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Editorial
Cancer is the one of the most dreadful diseases of the modern 

age. A huge number of chemical biomarkers are associated with 
progression and abnormalities associated with variety of cancers. 
Therefore detection of these biomarkers in various biological fluid 
is an significant approach to detect the stage and pathophysiology 
of cancer. Several analytical reports are available in literature where 
researchers have utilized different analytical tools for determination 
of cancer biomarkers. Gas Chromatography Coupled with Mass 
Spectrometry (GC-MS) in one of the advanced techniques which has 
been successfully utilized for detection and quantification of cancer 
biomarkers in past few years. In the following sections of this 
compilation we have highlighted some significant reports revealing 
impact of GC-MS technology in detection of cancer biomarkers in 
biological fluids. 

The abnormal free fatty acid metabolism corresponds to 
Breast Cancer (BC). Therefore an accurate and precise method 
was investigated for identification of serum Free Fatty Acid (FFA) 
metabolic profiles and screening of potential biomarkers for 
breast cancer diagnosis utilizing the GC-MS technique. The serum 
Free Fatty Acid (FFA) as potential biomarkers were identified 
and screened by gas chromatography-mass spectrometry and 
the results of total eighteen free fatty acids in serum with the VIP 
threshold value (>1) in the OPLS-DA model as well as the FDR-
controlled student’s t-test (p-value<0.1), also the results of five  

 
potential serum biomarker with AUC (>0.75) with p-value (<0.01) 
were determined by this technique. This method was advantageous 
for clinical non-invasive diagnosis of breast cancer and inform 
further mechanistic investigation in breast cancer [1]. 

Volatile Organic Compounds (VOCs) include endogenous 
metabolites that provide information about health and disease 
which might be useful to develop a better screening method for 
breast cancer. Gas Chromatography-Mass Spectrometry QTOF 
approach was utilized to detect VOCs in urine by preparing the 
samples utilizing solid phase micro-extraction. A set of six VOCs 
classifed mice with and without tumors with an area under the 
Receiver Operator Characteristic (ROC AUC) of 0.98 via five-
fold cross validation. This study revealed that not only do VOCs 
change due to an alteration in metabolism (cancer/no cancer 
model), but it also shows unique VOCs released by specific tumor-
microenvironment interactions (localized/metastasized model) 
[2].  Bladder cancer (BC) is one of the seventh most common 
cancers in UK and the chances of survival are greatly increased 
by early diagnosis. Therefore a non-invasive, accurate, rapid and 
cheap was investigated for the identification of bladder cancer by 
Volatile Organic Compounds (VOCs) present in urine headspace as 
diagnostic biomarkers for bladder cancer by utilizing the GC-MS 
technique. Cystoscopy with biopsy and urine cytology technique 
was used earlier as a diagnostic tool for bladder cancer detection. 
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The GC-MS technique was successfully utilized to examine this 
hypothesis by urine samples collected from diagnosed bladder 
cancer patients and from healthy volunteers, from which the 
volatiles metabolomes were analysed.  The result obtained by 
independent test data provided by either both patients was 89% 
overall accuracy, 90% sensitivity and 88% specificity. This method 
is advantageous and considerably better than the earlier method 
and further improvement is still highly warranted [3]. 

Pancreatic Cancer (PC) is a lethal solid tumour which is one 
of the leading causes of cancer-related death. Therefore a novel, 
accurate and precise screening method has been investigated 
by many researchers for biomarker development that would 
enable diagnosis of pancreatic cancer by utilizing the GC-MS/
MS technique. Carbohydrate Antigen 19-9 (CA19-9), as a tumour 
marker for PC and screening methods such as magnetic resonance 
imaging, computed tomography, and endoscopic ultrasonography 
was used as a diagnostic tool for pancreatic cancer detection. The 
GC-MS/MS based targeted metabolomics and multivariate logistic 
regression analysis technique has been successfully utilized to 
identify potential biomarkers by blood samples collected from two 
independent groups’ i.e. pancreatic cancer patients and healthy 
volunteers. The results obtained by multivariate test provided by 
either both group patients revealed very high sensitivity 100% for 
resectable PC than CA19-9. This method was highly accurate and 
better in finding the prognosis of pancreatic cancer in patients by 
aiding early detection of the disease [4]. 

Gastric cancer is one of the second most common cancer 
worldwide and leading cause of death in Asian countries such as 
China and India. Currently, endoscopy and pathological examinations 
used as a diagnostic tool for gastric cancer detection. Consequently, 
a convenient and non-invasive approach to identify biomarkers in 
urine especially for recurrent gastric cancer was developed utilizing 
GC-MS technique. Due to high sensitivity, reproducibility and peak 
resolution GC-MS has been widely used in metabolomics study. In 
this study, a human gastric non-metastasis model for cancer and a 
metastasis mice model with a Severe Combined Immune Deficiency 
(SCID), and GC-MS was deployed following chemical derivative 
to profile urinary specimens of the mouse model and its urine 
matched. The result of metabolic differences among three groups 
(t test, P < 0.05) was significant and metastasis was characterized 
respectively by the Principal Component Analysis (PCA). These 
PCA models have been confirmed by corresponding analysis of 
the operating characteristics of the receiver (Area under Curve = 
1.00). This method was accurate, instructive and helpful in clinical 
diagnosis or  screening metastasis for gastric cancer [5].  GC-MS 
approach was utilized to investigate the Free Fatty Acid (FFA) 
metabolic profiles and to identify biomarkers that can be used to 
distinguish patients with Breast Cancer (BC) from Benign (BE) 
patients or healthy controls. Three saturated fatty acids (C14:0, 

C16:0 and C18:0) and three unsaturated fatty acids (C18:2, C18:3 
and C20:5) in BC were significantly different than controls. Palmitic 
acid, stearic acid, linoleic acid and total FFA were identified as 
potential biomarkers distinguished BC from the other groups. The 
alterations of FFA could reflect underlying metabolic changes in 
BC patients, and this study has demonstrated that FFA biomarkers 
might be helpful for prevention and characterization of BC patients 
[6].

Among the various techniques conventionally available, GC-
MS is a powerful hyphenated technique for identification and 
quantification of metabolites particularly, plasma fatty acids 
for breast cancer due to its high sensitivity, peak resolution and 
reproducibility. In another study GC-MS was utilized to identify 
serum free fatty acid (FFA) metabolic profiles and screen potential 
biomarkers for BC diagnosis. GC-MS and in-house fatty acid methyl 
ester standard substances library were combined to accurately 
identify FFA profiles in serum samples of BC patients and breast 
adenosis patients (as controls). Potential biomarkers were 
screened by applying statistical analysis. A total of eighteen free 
fatty acids were accurately identified in serum sample. This method 
was useful in the analysis of free fatty acid profiles and a powerful 
tool for the prevention and characterisation of BC patients as well 
as the elucidation of disease mechanisms, the screening of novel 
biomarkers and the monitoring of clinical pharmacological therapy 
[7]. GC-MS technique followed by chemometric analysis to obtain 
metabolic profiles for the prediction of BC diagnosis, grading, 
staging and neoadjuvant status by collecting serum samples from 
pre-operative Breast Cancer (BC) patients and healthy controls was 
successfully utilized. Human gastric cancer SGC-7901 cells were 
implanted into 24 Severe Combined Immune Deficiency (SCID) 
mice, which were randomly divided into metastasis group (n = 8), 
non-metastasis group (n = 8), and normal group (n = 8). Urinary 
metabolomic information was obtained by Gas Chromatography/
Mass Spectrometry (GC/MS). Seven metabolites have been selected, 
which constructed a diagnostic model for distinguishing the non-
metastatic and the metastatic gastric cancer [8].

In another study, an attempt was made to classify mice with and 
without tumours and compare tumours localized to the mammary 
pad and tumour cells injected into the iliac artery by differences in 
VOCs in urine. The results were analysed by gas chromatography-
mass spectrometry quadrupole time-of-flight with solid phase 
microextraction. To find potential biomarkers for breast cancer and 
metastatic breast cancer in mice models, multivariate and univariate 
statistical analyses were employed. A set of six VOCs classified 
mice with and without tumours with an area of 0.98 (95 percent 
confidence interval [0.85, 1.00]) below the Receiver Operator 
Characteristic (ROC AUC) via five-fold cross validation. Mice with 
tumours in the mammary pad and iliac artery were classified using 
a different set of six VOCs with 0.96 ROC AUC (95% confidence 
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interval [0.75, 1.00]).  This method was simple, sensitive and less 
invasive and helpful in developing a better screening method for 
breast cancer [9]. The above reports evidenced the success story of 
GC-MS in cancer biomarker identification/determination any many 
research groups are continuously exploring this technique for the 
same. This compilation might be useful for the analysts/clinicians 
to get insight into the utility of GC-MS technique.
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