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Abstract

Cancer is one of the leading causes of death worldwide. Mortality rate from cancer can be reduced
when the cases are diagnosed early. Due to poor prognosis and lack of any method for early
detection of cancer, volatile organic compounds (VOCs) have been used as a non-invasive and
screening tool for detection of cancer. An online literature search was conducted to identify studies
reporting VOC:s in various body fluids like breath, urine and blood.

Results: VOCs are specific for each cancer type with limited cross over. The types of cancer which
have been considered are urinary bladder, prostate, colorectal, breast. TP53 gene has been shown
to be the most mutated gene.

Conclusion: Various studies have shown that VOCs in different fluids can be detected by non-
invasive method by using breath analysis. However, large clinical trials are required for better
pharmacological intervention.

Keywords: VOCs: Volatile Organic Compounds, WHO: World Health Organization, CBC:
complete blood count, GC-MS: Gas chromatography—mass spectrometry.
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INTRODUCTION

Cancer is one of the leading causes of death in
the world.! With the mortality rate being
estimated at around 7,70,230 in the year 2020,
the number has increased with the years passing
by, reaching 7,89,202 in the year 2021 and
8,08,558 in the year 2022.121 The main reason
for the current high mortality rate in India is the
dearth in the ability of current diagnostic tools
to detect cancer in its early stages, leading to
high mortality rate. With the diagnosis of
cancer in its early phases and with better
prognosis, the mortality rate can be decreased.

Going by the data by WHO, 1 in 10 Indians is
diagnosed with cancer and 1 in 15 die due to
it.) Tobacco wuse, alcohol consumption,
unhealthy diet, physical inactivity and air
pollution are some of the factors causing high
probability of cancer.

Some of the cancer screening methods are as
follows:

1) Blood chemistry test

2) Complete blood count (CBC)

3) Cytogenetic analysis

4) Immunophenotyping

5) Liquid biopsy

6) Tumour marker tests

7) Volatile organic compound analysis *!

What are volatile organic compounds?

Volatile organic compounds are the compounds
that are produced and discharged through the
metabolism of cancer cells or the body’s
immune system. ! Therefore, they are used as
cancer biomarkers for early detection of cancer.

Collection of these volatile organic compound
samples can be done through various sites such
as: -
i. Breath ii Blood iii. Urine iv. Saliva !>

The VOCs can be detected through non-
invasive diagnostic technique based on sensing
metabolic volatile organic compounds related
to the disease that helps in early diagnosis.!’
Few of these compounds have been traced in
the breath, and analysis of urine for VOCs aids
in the early detection of cancer. All these tests
are invasive and have not been helpful for early
detection, except for volatile organic compound
analysis in breath.
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EVALUATION OF VOCs

The evaluation of volatile organic compounds
in exhaled breath is becoming a fast and non-
invasive diagnostic tool to assess emitted
endogenous VOCs resulting from oxidative
stress. Due to the non-invasive nature of test, it
is convenient for the patients.l’]

In human breath, VOC profiles may be distinct
to an individual, influenced by one’s unique
personal microbiome, external exposures and
immunological response.® VOCs are used for
the diagnosis of bladder cancer, prostate cancer,
lung cancer and various other types of cancer.

Some of the VOCs emitted from the human
body as depicted in various studies were:

1. VOCs in blood: -

Blood directly reflects the internal environment
of the body, including the nutritional, metabolic
and immune status of an individual. The
disease-specific VOCs in the blood have been
useful in diagnosing diseases such as ovarian
cancer, colorectal cancer, lung cancer, and
hepatic encephalopathy. Some of the metabolic
biomarkers which were found at significantly
higher or lower levels in cancer patients were:

* Cyclohexanone

* 1-hexanol

« 2-ethyl-butylated hydroxytoluene

* 2,2 4-trimethyl-3-hydroxy-isobutyl ester.
e p-xylene !

1. VOC:s in breath:

Exhaled breath contains VOC that can be
contributed to either exogenous or endogenous
volatile compounds. Collecting breath samples
is relatively simple, painless and non-invasive.
Breath VOCs can act as diagnostic markers for
lung cancer. The lung cancer cells may produce
these volatile organic compounds which are
detectable in breath. VOCs in breath samples
such as pentane, ethane and aldehydes "% were
observed in patients with lung cancer and lung
diseases.

3. VOCs in urine: -

VOCs in urine may be the intermediate
products or end products of
metabolic pathways and have been found to
have various structural motifs such as ketone,
alcohol, furan, pyrrole and sulfide with a
specific odour. Some studies have linked
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urinary VOCs to infectious diseases and
different types of cancer including prostate
cancer, renal cancer, bladder cancer. Urinary
VOC patterns in cancer patients are often
different from the pattern in urine samples from
control subjects, although the difference
depends on cancer types and even cancer
stages. [

BREATH ANALYSIS OF VOLATILE
ORGANIC COMPOUNDS

The detection of cancer at an early stage
increases the chances for successful treatment
of the disease. Detecting and measuring breath
VOCs become a very optimistic approach for
the early detection and screening of various
cancers, as well as other diseases.['*!

Tumour cells have been reported to produce
volatile organic compounds (VOC) which are
unique and can reflect the disease status. The
detection and analysis of VOC biomarkers from
exhaled breath has been recognised as a new
frontier in the early detection of cancer due to
its rapid, non-invasive and inexpensive cancer
screening tool.!3! To detect specific VOCs of
low concentrations from exhaled breath, and to
enhance the accuracy of early diagnosis, many
breaths collection and analysis approaches have
been developed.

VOCs are detected and analysed by using
analytical instrument GC-MS. ['* Studies have
shown that GC-MS provide outstanding
sensitivity at part per billion and parts per
trillion levels in VOC analysis with the pre-
concentration steps. [1415:16]

The most accurate method for identifying
VOCs is a combination of gas
chromatography—mass spectrometry (GC-MS)
which is highly accurate and allows for the
selective detection of individual VOCs.
Previous studies that used GC-MS have
identified potentially disease-specific VOCs as
indicators of several malignant tumours.
However, it is both time-consuming and
expensive and trained experts are required to
perform the technique.!'”!

A recent technique which has been used in
various studies is detecting VOCs by using
electronic noses or e-noses which is an easy and
inexpensive method. ['®! Electronic noses are
devices that allow detection and identification
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of various organic compounds or complex
odours based on gas sensor arrays to simulate
the function of human olfactory system.
Electronic nose is an instrument which consists
of various electronic chemical sensors with
partial specificity and pattern-recognition
system, which is capable of recognizing simple
or complex odours. E-nose technology can use
exhaled breath VOC pattern analysis for the
early detection and screening of cancers.!!”!

The analysis of volatile organic compounds In
exhaled breath samples is a valuable tool in the
early detection of cancer. It is a non-invasive
and potentially inexpensive way to detect
various pathological conditions including
cancer.!?" Clinical trials with spectrometry and
spectroscopy techniques, the standard volatile-
compound detection methods, have shown the
potential for diagnosing illnesses like cancer,
multiple  sclerosis, Parkinson’s  disease,
tuberculosis and diabetes using breath tests.['*!

Breath analysis is a non-invasive method and
has the potential to detect cancer at an earlier
stage by analysing volatile biomarkers in
exhaled breath. (% 212 The breath-borne VOCs

have also been studied in covid -19 screening.
(23]

DETECTION OF VOCs IN URINE

Urine odour (smell or scent) analysis by
sensorial techniques, maybe one of the most
antique methods for the detection of disease
conditions. Urine is a complex organic fluid
from the chemical point of view, due to large
number of constituents and variable
composition, it is proved that urine composition
can vary depending on factors such as gender,
age, hormonal status, food habits, physical
activity and underlying pathological conditions.
Bladder cancer emits specific volatile organic
compounds (VOCs) in urine headspace that can
be detected by an electronic nose.

Head space solid phase microextraction
(SPME) was applied for the extraction of
volatile organic compounds from urine
samples, and gas chromatography time of flight
mass spectrometry (GCxGC TOF MS) was
used for the separation and detection of urinary
volatiles.[

Cystoscopy remains the gold standard in
bladder cancer diagnosis, but it is invasive and
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uncomfortable.?  Urinary cytology and

radiology play an important role in follow-up
but have some limitations in the diagnostic
setting and still remains operator sensitive.
Hence, many efforts are focusing on the
development of accurate non-invasive
diagnostic tests for bladder cancer.!*¥

Monitoring of volatile organic compounds
(VOCs) in exhaled breath shows great potential
as a non-invasive method for assessing
haemodialysis  efficiency.”®)  Commercial
electronic noses based on electro-resistive
sensing technologies, such as metal oxides and
conducting polymers, have previously been
used to detect lung cancers from healthy
controls.

Urine headspace has also been shown to be a
suitable medium to measure by electronic nose
for distinguishing prostate cancer. Faecal
immunochemical tests (FITs) are currently the
most commonly used non-invasive screening
tests for colorectal cancer and adenomas with
restricted sensitivity. Faecal volatile organic
compounds (VOCs) may serve as a diagnostic

biomarker of colorectal cancer and adenomas.
[26,27]
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A total of 188 different urinary VOCs were
reported as prostate cancer biomarkers largely
comprising of ketones, aldehydes, carboxylic
acids, nitrogen and sulphur. Hexenal is a
possible biomarker related to seven types of
cancer. "I The data from various studies have
shown hexenal to be one of the main markers in
lung cancer and the levels are significantly
higher in different biological matrices such as
blood and breath when compared to cancer
patients and controls.

Dimethyl disulphide was presented as a
potential biomarker in 7 out of 12 cancers in
different studies. This substance is a sulfide
compound that is present in urine and is one of
the main substances. Volatile sulfide
metabolites are produced mainly by incomplete
metabolism  of  methionine. = Dimethyl
disulphide was present in lower levels in the
bladder, breast colorectal leukaemia and
lymphoma and in only one (head and neck).

Phenol is one of the major chemical families
identified in urine from the oncological
group.l'>?7 Phenol was the most reported
biomarker related to cancer of breast, colon,
gastroesophageal, head and neck, renal and
prostrate.

Table 1: Metabolic alterations and VOCs associated with cancer of urinary bladder, prostrate,
colorectal and breast:

Cancer Main met.a bolic VOCs Most mutated genes
alteration
’ .Glycoly51.s Hexanal sulfide FGFR3
Uri bladd mitochondrial dimethvl 4-hept HRAS
rinary bladdet * Mitochondrial tme 2_}]’311 tz;nzi;none TSC1
dysfunctional TP53128]
Pentose phosphate Hexanal phenol 2- P53
Prostrate atlrl) a ; b tanorrl)e furan ELAC2
patiway B " CDKNIB "
Hexanal dimethyl
Glycolysis disulfide 3-heptanone APC
. . P-cymene 2-methyl-3-
Colorectal glutaminolysis fatty phenyl-2-propenal TP53
: : -2- - [30]
acid synthesis 1.2 Atrimethyl BRAF
benzene
* Furan
. Glucqse . Dlmethyl BRCAI
metabolism disulfide
Breast . . BRCA2
* Amino acid * Phenol TP5351]
metabolism * 3-heptanone
* 4- heptanone
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RESULTS

VOCs are also known impart certain odour
which can be found in urine, saliva, blood and
other body fluids. These VOCs are the end
products of cell metabolic activities.*”) The
activities of cancerous cells differ from the
normal cell activities and hence different VOCs
are produced than normal cells. The normal
cells become cancerous by various factors but,
major factor aiding this change is said to be the
mutation of genes. Four different types of
cancer have been included with different gene
mutations, except TP53 gene which was found
to be common in all these cancers as depicted
in table 1. Therefore, TP53 gene has been
shown to be the most mutated gene.

CONCLUSION

Various cancer studies and have detected
volatile organic compounds by using electronic
noses or e-noses which is an easy and
inexpensive method; however, there are
limitations. Further research needs to be done
as a specific VOC as a biomarker of a particular
cancer type.*”) Studies of the exhaled breath
and other matrices investigating potential
biomarkers of cancer is still in its progression.
Some of these compounds appear in more than
one cancer, while some are unique compounds.
These VOCs can be used to differentiate
patients from healthy individuals ! Large-scale
screening studies and normal profiles of VOCs
in all matrices being studied are needed. But the
use of urinary VOCs has demonstrated a
potential application in cancer diagnosis as it
has shown an easy, non-invasive test for early
detection of disease. Although the pathways
affecting VOC production are yet to be fully
understood, the VOCs which have been
identified to be related to specific cancers may
provide valuable information to study the
pathways of VOCs production in the various
cancers. Therefore, further clinical trials are
required which should be followed-up for long
term so as to know the potential and predictive
VOC:s and early detection of cancer.
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