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Abstract: Cellular breakdown in the lungs is an exceptionally deadly infection and causes the demise of 1.76 million individuals
consistently which is higher than different sorts of cancers. A lung cancer diagnosis is a serious concern for everyone because
mostly lung cancer is diagnosed at a later stage that is not curable. Recently, work is being done on the detection of non-
invasive breath biomarker to diagnose lung cancer. Carbon based sensors displayed high affectability and selectivity towards
the lung cancer related volatile organic compounds that are exhaled out by lung cancer patients. Carbon based sensors are
quick, delicate, specific, and give at spot results. Our review focuses on the detection of lung cancer related volatile organic
compounds through Carbon nanotubes and graphene-based sensors.
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I INTRODUCTION Among different types of Carbon, carbon nanotubes (CNTs) and
graphene are good sensing materials for various types of analytes
especially VOCs due to their unique optical and electronic
properties [15-17].

Lung cancer is a very fatal disease and causes death of 1.76
million people every year that is very higher than the other types
of the cancer [1]. Lung cancer diagnosis is a serious concern for
all the researchers because most of the patients are not curable
due to later stage diagnosis [2-4]. There are several conventional
techniques that are under practice to diagnose lung cancer but
these are painful and expensive that’s why patients did not go for
regular lung cancer test and it can’t be diagnosed early [5]. Carbon nanetubes
Researchers are working to develop modern diagnostic
techniques through which a patient can be diagnosed lung cancer
at an early stage. Modern researches show that lung cancer
patients exhaled out various volatile organic compounds with
breath. These VOCs belong to various classes of organic
compounds [6-10]. The scientists are working to develop such
novel sensors which will be able to detect lung cancer related
VOCs with high selectivity and sensitivity [11]. Recently,
Carbon based sensors exhibited very high sensitivity and
selectivity towards the VOCs. Carbon based sensors are rapid,
sensitive, selective and give at spot results [12-14]. Carbon
Nanostructures have a key role in the field of nanotechnology.
These have large surface area and hollow structure due to which
they give a signal when a molecule attaches at their surface.

[

Figure 1. Carbon-based structures
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Lung cancer is the major cause of cancer deaths in humans. In
most cases, the indication of Lung cancer in the body of patient
disclose through early symptoms. Treatment of Lung cancer
depends on the stage and overall health condition of patient.
There are three possible treatments for Lung cancer i.e surgery ,
chemotherapy and radiotherapy. Survival of patients depends on
the stage of cancer, overall health condition and some other
factors but overall only 14% people survive four to five years
after the diagnosis of symptoms of Lung cancer. Symptoms of
Lung cancer are:

=

Abdominal pain
Shoulder pain
Chest and Arm pain
Persistent breathlessness
Finger clubbing
Dysphagia
Swelling of face and neck
Hoarseness
. Emphysema

10. Weight loss

11. Bone pain
Lung cancer can develop any where in the lungs and it can
damage any part of the respiratory system. Lung cancer may take
several years to develop and it usually effect the people who are
fifty plus.
Lung cancer is of two major types.

1. Non-small cell lung cancer
2. Small cell lung cancer

These both types of lung cancer spreads in different ways and
there treatment is also different. The growth and spreading of
Non-small cell lung cancer is slow as compared to small cells
lung cancer. Small cell lung cancer grows and spreads more
quickly. Its main cause is smoking cigarettes.
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Early diagnosis of Cancer:
Early diagnosis consists of three components:

» being aware of the symptoms of different forms of
cancer and of the importance of seeking medical advice
if you are concerned,;

> access to clinical evaluation and diagnostic services; and

> timely referral to treatment services.

Carbon Nanotubes Based Sensor

CNTs are hollow cylindrical nanostructure consist of carbon
atoms. CNTSs can be classified in single-walled CNTs (SWCNTSs)
and Multiwalled CNTs (MWCNTS) based on their structural
differences [18,19]. These have a regular patterned structure and
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good sensing properties because of semiconducting modification
of CNTs which make them a fundamental material in the sensing
of VOCs to diagnose lung cancer [20]. Kumar et al. synthesized
specified sensors for the detection of VOCs which were named
as vapor quantum resistive sensors (VQRS). Two steps were
involved in the formation of these sensors. Firstly, CNT layers
and the secondly nanometric layer of drop casted polymer was
generated to coat CNT. The sensor showed a chemo resistive
behavior by which different lung cancer biomarkers were
identified at low concentrations [21]. CNTs were bonded to
different polyhedral oligomericsilsesquioxanes (POSS) through
the covalent and non-covalent bonds. A specific type of
chemoresistive sensor was established and QRS of different
nano-junctions gap were generated to establish a selective array
of sensor which could discriminate different VOC at 6 ppm level
[22].

A Chemresistor sensor was developed by using SWCNTS
modified with meso-tetraphenylporphyrin.  Response was
evaluated by exposing the sensor with different classes of VOCs
[23]. Zhang et al. synthesized a composite of single-walled CNT
and MIPs. This composite was fabricated on alumina tube with
Au electrode and Pt wires to check gas sensing properites. The
response for methanol gas was in the range of 1 ppm level [24].
Janfaza et al. constructed a sensor by using MIPs and MWCNTSs
to diagnose lung cancer by detecting hexanal molecules. The
detection limit obtained atroom temperature was 10-200 ppm
[25].

Tasaltin and Basarir synthesized a sensor that was based on Au
NPs and MWCNTSs. Firstly, Polyimide interdigital electrodes
were fabricated then Au NPs and MWCNTSs were electrosprayed.
Sensor investigated different polar and non-polar VOCs [26].
Abraham et al. synthesized a surface acoustic wave (SAW)
sensor having CNTs as adsorbent substances. In the second
model, nanospheres of ZnO and CuO were added into the sensing
layer to enhance the response. Second model gave better results
than the first model. They suggested that a composite of ZnO-
CuO/CNT SAW sensor can be the ideal material to sense VOCs
[27]. Interdigital electrode was coated with MWCNTSs and PEG
due to their good adsorption ability for the VOCs. The sensor
exhibited good response at room temperature for acetone,
ethanol, isopropanol and isoprene [28]. Park et al. used ionic
liquids (ILs) to establish a distinctive sensor of chemiresistive
CNTs. lonic liquid has several unique properties including high
thermal stability and conductivity. Constructed Sensor was
functionalized with imidazolium-based ILs to detect cancer
related VOCs. Stability is one of the major advantages of this
type of sensor [29].
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Graphene-based sensor

Graphene consists of a hexagonal structure in which carbon
atoms are sp? hybridized forming a two-dimensional
nanomaterial layer. Single carbon sheet is formed by the
arrangement of carbon atoms in a single layer while in multilayer
graphene, several sheets are arranged at each other [30-32].
Graphene materials are being used as semiconductors, transistors
and other sensing fabrics due to their transparency, conductivity,
strength, and flexibility [33,34].

Zhang et al. synthesized a graphene-based sensor for diagnostic
purposes. Graphene oxide was synthesized by the modification of
Hummer’s method and  characterized by  different
characterization tools [35]. Multi-layer graphene (MLG) was
fabricared for the detection of lung cancer molecules including
ethanol, isopropanol, and acetone. Substances were evaluated by
using flat MLG (f-MLG) and patterned MLG (p-MLG)
electrodes, where the electrical conductivity of p-MLG was
enhanced by acetone. Both sensors showed a good response
towards the chemical substance especially the f-MLG sensor
exhibited high selectivity for acetone [36]. Nag et al. developed
an electronic nose by using reduced graphene oxide (RGO). GO
was wrapped with functionalized B-cyclodextrin to enhance its
functional ability. Supramolecular assembly was established by
modifying chemically functionalized cyclodextrin with RGO
non-covalently. Pyrene-adamantane was used as a linker in this
reaction. Chemical modification was made by using cyclodextrin
to make the sensor more selective. RGO has greater surface area
and good electrical conducting ability which made QRS sensor
selective and sensitive for VOCs [37].

Rattanabut et al. synthesized a composite of graphene and
poly(methyl methacrylate) (GR/IPMMA) for sensing purposes.
The GR/PMMA sensor composite examined different VOCs
[38]. Similalry, a GO/polypyrene composite based sensor was
fabricated to examine toluene. The constructed sensor was
sensitive at 9.87 x 10 ppm* level [39]. A chemical sensor was
formed for the detection of organic vapor by composing a layer
of graphene (transducer layer) with a MIP layer. The gas sensor
was further embedded within a smidgen antenna and results were
evaluated [40].

GO were modified and reduced with amine ligands which lead to
the formation of functionalized rGO. Unmodified rGO and
modified functionalized rGO were arranged to develop a
chemiresistive arrayThe lowest detection limit was 25 ppm with
the ability to differentiate between different VOCs [41]. GO layer
was coated on the SiO, sensor with Pt bed electrodes. GO was
reduced at the desired amount in a specific environment.
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Reduction of GO affects the sensitivity of sensor in response to
various VOCs [42].

Vessalli et al. fabricated graphene composite with ZnO nanorods
(NR). Firstly, ZnO NR was prepared and coated at Au
interdigital electrodes. GO sheet was also embedded with ZnO-
NR to develop a composite of GO/ZnO-NR. Selective detection
of acetone, benzene, ethanol, and methanol was performed [43].
Liu et al. prepared a smartphone-based sensor by measuring and
analyzing AC impedance. Graphene and ZnO were used to
modify interdigital electrode. Nitrocellulose was also coated to
enhance sensing ability. It was a great achievement that VOCs
could be detected by smart mobile phone. The concentration of
VOCs was also measured by a specific android program. The
lowest detection limit for acetone of was 1.56 ppm. VOCs were
also differentiated through AC impedance spectroscopy [44].

I CONCLUSION

Lung cancer diagnosis is still a challenging task. There are
several hurdles in the detection of lung cancer related VOCs
because there is still need to improve the sensitivity and
selectivity of the carbon based sensors. Carbon nanotechnology
is a hope that researchers will fabricate an effective and
commercial sensor for the detection of breath related VOCs.
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