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Abstract

Context: The early diagnosis and detection of lung cancer are crucial for reducing mortality and morbidity. Recently, the study of biomarkers for diagnosis and
early detection has expanded significantly. Several volatile organic compounds (VOCs) found in exhaled breath may serve as valuable indicators for the early
detection of lung cancer, which is influenced by pathological factors associated with cancer development.

Aims: To create a profile of VOCs in lung cancer patients and healthy controls and to examine the differences in VOC levels among lung cancer patients based
on histological type, stage, and therapy.

Methods: A cross-sectional study was conducted involving lung cancer patients receiving treatment at Saiful Anwar General Hospital. A total of 40 lung cancer
patients and 40 healthy controls who met the inclusion criteria were recruited through total sampling. VOC levels were measured using the Ubreath sensor
array method. Statistical analysis of VOC variables was performed utilizing the Kruskal-Wallis and Mann-Whitney tests.

Results: An analysis of three VOCs—ethanol, formaldehyde, and toluene—showed significantly higher levels in lung cancer patients compared to healthy
controls (p<0.05 for all three compounds). However, no significant differences in the levels of ethanol, formaldehyde, and toluene were observed based on
histological type, stage, or therapy among lung cancer patients.

Conclusions: Elevated concentrations of ethanol, formaldehyde, and toluene in exhaled breath suggest their potential as biomarkers for lung cancer
detection.

Keywords: ethanol; formaldehyde; lung cancer; toluene; volatile organic compounds.

Resumen

Contexto: El diagnéstico y la deteccidn precoces del cancer de pulmén son cruciales para reducir la mortalidad y la morbilidad. Recientemente, el estudio de
biomarcadores para el diagndstico y la deteccion precoz se ha expandido significativamente. Diversos compuestos organicos volatiles (COV) presentes en el
aire exhalado pueden servir como indicadores valiosos para la deteccidn precoz del cancer de pulmén, el cual se ve influenciado por factores patoldgicos
asociados con su desarrollo.

Objetivos: Crear un perfil de COV en pacientes con cancer de pulmén y controles sanos, y examinar las diferencias en los niveles de COV entre pacientes con
cancer de pulmén segun el tipo histoldgico, el estadio y el tratamiento.

Métodos: : Se realizé un estudio transversal con pacientes con cancer de pulmén que recibian tratamiento en el Hospital General Saiful Anwar. Se recluté a un
total de 40 pacientes con cancer de pulmén y 40 controles sanos que cumplian los criterios de inclusién mediante un muestreo total. Los niveles de COV se
midieron mediante el método de matriz de sensores Ubreath. El analisis estadistico de las variables de COV se realiz6 mediante las pruebas de Kruskal-Wallis
y Mann-Whitney.

Resultados: Un analisis de tres compuestos organicos volatiles (COV) —etanol, formaldehido y tolueno— mostré niveles significativamente mas altos en
pacientes con cancer de pulmén en comparacién con los controles sanos (p<0,05 para los tres compuestos). Sin embargo, no se observaron diferencias
significativas en los niveles de etanol, formaldehido y tolueno seguin el tipo histoldgico, el estadio o el tratamiento en pacientes con cancer de pulmén.

Conclusiones: Las concentraciones elevadas de etanol, formaldehido y tolueno en el aire exhalado sugieren su potencial como biomarcadores para la
deteccidn del cancer de pulmén.

Palabras Clave: cancer de pulmén; compuestos organicos volatiles; etanol; formaldehido; tolueno.
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Abbreviation: ADH: alcohol dehydrogenase; ALDH: aldehyde dehydrogenase; C,HsOH: ethanol; C;Hg: toluene; CH,O: formaldehyde;
CO2: carbon dioxide; CYP450: cytochrome P450; e-Nose: the electronic nose; EGFR: epidermal growth factor receptor; EML4-ALK:
echinoderm microtubule-associated protein-like 4-anaplastic lymphoma kinase; H-O: dihydrogen oxide; KRAS: kirsten rat sarcoma viral
oncogene homolog; LDCT: low-dose computed tomography; LDH: lactate dehydrogenase; NSCLC: non-small cell lung cancer; PUFAs:
polyunsaturated fatty acids; ROS: reactive oxidative stress; SCLC: small cell lung cancer; SPSS: the statistical package for the social sciences;

VOC:s: volatile organic compounds.

INTRODUCTION

Lung cancer is the leading cause of cancer inci-
dence and mortality worldwide, affecting both men
and women, with an estimated 2.0 million new diag-
noses and 1.8 million deaths annually (Hyuna et al.,
2021; Thandra et al., 2021). In 2018, the estimated pro-
portions of new cases and deaths from lung cancer
among men were 14.5% and 22.0%, respectively,
while among women, the rates were 8.4% and 13.8%
(Hyuna et al., 2021). The recent increase in smoking
prevalence in countries such as China, Indonesia,
Eastern Europe, and Northern and Southern Africa is
expected to lead to a rise in new lung cancer cases in
developing nations. More than half of lung cancer
deaths occur in these regions, where over 80% of the
world's smokers now reside in middle- to low-income
countries (Bade and Cruz, 2020; Hyuna et al., 2021).
Additionally, lung cancer incidence among women is
rising and has more than doubled since the mid-1970s
(Barta et al., 2019; Bray et al., 2024).

Lung cancer is asymptomatic in its early stages
and presents with non-specific symptoms when they
do occur. Prompt detection of lung cancer is critical
for initiating anticancer treatments that can reduce
mortality and morbidity, particularly in high-risk
patients (Chen et al., 2021; Dama et al., 2021). Detect-
ing lung cancer at an early stage significantly im-
proves outcomes (Chen et al., 2021). However, there
are significant challenges in early detection when the
disease is still localized (Dama et al., 2021). A global
survey reported that 85% of lung cancer cases are
diagnosed at advanced stages (Illa, IlIb, Illc, IVa, and
IVDb) (Swanson et al., 2020).

Several lung cancer screening techniques have
been proposed to detect cancer at its early stages.
Low-dose computed tomography (LDCT) has proven
effective for high-risk individuals (Chen et al., 2021).
However, there is currently no screening or early
detection method for lung cancer that is simultane-
ously accurate, fast, safe, and easily accessible (Li et
al., 2022). Subsequent diagnostic procedures, such as
bronchoscopy, bronchoalveolar lavage, or biopsy, are
invasive, costly, and time-consuming. Therefore, a
non-invasive, affordable, quick, and reliable screening
method is urgently needed (Ratiu et al., 2020).

The electronic nose (e-Nose), based on volatile or-
ganic compounds (VOCs), is a modality that has re-
cently been used to detect airway inflammation in a
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patient's exhaled breath. The e-Nose is an electronic
chemical sensing device that captures the unique mix-
ture of VOCs produced as the end products of human
respiratory metabolism. In this context, VOCs detect-
ed through breath analysis are considered potential
biomarkers (Van de Goor et al., 2018).

Exhaled breath has been used as a diagnostic tool
to detect various diseases. A significant number of
VOCs detected in exhaled breath have been proposed
as a valuable data source for the early detection of
lung cancer (Chen et al., 2021). Human breath con-
tains VOCs classified as either endogenous, related to
metabolic and biological processes, or exogenous.
Diseases can alter metabolic and biological pathways,
thereby modifying the composition of endogenous
VOCs in exhaled breath. These changes can be detect-
ed and used for the early detection of diseases (Kou-
reas et al., 2020).

Given the diagnostic gaps mentioned above, the
primary aim of this study was to determine the com-
position of exhaled VOCs in lung cancer patients and
healthy controls and to investigate differences in
VOCs among lung cancer patients based on histologi-
cal type, stage, and therapy.

MATERIAL AND METHODS

This cross-sectional study was conducted on out-
patient lung cancer patients at Saiful Anwar General
Hospital in East Java, Indonesia. The inclusion criteria
comprised all adult lung cancer patients with a con-
firmed diagnosis based on histopathological examina-
tion. Subjects were required to be in a stable clinical
condition and capable of undergoing a breath analyz-
er examination. Patients with acute infections, severe
or critical conditions, secondary lung cancer, or lung
cancer associated with other primary cancers were
excluded from the study.

Using a total sampling method, we identified 40
lung cancer patients who met the inclusion criteria. In
total, 40 lung cancer patients and 40 healthy controls
were recruited between January and July 2022 at Sai-
ful Anwar General Hospital. The study was approved
by the Ethics Committee (Approval No.
400/026/K.3/302/2022). All participants provided
written informed consent.

Participants completed a detailed questionnaire
before undergoing the exhaled breath test. The col-
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lected data were used to classify subjects into groups
based on their cancer histological type, stage, and
treatment (Fig. 1).

To conduct the breath collection procedure, an ad-
vanced portable breath sample collection device de-
veloped by the Laboratory of Air Quality and Health
Impact at Universitas Brawijaya was used to capture
VOCs. The device is equipped with a control button
for breath collection. Participants were instructed to
press the button while exhaling, and consecutive ex-
haled breaths were collected into the device's reser-
voir. Subsequently, a computerized gadget was con-
nected to the device for analysis.

In this study, data were processed and analyzed
using the Statistical Package for the Social Sciences
(SPSS) (PASW 25 Statistics, IBM Corp., Armonk, NY,
USA). VOC levels were analyzed using the Kruskal-
Wallis and Mann-Whitney tests. Statistically signifi-
cant differences were considered with p<0.05.

Exhaled volatile organic compound biomarkers and lung cancer

RESULTS

The demographic and clinicopathological data are
presented in Table 1. Among the participants (n = 40),
the most common type of lung cancer was adenocar-
cinoma (67.5%), followed by squamous cell carcinoma
(12.5%), adenosquamous carcinoma (10%), and small
cell carcinoma (10%). All patients were in advanced
stages of the disease, with 57.5% at stage IVb, 37.5% at
stage IVa, and 5% at stage Illb.

Regarding treatment history, the majority of lung
cancer patients (85%) had undergone chemotherapy,
primarily with platinum-based agents (carboplatin or
cisplatin) combined with newer agents, including
pemetrexed (n = 11), paclitaxel (n = 11), gemcitabine
(n = 5), vinorelbine (n = 3), docetaxel (n = 2), and
etoposide (n = 2). The remaining 15% received target-
ed therapy with tyrosine kinase inhibitors (TKIs),
specifically, gefitinib (n = 6).

been informed about the research procedure and signed
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Figure 1. Clinical trial step.
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Table 1. Demographic and clinicopathological characteristics of lung cancer study subjects.

Characteristics

Lung cancer (n =40)

Age (mean) 40-72 (56.6)

Sex

Male 24 (60%)

Female 16 (40%)

Smoking status

Smoker 22 (55%)

Non-smoker 18 (45%)

Histological type

Adenocarcinoma 27 (67.5%)

Adeno-squamous cell carcinoma 4 (10%)

Squamous cell carcinoma 5 (12.5%)

Small cell lung cancer 4 (10%)

Staging I11b 2 (5%)
IVa 15 (37.5%)
IVb 23 (57.5%)
Therapy

Chemotherapy 34 (85%)

Targeted therapy 6 (15%)

Table 2. Profile of volatile organic compound (VOC) subject lung cancer vs. healthy control.

Lung cancer Subject control
VOCs p-value
(mg/L) (mg/L)
Ethanol (C2HsOH) 1.24580 £ 0.49 0.8148+0.39 0.000
Formaldehyde (CH.0) 0.51899 +0.55 0.0453+0.10 0.000
Toluene (C7Hs) 0.61858 +0.86 0.0167 +0.07 0.000

Values are expressed as mean + standard deviation (n = 40).

Table 3. The differences between the histological types, stadium of lung cancer, and therapy with volatile organic compounds (VOCs).

Ethanol Formaldehyde Toluene
VOCs
(p-value) (p-value) (p-value)
Histological type 0.404 0.967 0.978
. Adenocarcinoma
° Adeno-squamous cell carcinoma
. Squamous cell carcinoma
. Small cell carcinoma
Stadium lung cancer 0.298 0.084 0.086
° I'b
° IVa
° IVb
Therapy 0.570 0.081 0.081
. Chemotherapy
° Targeted therapy

Profile of exhaled volatile organic compounds
(VOCs)

We evaluated the concentrations of VOCs in the
exhaled air of lung cancer patients, using p<0.05 to
account for multiple comparisons (Table 2). The con-
centrations of ethanol (C,HsOH), formaldehyde

https://jppres.com

(CH;0), and toluene (C;Hsg) in the exhaled breath of
lung cancer patients were significantly higher (p =
0.000, p = 0.000, p = 0.000, respectively).

Moreover, we examined the variations in VOC
levels according to lung cancer histological types,
stages, and treatments (Table 3). The concentrations of
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ethanol (CoHsOH), toluene (C7Hs), and formaldehyde
(CH20) in the exhaled breath of lung cancer patients
showed no significant differences among the histolog-
ical types of lung cancer (p = 0.404, p = 0.978, and p =
0.967, respectively). We also observed no significant
differences in the levels of ethanol, toluene, and for-
maldehyde in the exhaled breath of patients with
stage III compared to stage IV lung cancer (p = 0.298,
p = 0.086, and p = 0.086, respectively). Furthermore,
the concentrations of ethanol, toluene, and formalde-
hyde in the exhaled breath of lung cancer patients did
not significantly differ between those receiving chem-
otherapy and those undergoing targeted therapy (p =
0.570, p = 0.081, and p = 0.081, respectively).

DISCUSSION

Lung cancer is a devastating disease characterized
by the hyperproliferation of bronchial epithelium due
to oncogene activation or tumor suppressor gene de-
activation, which leads to disruptions in apoptotic
and cell cycle signal transduction (Zhang et al., 2024).
Genomic and transcriptomic alterations during car-
cinogenesis and cancer progression result in dysregu-
lated metabolic pathways. The accumulation of these
metabolites, commonly referred to as volatile organic
compounds (VOCs), diffuses into the alveoli and can
be detected in exhaled breath. Components in exhaled
breath that serve as indicators of disease processes
include inorganic elements (carbon dioxide, oxygen,
nitric oxide), non-volatile compounds (isoprostanes,
cytokines, leukotrienes, and hydrogen peroxide), and
VOCs. Generally, VOC concentrations are measured
using a breath analyzer, which reflects the levels of
substances in the blood (Hanna et al., 2019).

The basic principle of the e-Nose is that the VOCs
detected by the sensor lead to changes in conductivi-
ty, color, oscillations, or crystals (Dent et al., 2013).
Various methods for examining breath analyzers em-
phasize the need to standardize these tests. Steps have
been proposed to standardize breath analyzer exami-
nations (Hanna et al., 2019).

This study aims to create a VOC profile that can
diagnose lung cancer by analyzing VOCs in exhaled
breath. Lung cancer is a silent disease in its early
stages but becomes fatal in later stages. The modali-
ties currently used for lung cancer screening rely on
radiological imaging, with definitive diagnosis
achieved through histopathological examination.
VOCs in exhaled breath may reflect disease-induced
metabolic changes and could play a role in identifying
biomarkers for lung cancer (Tsou et al., 2021).

Components in exhaled breath can be categorized
into three groups: inorganic components (such as
carbon dioxide, oxygen, and nitric oxide), non-volatile

https://jppres.com
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components (including isoprostanes, cytokines, leu-
kotrienes, and hydrogen peroxide), and volatile com-
ponents. Volatile organic compounds are produced
during cellular metabolism and are exhaled through
blood gas exchange in the alveoli (Keogh and Riches,
2022).

The use of VOCs in disease diagnosis and man-
agement has been extensively studied. VOCs can
originate endogenously as byproducts of metabolism
or exogenously from environmental sources. Endoge-
nous VOCs are produced within the body, such as
isoprene and unsaturated hydrocarbons formed
through the mevalonic acid pathway in cholesterol
synthesis, acetone from glucose metabolism, and sat-
urated hydrocarbons from fat peroxidation. Exoge-
nous VOCs, on the other hand, are contaminants from
the external environment that are inhaled and ab-
sorbed through the lungs and skin (Finamore et al.,
2019).

In our study, we identified ethanol, formaldehyde,
and toluene as potential biomarkers for lung cancer,
particularly in its advanced stages. Several studies
have been conducted to identify the components of
VOCs. Supporting this, Oguma et al. (2017) found
that levels of ethanol and toluene were higher in indi-
viduals with lung cancer compared to a control
group.

Research on VOCs reveals their role in cellular
communication. Cancer cells can induce phenotypic
changes in surrounding cells through the upregula-
tion of VOCs. This has been demonstrated in vitro by
culturing normal lung cells with tumor cells, where
changes in cell morphology and apoptosis of normal
cells were observed after 48 hours of exposure to tu-
mor cells. These findings suggest that VOCs play a
significant role in the process of tumorigenesis
(Serasanambati et al., 2019a; 2019b).

The differences in VOC values detected by devices
may also be influenced by metabolic activity in cancer
cells. Cancer cells experience direct changes in their
metabolic products due to the large amounts of ener-
gy required to support their uncontrolled prolifera-
tion. The Warburg effect is a metabolic process in
cancer cells in which aerobic glycolysis becomes the
main pathway for energy production (Feinberg et al.,
2017; van der Schee et al., 2018). The fulfillment of
energy needs in cancer cells can be explained by the
Warburg effect, which shifts the metabolic pathway
toward hyperglycolysis instead of oxidative phos-
phorylation, even in the presence of adequate oxygen.
In normal tissue, glucose is converted into pyruvic
acid anaerobically, followed by oxidative phosphory-
lation in mitochondria to produce 32 ATP molecules
(Feinberg et al., 2017). Changes in cellular metabolism
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lead to metabolic alterations that accelerate cancer cell
growth and alter the profile of VOCs in exhaled
breath (van der Schee et al., 2018). The elevated levels
of ethanol observed in this study are most likely a
result of the Warburg effect in the cancer patient

group.

One consequence of hypoxia is the diversion of
energy production from the Krebs cycle to glycolysis.
Acetyl-CoA, the main product of mitochondrial oxi-
dation of long-chain fatty acids, is used as a substrate
for ketogenesis. As a result, acetone and other ketone
bodies (such as  acetoacetate and  beta-
hydroxybutyrate) are produced by hepatocytes from
excess acetyl-CoA, leading to increased acetone levels.
Ketone production is also closely related to the in-
creased rate of fatty acid oxidation observed in sever-
al types of cancer, suggesting that beta-oxidation of
branched fatty acids leads to the formation of heavier
ketones such as 3-heptanone. Additionally, the breath
of lung cancer patients contains higher levels of gly-
colysis byproducts, such as acetate, acetaldehyde, and
ethanol (Schmidt et al., 2023).

In cancer cells, the end product of glycolysis does
not enter the oxidative phosphorylation pathway but
is instead converted into lactic acid by the enzyme
lactate dehydrogenase (LDH), which accumulates in
the cytosol and lowers the pH. Although the oxida-
tive phosphorylation pathway produces more ATP
than lactic acid synthesis (32 ATP vs. 2 ATP), anaero-
bic glycolysis is more advantageous for cancer cells
because it reduces mitochondrial activity. Mitochon-
dria plays a key role in inducing apoptosis and cell
death, so mitochondrial inactivation inhibits apoptot-
ic signals in cancer cells (Feinberg et al., 2017).

Aldehydes are produced through various mecha-
nisms. They can originate from food sources, alcohol
metabolism, and smoking. The production of alde-
hydes such as n-hexanal, n-heptanal, n-nonanal, and
n-decanal is related to the reduction of hydroperox-
ides by cytochrome P450 (CYP450) during the oxida-
tion of omega-3 and omega-6 polyunsaturated fatty
acids (PUFAs), such as linoleic acid and arachidonic
acid (Janfaza et al., 2019; Oyerinde et al., 2023).

CYP enzymes are responsible for the oxidative me-
tabolism of various endogenous and exogenous com-
pounds. These enzymes play a significant role in can-
cer formation and are involved in tumor initiation or
promotion due to their ability to activate or deactivate
carcinogens. Reactive oxygen species (ROS) can be
generated from reactions mediated by these enzymes
(Janfaza et al., 2019).

Several VOCs have been associated with a variety
of diseases. For example, aldehydes have been linked
to five types of tumors. Aldehydes produced through
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food intake, alcohol consumption, and smoking are
involved in carcinogenesis through DNA damage and
oxidative stress. Aromatic compounds such as ben-
zene have been identified in the breath of patients
with lung cancer and may also be associated with
cigarette use. An increase in branched alkane chains,
including dodecane, has been found in patients with
advanced lung cancer who did not respond to thera-
py- Hydrocarbons released in response to oxidative
stress play a role in tumorigenesis (Janfaza et al.,
2019).

Alcohol from food and drink consumption is ab-
sorbed through the digestive tract and then released
into the bloodstream. However, alcohol can also be
detected in feces, urine, breath, skin secretions, milk,
and saliva. Additionally, alcohol can be produced
from hydrocarbon metabolism. As previously men-
tioned, alcohol metabolism is primarily catalyzed by
alcohol dehydrogenase (ADH). In the cytosol of
hepatocytes, ethanol is metabolized to acetaldehyde, a
carcinogenic compound, by ADH. Acetaldehyde is
rapidly oxidized to acetate by aldehyde dehydrogen-
ase (ALDH) in mitochondria. Acetate can be released
into the blood or further metabolized to form carbon
dioxide (CO), dihydrogen oxide (H2O), or fatty acids,
entering intermediate metabolism as acetyl-CoA
(Janfaza et al., 2019).

A potential source of saturated hydrocarbons aris-
es from the lipid peroxidation process. Unmetabo-
lized hydrocarbons are excreted into the bloodstream
and, consequently, into the urine and/or breath. The
concentration of volatile hydrocarbons in biological
matrices depends on their solubility in various biolog-
ical media. Hydrocarbons with low solubility in blood
move directly into the breath (Janfaza et al., 2019).

This metabolic process also generates various vola-
tile chemical molecules. Several studies have investi-
gated the VOCs expressed by lung cancer that differ-
entiate it from other pathological conditions. For ex-
ample, decanal compounds (aldehyde derivatives) are
found in significantly reduced concentrations due to
mitochondrial inactivation in lung cells, which lowers
levels of reactive oxidative stress (ROS) and lipid
peroxidation (Feinberg et al., 2017; Janfaza et al., 2019;
Zhao et al., 2020). Another VOC compound, nonanal,
is considered a biomarker for cell apoptosis, so its
expression decreases in lung cancer. VOCs exhibit
distinct and immediate changes when a pathological
condition arises by altering the body's biochemistry
through a combination of the above chemical process-
es. Each disease has its own unique VOC pattern
(Feinberg et al., 2017; Janfaza et al., 2019).

Furthermore, the concentration of formaldehyde
compounds also increases. Endogenous formalde-
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hyde can rise in cases of malignancy. Studies involv-
ing breast cancer and prostate cancer patients have
reported higher concentrations of endogenous for-
maldehyde in urine. Some in vivo studies have ana-
lyzed cancer cell tissue from several cancer patients
and found abnormally elevated formaldehyde con-
centrations. Endogenous formaldehyde is produced
through various biochemical pathways in cells via the
enzymatic process of oxidative demethylation. Other
factors, such as cigarette smoke, electronic cigarettes,
and the sweetener aspartame, can also contribute to
increased formaldehyde levels (Pontel et al., 2015). In
this study, we observed an increase in the concentra-
tion of ammonia compounds. Ammonia is formed as
a result of the breakdown of glutamine into gluta-
mate. Glutamine is a non-essential amino acid that
can be synthesized by cells via glutamine synthetase
and is present in the blood as free amino acids. Can-
cer cells absorb and process large amounts of gluta-
mine because it serves as a supplement for nucleotide
biosynthesis (Li et al., 2021). This finding aligns with a
study by Spinelli et al. (2017), which stated that am-
monia is a product of cellular metabolism, primarily
excreted by proliferating cells, such as cancer cells. In
the microenvironment of cancer cells, ammonia can
accumulate up to 10 times more than in healthy tissue
(Spinelli et al., 2017).

The clinical application of VOC-based e-Nose as a
screening and early detection method offers various
advantages compared to low-dose CT scanning.
However, the clinical implementation of e-Nose is
unlikely to replace the gold standard diagnostic mo-
dality for lung cancer due to several limitations. For
example, there are few studies examining the accura-
cy of e-Nose in classifying types and subtypes of
small cell lung cancer (SCLC) and non-small cell lung
cancer (NSCLC), including adenocarcinoma, squa-
mous cell carcinoma, and large cell carcinoma (Saidi
et al., 2020).

A study by Choi et al. (2013) suggests that tumor
cells can further stimulate the glycolysis metabolic
pathway, leading to the production of lactic acid,
which has immunosuppressive and angiogenic activi-
ty. The activation of the CYP-450 gene is also respon-
sible for increasing the catabolic reaction of lipid pe-
roxidation. In several cancers, including lung cancer,
oxidative stress can increase. VOCs produced in the
blood will be excreted through the lungs and diffuse
through the alveolar membrane. This process produc-
es metabolic products that can be detected in VOC
analysis (Amor et al., 2019; Choi et al., 2013; Janfaza et
al.,, 2019; Jia et al., 2019).

In this study, all participants were undergoing
chemotherapy or targeted therapy with various
agents. Although this study did not specifically inves-
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tigate the effects of therapy on lung cancer, prior re-
search has demonstrated that chemotherapy can alter
the VOC profiles in patients with advanced-stage
lung adenocarcinoma. One identified biomarker, 2-
pentanone, was significantly reduced following
chemotherapy (Rubio-Sanchez et al., 2023). VOCs are
also influenced by targeted therapy and the genetic
mutations present in cancer cells. A study by Peled et
al. (2013) showed that the VOCs produced by cancer
cell membranes vary depending on specific genetic
mutations, such as epidermal growth factor receptor
(EGFR) mutations, Kirsten rat sarcoma viral oncogene
homolog (KRAS) mutations, and echinoderm micro-
tubule-associated protein-like 4-anaplastic lymphoma
kinase (EML4-ALK) fusions. VOCs such as toluene,
benzaldehyde, and decanal exhibit variations based
on these mutations and can provide insights into the
effectiveness of targeted therapies (Peled et al., 2013).
Therefore, VOCs can serve as markers for therapy
response, enabling quicker identification of treatment
failure when compared to the current response evalu-
ation criteria in solid tumors (RECIST). Early detec-
tion of therapy failure can improve the treatment and
care of lung cancer patients (Nardi-Agmon et al,
2016).

Consequently, the composition and concentration
of VOCs in lung cancer patients can be identified
through pattern recognition. Several studies suggest
that VOCs represent a promising approach for rapid,
risk-free, and potentially cost-effective diagnosis of
respiratory diseases, based on organic compounds
with high vapor pressure under ambient conditions
(Feinberg et al., 2017; Gasparri et al., 2016; Hua et al.,
2018; Janfaza et al., 2019; Janssens et al., 2020; Li et al.,
2014; Ratiu et al., 2020; Swanson et al., 2020).

Detection of VOCs from exhaled breath can be
achieved through a strategy involving a series of
cross-reactive sensors combined with pattern recogni-
tion methods. Generally, the working principle of
VOC detection is associated with chemical sensors,
also known as nanomaterial-based sensor arrays,
which use various kinds of nanomaterial-based sen-
sors, such as (1) nanoparticle-based chemical resistors
with monolayer capping, (2) chemical resistors based
on single-wall carbon nanotubes, (3) conducting pol-
ymer-based chemical resistors, (4) metal oxide film-
based chemical resistors, (5) quartz microbalance
sensors with selective coatings, (6) colorimetric sen-
sors, and (7) surface acoustic wave sensors. Each sen-
sor in this approach responds to different VOCs, ena-
bling the sensing and analysis of individual compo-
nents in each compound mixture (Kalaij, 2022).

The development of lung cancer is a multifactorial
event involving genetic and environmental factors,
such as smoking, pollution, and exposure to carcino-
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genic substances. The accumulation of these factors
triggers the metaplasia of lung epithelial cells into
cancer cells, accompanied by chronic inflammation,
which in turn leads to carcinogenesis, angiogenesis,
and tumor cell proliferation (Byun et al., 2021). The
rapid proliferation of cancer cells creates a hypoxic
environment, prompting a switch to anaerobic me-
tabolism. This anaerobic process involves lipid me-
tabolism, ketone body metabolism, and activation of
the mevalonate pathway, producing VOC metabo-
lites. A breath analyzer can detect VOCs in exhaled
breath (Hanai et al., 2012; Kubicka et al., 2021).

Several previous studies have assessed the accura-
cy of various e-Nose brands for screening and early
detection of lung cancer. In general, all studies report-
ed sensitivity and specificity values of more than 81%.
A good screening tool must be able to reduce con-
founding factors, especially in terms of sampling
technique, data analysis, validation, and standardiza-
tion of examination results. To address this, the e-
Nose is equipped with an environmental condition
detector that identifies air flow, humidity, and satura-
tion (ideal saturation conditions are -50 mV to +50
mV) (Binson and Subramoniam, 2021). Users are also
instructed to avoid consuming cigarettes, alcohol, and
food at least 30 minutes to one hour before the exami-
nation and to avoid positioning the e-Nose near disin-
fectants that can evaporate or aerosolize around the
device (Vadala et al., 2023).

The interpretation of VOC patterns is considered
to have clinical significance as a predictor of lung
cancer stage. The concentration and composition pat-
terns of each compound can be mapped using ma-
chine learning based on the stage of lung cancer. A
recent systematic review revealed that stage 1 lung
cancer patients had significantly lower levels of 2-
butanone compared to other stages, while VOC anal-
ysis from stage IV patients showed higher concentra-
tions of ethyl benzene, methanol, acetone, propanol,
and pentane (Hua et al., 2018; Janssens et al., 2020;
Ratiu et al., 2020; Swanson et al., 2020). Each stage has
its own pattern and characteristics.

Our research has several limitations. First, our
study involved patients undergoing lung cancer
treatment at the time of recruitment, which may have
influenced the concentrations of inhaled VOCs. Sec-
ond, due to the small number of early-stage patients,
it was challenging to identify exhaled VOCs relevant
for the early diagnosis of lung cancer. Further studies
are necessary to identify VOC profiles that could be
used for evaluating patients with suspected lung can-
cer.
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CONCLUSION

This study found that exhaled VOCs, including
ethanol, formaldehyde, and toluene, exhibit higher
levels in patients with lung cancer, suggesting their
potential as biomarkers for the disease.
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