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approach to the treatment of advanced non-small
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Abstract. On a global scale, the incidence and mortality rates
of lung cancer are gradually increasing year by year. A number
of bad habits and environmental factors are associated with
lung cancer, including smoking, second-hand smoke exposure,
occupational exposure, respiratory diseases and genetics. At
present, low-dose spiral computed tomography is routinely
the first choice in the diagnosis of lung cancer. However,
pathological examination is still the gold standard for the
diagnosis of lung cancer. Based on the classification and stage
of the cancer, treatment options such as surgery, radiotherapy,
chemotherapy, targeted therapy and immunotherapy are
available. The activation of the EGFR pathway can promote
the survival and proliferation of tumor cells, and the VEGF
pathway can promote the formation of blood vessels, thereby
promoting tumor growth. In non-small cell lung cancer
(NSCLC) with EGFR mutation, EGFR activation can promote
tumor growth by promoting VEGF upregulation through a
hypoxia-independent mechanism. The upregulation of VEGF
can make tumor cells resistant to EGFR inhibitors. In addition,
the expression of the VEGF signal is also affected by other
factors. Therefore, the use of a single EGFR inhibitor cannot
completely inhibit the expression of the VEGF signal. In order
to overcome this problem, the combination of VEGF inhibi-
tors and EGFR inhibitors has become the method of choice.
Dual inhibition can not only overcome the resistance of tumor
cells to EGFR inhibitors, but also significantly increase the
progression-free survival time of patients with NSCLC. The
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present review discusses the associations between the EGFR
and VEGF pathways, and the characteristics of dual inhibition
of the EGFR-VEGF pathway.
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1. Introduction

Worldwide, in the past few decades, lung cancer has become
the most prolific malignant tumor endangering human health,
and the number of cases and associated deaths from lung
cancer has been on the rise (1,2). Lung cancer accounts for
21% of all tumors and 27% of all cancer-associated deaths. In
2018, an estimated 2.1 million people were newly found to have
lung cancer, including ~1.38 million cases of lung cancer in
men, with the highest incidence in Eastern Asia (>40/100,000
in China, Korea and Japan), Micronesia/Polynesia and much
of Europe (>50/100,000), especially in Eastern Europe
(49.3/100,000). At the same time, lung cancer rates in men in
Africa remain generally low. Overall, in women, lung cancer
rates are lower than those in men, with the highest incidence
rates occurring in Western Europe (25.7/100,000), Northern
Europe (26.9/100,000) and North America (30.7/100,000) (2).
Furthermore, there is a geographical difference in the incidence
of smoking among women compared with men, which may
be ascribed to differences in smoking history among different
regions (1,2). It should be noted that the incidence rate among
Chinese women (22.8/100,000) is no different from that of
western European countries such as France (22.5/100,000),
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despite the epidemiology of smoking being different in the two
countries (lower smoking rate among Chinese women) (2).
However, the high incidence of this type of lung cancer
reflects the possible increased exposure to charcoal burning
or smoke production (3). There are two histological types
of lung cancer: NSCLC (80-85%) and SCLC. Although the
etiology of lung cancer is not completely clear, it is mainly
related to the following risk factors: Smoking, occupational
exposure (such as asbestos and radon), ionizing radiation,
exposure to second-hand smoke, genetic factors and infectious
or non-infectious respiratory diseases (2) (Fig. 1). One current
treatment for NSCLC is the dual inhibition of the EGFR and
VEGF pathways, as EGFR and VEGF play an important
role in the development of NSCLC. According to a previous
study, the EGFR and VEGF pathways are correlated, and
double inhibition has a good therapeutic effect compared with
the simple inhibition of the EGFR pathway (4). The present
study reviews the causes of lung cancer, effective therapeutic
measures, and the advantages of EGFR and VEGF dual inhibi-
tion in the treatment of NSCLC.

2. Risk factors of lung cancer

The pathogenesis of lung cancer is very complex,
involving multiple gene mutations, such as EGFR/KEAS/
TP53/P13KCA A mutations, ALK/RET/ROSI rearrangements
and EGFR/MET/FGFR1 amplifications (2,5). Some cascade
reactions in lung cancer have been confirmed in broncho-lung
cancer studies: Acinar/BA-lepidic/micro-papillary patterns
express TTF1 and mutated EGFR; bronchial-pulmonary adeno-
carcinomas in non-smoking females exhibit mutated EGFR
and ERCCI expression; vimentin/RB/ERCC1 was expressed
in micropapillary tumors; EGFR and HER2 multibody
and CK7/vimentin are expressed in epidermoid carcinoma,
and this expression can be used for epithelial-mesenchymal
transformation into non-pure epidermoid carcinoma (5,6).
Lung cancer is also connected with smoking, exposure to
second-hand smoke, occupational exposure, ionizing radia-
tion, infectious or non-infectious respiratory diseases, and
genetic factors (5).

Tobacco smoking. The most important risk factor for lung
cancer is tobacco smoking (7). According to statistics, the
risk of lung cancer in smokers is 20 times that of lifelong
non-smokers, and this risk is related to the number of years of
smoking and the number of cigarettes smoked per day (8-10).
Tobacco smoke contains thousands of compounds in the
gas and particle phases. The ‘Hoffman List” (11) highlights
>60 carcinogens in cigarette smoke that are known as major
carcinogens and includes nitrosamines, polycyclic aromatic
hydrocarbons, volatile organic compounds, aromatic amines,
aldehydes and metals,among others (11). Seven tobacco-specific
nitrosamines have been found in tobacco products, but two of
these, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK)
and N'-nitroso or nicotine, are the most important due to their
carcinogenic activity (11). NNK requires metabolic activation
by cytochrome P450-catalyzed a-hydroxylation to exert its
carcinogenic properties. This process is the key to its carci-
nogenicity. NNK and its main metabolite [4-(methylnitrosa
mino)-1-(3-pyridyl)-1-butanol] are formed by the reaction of

methanediazosynthesis with DNA to form well-known DNA
adducts, which lead to mutations and lung tumors (12,13).

Tobacco exposure can lead to mutations in KRAS and
TP53 genes, which in turn are closely related to the occur-
rence of lung cancer. Tobacco smoke components or its
metabolic activation products directly damage the TP53 tumor
suppressor gene, leading to mutation and loss of the control
mechanism of normal cell growth, and the change in p53 plays
an important role in malignant transformation, invasion and
metastasis (14,15). A study has shown that these mutations are
caused by DNA adducts of tobacco carcinogens (14).

Exposure to second-hand smoke. Second-hand smoke is
a form of indirect carcinogenic exposure from burning
tobacco. Carcinogens related to lung cancer can be detected
in second-hand smoke, including nitrosamines, polycyclic
aromatic hydrocarbons and aromatic amines (2). Studies have
shown that the risk of lung cancer from second-hand smoke
is strongly related to the duration of exposure. Long-term
exposure to secondhand smoke is estimated to increase
the risk by 18-23% (16). A study evaluating the connection
between second-hand smoke exposure and lung cancer among
non-smokers in Japan reported a 28% increased risk compared
with the risk in unexposed non-smokers (17). Therefore,
for the prevention of lung cancer in non-smokers, it is very
important to reduce their exposure to second-hand smoke. At
the same time, the implementation of relevant measures to
reduce the exposure to second-hand smoke can also reduce the
opportunities for smoking overall, thus achieving a win-win
effect of tobacco control and second-hand smoke exposure
control (16,18).

Occupational exposure and lung cancer. Occupational
exposure is also an important cause of lung cancer, for which
asbestos is the most common exposure factor. Asbestos includes
amphibole and chrysotile, which are widely used in building
materials, car brakes, asbestos panels and insulation (2,19-21).
The mechanism of asbestos-induced lung cancer is very
complex and is currently considered to be related to changes
in apoptosis regulation, oxidative stress response, chronic
and persistent inflammation, genetic and epigenetic changes,
cytotoxicity and fibrosis (2,19). At the same time, research has
shown that asbestos exposure and smoking have a synergistic
effect to increase the risk of lung cancer (1,20,22). However,
the current synergy between tobacco smoke and asbestos
exposure, and the specific mechanism for its induction of lung
cancer is not entirely clear. This mechanism may be related to
improving chemical carcinogens, promoting the absorption of
carcinogens in smoke, chronic inflammation and promoting
tumor proliferation (19,20). In addition to asbestos exposure,
there is now good evidence that lung cancer is linked to the
exposure to arsenic, chromium, and paint, diesel and welding
fumes (2,23).

Infectious or non-infectious respiratory disease. Some
diseases of the respiratory tract, including chronic obstructive
pulmonary disease (COPD) (chronic bronchitis, emphysema),
pneumonia, tuberculosis and asthma, and the occurrence of
lung cancer also have a certain relationship. Both COPD and
asthma are chronic airway inflammatory diseases. The former
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Figure 1. Causes of lung cancer include smoking, second-hand smoke exposure, infectious or non-infectious respiratory disease, occupational exposure and
genetic factors. For central lung cancer, biopsies are performed by bronchoscopy, while for peripheral lung cancer, biopsies are performed by pleural lung

puncture.

is an irreversible change, while the latter is mainly manifested
by airway hyper-responsiveness (2). Published meta-analyses
have shown that patients with COPD and asthma have an
increased risk of lung cancer, and that patients with a history of
COPD have a 2-3 times higher risk of the cancer (2,24,25). The
mechanism behind this may be related to long-term inflamma-
tion in the respiratory tract. At present, several mechanisms
have been suggested: i) Ciliary dysfunction caused by COPD
may lead to longer exposure to carcinogens in the airway;
ii) inflammatory responses can damage DNA and lead to muta-
tions; and iii) oxidative stress responses can also damage DNA
and lead to mutations (26,27). Pneumonia, tuberculosis and
other infectious lung diseases can also increase the risk of lung
cancer (25,28). The mechanism of pneumonia-induced lung
cancer may be related to substances in chronic local inflam-
matory mediators, which can lead to DNA damage mutations,
signal transduction and neovascularization. Tuberculosis, on
the other hand, can induce inflammation and fibrosis, changes
that can lead to a higher mutation rate (28), and a pooled
analysis found that a history of tuberculosis increased the risk
of lung cancer by 48% (29).

Inherited genetics. Among the causes of lung cancer, environ-
mental factors (such as smoking) are the most important (3),
but genetic variation accounts for 12-21% of the risk of lung
cancer (30,31). Over the past few decades, genome-wide
association studies (GWASs) have certified a variety of genetic
risk factors connected with lung cancer susceptibility (32,33).
GWASs have also identified 45 lung cancer risk loci in
different populations (34). Based on a large-scale GWAS of

lung cancer, 6 new loci of variation were identified and 13
previously reported mutations associated with the development
of NSCLC were validated (34). It is of great importance to
understand the relationship between genetics and lung cancer,
and to predict the risk of lung cancer for individual prevention
and the screening of lung cancer.

3. Diagnosis of NSCLC

The diagnostic methods of NSCLC could be roughly divided
into imaging examination, lung biopsy and biomarker exami-
nation. Each test has its own advantages and disadvantages.
The pathological biopsy of lung tissue is the gold standard for
the diagnosis of NSCLC.

Imaging examination. Computed tomography (CT) is more
effective than plain radiographs in detecting peripheral lung
lesions, but is less sensitive to centrally located tumors (35,36).
In patients with suspected metastatic lung cancer, positron
emission tomography is a non-invasive examination that can be
used in addition to a routine chest CT scan. The two together
are more effective than either approach alone. As a relatively
inexpensive and non-invasive test, a CT scan has become the
preferred method of lung cancer screening (37,38).

Lung biopsy. Biopsies are the gold standard for the diagnosis
of malignant tumors, as they have a very high accuracy and
can be used to determine the subtype of lung cancer, which is
of great significance for diagnosis and treatment (39). There
are several techniques available through which physicians can
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obtain tissue specimens, including bronchoscopy, transtho-
racic needle aspiration, surgical excision biopsy and pleural
effusion puncture (Fig. 1). Experiments show that for patients
with peripheral lung cancer, pleural aspiration is more sensi-
tive than bronchoscopy (40). However, these methods are
expensive and prone to complications (39).

Biomarkers. Sputum cytology is an adjunctive examination
that is highly sensitive to tumors in the larger bronchi and
less sensitive to peripheral tumors. The sensitivity of sputum
cytology to early lung cancer is 20-30% (41). The role of plasma
microRNA in the early detection of lung cancer has been
investigated. Studies have shown differences in the miRNAs in
the plasma of patients with lung cancer compared with healthy
individuals (42). The role of microRNA biomarkers in sputum
samples has also been explored and found to be helpful in the
diagnosis of lung cancer (43).

Bronchoalveolar lavage (BAL) is another method of using
molecular markers to diagnose lung cancer by pathological
analysis of the cells obtained. Some studies have compared
tumor and BAL cells with lung cancer molecular markers and
found that they have high sensitivity. The exact genes related
to tumorigenesis can be found in BAL samples. Therefore, it
is of positive significance to study these molecular markers for
the early diagnosis of tumors (44).

Peripheral blood and urine specimens are readily avail-
able and are non-invasive. With advances in technology, it has
been found that the amount of DNA in the blood and urine of
patients with cancer is approximately four times higher than
the amount of free DNA in healthy individuals. Urine also
has some potential with regard to the detection of biomarkers
for lung cancer, such as volatile organic compounds (VOCs).
While VOCs are promising, more clinical studies are needed
to prove their usefulness (45).

Biomarkers are easy to obtain, so it is currently the direc-
tion of early lung cancer diagnosis research. Biomarkers are
not limited to the aforementioned sputum cytology, BAL and
peripheral blood and urine specimens, so more clinical studies
to verify the role of biomarkers in the early diagnosis of lung
cancer are required.

For patients diagnosed with advanced NSCLC,
biomarkers derived from blood or other tissues are
also needed to guide tumor treatment. The detection of
biomarkers is of great help to precision treatment and
to the improvement of the therapeutic effect (46). The
European Society for Medical Oncology (ESMO) Clinical
Practice Guidelines recommend routine testing for ALK,
ROS1land EGFR. Meanwhile, in 2018, the ESMO and
the Chinese Society of Clinical Oncology jointly issued
Pan-Asian guidelines recommending routine testing for
ALK rearrangement, EGFR mutation, BRAF mutation,
ROSI rearrangement and programmed cell death-ligand 1
(PD-L1) immunohistochemistry for patients with advanced
NSCLC (47,48). In addition to conventional biomarkers
activating HER2 mutations (49), MET exon 14 skipping
mutations (50) and RET rearrangements (51) may also be
present in NSCLC. Detection of NTRK gene rearrange-
ments and KRAS mutations is also of some value (52,53).
In general, all patients with advanced NSCLS should be
routinely tested for at least the ROSI1 rearrangements, and

ALK and EGFR mutations. PD-L1, RET, MET, HER2 and
KRAS and BRAF mutations and immunohistochemistry
should also be evaluated in a broader search for affected
genes.

4. Treatment of NSCLC

Lung cancer can be divided into SCLC and NSCLC. The main
treatment methods include surgery, drug therapy (chemo-
therapy, targeted therapy and immunotherapy), radiotherapy,
and a combination of several treatments (e.g., chemotherapy
combined with immunotherapy or surgery, radiotherapy or
targeted therapy) (54-57). The choice of specific treatment is
related to the type and stage of cancer, and although there are
numerous treatment methods, except for that in a few local
cancer types, the treatment effect of other therapies is mostly
poor.

Treatment of stage I and stage II NSCLC. The main and best
treatment for early lung cancer is surgery (58). Although
platinum-assisted chemotherapy is recommended for stage 11
NSCLC and increases the survival rate by 5 years, recurrence
rates and toxicity are high (59). Postoperative adjuvant chemo-
therapy has not been proven to be beneficial for stage I patients.
Molecular targeted therapy for early lung cancer also has no
obvious therapeutic effect; it may also lead to early entry into
the ranks of those with advanced cancer (59).

Treatment of stage III NSCLC. In total, >70% of patients with
NSCLC are diagnosed with advanced stage disease (60), and
treatment for these patients often depends on the location of
the tumor and whether it can be resected. Some patients in
stage IITA have operable disease, for which the standard treat-
ment is surgery and chemotherapy. Studies have shown that
adjuvant chemotherapy can prolong overall survival (OS) rates,
and that neoadjuvant chemotherapy can increase the 5-year
survival rate by 5-6%. For patients with inoperable stage I1TA
and I1IB disease, the standard of care consists of sequential or
concurrent chemotherapy and radiation therapy (54,55,61,62).

Treatment of stage IV NSCLC. Stage IV NSCLC accounts
for 40% of cases. The choice of treatment is influenced by
a variety of factors (such as physical condition, whether the
tumor is metastatic and whether it is sensitive to radiotherapy
and chemotherapy) and the specific standard regimen includes
palliative external radiotherapy, combination chemotherapy,
combination chemotherapy with targeted therapy, and other
treatments that may alleviate the patient's symptoms. Surgical
treatment may be used in some cases to relieve symptoms, but
is not the preferred treatment (56).

Targeted therapy. Targeted therapy has a positive effect on
improving the prognosis of patients with advanced NSCLC.
Inhibitors targeting alterations in certain genes (EGFR,
ALK, ROS1, RET, BRAF V600E, MET14 exons and
NTRK) are currently certified for the treatment of patients
with NSCLC (63). These drugs can improve the median OS
and progression-free survival (PFS) times of patients (64).
Immunotherapy has also been shown to benefit survival in
patients with advanced NSCLC by improving OS time (65,66).
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Immunotherapy. Immunotherapy alone is generally better
than first-line chemotherapy for tumors with high expression
of PD-L1. No matter how PD-L1 is expressed in the tumor,
combination therapies of chemotherapy and immunotherapy
have also been proved to be superior to chemotherapy (57).
For patients with advanced squamous cell carcinoma or
non-squamous cell carcinoma without contraindications
to programmed death 1/PD-L1 inhibitors, monotherapy or
combination therapy is now the standard first-line treat-
ment (63). In KEYNOTE-024, a phase III randomized trial
comparing the efficacy of pembrolizumab monotherapy with
platinum chemotherapy in patients with untreated stage IV
NSCLC, pembrolizumab monotherapy was found to be supe-
rior to chemotherapy in terms of response rate (44.8 vs. 27.8%)
and OS time [median OS, 30.0 months (95% CI, 18.3-not
reached) vs. 14.2 months (95% CI, 9.8 vs. 19.0) (57).

5. EGFR and inhibition of the EGFR pathway in NSCLC

EGFR, also referred to as human EGF receptor-1 (HER-1),
is a member of the HER/erbB family of receptor tyrosine
kinases (67,68); it is a multi-domain glycoprotein consisting
of an extracellular ligand binding domain, a hydrophobic
transmembrane domain and a cytoplasmic domain containing
a tyrosine kinase domain (67,69). Currently, the possible
mechanisms behind EGFR leading to malignant phenotypes
include EGFR overexpression and increased EGFR signaling
pathway activity. Based on the fact that EGFR is upregulated
in numerous tumors, we can speculate that increased expres-
sion of EGFR-mediated signaling pathways may promote
the initiation of unregulated cell proliferation, leading to the
emergence of a malignant phenotype (70). EGFR pathway
activation is mainly due to endogenous ligands, such as EGF,
TGF-a, epiregulin or heparin-binding EGF, which bind to the
extracellular domain of EGFR and form dimers (67-69,71,72).
His dimerization activates the cytoplasmic EGFR tyrosine
kinase, leading to autophosphorylation, and the phosphory-
lated EGFR tyrosine kinase regulates cell proliferation and
apoptosis by stimulating downstream intracellular signal
transduction cascades through several pathways (73). EGFR
is associated with the formation and development of a number
of tumors. Solid tumors such as breast, colon and non-small
cell carcinoma express EGFR, and EGFR is also involved in
the occurrence and development of tumors (68,71). The activa-
tion of the EGFR pathway is associated with the metastasis,
proliferation, differentiation and migration of tumor cells (68).
EGFR mutations occur in 7-37% of Caucasian patients and
40-60% of Asian patients with NSCLC (74).

Cetuximab and panitumumab. Cetuximab and panitumumab
are antibodies that bind to the extracellular domain of
EGFR, inhibit receptor activation and block signal transduc-
tion (75,76). A study of patients treated with locally advanced
squamous cell carcinoma of the head and neck showed that
patients receiving cetuximab plus radiotherapy experienced
an improvement in median survival time by nearly 20 months
compared with patients treated with radiotherapy alone (77).
In addition, cetuximab combined with gemcitabine has shown
a significant clinical response in the treatment of pancreatic
cancer (78). Cetuximab combined with docetaxel also has

certain beneficial clinical activity in the second-line treatment
of NSCLC. Based on this phenomenon, a further study is
evaluating the use of cetuximab in combination with chemo-
therapeutic agents in first-line treatment of NSCLC (79).

EGFR tyrosine kinase inhibitors (TKIs). EGFR TKIs are
small molecules that bind to the cytoplasmic domain of EGFR
containing the tyrosine kinase domain to inhibit EGFR auto-
phosphorylation, thus inhibiting receptor activation and signal
transduction. EGFR TKIs include erlotinib and gefitinib (first
generation), afatinib and dacomitinib (second generation), and
osimertinib and vandetanib (third generation) (4).

6. VEGF and inhibition of the VEGF pathway in NSCL.C

Angiogenesis, the formation of new blood vessels, plays
an important role in human life activities. Angiogenesis is
regulated by both antiangiogenic factors and pro-angiogenic
factors (71,80). VEGF belongs to the platelet-derived growth
factor family, including VEGF-A, B, C and D (81). VEGF-A is
a main stimulator in angiogenesis, and its expression is of great
significance to the tissue angiogenesis system. Other family
members are involved in lymphatic angiogenesis and embryo
angiogenesis (82-84). In patients with cancer, tumor cells
secrete VEGF, which forms new blood vessels by acting on
endothelial cells in existing blood vessels and promoting their
migration (71). The genesis of this pathological blood vessel
provides a pathway for tumor growth and metastasis (85).
VEGF mainly binds to VEGF receptor 1 and VEGF receptor
2, and the receptor is made up of extracellular, transmem-
brane and intracellular domains. Studies have shown that the
binding ability of VEGF with VEGF receptor 2 is lower than
that of VEGF1, but VEGF receptor 2 has been shown to be
the primary receptor for VEGF signaling in endothelial cells
and to play a key role in angiogenesis. After the binding of
VEGEF and VEGF receptor 2, a dimer is formed, resulting in a
phosphorylated activation pathway that promotes endothelial
cell proliferation and angiogenesis (82,86,87).

The expression of VEGF is affected by a number of factors,
EGF receptor 2, methylation, transforming growth factor
(TGF)-a and B, and TNF-a, among which oxygen tension
is the most important for pathological angiogenesis (88,89).
Hypoxia can rapidly induce VEGF mRNA expression through
hypoxia-inducible factor-1 (HIF-1), thus promoting down-
stream signal transduction (90). In a normal oxygen tension
environment, HIF-1 is degraded and downregulated (82), while
in a hypoxic environment, the HIF-1 degradation pathway is
blocked (90) and HIF-1 is phosphorylated through an onco-
genic signal, thus binding to the promoter of the VEGF gene,
promoting the transcription of VEGF genes and participating
in angiogenesis. Hypoxia may be the most important regulator
of VEGF mRNA expression (91,92). The activation of the
VEGEF pathway can act on existing vascular endothelial cells
to promote their migration, thus forming new blood vessels
and promoting tumor growth (71). There are several targeted
drugs that inhibit VEGF pathway expression, including some
that bind to the intracellular domain of VEGFR-2, such as
vandetanib, nintedanib, axitinib, cediranib and ramucirumab,
a monoclonal antibody that binds to the extracellular domain
of VEGFR-2 and a monoclonal antibody (bevacizumab) that
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Figure 2. Association and inhibition of EGFR and VEGF pathways. EGFR is activated when EGF and TGF-a bind to it and is involved in the growth,
proliferation and differentiation of tumor cells through the conduction of downstream pathways. After EGFR activation, HIF-1 can be upregulated, resulting
in VEGF gene expression. HIF-1, IL-8, bFGF and PDGF can promote the release of VEGF by tumors, thereby activating the VEGF pathway and promoting
the formation of new blood vessels. Drugs targeting the EGFR and VEGF pathways are also used clinically, including EGFR inhibitors and VEGF-2 inhibitors.
EGFR binds to the intracellular domain of EGFR cell TKIs (erlotinib, gefitinib, icotinib, dacomitinib, afatinib, almonertinib and osimertinib). Mechanisms of
VEGEF inhibitors include interference with VEGF (bevacizumab), binding to VEGFR-2 intracellular domains (nintedanib and cediranib) and interfering with
VEGFR-2 extracellular domains (ramucirumab). The use of EGFR inhibitors can downregulate HIF-1 expression, but the activation of the VEGF pathway
is affected by a variety of factors, so EGFR inhibitors alone are not effective in the treatment of advanced non-small cell lung cancer. TKI, tyrosine kinase

inhibitor; HIF-1, hypoxia-inducible factor.

inhibits VEGF-A protein. The targeted therapies inhibit angio-
genesis and tumor growth by binding to VEGF and inhibiting
its activity (93).

In the treatment of NSCLC, EGFR inhibition is an
important therapeutic strategy, and the inhibition of the
VEGF pathway is an important potential complementary
target (81). EGF and VEGF share a common downstream
signaling pathway and may play an independent role in
tumorigenesis. Various ligands bind to EGFR and VEGF-2
to trigger activation of both PI3K/AKT and RAS/RAF/ERK
pathways. At the same time, EGFR activation can promote
the expression of the VEGF gene, which is involved in
HIF-1 upregulation (4).

7. Dual-inhibition of EGFR-VEGF

EGFR- or VEGF-targeted drugs have been shown to be
effective in the treatment of NSCLC, but have limited
therapeutic effects when used alone. As aforementioned,
cetuximab in combination with chemotherapeutic agents
is more effective than the chemotherapeutic agents alone.
However, the combination of different targeted agents may
be more useful in improving the efficacy and may avoid the

safety and tolerability problems associated with the use of
chemotherapeutic agents compared with the combination of
chemotherapy agents (94). At the same time, there are also
drug resistance, escape of certain targets and other problems.
The activation of the EGFR pathway can promote HIF-1
production, thus upregulating VEGF expression. However,
an EGFR inhibitor alone cannot completely block the
production of VEGF, as the expression of VEGF is affected
by numerous factors, and it is impossible to completely
inhibit the release of VEGF in the interstitium. Therefore,
the effect of an EGFR inhibitor alone is not sufficient (4,94).
Several studies have also shown that tumor cell resistance
to EGFR inhibitors is related to increased VEGF levels,
and that this overexpression increases tumor cell resis-
tance (95,96). VEGF expression can promote angiogenesis,
and as the disease progresses, the pro-angiogenesis pathway
increases, and the dependence of tumor cells on VEGF may
decrease (97). Some tumors drive pericyte activation through
PDGF receptors, showing VEGF-resistance through an
escape mechanism, as this process is not VEGF-dependent
in endothelial cells (97-99). To address these concerns, the
combined use of EGFR inhibitors and VEGF inhibitors may
help (Fig. 2).
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8. Advantages of dual inhibition of EGFR-VEGF

Dual inhibition resists acquired resistance of tumor cells to
EGFR inhibitors. As aforementioned, simple EGFR inhibitors
cannot completely prevent VEGF from promoting angio-
genesis, and the overexpression of VEGF can also cause the
drug resistance of tumor cells to EGFR inhibitors. Several
studies have also demonstrated this phenomenon. Long-term
administration of EGFR inhibitors in mice with colon cancer
showed that mice could produce drug-resistant colon cancer
cell lines with VEGF overexpression, which could make tumor
cells resistant to EGFR inhibitors. As VEGF levels increased,
tumor angiogenesis potential also increased (96). If a treatment
requires EGFR inhibitors, a combination of VEGF inhibitors
is needed to inhibit angiogenesis. Combination therapy is
more effective than blocking a single pathway, and may also
help overcome tumor resistance mechanisms.

Dual inhibition increases PFS times. The JO25567 trial of 154
Japanese patients, showed that erlotinib combined with bevaci-
zumab compared with erlotinib alone exhibited a significantly
increased PFS time (median PFS time, 16.0 vs. 9.7 months; HR,
0.54; P=0.0015) (100). The phase 3 NEJ026 trial also evalu-
ated erlotinib alone and erlotinib with bevacizumab in patients
with complete NSCLC with EGFR mutation. The results
showed that the combination of erlotinib and bevacizumab
increased the PFS time (16.9 vs. 13.3 months; HR, 0.605;
P=0.016) (101). Erlotinib + ramucirumab vs. erlotinib + placebo
was evaluated in the phase 3 RELAY trial, which showed a
significant increase in PFS time for the erlotinib + ramuci-
rumab group (median PFS, 19.4 vs. 12.4 months; HR, 0.59;
P<0.0001) (64). In a randomized controlled trial meta-analysis
of 1,918 patients with advanced NSCLC, the dual inhibition
of EGFR and VEGF pathways significantly improved the
PFS time (HR, 0.71; 95% CI, 0.58-0.86; P<0.001) (102). A
meta-analysis comparing the efficacy of targeted combina-
tion therapy vs. erlotinib alone in advanced NSCLC showed
that the combination therapy significantly improved the OS
time (HR, 0.90; 95% CI, 0.82-0.99; P=0.024), PFS time (HR,
0.83; 95% CI, 0.72-0.97; P=0.018) and overall response rate
(OR, 1.35; 95% CI, 1.01-1.80; P=0.04) in 2,417 patients (103)
(Table I). Based on these data, the combination of EGFR and
VEGEF inhibitors can significantly increase PFS time. The
National Comprehensive Cancer Network Clinical Practice
Guidelines for Oncology has identified erlotinib plus ramuci-
rumab and erlotinib plus bevacizumab as first-line therapies
for EGFR-mutated NSCLC (101).

9. Conclusions

EGF and VEGF have the same downstream signaling pathway
and play a very important role in tumor growth. EGFR inhibi-
tors alone cannot completely inhibit the angiogenesis-promoting
effect of VEGF, and the overexpression of VEGF will also
increase the resistance of tumor cells to EGFR inhibitors, so
the combination of drugs becomes a good choice. A large body
of data has shown that dual inhibition of EGFR and VEGF
pathways significantly reduces tumor cell resistance to EGFR
inhibitors and improves PES time compared with EGFR inhibi-
tors alone. Under the support and guidance of a large number

Table I. Clinical results after double inhibition of EGFR-VEGEF and related meta-analysis results.

Median PFS (alone

Dual
inhibition of

Added PFS
time, months

PFS (hazard

vs. combined),

EGFR
inhibitor

Sample

First

(Refs.)

EGFR-VEGF months ratio)

size, n

Test area

Study

author, year

6.3 (100)
(101)

0.540
0.605

9.7 vs. 16.0
133 vs. 169

Erlotinib + bevacizumab

Erlotinib

154
228

JO25567 trial, phase 2 Japan

Seto et al

35

Erlotinib Erlotinib + bevacizumab

Japan

NEJO026 trial, phase 3

Saito et al

(64)
(103)

70

/

0.590
0.63

124 vs. 194

Erlotinib + ramucirumab
Erlotinib + ramucirumab

449 Erlotinib

Global

RELAY trial, phase 3

Nakagawa et al
Qi et al

Erlotinib

1736

/

Meta-analysis of 5

randomized controlled trials

Meta-analysis of 4

(102)

/

0.71

EGFR-TKIs + VEGF

EGFR-TKIs
inhibitors

1918

/

Zhang et al

randomized controlled trials

PFS, progression-free survival; TKI, tyrosine kinase inhibitor.
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of clinical trials, the pathways and targets that are not yet
understood will be solved one by one. The dual inhibition of
EGFR-VEGEF in the treatment of advanced NSCLC applied to a
greater extent, which will be of great help to improve the survival
of patients. Of course, the double inhibition of the EGFR-VEGF
pathway has also been applied in other malignant tumors (such
as colorectal, head and neck, and breast cancer), but the use of
EGFR-VEGEF dual inhibition in the treatment of tumors such
as breast cancer, gastrointestinal cancer, renal cancer, and head
and neck tumors, is limited by the lack of clinical trials. The
field of combination therapy for NSCLC with EGFR mutation
is still being studied, and solutions to adverse reactions (such
as renal dysfunction) and cost increases after double inhibition
are also being actively sought. It is believed that in the future,
double inhibition to treat EGFR mutations in NSCLC and other
tumors associated with the EGFR-VEGF pathway will be more
widely used in clinical practice.
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