarkers.

Enhanced separation of volatiles from breath for improved discovery of 
biomarkers indicative of cancer.

How can we help you with your application? Contact us at 
hello@sepsolve.com.

Centri®, Tandem Ionisation®, 
BenchTOF™, BenchTOF2™, HiSorb™ 
and TD100-xr™ are trademarks of 
Markes International. 
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The new BenchTOF2 instruments in Professor George Hanna’s lab. 
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