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Introduction
Cancer can be defined as abnormal and uncontrolled cell growth 
in the biological system. Due to this uncontrolled growth, an 
unregulated tumor mass forms. The cells become resistant to 
apoptosis and spread and metastasize to other parts of the body, 
beyond the place of origin, rendering the cancer incurable. It 
may be caused by accumulated specific genetic and epigenetic 
effects, which could have their origin as environmental sources, 
hereditary sources, or both [1].

According to global statistics by Bray et al., there was an 
estimated 18.1 million new cancer cases (17.0 million excluding 
nonmelanoma skin cancer) and 9.6 million cancer deaths (9.5 
million excluding nonmelanoma skin cancer) in 2018 [2]. In 
both males and females combined, lung cancer is the most 
commonly diagnosed cancer with 11.6% of the total cases and 

Biomarkers: Promising Tools for Detection of 
Early- Stage-Lung Cancer

Abstract
Lung cancer, a malignant lung tumor with several histological variants arising 
from various cell types for instant alveoli, bronchial mucous gland, bronchioles, 
and bronchial epithelium, continues to cause significant mortality worldwide. As 
advances in therapy treatment continue to be made, the overall prognosis for 
the patients diagnosed with the tumor remains poor. While the prognosis of lung 
cancer is generally bleak, with 5-year survival rates of only 15%, there is hope, 
and evidence, that early detection of lung cancer can reduce the mortality rate 
significantly. Traditionally, markers such as age, status, performance, and disease 
stage have been used to risk-stratify patients and also guide therapeutic decisions. 
Useful information is obtained from these markers, but more sensitive markers 
are urgently needed. For several years, researchers throughout the world have 
extensively investigated several screening modalities for lung cancer detection, 
such as computerized tomography, chest X-ray, positron emission tomography, 
sputum cytology, magnetic resonance imaging, and biopsy. However, these 
techniques are not convenient for patients with other pathologies, they have also 
been found to produce high cost and potentially false- positive results. Developing 
a rapid and sensitive technique for the early diagnosis of lung cancer is needed. 
Several markers have been identified by molecular and genetic studies, which seem 
to play critical roles in carcinogenesis and influence the outcome of the patient. 
This article reviews statistics of lung cancer in general, types of lung cancer, several 
biomarkers that have been identified in lung cancer, their predictive and prognostic 
roles. This review also summarizes the most recent potential biomarkers that have 
been discovered, some biomarkers and biosensors used in the detection of cancer, 
their detection limits, and challenges and future prospective.

Keywords: Biomarkers; Biosensors; Early diagnosis; Lung cancer

Received: May 28, 2021; Accepted: June 14, 2021; Published: June 21, 2021

has the highest death rate of 18.4% of the total cancer deaths, 
closely followed by female breast cancer (11.6%), prostate 
cancer (7.1%), and colorectal cancer (6.1%) for incidence and 
colorectal cancer (9.2%), stomach cancer (8.2%), and liver cancer 
(8.2%) for mortality [2]. Among males, lung cancer is the most 
frequent cancer and the leading cause of cancer death, followed 
by prostate and then colorectal cancer (for incidence) and liver 
and stomach cancer (for mortality) [3]. Among females, breast 
cancer is the most frequently diagnosed cancer and the leading 
cause of cancer death, followed by colorectal and lung cancer 
(for incidence), and vice versa (for mortality); cervical cancer 
ranks fourth for both incidence and mortality [3]. The most 
commonly diagnosed cancer and the leading cause of cancer 
death, however, extensively differ across countries and within 
each country depending on the level of economic development 
and associated social and lifestyle factors [2].
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metastasis at early stages, and release of specific biomarkers and 
hormones [9]. On the other hand, Non-small cell lung carcinoma 
(NSCLC) is any type of epithelial lung cancer other than small cell 
lung carcinoma and accounts for approximately 85% of all lung 
cancers. NSCLCs are mainly treated by surgical resection, although 
chemotherapy (i.e., adjuvant chemotherapy) is increasingly 
being used [10]. NSCLC is classified in to adenocarcinoma, 
adenosquamous carcinoma, squamous cell carcinoma, large cell 
carcinoma, and large cell neuroendocrine carcinoma [8]

Origin and Historical Features of Lung 
Cancer Types
There are two viewpoints on the origin of Small-cell lung cancer 
(SCLC). According to the first hypothesis, SCLC arises from cells of 
the diffuse endocrine system, i.e., the Amine precursor uptake 
decarboxylation (APUD)-system (Figure 2), the second suggests 
this type of lung cancer originates from the endoderm bronchial 
lining layer [7].

As can be seen in Figure 2, among the other subtypes of non-
small-cell lung carcinoma (NSCLC), adenocarcinoma emanates 
from glandular cells of the bronchial mucosa and now serves as 
the dominant histological subtype among the other lung cancer 
types. Squamous lung cancer originates from the modified 
bronchial epithelial cells and is characterized by keratinization, 
keratin pearl formation, or the presence of intercellular bridges.

Аdenosquamous carcinoma is a type of cancer that contains two 
types of cells: squamous cells (thin, flat cells that line certain 
organs) and gland-like cells [12]. Large cell neuroendocrine 
carcinoma is a malignant epithelial tumor, which consists 
of large polygonal cells that do not show any obvious 
evidence of histological differentiation. The cases include 
large cell neuroendocrine carcinoma, basaloid carcinoma, 
lymphoepithelioma-like carcinoma, and clear cell carcinoma. The 
tumor arises from neuroendocrine cells of the respiratory tract 
lining layer or smooth muscle cells of its wall, Figure 2. A Large-
cell carcinoma is a heterogeneous group of undifferentiated 
malignant neoplasms that lack the cytologic and architectural 
features of small cell carcinoma and glandular or squamous 
differentiation. Large-cell carcinoma is categorized as a subtype 
of NSCLC that arises from epithelial cells of the lung [11].

It is well known that a unique combination of exogenous and 
endogenous factors influences the occurrence and development 

Lung Cancer
Lung cancer has currently become a global predicament, from a 
subtle disease to an emerging public health issue. Current studies 
show that this disease has recorded the highest mortality among 
all types of cancer [4]. The etiological factors of lung cancer have 
become more diverse because of increasing industrialization and 
environmental pollution around the world [4].

The global cancer statistics 2018 showed that lung cancer had 
the highest morbidity (11.6 percent) of total cases and mortality 
(18.4 percent of total cancer deaths) in the world [2]. Lung cancer 
has a 5- year survival rate as low as 15% [5]. When the cancer is 
discovered early, the survival rate can be up to 70% for small, 
localized tumors (stage I). However, many patients (approx. 75%) 
usually have advanced disease at the time of diagnosis (stage 
III/IV) and despite significant developments in the oncological 
management of late-stage lung cancer over recent years, survival 
remains poor [6]. Despite the low lung cancer mortality rate, 
the majority of patients are still diagnosed with advanced or 
metastatic lung cancer, leading to poor outcomes [6]. Additionally, 
even though there are advances in the treatment of lung cancer, 
the prognosis of patients is not gratifying [6]. Detection of lung 
cancer in the early stages before clinical symptoms can be 
an effective means to reduce the lung cancer mortality rate. 
Therefore, it would be important to find effective and reliable 
biomarkers to diagnose lung cancer early, before the tumor cells 
metastasize and the symptoms of cancer become evident. An 
efficient and effective means of early lung cancer prognosis can 
be by use of biomarkers, which may curtail the recurrence of lung 
cancer after surgery and improve the life of patients.

Types of Lung Cancer
Lung cancer is a malignant lung tumor that may arise from the 
bronchial epithelium, bronchioles, alveoli, or bronchial mucous 
glands [7]. It is characterized by post-treatment relapses, 
metastasis, and a range of histological types [7]. In 2015, the 
World Health Organization (WHO) classified lung tumors into two 
[8], namely the small-cell lung carcinoma (SCLC) and non-small-
cell lung carcinoma (NSCLC) (Figure 1).

Small-cell lung cancer (SCLC), is a high-grade tumor with specific 
histological and genetic characteristics [9]. It is characterized by 
small size cells, absence of differentiation, fast tumor growth, 

Figure 1 Classification of lung cancer histological types [8].
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of lung cancer in each individual. Lung cancer, like any other 
oncological disease, is heterogeneous. Therefore, in addition to 
various histological types, this disease has many molecular and 
pathological subtypes characterized by heterogeneous cellular 
genetic and epigenetic changes and a different combination 
of protein biomarkers. At present, data on protein signatures 
of molecular subtypes of histological types of lung cancer is 
extremely limited, though a large number of genetic studies 
reflecting the probability of certain mutations in genes are 
presented. In particular, mutations of the epidermal growth 
factor receptor (EGFR) in lung adenocarcinoma have been well 
studied. It was found that in patients with lung adenocarcinoma, 
the probability of EGFR mutations increases linearly from 3.7% 
(18–30 years) to 18.5% (81–100 years), and in female non-
smokers, the probability of mutations is higher than in men [13]. 
In male non-smokers, the probability of EGFR mutation is much 
higher than in smokers [14].

Identification of the correct histological type of lung cancer 
and their molecular subtypes is necessary due to the different 
available treatment strategies. Tumor cells of each histological 
type release certain protein biomarkers into the bloodstream 
and therefore play a key role in cancer genesis. The use of blood 
plasma to determine the origin and nature of the malignant cells 
for diagnosis requires knowledge about the expression of protein 
biomarkers, their specificity, sensitivity, and their release by 
different types of lung cancer cells [15, 16].

Small Cell Lung Cancer
SCLC originates from neuroendocrine cells of the APUD-system 
(amine precursor uptake and decarboxylation system) [17]. SCLC 
has two of the main biological features of these cells. These 
features include the production of L-3,4-dihydroxyphenylalani
nedecarboxylase (L-DOPA- decarboxylase) and the production 
of neuron-specific enolase (NSE). L-DOPA decarboxylase is the 
gene encoding for the enzyme that catalyzes the biosynthesis 
of dopamine in humans [18]. NSE is a glycolytic neuron-specific 
enzyme of enolase with two almost identical 39-kDa polypeptides 
produced in the central and peripheral neurons and malignant 
tumors of neuroectodermal origin.

NSE is localized to neurons and neuroendocrine cells of the 
amine precursor uptake and decarboxylation (APUD) series. It 

is found in various neuroendocrine origin or neuronal tumors 
such as SCLC and neuroblastoma [19]. Adrenocorticotropic 
hormone, serotonin, antidiuretic hormone, calcitonin, growth 
hormone, melanocyte-stimulating hormone, and estrogen are 
also produced in SCLC [20].

The other well-known biomarker of SCLC is a pro-gastrin-releasing 
peptide (ProGRP) [21]. High levels of ProGRP were found in the 
blood of patients with SCLC and medullary thyroid cancer (>200 
pgmL−1). Blood plasma of healthy people and patients with 
benign diseases have ProGRP concentrations of 35 pgmL−1 and 
4.5 x 103 pgmL−1 respectively. ProGRP has organ specificity and 
does not correlate with the stage of lung cancer. Although ProGRP 
is more specific than NSE, its use in biosensors is complicated due 
to its instability and difficulty of identification [21]. The sensitivity 
and specificity of ProGRP were 80% and 90%, respectively, while 
that for NSE was 64% and 43%. However, 27% of patients with 
SCLC had increased levels of NSE and normal levels of ProGRP.

Classification of non-small-cell lung carcinoma 
(NSCLC)
NSCLC is divided into five subtypes which include; Squamous Lung 
Cancer, Adenocarcinoma, Large Cell Carcinoma, Аdenosquamous 
Carcinoma and Large Cell Neuroendocrine Carcinoma.

Squamous Lung Cancer

Squamous lung cancer originates from modified bronchial 
epithelial cells. One of the most distinctive features of squamous 
lung cancer is high levels of fragmented cytokeratin CK-19 subunit, 
CYFRA 21-1. CK-19 is a protein component of intermediate fibers 
of epithelial cells [22]. The level of CYFRA 21-1 is increased during 
the malignization process of normal epithelial cells. CYFRA 21-1 is 
highly expressed in the serum of patients with a metastatic form 
of squamous lung cancer [23].

The other specific protein for squamous lung cancer is squamous 
cell carcinoma antigen (SCCA), a 48-kDa protein which is found 
in increased levels in squamous lung cancer [24]. SCCA is an 
inhibitor of serine proteases such as human chymotrypsin-like 
elastase (CELA), calpain 1 (CAPN1), and cathepsin L (CTSL) [25]. It 
also inhibits apoptosis of tumor cells and stimulates invasion and 
metastasis [25].

Figure 2 Histogenesis of histological types of lung cancer [11].
SM—Smooth Muscle; M—Macrophage; L—Lymphocyte; NC—Neuroendocrine Cell; EC—
Epithelial Cell; SC—Secretory Cell.
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Adenocarcinoma

Adenocarcinoma is another type of lung cancer that arises 
from glandular cells of the bronchial mucosa and expresses 
several protein markers.Diagnosis of adenocarcinoma is often 
based on the identification of molecular markers of mutations, 
in particular EGFR, Excision repair cross-complement (ERCC), 
ribonucleoside-diphosphate reductase (RRM 1), KRAS proto-
oncogene (KRAS), thymidylate synthetase (TS), and echinoderm 
microtubule-associated protein-like 4 gene fused to anaplastic 
lymphoma kinase receptor tyrosine kinase (EML4-Alk) (Sholl 
2015). Recently, protein PSF3 (DNA replication complex GINS) 
has become popular as a biomarker of adenocarcinoma. PSF3 is a 
member of the heterotetrameric complex GINS (“go-ichi-ni-san” 
complex, from the first letters of the Japanese numbers 5-1-2-3) 
comprising Systemic RNA interference defective protein 5 (SLD5), 
GINS complex subunit 1 (PSF1), GINS complex subunit 2 (PSF2), 
and GINS complex subunit 3 (PSF3). This complex associates 
with proteins, which in turn regulate both the initiation and the 
progression of DNA replication [26]. To date, an overexpression of 
PSF3 in adenocarcinoma has been established, which leads us to 
conclude that its level should be higher in blood plasma. However, 
data on the level of PSF3 in the blood is yet to be reported. In 
addition to these biomarkers, several novel lung adenocarcinomas 
associated proteins have been found using aptamers, such as 
lamin (LMN) and vimentin (VIM)[27], neutrophil defensin (DEF), 
and tubulin (TUB), cytoplasmic actin (ACT), cathepsin D (CTSD), 
clusterin (CLU), nucleolin (NCL), and mucin-1 (MUC1). According 
to recent studies, the identification of such proteins would 
improve the diagnosis of adenocarcinoma.

Large Cell Carcinoma

Large cell carcinoma is a malignant epithelial tumor that comprises 
large polygonal cells showing no obvious evidence of histological 
differentiation. Large cell carcinoma is characterized by small, 
scattered groups of large non-differentiated, polymorphic, and 
often dual- or multi-core cells [28].

Аdenosquamous Carcinoma

Аdenosquamous carcinoma is characterized by the features of 
squamous cell carcinoma and adenocarcinoma simultaneously. 
Therefore, it has a protein biomarker of both histotypes.

Large Cell Neuroendocrine Carcinoma

Large cell neuroendocrine carcinoma (LCNEC) is extremely rare. 
There are difficulties related to its diagnosis and treatment. 

LCNEC shows over expression of topoisomerases somatostatin 
precursor (TOP SST), and excision repair 1, endonuclease non-
catalytic subunit (ERCC1).

Biomarkers
Biomarkers can be defined as simply structural molecules that 
represent the biological homeostasis and thus make it possible 
to detect changes in physiology. More specifically in the case 
of cancer, tumor markers indicate the presence of malignant 
cell growth when they are measured in higher concentrations 
than usual. An ideal biomarker should have the following 
characteristics: a) It should be highly sensitive: its concentration 
should increase in the presence of the disease; b) It should be 
highly specific: it should not express in the absence of the disease; 
c)It should change in accordance with clinical evolution, reflecting 
the current status of the disease; d) It should show the presence 
of relapse before symptoms reappear at the clinical level; e) It 
should be reproducible; and f) It should be relatively easy and 
have a low cost to measure in the sample [29,30].

Biomarkers for lung cancer detection
Lung cancer biomarkers would help to differentiate between 
cancerous and normal cells. These biomarkers can be used 
potentially to develop a more effective diagnostic tool for lung 
cancer. Body fluids such as pleural effusions, blood, urine, etc. 
that are in contact with the cancerous cells are enriched with 
proteins shed from the tumors. These proteins shed from the 
cancer cells can enter the blood circulation and can be monitored 
in body fluids.

Classification of Cancer Biomarkers
Cancer biomarkers can play a significant role in early diagnosis 
and prognosis. According to the past several decades’ research, 
cancer biomarkers can be classified into four types based on the 
disease state, as represented in Figure 3.

The first type is the diagnostic or screening biomarkers. These 
are used to detect and identify an explicit type of cancer. To 
be effective, this sort of biomarker should be very specific and 
sensitive [31]. Secondly, there are prognostic biomarkers, which 
are utilized once the disease status has been determined, to 
foresee the expected evolution of cancer. The third type is the 
predictive or stratification biomarkers. These are applied to 
predict the response to treatment and finally, there are the 
detection biomarkers [32].

Figure 3 Classification of cancer biomarkers [30,33].
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Biomarkers are also classified based on biomolecules and other 
criteria such as imaging, pathological and silico biomarkers as 
shown in Figure 3. Biomarkers can also be classified based on 
the different areas they work in. For instance, a distinction can 
be made between genetic, epigenetic, proteomic, metabolic, 
and micro RNA-related biomarkers. The growth of a tumor is 
associated with both genetic alterations, and the release of 
proteins, metabolites, nucleic acids and other biomolecules.

Genetic-based biomarkers are detected using DNA arrays, 
polymerase chain reaction (PCR), reverse transcription-
polymerase chain reaction (RT-PCR), DNA sequencing, or 
fluorescent in situ hybridization (FISH). For the determination of 
the levels of certain protein biomarkers, proteomic techniques 
are applied. These include mass spectrometry, enzyme-linked 
immunosorbent assay (ELISA), and immunohistochemistry. 
Metabolites are regularly detected using liquid chromatography 
[34,35].

Proteomics has assisted in the diagnosis of protein-based 
biomarkers; nonetheless, the development of such biomarkers 
requires a systematic approach and critical evaluation before its 
progression from laboratory to clinic [36] Figure 4.

A specificity of 100% is required in clinical terms for biomarkers 
[38], but may not be always practical as it may become less 
sensitive. Several investigators thus use a specificity of > 85% as 
the cut-off point [39]. The link between sensitivity and specificity 
for a certain disease under prediction assigns suitable cut-off 
points, which give rise to a receiver operating characteristic (ROC) 
curve. A clinically important biomarker would be the one with 
the largest area under the ROC curve. Taking 100% specificity 
as a reference point, such ROC curves aid in calculating higher 
sensitivity for a biomarker, hence reducing the burden of false-
positive cases by 5% [40].

Several important biomarkers investigated for lung cancer 
diagnosis are listed in Table 1. Some of them are already in 
use, while others have shown considerable potential and are 

still being studied. The most broadly applied division is the one 
between DNA- or genetic-based biomarkers and protein or 
proteomics-based biomarkers. Examples of DNA and protein-
based biomarkers are as shown in Table 1.

For lung cancer diagnosis, both genetic and protein markers 
are examined. However, none of the DNA tumor markers 
investigated so far seem to be sensitive and selective enough 
to be broadly used as a diagnostic tool. One of the reasons for 
this is that the mRNA levels are not linked directly to the protein 
levels. The advantage of protein tumor markers is that they can 
be more specific to the cancer type and status because they 
show more variety. Diversity is created for example by post-
translational modifications (such as acetylations, glycosylations, 
phosphorylations, and methylations), protease cleavages, or 
alternative splicing [41,42].

The level of protein biomarkers can be determined in several 
body fluids, such as blood, serum, sputum, cerebral spinal fluid, 
and urine. The fact that much information can be obtained non-
invasively is a big asset of proteomics. In genetics, on the other 
hand, the DNA usually has to be extracted from the cells before 
analysis is possible. Often, an extra enrichment is necessary 
because the concentration of the markers generally is very low. 
Tests have also been performed on the determination of certain 
oncomarkers in exhaled breath [43]. In this review, protein 
biomarkers such as Carcinoembryonic Antigen (CEA), Cytokeratin 
fragment 21-1(CYFRA21-1), Neuron-specific enolase (NSE), 
Tumor M2- pyruvate, C- reactive protein (CRP), and the currently 
used biomarkers such as Exosomal biomarkers will be reviewed 
as promising tools for early detection of lung cancer.

Carcinoembryonic Antigen (CEA)

Carcinoembryonic antigen is a serum protein that can be used 
as a diagnostic or therapeutic tumor marker in different types 
of cancer. It is a glycoprotein, belonging to the immunoglobulin 
superfamily. The human CEA is encoded by a gene located 
on chromosome 19 and has a molecular weight of about 70 

Figure 4 Different phases of development of biomarkers [37].

Genetic biomarkers RAR-βmRNA, COX2, DAPK, RASSF1A, IL-8mRNA, FHIT,
K-rasmutant, p53 mutant, EGFR

Protein biomarkers CEA, CYFRA21-1, TPA, tumor M2-pyruvatekinase, haptoglobin-α2, APOA1, KLKB1,ProGRP, α-enolase(NSE), α-1-
acidglycoprotein, chromogranin A, bombesin-likegastrin-releasingpeptide, CK-BB, cytokeratin-7, CA 19-9, CA125, 
plasmakallikreinB1,VEGF, nitratedceruloplasmin, annexinII, CD59glycoprotein, transthyretin(TTR), GM2AP

Table 1 DNA- and protein-based biomarkers in lung cancer detection [24].
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kD, which can run up to 200 kD through glycosylations. It is an 
oncofetal protein that is not usually expressed in adult tissues. 
The CEA levels in the blood of lung cancer patients are usually 
elevated and they are inversely correlated with the response 
to cancer therapy. Thus CEA biomarker is used to detect cancer 
reoccurrence and also a prediction of poor survival rate [44].

The CEA protein consists of an N-terminal sequence, three 
repeated sulphide-linked domains comprising 178 amino acids 
each, and a C-terminal region. Every repeated domain can be 
split up into two subdomains, which show sequence similarities. 
The C-terminus is hydrophobic and is associated with the cell 
membrane, differentiating CEA from other members of the 
CEA family, such as the secreted PSGs (pregnancy-specific 
glycoproteins). The structure of the CEA protein is illustrated in 
Figure 5.

CEA was first mentioned as a tumor-related antigen by Gold 
and Freedman in 1965. In the past decades, many clinical assays 
have been performed on this potential tumor marker. In contrast 
to what was believed earlier, it is now clear that CEA is not 
only expressed in fetuses and cancer patients but also healthy 
adults. A normal adult who does not smoke generally has levels 
of CEA that are below 2.5 ng/mL. The concentration is higher in 
smokers, but is commonly less than 5.0 ng/mL, while in cancer 
patients, it can rise to above 100 ng/mL. Elevated levels of the 
oncofetal glycoprotein are mainly seen in the serum of people 
with colorectal, breast, and lung carcinomas [45,46].

Since an increased level of CEA can be an indication of the growth 
or recurrence of a tumor, the detection of the elevated amount 
of CEA in the serum could be of use in the diagnosis of cancer. 
However, one of the main restrictions for the application of CEA as 
a diagnostic screening tool for lung cancer is that the expression 
of this glycoprotein is also increased in other, non-malignant 
diseases, such as bronchitis, cirrhosis, hepatitis, inflammatory 
bowel disease, pancreatitis, etc. The levels of CEA in benign 
conditions normally do not exceed 10 ng/mL [47]. Research has 
also been done on the determination of tumor markers in pleural 
effusions [48].

Zhang et al., noted that the levels of CEA are significantly higher 
in patients with lung cancer than in people with benign pleural 
effusions [49].

Cytokeratin fragment 21-1 (CYFRA21-1)

Cytokeratins are structural proteins forming the subunits of 
epithelial intermediary filaments. Fragments of cytokeratin-19 
(CYFRA 21-1) are frequently released into the blood of cancer 
patients. Due to the high specificity relative to benign lung 
diseases, it is suitable for use as a differentiation marker in 
tumor pathology especially in lung cancer [50]. Cytokeratins are 
intermediate filaments of the cytoskeleton that are specifically 
expressed in epithelial cells, considered to be protein markers for 
the detection of epithelial tumor cells [51]. CYFRA21-1 protein 
has been recognized as a very sensitive biomarker to identify 
NSCLC, especially squamous cell carcinoma [52]. Previous 
research findings have confirmed the sensitivity and specificity 
of CYFRA21-1 as a tumor marker [53]. CYFRA21-1 gene has been 
reported as the most robust DNA-based biomarker for NSCLC 
[54]. Subjects with advanced NSCLC observed high-level serum 
CYFRA21-1 [55], and therefore high serum CYFRA21-1 levels may 
be useful non- invasive marker to identify NSCLC risk.

Neuron-specific enolase (NSE)

Neuron-specific enolase (NSE) is a highly acidic protein that 
was first isolated from nervous tissue in 1965 by scholars who 
were investigating nervous system-specific proteins using DEAE-
cellulose column chromatography and starch gel electrophoresis. 
NSE is a key enzyme of the glycolytic pathway and is generally 
located in the cytoplasm of neurons and, characteristically, 
neuroendocrine cells. NSE leaks out of neurons during necrosis, 
so it is also an important marker of neuronal damage [56].

Studies show that serum NSE levels are significantly higher 
in advanced lung cancer patients than in benign lung disease 
patients [17]. Serum NSE levels also are significantly higher in SCLC 
cases than other tumor pathologies, including adenocarcinoma 
and squamous cell carcinoma. Studies also show that serum NSE 
levels significantly correlate with the prognosis of advanced lung 

Figure 5 Schematic representation of the human CEA protein. 
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cancer patients and suggest that NSE can be used as a secondary 
indicator in prognosis prediction, especially for SCLC [17].

Tumor M2- pyruvate

Tumor M2- pyruvate kinase (PKM2) is a dimeric isoenzyme of 
pyruvate kinase type M2 that is present as an active dimer and 
less active tetramer.

PKM2 is increased in various cancers, for instance, the dimeric 
isoform is typical of tumor cells and its levels can be measured 
in body fluids like blood. According to Rzechonek et al., 
Bandyopadhayaya & Mandal, PKM2 has a specificity of 50% 
and sensitivity of 79% in patients with SCLC while patients with 
NSCLC have specificity and sensitivity of 81% [57,58]. These levels 
correlate well with tumor progression and remission making it a 
very useful tool for disease monitoring.

C- reactive protein (CRP)

C- reactive protein (CRP), a well-known member of the pentraxin 
family, has a high affinity for diverse types of extrinsic and 
autologous ligands [59]. Autologous ligands comprise Fc-γ 
receptors, phospholipids, damaged cell membranes, apoptotic 
cells, plasma lipoproteins, ribonucleoprotein particles, and 
extracellular matrix proteins [59]. On the other hand, extrinsic 
ligands consist of various constituents of several microorganisms. 
Once aggregated or constrained to macromolecular ligands, CRP 
stimulates the complement system to form a membrane attack 
complex, which thereafter attacks target molecules or cells. Thus, 
CRP plays an important role in the clearance of abnormal or 
apoptotic cells [60,61].

CRP is secreted by hepatocytes in response to the inflammatory 
cytokines produced by the tumor microenvironment [62]. It 
can enter the tumor microenvironment through the circulation, 
where it binds to a variety of autologous and extrinsic ligands and 
plays a key role in the clearance of tumor cells [60].

As CRP can bind to various ligands, a subset of the circulating CRP 
pool may exist in the form of CRP complexes. Because elevated 
circulating levels of CRP have been frequently found in lung cancer 
patients, CRP may bind to ligands expressed by lung cancer cells 
[63] or tumor-associated cells, and that CRP-bound components 
in the serum of lung cancer patients may be different from those 
of healthy subjects. Therefore, CRP-bound complexes in the 
serum may be potential prognostic biomarkers of lung cancer.

D- reactive protein (CRP), a routinely measured marker of 
chronic inflammation, is a reliable biomarker for perioperative 
management because it can aid in the early detection of surgical 
site infection. Furthermore, CRP is an acute reactant protein that 
is increasingly expressed in the presence of infection, trauma, 
tissue necrosis, tumor, and several types of inflammatory 
diseases. CRP is an important prognostic indicator in patients 
with various malignancies, such as pancreatic [64,65], urological 
[66] hepatocellular [67], and colorectal cancers [68] and [69]. 
Furthermore, some studies [70,71] showed that elevated serum 
CRP levels may predict poor survival in patients with NSCLC. 
Nonetheless, other studies demonstrated that elevated CRP 
levels are unrelated to low survival [72,73].

Exosomal biomarkers

According to Wu & Shen, 2020, Exosomes are vesicles with 
a diameter of 40-100 nm [74]. They emerge to form early 
multivesicular bodies (MVB). When joined with the plasma 
membrane, they create an intracellular vesicle (ILV), which is 
released into the extracellular environment [75]. It is evident 
that majority of cells can secrete exosomes. Therefore, exosomes 
are extensively present in several biological fluids, including 
urine [76], plasma [77], saliva [78], bile [79], semen, breast milk 
[80], amniotic fluid [81], serum [82] and cerebrospinal fluid [83]. 
Separation of Exosomes can be done using; ultracentrifugation 
[84], precipitation [85] and microfluidic chip [86]. Exosomes can 
be extracted from human body fluids using various separation 
techniques, and the number of exosomes in plasma and serum 
samples is consistent, [87]. The number of bronchoalveolar lavage 
(BAL) exosomes is less than the number of plasma exosomes, 
[88]. In comparison with BAL samples and serum samples, 
plasma exosomes obtained by ultracentrifugation contain more 
biomarkers [88].

In addition, more and more evidence indicates that an 
increase in unregulated secretion of exosomes in cancer cells 
are associated with tumorigenesis [89]. Exosomal miRNAs 
biomarkers play a significant role in several cancers, including; 
lung cancer, nasopharyngeal carcinoma [90], and colorectal 
cancer [90]. Exosomes can also be used as a liquid biomarker 
for the diagnosis, prognosis, and treatment of head and neck 
squamous cell carcinoma [91], however, there is no evidence 
that it can be used to relate Barrett’s esophagus and esophageal 
adenocarcinoma patients with other subjects differentiating 
circulating exosomal miRNAs [92]. The current studies indicate 
that exosomes are closely associated with the occurrence of lung 
cancer. Furthermore, they show that tumor-derived exosomes 
can be involved in the occurrence and development of lung 
cancer by regulating multiple pathways, for instance; engaging 
in epithelial-mesenchymal transformation (EMT) [93] reinforcing 
tumor angiogenesis and vascular permeability [94] and boosting 
chemotherapy resistance [95].

Lately, progressive studies have presented that exosomal miRNAs 
are current biomarkers of lung cancer. Exosomal miRNAs have been 
spotted in several human body fluids and are used as noninvasive 
biomarkers for carcinoma detection [96]. Exosomes act as a 
span for information exchange amid cells, which can transport 
miRNAs and hinder RNA enzyme degeneration. Exosomes can as 
well influence cell-cell communication by ferrying their contents 
to target cells in the lung cancer microenvironment [97], thus 
exosomes can be used as quintessential liquid biopsy specimens.

According to Dejima et al., 2017, 12 specific miRNAs were proved 
to be inflated in NSCLC and were reflected in circulating exosomes 
when circulating tumor exosome levels in plasma samples from 
28 patients with lung adenocarcinoma were compared with 9 
healthy controls [98]. The level of exosomal miRNAs in body fluids 
of lung cancer patients was up-regulated, which showed that 
exosomal miRNAs played an important role in the development 
and progression of lung cancer.

Wu et al., found that the detection ability of serum exosomal 
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miR-216b was better than CEA, CYFRA21-1, and SCCA, and the 
combination of serum exosomal miR-216b and CEA, CYFRA21-1 
and, SCCA produced an Area Under Curve (AUC) value from 
0.84 to 0.925 [74]. Table 2 show some of the biomarkers and 
biosensors used in the detection of cancer and their detection 
limits.

Challenges and Future Prospective
Although there are great advances that have been made in lung 
cancer biomarker discovery, no data on biomarkers with sufficient 
sensitivity and specificity has been discovered. This is because 
of several reasons including: (1) inefficiency know-how applied 
for biomarker search, (2) distressed reproducibility of laboratory 
tests, (3) genetic heterogeneity of tumors, (4) an insufficient 
number of tissue banks for screening, (5) low concentration of 
analyzed biomarkers and (6) poor research design [99-115].

Many deaths linked with lung cancer have led to several 
studies directed to the detection of and monitoring the 
course of the disease. As a result, many lung-specific protein 
biomarkers have been described that may have the likelihood 
for diagnosis and prognosis of lung cancer and may play a 
key role in the pathophysiology of the disease, consequently 
resulting to better patient care. Hefty challenges still prevail 
related to reproducibility, marker ratiometric measurements, 

standardization, and sample handling. Other limitations include; 
development of new bioinformatics programs that would assist in 
the analysis of several parameters and samples. Utilizing distinct 
proteomic platforms may create some disparities in proteomic 
patterns over different research and clinical centers [116]. The 
main challenge is found not only in the discovery but in the 
appropriate evaluation of candidate biomarkers. For instance, 
a biomarker needs validation with patient samples before 
entering into clinical practice. Finally, clinical trials would be 
needed to indicate that these biomarkers are suitable to detect 
early lung cancers, as early detection decodes enhanced patient 
survival. The suitability of the biomarkers can be determined by 
characterizing their sensitivities and specificities and measuring 
the discriminative cut-off levels. Despite the comprehensive 
efforts put in these directions, the molecular basis of lung cancer 
remains still poorly understood to establish the diagnostic, 
prognostic, and therapeutic importance of biomarkers. Finally, 
a better understanding of the pathophysiology of lung cancer, 
various ethical and legal issues also need to be addressed.

Conclusion
In summary, while much improvement has been made in 
biomarker discovery for early detection of lung cancer, much 
more still needs to be done because the currently available 
lung cancer biomarkers are not sufficiently sensitive or specific 

Biomarker Biosensor Surface Ligand Detection Limit Line arrange Reference
AFP Electrochemical* Microfluidic 

immunosensor
3.03 pgmL−1 0.01 ng mL−1 -50ngmL−1. [99]

Graphene and 
thioninenano composite 
film

0.050 μg/mL 0.1–100.0 μg/mL [82]

CEA Electrochemical* Antibody 9.4ng/mL. - [100]
SPR*

Antibody

3.05fgmL−1 1.0×10−14gmL−1-
1.0×10−10gmL−1

[101]

SPR** 17.8pg/ml - [102]
CRP QCM* Antibody 0.1μg/mL 0.1μg/mLto1

mg/mL
[103]

DNA
mutations

SPR* ssDNA 0.0028nM - [104]

CAI5-3 Electrochemical* Antibody 15 × 10−6U/mL 50–15 × 10−6U/mL [105]
AFP SPR** Antibody 0.1 ng/mL - [106]
CRP Electrochemical* Antibody 0.025ngmL−1 0.01–10,000 ngmL−1 [107]
TNF Electrochemical* Antibody 97.2pM 0- 22.3nM [108]
EGFR Optical* Aptamer 20 nM - [109]

Lab-on-a-chip* Antibody 0.01 pg mL−1 0.05–50000pg mL−1 [110]
K-ras pointmutation SPR** PNA 16fM 50fM-1nM [77]
PSA Electrochemical* Nanoparticle-

antibody
0.2and
0.07ng/mL

- [111]

SPR* Antibody 18×10−14 M 0.1–50ngmL−1 [112]
p53gene SPR** Antibodyand

dsDNA
11.47 fM - [113]

p53gene QCM** ssDNA 1.4pgmL−1 - [114]
*Serum;**Non-Mentioned; AFP: Alpha-Fetoprotein; CA: Cancer Antigen; CEA: Carcinoembryonic Antigen; CRP:C-Reactive Protein; dsDNA: Double-
Stranded DNA; EGFR: Epidermal Growth Factor Receptor; PNA: Peptide Nucleic Acid; PSA: Prostate-Specific Antigen; SPR: Surface Plasmon Resonance; 
ssDNA: Single-Stranded DNA; TNF: Tumor Necrosis Factor; QCM: Quartz Crystal Microbalance.

Table 2 Some current biomarkers and biosensors used in the detection of cancer and their detection limits.
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to be used clinically in diagnosis, stratification, prognosis, or 
drug responses. As several new potential biomarkers are being 
scrutinized three facets need to be factored: First, an in-depth 
analysis of available or potential biomarkers in a large number 
of clinical samples (including other types of cancer and other 
disease conditions, like inflammatory diseases) is needed to 
validate the importance of these biomarkers. In addition, a 
single biomarker may not be sufficient to envision or monitor the 
disease; multiplex biomarkers need to be researched to make 
these helpful for clinical purposes. The biomarker or multiplex 
biomarkers need to be ratified and get the approval of the Food 
and Drug Administration (FDA). Finally, more specific and less 
abundant biomarkers for different subtypes of lung cancers 
require appropriate attention.
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