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Abstract. Epidermal growth factor receptor tyrosine kinase 
inhibitors (EGFR‑TKIs) are a standard therapy for patients 
with non‑small cell lung cancer (NSCLC) with sensitive 
mutations. However, acquired resistance emerges following 
a median of 6‑12 months. Several studies demonstrated that 
EGFR‑TKI‑induced tumor microenvironment stresses and 
autophagy are important causes of resistance. The current 
review summarizes the molecular mechanisms involved 
in EGFR‑mediated regulation of autophagy. The role of 
autophagy in EGFR‑TKI treatment, which may serve a role 
in protection or cell death, was discussed. Furthermore, 
co‑inhibiting EGFR and autophagy signaling as a rational 
therapeutic strategy in the treatment of patients with NSCLC 
was explored.
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1. Introduction

Lung cancer is the most common cancer worldwide in 
2014 (1). There are two broad types of lung cancer: Small cell 

lung cancer (SCLC) and non‑small cell lung cancer (NSCLC). 
NSCLC accounts for 80% of lung cancers  (2). NSCLC 
is further divided into three subtypes: Adenocarcinoma, 
squamous cell carcinoma and large cell carcinoma. For the 
majority of patients with advanced NSCLC, platinum‑based 
chemotherapy was previously the standard first‑line treat-
ment (3).

Currently, epidermal growth factor receptor tyrosine 
kinase inhibitors (EGFR‑TKIs) are efficacious in treating 
patients with NSCLC with sensitive EGFR mutations  (4). 
These drugs have become the standard therapy for patients 
with advanced NSCLC with sensitive mutations (4). Compared 
with platinum‑based chemotherapy, treatment with EGFR‑TKI 
may improve the overall survival time of patients with NSCLC 
with EGFR exon 19 deletion and mutations in exon 21 (L858R), 
exon 18 (G719X) and exon 20 (S768I) (5,6). However, following 
8‑10 months of treatment, numerous patients who originally 
responded to EGFR‑TKIs eventually develop drug resis-
tance (7). Strategies designed to reverse primary or acquired 
resistance to EGFR‑TKIs are required for the development of 
more effective treatments. Previous studies demonstrated that 
EGFR‑TKI‑induced tumor microenvironment stresses and 
autophagy are important causes of resistance (8,9).

The current review focused on the known molecular 
mechanisms of EGFR‑mediated regulation of autophagy. The 
role of autophagy in EGFR‑TKI treatment was also discussed. 
Furthermore, co‑inhibiting EGFR and autophagy signaling as 
a novel strategy to improve the efficacy of EGFR‑TKIs was 
explored.

2. EGFR and EGFR‑TKI

The EGFR family consists of tyrosine transmembrane glyco-
proteins that are encoded by proto‑oncogenes, including 
human epidermal growth factor receptor (HER)‑1, HER‑2, 
HER‑3 and HR‑4 (10). EGFR is mainly expressed in epithelial, 
mesenchymal and neuronal cells (10). Since its discovery in 
the 1980s, the EGFR signaling pathway has been implicated 
in organ development, including the mammary glands and 
epiphyseal cartilage (11,12). EGFR serves roles in tumor cell 
proliferation, differentiation, migration, adhesion, treatment 
resistance, survival and apoptosis (13‑15).
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At present, EGFR‑targeted drugs consist of two types: 
Small molecule TKIs that inhibit the tyrosine kinase activity 
of the EGFR intracellular domain and artificially synthesized 
EGFR monoclonal antibodies that block the extracellular 
domain and inhibit the activation of the EGFR ligand binding 
domain (4,5). EGFR‑TKI drugs have been used clinically for 
a relatively long time and are recommended by the National 
Comprehensive Cancer Network and European Society for 
Medical Oncology guidelines for the treatment of advanced 
NSCLC with sensitive mutations  (16,17). EGFR targeting 
is an emerging strategy for treating other tumors, including 
anaplastic thyroid cancer and colorectal cancer (18,19).

The first‑generation EGFR‑TKIs, gefitinib, erlotinib 
and icotinib, are effective as first‑line treatment for patients 
with advanced NSCLC harboring activating EGFR muta-
tions (17,20). The second‑generation EGFR‑TKIs, afatinib and 
dacomitinib, irreversibly bind to the tyrosine kinase of EGFR 
and other ErbB‑family members  (4,21). Afatinib has been 
approved as a first‑line treatment of patients with advanced 
NSCLC with sensitive mutations (21). Dacomitinib reduced 
lung cancer progression in patients with NSCLC exhibiting 
EGFR activating mutations compared with gefitinib in a 
phase III trial (22). Third‑generation EGFR‑TKIs, osimertinib 
(AZD9291), rociletinib (CO‑1686), olmutinib (HM61713) and 
others (EGF816, ASP8273), suppress EGFR activating and 
resistance mutations (23,24). In clinical trials, the third‑gener-
ation drugs demonstrated higher response rates among tumors 
with acquired EGFR T790M (25,26).

Although treatment efficacy has been reported in patients 
treated with EGFR‑TKIs, drug resistance eventually develops 
following ~10 months (7). The mechanisms resulting in this 
resistance are various and not fully understood (27). The most 
common mechanism is the acquisition of secondary EGFR 
T790M mutations (28,29). Other mechanisms of resistance 
may include the following: Secondary mutations or amplifica-
tion in EGFR, alternative pathway activation, histologic and 
phenotypic transformation, tumor growth factor β‑dependent 
interleukin (IL)‑6 secretion (30) or β2‑adrenergic receptors 
(β2‑ARs) activation (Fig. 1) (31). Previous studies demonstrated 
that EGFR‑TKI‑induced tumor microenvironment stresses 
and autophagy are important causes of resistance (8,9).

3. Autophagy and its regulation

Autophagy is a conserved catabolic process (32). Cells digest 
and recycle their own cellular contents and dysfunctional 
organelles for cell survival (32,33). Autophagy can be divided 
into three types in eukaryotic cells: Macroautophagy, micro-
autophagy and chaperone‑mediated autophagy (CMA) (34). 
The term ‘autophagy’ usually indicates macroautophagy. In 
macroautophagy, the cytoplasm and organelles are engulfed 
into double‑membrane bound structures, termed autophago-
somes, and delivered to lysosomes (34). In microautophagy, 
cytosolic cargos are engulfed into lysosomes directly (32). In 
CMA, substrate proteins are delivered into the lysosome by 
molecular chaperones, including members of the heat shock 
protein 70 family (35).

Autophagy can be divided into three main steps: Initiation, 
elongation and degradation (32). Autophagy is regulated by 
complex signaling pathways and autophagy‑related genes 

(ATGs)  (36,37). The main steps and molecular regula-
tors of autophagy are presented in Fig. 2. Long non‑coding 
RNA (lncRNA) has been implicated in the regulation of 
autophagy  (38,39). microRNAs (miRNAs/miRs) have 
been reported to regulate certain ATGs at different stages 
of autophagy  (40). Furthermore, the majority of lncRNAs 
serve a regulatory role by acting as sponges to sequester 
autophagy‑associated miRNAs from their targets  (41‑43). 
Metastasis associated lung adenocarcinoma transcript 1 may 
upregulate the expression of the miR‑101 targets stathmin 1, 
RAB5A, member RAS oncogene family and autophagy related 
4D cysteine peptidase by acting as a sponge of miR‑101, thus 
inducing autophagy  (41). In anoxia/reoxygenation‑induced 
autophagy of cardiomyocytes, the lncRNA autophagy 
promoting factor is upregulated to protect ATG7 from being 
degraded by miR‑188‑3p, and this promotes autophagic 
death of cardiomyocytes (42). The lncRNA HOXA transcript 
antisense RNA, myeloid‑specific 1 regulates autophagy by 
sequestering miR‑20a/106b and miR‑125b and their targets 
unc‑51 like autophagy activating kinase 1 (ULK1), E2F 
transcription factor 1 and DNA damage regulated autophagy 
modulator 2 (43).

4. EGFR‑mediated regulation of autophagy

The downstream pathways triggered by EGFR activation include 
the EGFR‑Ras‑rapidly accelerated fibrosarcoma (Raf)‑c‑Jun 
N‑terminal (JNK), EGFR‑PI3K̸protein kinase B (AKT)/mech-
anistic target of rapamycin (mTOR), and EGFR‑janus kinase 
(JAK)‑signal transducer and activator of transcription 3 
(STAT3) signaling pathways, all of which have regulatory 
effects on autophagy. The EGFR‑Ras‑Raf‑JNK signaling 
pathway exerts a potent stimulatory effect on autophagy, while 

Figure 1. Main mechanisms involved in acquired resistance to EGFR TKIs. 
The main reported mechanisms of resistance to EGFR‑TKIs involve EGFR 
gene amplification, new secondary mutations in EGFR, bypass or alterna-
tive pathway activation, histological and phenotypic transformation and 
autophagy. EGFR, epidermal growth factor receptor; TKIs, tyrosine kinase 
inhibitors; MET, MET proto‑oncogene, receptor tyrosine kinase; PIK3CA, 
phosphatidylinositol‑4,5‑bisphosphate 3‑kinase catalytic subunit α; HER2, 
human epidermal growth factor receptor 2; BRAF, B‑Raf proto‑oncogene, 
serine/threonine kinase; FGFR1, fibroblast growth factor receptor 1; IGF1R, 
insulin like growth factor 1 receptor; β2‑ARs, β2‑adrenergic receptors; 
TGF‑β, transforming growth factor β, NSCLC, Non‑small cell lung carci-
noma; SCLC, small cell lung carcinoma.
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the EGFR‑phosphoinositide 3‑kinase (PI3K)/AKT̸mTOR 
signaling pathway exerts a potent inhibitory effect on autophagy. 
The EGFR‑JAK‑STAT3 signaling pathway serves stimulatory 
and inhibitory roles in autophagy (44).

EGFR‑Ras‑Raf‑JNK signaling pathway and autophagy. The 
RAS oncogene serves important roles in the regulation of 
cell survival and growth and is frequently activated in cancer. 
Following autophosphorylation, the adaptor protein growth 
factor receptor‑bound protein 2 binds EGFR at the phosphory-
lated sites and activates son of sevenless (SOS), a guanosine 
triphosphate (GTP)‑exchange factor for RAS. SOS then 
converts RAS‑guanosine disphosphate into RAS‑GTP (45‑47). 
Previous studies demonstrated that autophagy is required for 
oncogenic Ras‑induced malignant cell transformation (45). 
Increased autophagy in these K‑ras mutation tumor cells is 
required for cell survival and transformation. Genetic inhibi-
tion of autophagy in RAS‑transformed cells leads to decreased 
cell survival during starvation and abrogated tumorigenesis 
in mice (45). Alexandrova et al (46) revealed that oncogenic 
K‑Ras expression upregulated autophagy through reactive 
oxygen species, p38, mitogen‑activated protein kinase and JNK 
activation and subsequent upregulation of ATG5 and ATG7. 

Furthermore, JNK phosphorylates beclin‑1 (BECN1) at three 
different tyrosine residues, T79, S60 and S87, as well as B‑cell 
lymphoma 2 (Bcl‑2), leading to the separation of BECN1 from 
the BECN1/Bcl‑2 complex in response to starvation (47). The 
release of BECN1 results in autophagy activation (36).

EGFR‑PI3K̸AKT̸mTOR signaling pathway and autophagy. 
PI3Ks are a family of lipid kinases, and class I are involved 
in tumorigenesis. Class I consists of a regulatory subunit 
p85 and a catalytic subunit p110. Class I kinases are often 
activated by growth factor stimulation through EGFR. The 
p85 regulatory subunit directly binds to phosphotyrosine 
residues on EGFR (48). This binding removes the intermo-
lecular inhibition of the p110 catalytic subunit, allowing p110 
to phosphorylate phosphatidylinositol‑3,4 biphosphate into 
phosphatidylinositol‑3,4,5 biphosphate (PIP3) (48). AKT is 
subsequently recruited to the plasma membrane by PIP3 and 
phosphorylated by pyruvate dehydrogenase kinase 1 at Thr308 
and Ser473. AKT activates mTOR, relieving its negative effect 
on autophagy regulation (48). mTOR is a serine/threonine 
protein kinase that phosphorylates and inactivates unc‑51‑like 
autophagy activating kinase (ULK) 1/2 (49). The inhibited 
PI3K/AKT1 signaling upregulates the inhibitory activity of 

Figure 2. Main steps in autophagy and the molecular regulators involved. Autophagy occurs sequentially in five main steps: Initiation, vesicle nucleation, 
autophagosome elongation, retrieval and degradation. During the initiation, the formation of a Beclin 1, class III PI3K, VPS34, ATG14L and p150 complex 
contributes to the initiation and progression of autophagy. Vesicle nucleation is mediated by hVPS34, BIF‑1, ATG6, ATG14, Rubicon, RAB5A and UVRAG. 
Autophagosome elongation is mediated by the ATG16L complex (ATG4, ATG5, ATG7, ATG10, ATG12 and ATG16L) and LC3. Retrieval is mediated by 
ATG2B, ATG9 and ATG18. In the last stage, engulfed contents are degraded following the fusion of the autophagosome with a lysosome, and the nutrients and 
energy are recycled. PI3K, phosphoinositide 3‑kinase; VPS34, phosphatidylinositol 3‑kinase catalytic subunit type 3; ATG, autophagy related; LC3, microtu-
bule associated protein 1 light chain 3 α; RAB5A, RAB5A, member RAS oncogene family; BIF1, zinc finger and BTB domain containing 24; UVRAG, UV 
radiation resistance associated.
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tuberous sclerosis complex 1/2 on Ras homolog, mammalian 
target of rapamycin complex‑1 (mTORC1) binding, which 
is essential for mTOR activity in conditions of starvation 
or growth factor receptor inhibition. The decline in mTOR 
activity subsequently separates mTORC1 from the ULK1/2 
complex [including ULK1/2, ATG13, ATG101, and RB1 
inducible coiled‑coil 1 (RB1CC1)] and thus activates ULK1/2. 
The activated ULK1/2 phosphorylates ATG13 and RB1CC1, 
two components of the ULK1/2 complex, which subsequently 
initiates the autophagy cascade (50).

EGFR‑JAK‑STAT3 signaling pathway and autophagy. The 
JAK/STAT signaling pathway is a major pathway which is 
activated by EGFR family members (44). The STAT3 gene 
located on chromosome 17q21 encodes an 89 kDa protein. 
STAT3 belongs to a family of transcription factors that mainly 
exist in the cytoplasm (51). Growth‑factor receptor tyrosine 
kinases, cytokine‑receptor‑associated kinases and nonreceptor 
tyrosine kinases phosphorylate conserved tyrosine residue 705 
on STAT3, resulting in its activation and translocation from 
the cytoplasm to the nucleus (51). Unphosphorylated STAT3 
can form dimers and translocate into the nucleus; however, 
tyrosine phosphorylation enhances STAT3 dimerization and 
translocation into the nucleus (52). Once in the nucleus, STAT3 

regulates genes involved in cell proliferation, differentiation, 
survival and angiogenesis (52). STAT3 is involved in multiple 
aspects of autophagy (53‑58). The different subcellular local-
ization patterns of STAT3 affect autophagy in a transcriptional 
or nontranscriptional manner (Fig. 3).

Regulation of autophagy by cytoplasmic STAT3. Several 
studies have revealed that cytoplasmic STAT3 suppresses 
autophagy by interacting with eukaryotic translation initiation 
factor 2 a kinase 2 (EIF2AK2), forkhead box protein (FOX) 
O1, and FOXO3 (53‑56). Niso‑Santano et al (53) demonstrated 
that cytoplasmic STAT3 may bind to the EIF2AK2 catalytic 
domain competitively, inhibiting its function in the process. 
Thus, STAT3 may function as a competitive inhibitor of 
EIF2AK2, inhibiting EIF2AK2 enzymatic activity and 
phosphorylation of EIF2A, a known autophagy activator (53). 
Eukaryotic translation initiation factor 2A‑activating transcrip-
tion factor 4 signaling pathway‑mediated cyclooxygenase 2 
overexpression may contribute to cadmium‑induced autophagy 
in kidney  (54). Furthermore, cytoplasmic STAT3 may 
interact with the autophagy‑associated proteins FOXO1 and 
FOXO3 (55). FOXO3 can upregulate multiple autophagy‑asso-
ciated genes including ULK2, BECN1, phosphatidylinositol 
3‑kinase catalytic subunit type 3, Bcl‑2 interacting protein 3 

Figure 3. STAT3 in the regulation of autophagy. STAT3 has been implicated in multiple aspects of the autophagic process. The different subcellular localiza-
tion patterns of STAT3 affect autophagy via transcriptional or nontranscriptional mechanisms. Cytoplasmic STAT3 inhibits autophagy by interacting with 
EIF2AK2, FOXO1 and FOXO3. Nuclear STAT3 inhibits autophagy by increasing the expression of several negative regulators of autophagy, including 
BCL2, BCL2L1 and MCL1. Nuclear STAT3 executes its pro‑autophagic function by modulating HIF‑1α and BNIP3. STAT3, signal transducer and activator 
of transcription 3; FOX, forkhead boxes; BCL2, BCL2 apoptosis regulator; JAK, janus kinase; IL‑6, interleukin 6; SRC, SRC proto‑oncogene, non‑receptor 
tyrosine kinase; EIF2A, eukaryotic translation initiation factor 2A; ATF4, activating transcription factor 4; COX‑2, cyclooxygenase 2; BNIP3, BCL2 inter-
acting protein 3; EIF2AK2, eukaryotic translation initiation factor 2α kinase 2; HIF‑1α, hypoxia‑inducible factor 1α; MCL1, MCL1 apoptosis regulator, BCL2 
family member; BCL2L1, BCL2 like 1; EGF, epidermal growth factor; EGFR, epidermal growth factor receptor; BNIP3L, BCL2 interacting protein 3 like; 
PIK3C3, phosphatidylinositol 3‑kinase catalytic subunit type 3; BECN1, beclin 1; ULK2, unc‑51 like autophagy activating kinase 2; MAP1LC3A, microtubule 
associated protein 1 light chain 3 α.
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(BNIP3), Bcl‑2 interacting protein 3 like, ATG12, ATG4B 
and microtubule associated protein 1 light chain 3 a following 
dephosphorylation and translocation to the nucleus. The active 
FOXO1 and FOXO3a exist exclusively in the nucleus of naïve 
T cells (56). In the cytoplasm of activated T cells, the inac-
tive pFOXO1 and pFOXO3a integrate with unphosphorylated 
STAT3 (56). FOXO1/FOXO3a rapidly relocalize to the nucleus 
following IL‑6 or IL‑10 mediated pSTAT3 activation. STAT3 
inhibitors completely inhibit cytokine‑induced translocation 
of FOXO1/FOXO3a into the nucleus (56).

Regulation of autophagy by nuclear STAT3. Nuclear STAT3 
increases the expression of negative regulators of autophagy 
including Bcl‑2, Bcl‑2 like 1 and MCL1 apoptosis regulator, 
Bcl‑2 family member (MCL1), thus inhibiting autophagy (57,58). 
Following its activation, nuclear STAT3 increases Bcl‑2 
expression, leading to autophagy inhibition (57). In pancreatic 
ductal adenocarcinoma cells, miR506 triggers autophagic flux 
by direct inhibition of the STAT3‑Bcl‑2‑BECN1 axis  (59). 
Tai et al (60) demonstrated that sorafenib activated autophagy 
in a dose‑ and time‑dependent manner through downregulation 
of phospho‑STAT3 and MCL1 in hepatocellular carcinoma cell 
lines. The ectopic expression of MCL1 reversed the effect of 
sorafenib on autophagy. Nuclear STAT3 may inhibit autophagy 
through the downregulation of phosphatidylinositol 3‑kinase 
catalytic subunit type 3 (60). The reduction of Vps34 protein 
levels in fiber type‑specific regulation of autophagy and skeletal 
muscle atrophy occurs in a STAT3‑dependent manner, which 
decreases ps34/p150/ BECN1/Atg14 complex 1 (61).

Nuclear STAT3 may promote autophagy by modulating 
the hypoxic expression of hypoxia‑inducible factor  1α 
(HIF‑1α) and BNIP3  (62‑65). STAT3 transcriptionally 
upregulates HIF‑1α and inhibits its ubiquitination, which 
is mediated by von Hippel‑Lindau tumor suppressor  (62). 
Previous studies indicated that autophagy is closely associ-
ated with hypoxia  (63). HIF‑1α serves an essential role in 
various cellular responses; in particular, it promotes cell 
proliferation and survival (64). Hypoxia‑induced autophagy 
serves an important role in HIF‑1α‑dependent general 
mechanisms of cell survival (64). BNIP3 and BNIP3L are 
the downstream targets of HIF‑1α‑dependent autophagy (65). 
BNIP3 is a conserved member of the BH3‑only subfamily 
of the pro‑apoptotic Bcl‑2 family, and its expression is 
associated with the initiation of autophagy in different cell 
models  (66). Furthermore, BNIP3 may dissociate BECN1 
from the Bcl‑2‑BECN1complex  (67). In addition, STAT3 
regulates BNIP3 expression (68). Concanavalin A (Con A) 
induced autophagy through a STAT3‑macrophage migration 
inhibitory factor‑BNIP3‑dependent signaling pathway (68). 
Pretreatment with epigallocatechin‑3‑gallate (EGCG) 
abrogated the upregulation of JAK1, JAK2, p‑STAT3 and 
BNIP3 in a dose‑dependent manner (69). The results obtained 
from the aforementioned studies indicated that ECGG 
decreases ConA‑induced autophagy by downregulating the 
IL‑6/JAKs/STAT/BNIP3‑mediated signaling pathway (69).

5. Role of autophagy in EGFR‑TKI treatment

Numerous studies demonstrated that initiation of autophagy may 
increase tumor resistance to anticancer therapies in different 

types of cancer cells (70). In lung cancer cells, autophagy may 
be activated by EGFR‑TKIs, and coinhibiting EGFR signaling 
and autophagy demonstrates promising results in vitro (71,72). 
The autophagy induced by EGFR‑TKIs executed a cytopro-
tective function in lung cancer cells. Autophagy inhibition by 
chloroquine (CQ) and small interfering RNAs targeting ATG5 
and ATG7 increased the cytotoxic effect of the EGFR‑TKIs 
gefitinib and erlotinib in vitro (71). Li et al (72) revealed that 
erlotinib induced apoptosis and autophagy in NSCLC cell lines 
with activating EGFR mutations (exon 19 deletion). Inhibition 
of autophagy may increase the sensitivity of NSCLC cell lines 
to erlotinib, suggesting that autophagy functions as a protec-
tive mechanism. Furthermore, the resistance to erlotinib may 
be reversed through autophagy inhibition (72). Wang et al (73) 
revealed that erlotinib induced autophagy in TKI‑sensitive 
and TKI‑resistant lung cancer cells. Inhibition of autophagy 
significantly increased sensitivity to erlotinib in TKI‑resistant 
cancer cells via regulation of endoplasmic reticulum 
stress‑induced apoptosis  (73). These results indicated that 
cotargeting autophagy and EGFR signaling may present novel 
clinical strategies in the treatment of NSCLC. The resistance 
to erlotinib in wild‑type EGFR‑expressing NSCLC cells may 
be overcome through autophagy inhibition (74). Furthermore, 
a phase I clinical trial investigated the efficacy, safety and 
pharmacokinetics of the combination of hydroxychloroquine 
(HCQ) with erlotinib in patients with advanced NSCLC (75). 
Although this study revealed no significant improvement in 
survival time, the safety of adding HCQ to erlotinib was estab-
lished (75). The recommended dose of HCQ was 1,000 mg 
when given in combination with 150 mg of erlotinib in a phase 
2 study (75). However, CQ in combination with chemotherapy 
and radiation therapy increased the median survival time of 
patients with glioblastoma multiforme compared with controls 
in a randomized, double‑blind, placebo‑controlled trial (76). 
There are currently several ongoing clinical trials involving 
CQ or HCQ, and preliminary antitumor activity has been 
demonstrated in pancreatic adenocarcinoma, melanoma and 
glioblastoma (77‑79).

EGFR‑TKI may induce autophagic cell death (80‑82). In 
gefitinib‑resistant NSCLC cell lines, the addition of the mTOR 
inhibitor everolimus (RAD001) increased autophagy and 
cell death induced by gefitinib, and the synergistic effect was 
enhanced in cell lines with a high proliferative index and a 
short doubling time (80). In EGFR‑TKI‑resistant lung cancer 
cells with the T790M mutation, the combination of a protein 
kinase casein kinase 2 inhibitor and EGFR‑TKI induced a 
high level of autophagy and promoted apoptosis (81). BEZ235, 
a dual inhibitor of PI3K and mTOR, overcame the EGFR‑TKI 
resistance induced by hepatocyte growth factor in an EGFR 
mutant lung cancer model (82).

These observations demonstrated that autophagy may have 
context‑dependent and even opposing effects on the behavior of 
cancer cells. The efficacy of autophagy inhibition in different 
types of human cancer, including pancreatic adenocarcinoma, 
melanoma, and glioblastoma have also varied widely (77‑79). 
Autophagy may be stimulated or inhibited during cancer treat-
ment, depending on the type of cell, the stress signals, such 
as chemotherapy, radiotherapy or target therapy, and other 
circumstances, such as hypoxia or starvation. The identifica-
tion of novel biomarkers for evaluating dynamic changes in 
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autophagy and new methods to evaluate autophagy in clinical 
samples may improve patient outcomes.

6. Conclusions and perspectives

EGFR‑TKIs are effective for the treatment of patients with 
NSCLC with EGFR‑sensitive mutations, although acquired 
resistance inevitably emerges (7). EGFR and its downstream 
signaling pathways serve an essential role in autophagy 
regulation (44). Autophagy exhibits complex, context‑depen-
dent roles in cancer, and interventions to enhance or 
inhibit autophagy have been proposed as an addition to 
EGFR‑TKI‑based therapies (71,80). Co‑targeting autophagy 
signaling may be a novel therapeutic strategy for cancer 
treatment. However, elucidation of the mechanisms involved 
in autophagy is required prior to the use of such strategies. 
Autophagy inhibition may reduce the antitumor immune 
response (83). Rao et al (83) revealed that autophagy deficiency 
favored oncogenesis via changes in the tumor microenviron-
ment that involved the regulatory T‑cell‑mediated inhibition 
of anticancer immunosurveillance. Autophagy also serves 
important roles in the survival of dormant cancer cells (84). A 
recent study using a Drosophila melanogaster tumor model 
demonstrated that dormant tumors from autophagy‑deficient 
animals reactivated tumor growth when transplanted into 
autophagy‑proficient animals  (84). This suggested that 
autonomous autophagy in the surrounding nontumor cells of 
the microenvironment may be involved in the regrowth of 
dormant tumors.

The combination of EGFR‑TKIs and autophagy inhibi-
tors or inducers is attracting increased attention in NSCLC 
therapy. Understanding the mechanisms underlying the 
context‑dependent effects of autophagy on cancer may provide 
a basis for making rational decisions on strategies to manipu-
late autophagy during cancer therapy.
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