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ABSTRACT  

Cancer is a devastating disease that alters the metabolism of cells in the 

body. The metabolites can be detected using different techniques in 

which the novel one is metabolomics. These focus on metabolite 

profiling intra-cellularly or from circulating fluids of the body. Unlike 

the genomics and proteomics, the metabolomics is novel diagnostic 

tools that led to the development of precision medicine. On the other 

hand, to deliver precision medicine, the novel non-invasive techniques 

emerged in the field of oncology like liquid biopsies. The body fluids 

like saliva, urine, blood and stools can be utilized as diagnostic 

techniques for early detection of stages of cancer. The genetic mutations 

are most common in cancerous condition. To overcome this, foundation 

medicine has developed foundation one CDx (companion diagnostic) 

tool which is approved by Food and Drug Administration (FDA) that can detect 5 types of 

genetic alterations, deletions, insertions, substitutions (melanoma, non-small cell lung cancer, 

breast, ovarian and colorectal cancers) in a tumor cell. In this review, the emerging applications 

of metabolomics, various types of liquid biopsies and foundation one CDx are discussed. 

 

KEYWORDS: Cancer, metabolomics, liquid biopsy, foundation one CDx, circulating tumor 
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INTRODUCTION 

Cancer is a deadly disease which alters the metabolism of a cell and the surrounding tissue.
[1]

 

The invention of newer technologies in molecular science revealed about the signaling 

pathways and regulation of genes in cancer. New methods for classification of cancer and its 

subtypes, diagnosis, prognosis, response and resistance to the therapy have been developed. 
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The recent findings include detection of circulating tumor cells and circulating DNA in the 

blood stream and other body fluids. This led to the evolution of biopsies. These cellular and 

molecular technologies will provide us accurate and precise decision-making. The first 

discovery of changes in metabolism occurred a century ago. Metabolism is a set of catabolism 

and anabolism which involves the cellular building blocks (amino acids, lipids, nucleotides, 

etc.) through which the energy production is performed. The biochemical intermediates 

produced during the cellular processes are known as metabolites. These metabolites in turn 

effects the gene regulation, post transcription, pathway interactions. Metabolomics are the 

diagnostic tools which focus on profiling of metabolites in the sample either from intracellular 

or from circulating body fluids.
[2] 

The metabolomics are significant analytical tools unlike 

genomics and proteomics that aims to measure molecules which have diverse physical 

properties.
[3]

 In oncology the old saying ‘one size fits all’ has been overcome by 

pharmacogenomics research which led to the development of precision medicine.
[4]

 As this 

needs the accurate sampling and diagnostic methods, non-invasive biopsies have been emerged 

in the field of oncology. Liquid biopsy is the novel and highly specific diagnostic tool that 

offers collection of robust and reproducible data in a simple and non-invasive manner. The 

liquid biopsies are based on detection and analysis of circulating tumor cells and tumor-derived 

extracellular vesicles. There are many types of applications of liquid biopsy like, saliva, blood, 

urine, stools, breath, cerebrospinal fluid biopsies.
[5]

 Cancer SEEK was able to detect eight 

common types of cancer by assessing 8 protein markers and tumor-specific mutations in 

circulating DNA found in the blood samples.
[6]

 Foundation One CDx came into existence 

which is used for in vitro in the detection of substitutions, deletion alterations, insertions, and 

copy number alterations in 324 genes and select gene re-arrangements, as well as genomic 

signatures including microsatellite instability (MSI) and tumor mutational burden (TMB) using 

DNA isolated from formalin fixed paraffin embedded (FFPE) tumor tissue specimens. This test 

is also used to detect the genomic loss of heterozygosity (LOH) from FFPE ovarian tumor 

tissue.
[7]

 

 

METABOLOMICS 

The molecular diagnostics have been developed in fields of proteomics, genomics, 

transcriptomics in the past 10 years for the cancer diagnostics. Nowadays there is increased 

dedication in the area of cancer metabolism and cancer metabolomics.
[8]

 The changes in the 

phenotype of genes and molecular physiology are represented by metabolomics. The 

metabolomics is one of the types of omic technologies which is being used nowadays to 
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identify metabolomic pathways and biomarkers that are altered in cancerous condition and also 

to evaluate the efficacy of therapy that is administered to cancerous patients during the therapy. 

Cancer alters the cellular metabolism of any tissue in the body, so metabolomics is used to 

identify cancer priorly and evaluate the interventions and therapies utilized in cancer. The 

analytical technologies and statistical methods invented in the recent years provides 

metabolomics with an ability to invest more in the cancer metabolism and gives us the 

understanding of the usage of glycolysis to produce amino acids, lipids, nucleotides that are 

utilized by cancer cell to proliferate. The genetic and lifestyle factors which include diet, drugs, 

age, health-disease status, hormonal homeostasis, exercise, gut microbiota, affect the 

metabolites detected in the body fluids. Lipids are useful in invasion, migration and 

proliferation of cancer cells. These types of lipids can be identified by other types of 

metabolomics known as Lipidomics. The biomarkers can also be detected using metabolomics 

and labelled substrates like 13C labelled glucose. These substrates provide the utilization of 

glucose in biological pathways which can be used for understanding the pathways in diseased 

stages or states and the response of drug(s).
[1] 

 

There are no methods that are available for measuring the concentration of metabolites on a 

wider range. The metabolomics uses the technology in which the Nuclear Magnetic Resonance 

(NMR) and Mass Spectroscopy (MS) are predominant. NMR can measure metabolites in a 

wider range with a little sample or without any sample preparation and gives us the structural 

and quantitative information. The sensitivity is low, so they cannot detect a greater number of 

metabolites which becomes the limitation for this technique. However, high-resolution NMR 

and high-resolution magic angle spinning NMR (HR-MAS-NMR) have been used to detect 

metabolites of cancerous cells in biofluids and samples from tissues. The metabolite levels can 

be detected in-vivo using hyperpolarized NMR. 

 

On the other hand, MS has high sensitivity and gives us semi-quantitative information and 

analyzes the low-abundant metabolites. Sample preparation is needed in larger quantities and 

this can only detect a small and specific number of metabolites. There are many types of MS 

techniques like direct infusion MS and direct analysis in real-time MS (DART-MS), gas 

chromatography-MS, liquid chromatography-MS (LC-MS) and capillary electrophoresis-MS 

(CE-MS).
[9] 
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APPLICATIONS OF METABOLOMICS 

Biomarkers and Diagnostic Techniques  

The biomarkers are the diagnostics which are ideal to metabolites. A study was conducted in 

which the metabolites were analyzed for hepatocellular carcinoma. There were around 70 

metabolites which showed significant differences between the healthy control group and 

cancer samples. The novel biomarkers are being identified for detecting kidney cancer using 

urine samples. Many studies have utilized metabolomics to differentiate between healthy and 

cancerous urine samples. In breast cancer patients, the urine and serum samples can be used to 

detect cancer stage earlier and breast tissue biopsy can be performed to confirm the disease 

secondarily. If the ovarian cancer is detected in later stages the survival rate is decreased when 

compared to early detection (which have >90% survival rate in case of 5-year survival). So, the 

usage of metabolomics increased for prior detection of this cancer. The DART-MS technique 

was used in a study conducted on 44 ovarian patients and 50 healthy patients by collecting 

serum samples, which gave 99% separation accuracy using an algorithm. A study was 

conducted in colorectal cancer (CRC) patients which identified nearly 30 biomarker 

metabolites that are significantly different in statistics when compared between CRC samples 

from tissue and normal mucosae samples. The glycolysis, lipid metabolism and biosynthesis of 

nucleotides were the commonly known pathways for cancer occurrence.
[9]

 The 

HR-MAS-NMR has an advantage of directly relating to MRS imaging studies. The 

HR-MAS-NMR and GC/MS are used to detect the glycolysis, hypoxia, lipid metabolism and 

inflammation alterations in CRC. The cancer diagnosis can be improved clinically by 

translating ex vivo MAS to in vivo MRS. 

 

A study included elevated plasma levels of trimethyl-amine-N-oxide were increased among the 

people who include red meat in their diet, the composition of the microbiome of the gut and 

risk of cardiac events which was diagnosed using metabolite profiling.
[3] 

There will be altered 

cellular metabolism in cancerous patients. A pilot study has been conducted utilizing serum 

metabolomics to assess stages of pancreatic cancer. 

 

Imaging Metabolic Biomarkers 

Positron-emission tomography (PET), single positron-emission computed tomography 

(SPECT), magnetic resonance imaging (MRI), X-ray, magnetic resonance spectroscopy 

imaging (MRSI) have being used for diagnosing cancer. The glucose uptake by cancerous cells 

can be detected by using PET. To diagnose the breast cancer MRI is used along with 
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mammography which is accurate than the mammography alone. The metabolic changes in the 

tumors can be detected other than glucose uptake using MRSI which uses NMR spectrum from 

3-Dimensional voxel. 

 

Cancer Drug Therapy 

The anti-metabolites were invented first to treat the cancer as they interfere with normal 

metabolic pathway. Pharmaco-metabolomics is the emerging field of study used to develop the 

specific drug of action for specific cancer. A study predicted the use of docetaxel in breast 

cancer patients which showed dose and time dependent response in glutathione metabolism 

and phospholipid metabolism.
[1] 

The study of chemotherapy in breast cancer patients evaluated 

that metabolic profiling of serum before and during the chemotherapy showed human 

epidermal growth factor receptor 2 (HER2) during metabolite profiling. Lipoprotein-derived 

lipid levels were identified with intensity of toxicity while studying the toxicity effects of 

capecitabine on CRC patients.
[9]

 

 

LIQUID BIOPSY IN CANCER 

The tumour derived components like circulating tumours cells (CTCs) are isolated from the 

peripheral blood smear. The genomic and proteomic assessment is done for these components 

which are represented through a novel diagnostic tool known as ‘Liquid biopsy’. This 

diagnostic tool utilizes the blood samples to detect the normal and tumoral nucleic acids 

present in the cells or tissues. This procedure is not being routinely used clinically but used to 

diagnose response or resistance to the systemic treatments.
[4]

 The CTCs are one of the sources 

of metastasis which migrate into the bloodstream when they shed from primary and secondary 

tumours sites. CTCs are very low in number in earlier stages of the disease. Liquid biopsies 

analyses and target CTCs, circulating tumours DNA (ctDNA), and tumours-derived 

extracellular vesicles.
[5]

 The liquid biopsy can detect 8 common types of cancer (esophagus, 

stomach, liver, colorectal, lung or breast cancer.
[6]

 If the thyroid, prostate and breast cancers 

were identified prior, there will not be any proven decline in cancer progression or increase in 

the survival rate in patients suffering from those cancers. The detection of tumours earlier 

should be less than 2cm in size, but this cannot be done due to the poor prior diagnosis. The 

mutations can be detected if there are millions of cells present in the blood.
[5]

 Cancer SEEK is a 

new diagnostic tool which can detect up to 8 types of cancer (oral, stomach, lung, breast, 

colorectal, ovarian, esophagus, pancreatic cancers) with 69% of sensitivity and 89% 

specificity.
[6] 
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Applications of Liquid Biopsies 

In Oral Cancer 

As a type of liquid biopsy, saliva is also being used as a biomarker which is a non-invasive and 

novel method in the detection of cancer. Many several salivary molecules could be used as 

biomarkers for cancer diagnosis, prognosis, therapy and monitoring. Proteomes, micro-RNAs, 

microbiome, metabolome, transcriptomics are five diagnostic tools in salivary biomarker. A 

study stated that there was increased levels of mitochondrial DNA (mtDNA) content in head 

and neck cancer patients in comparison with a healthy control group. The factors influencing 

mtDNA content were smoking and postoperative radiation. In a study conducted between 25 

healthy controls and 25 oral squamous cell carcinoma (OSCC) to identify oxidative 

stress-related parameters and anti-oxidant salivary profiles, the DNA and proteins in saliva 

were found to be highly oxidized, nitrosamines in saliva were increased and antioxidants were 

found to be decreased. This explains the relationship between antioxidants and free radicals in 

saliva of patients with OSCC. The alternative diagnosis for salivary biomarkers can be 

salivary-tumour-derived exosomes. A study evaluated the morphology of exosome and CD63 

which is a surface receptor in salivary samples of patients with oral cancer. There were miRNA 

exosomes involved in oral cancer. The secretion of these exosomes was altered when compared 

with diseased control groups. So, these could be developed as biomarkers for the detection of 

oral cancer.
[10] 

 

In lung cancer  

The liquid biopsy is also used to detect lung cancer in earlier stages. In a study, the patients who 

had been suspected with COPD were included and the low dose spiral CT was done annually. 

This showed positive CTCs but normal CT results. By annual monitoring of these patients 

revealed nodules in lungs after 1-4 years of initial detection of CTCs which lead to surgery and 

diagnosis based on histological patterns. The CTCs were increased unless the patients were 

smokers or not. This explains that CTCs can be a diagnostic tool for detecting lung cancer 

earlier. When compared between CTCs and ctDNA, the CTCs concentration is rare in blood 

and ctDNA is rich in blood. The detection specificity for CTCs is higher than ctDNA and lower 

than CTCs in case of ctDNA. Mutation, prognosis, disease status, treatment response, drug 

resistance prediction can be detected using both of them. CTCs are difficult to get detected in 

CSF but possible in case of ctDNA. Invitro culture can be done for CTCs but cannot be done in 

ctDNA. The ctDNA detected in necrotic tumours cells have variable characteristics when 

compared to apoptotic healthy cells. Exosomes are other biomarkers used in the detection of 
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lung cancer. The secretome is the protein secreted by Bacillus subtilis. Based on this the 

proteins secreted by the cell, tissue or organism began to be studied including in cancer 

conditions. The proteins secreted are related to differentiation, invasion, angiogenesis and 

metastasis. The patients suffering from non-small cell lung cancer (NSCLC) suffer from 

pleural effusion which became the source of biomarkers in lung cancer patients. The secretome 

present in the pleural effusion of lung cancer patients and specific proteins if present in the 

pleural effusion can also be detected in circulation.
[11] 

 

 

Figure 1: It depicts the uses and applications of liquid biopsy in lung cancer. 

 

Novel Biomarker  

Breath biomarkers are novel biomarkers used for early detection of cancer. According to the 

Warburg effect, the cancerous cells survive in the oxygen-deprived environment that results 

from changes in cellular metabolism for the survival of cancer cell and altered metabolic 

intermediates serve as building blocks for new cells. This leads to alteration in the volatile 

organic components (VOCs) in the breath of an individual. As these changes are related to 

cancer cell survival, the VOCs can be excellent biomarkers for early detection of cancer. The 

breath collection device was being introduced in collaboration with 100 breath diagnostic 

researchers which is the world’s largest clinical trial based on breath biopsy for early detection 

of cancer. The UK NHS funded this research (LuCID trial) by recruiting up to 4000 patients 

who are suspected with lung cancer and include the VOC breath biomarker as a diagnostic aid 

which can differentiate presence or absence of health benefits lung cancer in those patients. 

The breath biopsy can avoid unnecessary CT scans which give false-positive results. This, in 

turn, can reduce screening costs and improve quality of life of patients.
[12]
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Figure 2: It depicts the alterations in the body and how breath biopsy is used to detect 

those alterations. 

 

In Bladder Cancer 

The CTCs were first identified in bladder cancer in the year 2000 among the patients with 

urothelial carcinoma. These CTCs were identified using a nested reverse transcription-PCR 

assay for Uroplakin 2(Upk-2). The metastatic bladder cancer can be detected up to 50% by Cell 

search technology which is 15% in case of localized bladder cancer. A study proved that there 

is a strong correlation between CTC and progression upon the recurrence of bladder cancer. 

The number of CTCs in the circulatory system is correlated with tumours stage, histology of 

the tumours, metastasis of lymph node. Due to the limited specificity for the diagnosis of 

bladder cancer, the CTC detection may not be accurate as of the initial screening test but can be 

used for confirming the bladder cancer diagnosis. On the other hand, the presence of ctDNA in 

urine samples of bladder cancer patients with progressive disease even ctDNA is not found in 

the blood. The ctDNA mutations are observed in bladder cancer like TP53, KRAS, BRAF, 

FGFR3, P1K3CA, CTNNB1. The presence of these mutations suggested a relation to disease 

progression and recurrence. The alteration in chromosomes 4, 8, 9, 1, 17 leads to microsatellite 

instability and loss of heterozygosity (LOH) which can be detected using biomarkers. The 

methylation-specific polymerase chain reaction (MSP) has the ability to detect epigenetic 

alterations in bladder cancer patients. So, these methylation markers have been proposed for 

the prevention of bladder cancer. Urine and serum samples can be used for diagnosis and 

prognosis where urine can also use for recurrence surveillance in bladder cancer.
[13]
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Figure 3: It depicts biomarkers and samples used in liquid biopsy. The picture exhibits 

total number of biomarkers and targets. It specifies the biomarkers used in Bladder 

cancer (urine and blood). 

 

In Colorectal Cancer  

Worldwide, it is the 2nd most-affected cancer in women and 3rd most in men. The diagnosis 

used currently is colonoscopy which is the most reliable method for early detection of CRC. 

This test is expensive, time-consuming and discomfort for the patient. The changes in 

microbial flora can be related to CRC. In a study which included 39 patients with CRC, 135 

patients with a low and high stage of dysplasia, 66 were a control group. Here, the stool biopsy 

was done by analyzing stool with quantitative PCR technique for identifying clbA gene and 

afaC gene. To detect pks + bacteria, Escherichia. coli Nissle 1917 was used as a positive 

control. The bacteria which is positive for clbA gene was used for the detection of CRC as they 

were more observed in the stools of CRC patients. As there is the usage of microbes for the 

detection of CRC, these markers are known as microbial markers identified using stool biopsy. 

The microbial markers are an efficient, cost-effective and noninvasive procedure. These 

biomarkers can be used for the early detection of CRC as the microbes appear before the 

occurrence of disease.
[14]

 

 

In Glioma  

Glioma is the most common type of brain cancer. The tumours DNA was first identified by 

Harker and Rhodes et al in the year 1995. They used specific PCR technique to detect p53 

DNA in CSF of glioma patient. The technique shallow whole-genome sequencing of 

CSF-ctDNA is used to diagnose the alterations in glioma-derived ctDNA. This can be 

cost-effective for patients with glioma.
[15] 
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CSF as a liquid biopsy in CNS metastases – In CNS metastases several tools were improving 

from which the CSF is now being used as a biomarker for earlier detection. The FDA approved 

Veridex Cell search Assay was originally developed to detect CTCs in blood but it is now 

being used to detect and quantify tumours cells in CSF. Using CSF, the diagnosis of 

leptomeningitis, brain metastasis, tumours progression, tumours relapse, tumours response to 

cytotoxic or targeted agents can be done. The resistance to a given medication, monitoring of 

therapy for resistance mutations with specific targeted drugs can be identified. The CTC can be 

detected using CSF analysis. During the collection of CSF in post-operative patients, caution 

must be taken as there will be mechanical tumours spill in 2-3 weeks of post-operation.
[16] 

The 

ctDNA evaluation in postoperative follow-up of patients and during the recurrence can help to 

deliver the precision therapies to those patients.
[17] 

In future, the liquid biopsy can be a better 

non-invasive tool for prognosis and diagnosis in patients with cancer or infectious diseases.
[15] 

 

FOUNDATION ONE CDx (F1CDx) 

Foundation one CDx which is recently approved by FDA which is next generation sequencing 

based on invitro diagnostic device used to detect substitutions, insertion and deletion 

alterations and copy number alterations in 324 genes and genetic re-arrangements including 

microsatellite instability (MSI) and tumor mutational burden (TMB). This can be performed 

using DNA isolated from formalin-fixed paraffin embedded (FFPE) tumor tissue specimens. 

The test is useful as companion diagnostic tool to identify patients who may benefit from 

targeted therapy. 5 types of cancerous alterations can be found using this diagnostic tool. 

 

The Indications Include 

Tumor type Biomarkers detected Therapy 

Non-small 

cell lung 

cancer 

(NSCLC) 

EGFR exon 19 deletions and EGFR 

exon 21 L858R alterations 

EGFR exon 20 T790M alterations 

ALK re-arrangements 

BRAF V600E 

AFATINIB, GEFITINIB 

OSIMERTINIB 

ALECTINIB, CRIZOTINIB 

DABRAFENIB, TRAMETINIB 

Melanoma 
BRAF V600E 

BRAF V600E and V600K 

DABRAFENIB 

VEMURAFENIB 

Breast 

cancer 
ERBB2 (HER2) amplification 

TRASTUZUMAB, 

PERTUZUMAB 
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Colorectal 

cancer 

KRAS wild-type (absence of 

mutations in codons 12 and 13) 

KRAS wild type (absence of 

mutations in exons 2,34) and NRAS 

wild type (absence of mutations in 

exons 2,3,4) 

ERBITUX 

 

 

VECTIBIX 

Ovarian 

cancer 
BRCA 1/2 alterations OLAPARIB or RUBRACA 

 

This test is also used to detect genomic loss of heterozygosity (LOH) from formalin-fixed, 

paraffin-embedded (FFPE) ovarian tumor tissue. There are no known contraindications. 

 

Warnings and Precautions: There can be somatic or germ line alterations, but this test does 

not differentiate these alterations. The physician must decide if the patient is eligible for biopsy 

when archival tissue is not available for use with assay. If the patient has ERBB2 amplification 

the reflex testing needs to be performed. 

 

Limitations: It is only for invitro diagnosis and prescription use only. A negative result does 

not diagnose presence of mutation below the limits of detection. Samples which have <25% 

tumor will have decreased sensitivity for detection of CANs including ERBB2. The decisions 

on patient treatment and care should be based on independent medical judgement of treating 

physician, taking into consideration all applicable information concerning the patient’s 

condition. The test must be performed based on specific serial number-controlled instruments 

by foundation medicine, Inc.
[7] 
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The application form for testing foundation one CDx: (figure 4 & 5) (7). 

 

Figure 4 
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Figure 5 

 

CONCLUSION 

Cancer is a devastating disease that alters metabolism of cells in the body. The metabolomics 

are better employed to understand the changes in cancer metabolism. Along with imaging 

techniques, metabolomics can be used for both diagnostic and prognostic purposes. The 
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metabolomics can be preferred in era of precision medicine where there can be personalized 

medicine for every individual patient. However, there should be complete implementation of 

these diagnostic biomarkers to reach its potential. The challenges to overcome are quality 

control and validation standards, interpretation of clinical results for metabolomics data, 

implementation of MS and NMR in clinical studies, sharing of clinical metabolomics data. The 

future evaluations of metabolomics include, diagnostic biomarkers, metabolic responses from 

patients receiving the therapy in terms of efficacy and resistance, microbiome changes during 

and after surgery and therapy. The combined approaches by studying biology information like 

miRNAs, transcription of proteins will develop metabolomics complimentary to other omics 

technologies.
[1]

 The clinical trials should be conducted where the sample size should be more 

for validation purposes. It is also to be proven and detected that how effective are the 

metabolites to detect the cancer non-invasively. Challenges ahead, metabolomics could be the 

future pathway for non-invasive detection of cancer.
[9] 

 

The protein-based studies have not been significant in clinics. Recent advances including 

liquid biopsy have been a novel approach. The early stage detection of pancreatic cancer with 

Gypian-1 which is a membrane-anchored protein was detected using circulating exosomes. 

The exosome-based studies were developed for many types of cancers in detection, e.g., 

prostate cancer detection with prostate specific antigen levels using biomarkers. There is no 

test which detects all types of cancers.
[5]

 The appropriateness of liquid biopsy is increasing due 

to the evolution of new generation sequencing (NGS) techniques. The results from large scale 

trials can be beneficial in implementing the liquid biopsy in clinical practice and precision 

medicine in clinical oncology.
[4]

 Among body fluids saliva and urine can be the most 

significant fluids in liquid biopsy as they are cost-effective, non-invasive. Some studies 

included detection of potential biomarker that detect bladder cancer in earlier stages. Despite 

the difficulties and limitations in liquid biopsy, there is a futuristic view in which it replaces the 

tissue biopsy in all solid tumors.
[13]  

 

The recently approved FD1 CDx is used to detect the deletions, alterations, insertions, 

substitutions in genes of tumor cells which can provide effective therapy in the era of precision 

medicine. This tool detects 5 types of genetic alterations which include melanoma, non-small 

cell lung cancer, breast cancer, colorectal cancer, ovarian cancer. All these diagnostic tools 

(metabolomics, liquid biopsy, FD1 CDx) which were included in this study conclude to one 

end of earlier diagnosis, precision medicine and resistance to the given therapy. Every 
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invention and discovery have its own limitations, but if we overcome those limitations, 

metabolomics, liquid biopsy, FD1 CDx can be an era in clinical oncology for the prior 

detection of stages in cancer patients. 
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