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Abstract. Lung cancer is currently the second most common 
type of cancer with the second incidence rate and the first 
mortality rate worldwide. Non‑small cell lung cancer (NSCLC) 
accounts for ~85% of the total number of cases of lung cancers. 
Concerning the treatment of NSCLC, targeted therapy has 
become a research hotspot in recent years because of its favor‑
able efficacy, high selectivity and minimal adverse reactions. 
Among the drugs used in targeted therapy, the epidermal growth 
factor receptor (EGFR) tyrosine kinase inhibitors (TKIs) are the 
most common and are categorized into four generations. The 
use of first and second‑generation drugs leads to drug resistance 
within 8‑14 months. This resistance is primarily caused by the 

T790M mutation, which is the most observed mechanism. A 
third‑generation drug has been developed to address this issue 
and a fourth‑generation drug is expected to overcome multiple 
resistance mechanisms, including third‑generation drug 
resistance. However, the fourth‑generation drug has not been 
launched yet. At present, multiple third‑generation targeted 
drugs have been launched globally, with three being launched in 
China and several being at research and clinical trial stages. The 
present article provides a review of the development process, 
mechanism of action and clinical trials of the third‑generation 
EGFR‑TKIs, aiming to provide some reference and suggestions 
for the clinical treatment of NSCLC and scientific research on 
third‑generation targeted drugs.
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1. Introduction

According to the latest cancer data statistics, the incidence 
rate and mortality of lung cancer rank second and first in 
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all malignant tumors, respectively (1,2). According to the 
latest available data in China, lung cancer has the highest 
incidence and mortality rates. The histological types of lung 
cancer are divided into non‑small cell lung cancer (NSCLC) 
and small cell lung cancer (SCLC), with NSCLC accounting 
for ~85% of the total number of lung cancer cases  (3,4). 
Patients are often in advanced stages at the time of treat‑
ment, with limited treatment options and poor prognosis. The 
treatment of lung cancer has attracted widespread attention 
due to its low 5‑year survival that is <15% (5). The treatment 
of lung cancer mainly includes surgical resection, radio‑
therapy, chemotherapy, immunotherapy and targeted therapy. 
Targeted therapy offers several advantages, such as high 
selectivity and minimal adverse reactions. With the advent 
of precision medicine, targeted therapy has been widely 
applied in the field of cancer and has become a research 
hotspot in recent years. Epidermal growth factor receptor 
(EGFR) is a tyrosine kinase receptor, which carries the most 
common oncogenic driving mutation in NSCLC. Mutations 
in this gene significantly enhance the growth and division 
of cancer cells. ~15% of Caucasians and 50% of Asian 
patients with late‑stage NSCLC have mutations in the EGFR 
domain (6,7). Among these mutations, the deletion of exon 
19 and the point mutation of exon 21 L858R accounted for 
90% of EGFR mutations (8). The development of anticancer 
drugs targeting this specific target has greatly changed the 
treatment methods and their prognostic efficacy for patients 
with NSCLC. The EGFR target was the first target to be 
discovered and applied in lung cancer, and the discovery 
of this target is of landmark significance for the treatment 
of lung cancer. EGFR‑targeted drugs have prolonged the 
survival time of patients with lung cancer from >1 year in 
chemotherapy to ~3 years with the current three generations 
of targeted therapy. The incidence of grade 3 or 4 adverse 
events (AEs) has also decreased from 61 to 28.7%, and the 
targeted therapy has significantly improved the quality of 
life compared with chemotherapy (9,10). The present article 
summarizes and reviews the development history, mecha‑
nism of action and clinical trial data of the above drugs as 
first‑line and second‑line treatments for efficacy and safety 
analysis, with the intent to provide new ideas and references 
for clinical treatment and scientific research.

2. History of the EGFR‑targeted drugs

The drugs targeting the EGFR, namely EGFR tyrosine 
kinase inhibitor (TKI), are divided into first, second, third 
and  fourth generations  (11). The first and second‑gener‑
ation EGFR‑TKIs are used to treat advanced NSCLC 
with EGFR‑sensitized mutations. The first‑generation 
drugs include gefitinib and erlotinib among others. The 
second‑generation drugs include afatinib and dacomitinib 
among others. Although the objective response rate (ORR) 
of the first and second‑generation drugs is very high, which 
can reach 60‑70%, most patients show resistance after 
8‑14 months of treatment, and the average progression‑free 
survival is 9‑15 months  (12). Therefore, third‑generation 
drugs have been developed, including osimertinib and almo‑
nertinib (13,14). Currently, there are several targeted drugs 
of the third generation that have been introduced worldwide. 

Among them, three drugs, namely osimertinib, almonertinib 
and furmonertinib, have been authorized for use in China. 
The fourth‑generation drugs mainly focus on fighting the 
acquired resistance that the C797S mutation causes, which is 
common in third‑generation drugs. These fourth‑generation 
drugs, such as EAI045 and CH7233163, have not yet been 
implemented in clinical practice.

Osimertinib is the world's first third‑generation targeted 
drug to be launched, which was developed by AstraZeneca in 
the United States. In November 2015, patients with NSCLC 
and T790M mutations were approved by the Food and Drug 
Administration (FDA) for use in previous EGFR TKI treat‑
ment progression (15). Rociletinib was developed by Wuhan 
Chemstan Biotechnology in China and showed to be not as 
effective as osimertinib, and the incidence of hyperglycemia 
(34%) and ECG QTc prolongation (11%) in third‑grade adverse 
reactions were relatively high. Therefore, the FDA voted to 
postpone the approval of the drug and ultimately terminated 
its development in May 2016 (16,17). Olmutinib was devel‑
oped by Boehringer Ingelheim and Hammi Pharmaceuticals 
Co., Ltd. and was approved in May 2016 in South Korea for 
the treatment of patients with locally advanced or metastatic 
EGFR T790M mutation‑positive NSCLC (18). Subsequently, 
due to limited efficacy and severe adverse reactions, devel‑
opment was discontinued. Osimertinib was approved for 
listing in China in March 2017 (19). Naquotinib was devel‑
oped by Astellas, a Japanese company. The development of 
naquotinib was also discontinued due to its general efficacy 
and high incidence of adverse reactions in the SOLAR trial 
in May 2017 (16,20). In November 2018, the 2019 version 
of the National Comprehensive Cancer Network guidelines 
for NSCLC in the United States included osimertinib as 
the first‑line treatment option for EGFR‑positive patients. 
Almonertinib is a third‑generation targeted drug developed 
by Jiangsu Hansoh Pharmaceutical Co., Ltd. It is the first 
independently developed third‑generation targeted drug in 
China. It was launched in March 2020 and is used for the 
second‑line treatment of patients with EGFR‑sensitive muta‑
tions and EGFR T790M mutations. Lazertinib was developed 
by Yuhan and Janssen Biotechnology and was approved 
as a second‑line treatment for NSCLC in South Korea in 
January 2021 (21). Nazartinib was developed by Novartis 
Pharmaceuticals and approved by the Korean Ministry of 
Drug and Food Safety in January 2021. Furmonertinib is 
an irreversible third‑generation EGFR‑TKI, independently 
developed by Shanghai Allist Pharmaceutical Company in 
China. Approved for marketing by NMPA in March 2021, it 
is used to treat patients with NSCLC who develop resistance 
after first or second‑generation targeted drug therapy and 
have been found to have T790M mutations through genetic 
testing  (22). In December  2021, the National Medical 
Products Administration (NMPA) approved almonertinib 
as the first‑line treatment for patients with EGFR‑mutated 
NSCLC (23). In June 2022, furmonertinib was approved 
as a first‑line treatment. At present, the clinical trials of 
the fourth generation of targeted drugs have also achieved 
favorable results, and we look forward to the approval of the 
fourth generation of targeted drugs as soon as possible. The 
development process of the aforementioned drugs is shown 
in Fig. 1.
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3. Mechanism

EGFR is a member of the ERBB family, a classic cell surface 
signaling protein, and the most common mutated oncogene. It 
consists of an extracellular ligand binding domain, a hydro‑
phobic transmembrane region anchored to the cell membrane, 
and a tyrosine kinase domain located within the cell (24,25). 
EGFR and EGF, Transforming Growth Factors α (TGF α) 

ligands combine to form homomorphic or heteromorphic 
dimers, activating the tyrosine kinase domain. ATP binds 
tightly to this domain and transmits signals to downstream 
signaling pathways (26,27). There are four common down‑
stream signal pathways: i) PI3K/AKT; ii) RAS/RAF/MAPK; 
iii) JAK/STAT; and iv) PLC/PKC, respectively, as demon‑
strated in Fig. 2; in addition, it also includes SRC, JNK and 
other signaling pathways (25,27‑30). EGFR plays a role in 

Figure 1. The development process of the targeted drugs.

Figure 2. EGFR downstream signaling pathway.
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promoting cell survival, proliferation, differentiation and 
inhibiting apoptosis by triggering the signal transductions 
aforementioned.

In NSCLC, EGFR mutations no longer rely on receptor 
activation, causing downstream signaling pathways to remain 
continuously activated, leading to the long‑term existence 
of signals that promote proliferation, inhibit apoptosis, and 
ultimately lead to carcinogenesis (31). The signals transmitted 
by heterodimers are amplified and enhanced, exhibiting 
stronger carcinogenicity compared with signals transmitted 
by homodimers (32). Small molecule kinase inhibitors, such 
as first‑generation targeted drugs including gefitinib and erlo‑
tinib, are reversible inhibitors that can competitively bind to 
the tyrosine kinase domain with ATP, leading to a decrease in 
EGFR's affinity for ATP, thereby blocking signal transmission, 
reducing proliferation, promoting apoptosis, and ultimately 
inhibiting tumor growth and metastasis (33). However, after 
a period of treatment, a T790M mutation occurred. On 
the one hand, the amino acid changed from threonine to a 
larger volume of methionine increasing steric hindrance, and 
resulting in weakened binding between the first‑generation 
targeted drug and EGFR. On the other hand, the T790M muta‑
tion increased the binding ability of the L858R mutant to ATP, 
ultimately leading to drug resistance (34). The second genera‑
tion of targeted drugs, including afatinib and dacomitinib, is 
an irreversible inhibitor, which cannot reach the concentration 
to overcome the T790M mutation in the human body. In addi‑
tion, the second generation of drugs has low selectivity and 
combines with wild EGFR, which brings severe adverse reac‑
tions such as diarrhea and rash to patients; therefore, its clinical 
use is limited (35). Although the ORR of first‑generation and 
second‑generation drug therapy reached 60‑70%, most patients 
developed resistance after 8‑14 months of treatment, with an 
average progression‑free survival of 10‑14 months (12,36). The 
most common resistance mechanism among the others is the 
T790M mutation, which accounts for ~50% of all EGFR TKI 
resistance mechanisms in patients with NSCLC (37). However, 
third‑generation targeted drugs have been developed for the 
T790M mutation, such as osimertinib, almonertinib and lazer‑
tinib (13,14). These drugs form a covalent bond with the C797 
residue on the ATP binding site, which binds irreversibly and 
has stronger binding power (35,38). They have a weak inhibi‑
tory effect on wild EGFR, higher selectivity, and fewer adverse 
reactions (39). The mechanism of action and drug resistance of 
EGFR‑TKI is revealed in Fig. 3.

4. Third‑generation EGFR‑TKIs

Osimertinib (also named AZD9291). The AURA17 
(NCT02442349) trial is a phase 2, open‑label, single‑arm 
clinical study in the Asia Pacific population, evaluating the 
efficacy and safety of osimertinib as a second‑line treatment 
for patients with EGFR T790M mutation who had previously 
progressed with EGFR‑TKI or after chemotherapy  (40). 
According to a data report from the European Society for 
Medical Oncology Asia 2018 conference, the ORR of osimer‑
tinib was 62%, the disease control rate (DCR) was 88%, and 
the median duration of response (mDoR) was 9.9 months, the 
median progression‑free survival (mPFS) was 9.7 months, 
and the median overall survival (mOS) was 23.2 months. 

Grade 3 or higher AEs occurred in 35% of patients. The 
most common AEs were diarrhea (29.24%) and leukopenia 
(12.87%), with grade 3 or higher diarrhea and rash occurring 
in only 1% of patients. The aforementioned data was similar 
to the data from the AURA2 (41) and AURA3 (42) trials, 
both of which are global multicenter trials, indicating that 
osimertinib showed clinical efficacy, durability and safety 
similar to global data, providing data to support the use of 
osimertinib in patients with T790M mutation after EGFR 
TKI progression in the Asia‑Pacific region. The global data 
suggest strengthening and improving the clinical application 
of osimertinib in China.

The FLAURA (NCT02296125) trial is a Phase  3, 
double‑blind, randomized, multicenter clinical study, 
comparing the efficacy and safety of osimertinib with gefi‑
tinib or erlotinib as first‑line treatment in locally advanced 
or metastatic EGFR sensitized NSCLC with positive muta‑
tions (43). According to the data from the FLAURA China 
trial, osimertinib has significantly improved in all aspects 
compared with the first‑generation drug. The PFS was 
extended from 9.8  to 17.8 months for the first‑generation 
drug, the mDoR was extended from 10.9  to 16.4 months, 
the ORR was increased from 70.8 to 76.1%, the DCR was 
increased from 95.4  to 97.2% and the mOS was extended 
from 25.7  to 33.1 months. The proportion of grade 3 and 
aforementioned AEs was 54% in the osimertinib group and 
28% in the other EGFR TKIs group. The common AEs were 
decreased neutrophil, platelet and with blood counts, as well 
as rash. However, changes in the severity of these AEs did 
not result in any clinically significant sequelae. In addition to 
the aforementioned AEs, interstitial lung disease (ILD) is a 
potentially fatal side effect, but its incidence is only 3.3% (in 
the aforementioned study, the incidence of ILD was 3%), and 
the probability of progression to a life‑threatening state was 
only 0.5%. There are even fewer reported and documented 
cases (44). In addition, in patients with central nervous system 
(CNS) metastasis, mPFS was not reached in the osimertinib 
group, while it was 13.9 months in the standard EGFR‑TKI 
group and the hazard ratio (HR) was 0.48. CNS progression 
occurred in 20% of patients in the osimertinib group vs. 
39% of patients in the standard EGFR‑TKI group. The data 
for osimertinib in China were generally consistent with the 
global data, except for the rate of grade 3 or higher AEs. In 
the global data, grade ≥3 AEs were 34% in the osimertinib 
group and 45% in the standard EGFR‑TKI group, but as 
aforementioned, the higher rate of AEs with osimertinib was 
primarily related to the reporting of laboratory abnormalities, 
and no new safety concerns or clinically significant sequelae 
were identified  (45‑47). From the aforementioned data, it 
was observed that in first‑line treatment, osimertinib offers 
a markedly greater advantage as a third‑generation targeted 
drug than the first‑generation targeted drug. Osimertinib can 
not only significantly prolong the PFS, but also control the 
metastasis and progression in the CNS. Therefore, for patients 
with EGFR mutation positivity in advanced lung cancer, 
osimertinib has established its unshakable position in the 
targeted treatment of NSCLC due to its improved efficacy and 
permeability to CNS metastatic patients. The subjects of this 
experiment come from multiple centers, different countries, 
and different ethnicities, and the reliability of the experimental 
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results is higher and more convincing. The overall data of 
the FLAURA trial in China revealed a consistent trend with 
global data, which has great reference value for the clinical 
application and scientific research of osimertinib in China.

Almonertinib (also named HS‑10296). The APPLLO 
(NCT02981108) trial was a phase 2, open‑label, single‑arm 

clinical study in China, evaluating the efficacy and safety 
of almonertinib as a second‑line treatment for patients with 
T790M mutations after disease progression treated with first 
and second‑generation EGFR‑TKI (48,49). In the aforemen‑
tioned study, the ORR of almonertinib was 68.9%, DCR 
was 93.4%, mDoR was 15.1 months, PFS was 12.4 months 
and mOS had not yet been reached. The most common AEs 

Figure 3. Mechanisms of EGFR action and resistance mechanisms of first‑generation and third‑generation targeted drugs. (A) EGFR, its ligands and ATP. 
(B) After binding to its ligand, EGFR is activated to form a dimer. (C) EGFR mutations, which no longer depend on receptor activation, causes the downstream 
signaling pathway to be continuously activated and eventually leads to carcinogenesis. (D) The first‑generation targeted drugs competitively bind to the 
tyrosine kinase domain of ATP, reducing the binding capacity of this domain to ATP. (E) EGFR T790M mutation, the binding ability of the first generation of 
targeted drugs is weakened, ATP binding ability is enhanced, and drug resistance occurs. (F) The third generation of targeted drugs binds irreversibly to C797 
residue. (G) EGFR C797S mutation and resistance to third‑generation targeted drugs occurred.
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were the elevation of blood creatine phosphokinase (CPK) 
level (20.9%), rash (13.9%), and aspartate transaminase (AST, 
12.3%), among which 16.4% were patients with ≥grade 3 AEs. 
In addition, almonertinib also has a favorable blood‑brain 
barrier permeability, which has a favorable therapeutic 
effect on patients with CNS metastasis. The CNS‑ORR was 
60.9%, CNS‑DCR was 91.3%, CNS‑mDoR was 12.5 months 
and CNS‑mPFS was 11.8 months. It can be concluded that 
almonertinib is a third‑generation targeted drug with excel‑
lent efficacy, strong tolerability, and improved CNS activity 
compared with the first and second‑generation drugs. Based 
on this result, almonertinib was approved in China for the 
treatment of patients with NSCLC and EGFR T790M muta‑
tion. The limitations of the aforementioned study include the 
lack of a control group and participants from a single ethnic 
group, highlighting the need for further research.

The AENEAS (NCT03849768) trial was a phase 3, 
double‑blind, randomized clinical study in China, comparing 
the efficacy and safety of almonertinib and gefitinib as 
first‑line treatment for NSCLC EGFR mutation‑positive 
patients  (49‑51). The ORR and DCR of almonertinib were 
73.8 and 93.0%, respectively, similar to those of the gefitinib 
group (72.1 and 96.7%, respectively). However, almonertinib 
significantly prolonged the patient's mPFS and mDoR, with 
mPFS extending from 9.9 to 19.3 months, and mDoR extending 
from 8.3 to 18.1 months, both extending for nearly 10 months. 
The mOS of both experimental groups had not yet been reached. 
The most common AEs were elevated blood CPK (35.5%), 
elevated AST (29.9%) and elevated alanine transaminase (ALT) 
(29.4%). Among them, 36.4% of patients in the almonertinib 
group had AEs of grade 3 or above and 35.8% of patients had 
AEs common to gefitinib. Notably, almonertinib significantly 
reduced the incidence of skin and gastrointestinal AEs and 
improved the quality of life of patients by inhibiting wild‑type 
EGFR. In addition, almonertinib also had favorable efficacy in 
patients with CNS metastasis, with a CNS‑mPFS of 15.3 months, 
which is >7 months than the gefitinib group (8.2 months), 
winning patients a longer survival period and more treatment 
opportunities. Compared with osimertinib, although the mOS 
of CNS in the osimertinib group was not reached, the favorable 
CNS activity of almonertinib was also demonstrated by the 
decrease in the HR of almonertinib compared with osimertinib, 
which dropped from 0.48 to 0.38. The aforementioned data indi‑
cated that in first‑line treatment, almonertinib can exert greater 
advantages than the first‑generation targeted drug gefitinib. In 
conclusion, almonertinib is a third‑generation EGFR TKI with 
favorable efficacy and tolerability. The limitation of this trial 
was that the participants were all of the same ethnicity, whilst 
there may be certain differences between different countries 
and ethnicities. Additional research is required before it can be 
promoted on a global scale.

Furmonertinib (also named AST2818). The ALSC003 
(NCT03452592) trial was a phase 2, open‑label, single‑arm 
clinical study in China, evaluating the efficacy and safety 
of furmonertinib as a second‑line treatment in patients with 
advanced NSCLC and EGFR T790M mutation  (52). The 
clinical trial demonstrated that the ORR of furmonertinib was 
74%, DCR was 94%, mPFS was 9.6 months and mDoR was 
8.3 months, whereas mOS was not reached. For patients with 

CNS metastasis, furmonertinib also had favorable efficacy, 
with 66% CNS‑ORR and CNS‑100% DCR. During treatment, 
26% of patients experienced grade 3 or above AEs, with the 
most common being increased γ‑glutamyltransferase, AST 
and ALT. In terms of mPFS, furmonertinib and osimer‑
tinib exhibited similar results, but both were inferior to 
almonertinib. In terms of CNS efficacy, furmonertinib and 
almonertinib are both third‑generation EGFR TKIs with 
favorable blood‑brain barrier permeability activity. The data 
indicated that furmonertinib has favorable efficacy and safety 
as a second‑line treatment of progression after first‑generation 
or second‑generation drug treatment in patients with NSCLC. 
The limitation of this clinical trial lies in the absence of a 
control group and a single‑subject population. Further verifi‑
cation is required due to potential variations among different 
countries and races.

The FLAG (FURLONG, NCT03787992) trial was a 
phase 3, double‑blind, randomized clinical study in China, 
comparing the efficacy and safety of furmonertinib and gefi‑
tinib as first‑line treatment for patients with locally advanced 
or metastatic EGFR mutated NSCLC (53,54). ORR was similar 
to furmonertinib vs. gefitinib (89 vs. 84%), and DCR was 96 vs. 
93%. The mPFS for furmonertinib was 20.8 months, while that 
for gefitinib was 11.1 months. Compared with gefitinib, furmon‑
ertinib extended the mPFS by nearly 10 months. The mDoR 
was also significantly prolonged in the furmonertinib group 
from 11.0 to 19.7 months in the gefitinib group. In the trial, 11% 
of patients in the furmonertinib group experienced ≥grade 3 
AEs, while 18% were in the gefitinib group. Among them, the 
most common AE of higher than grade 3 in the furmonertinib 
group was ECG QTc interval prolongation and diarrhea. 
In addition, furmonertinib has excellent effects on patients 
with CNS metastasis, with 89% CNS‑ORR, 96% CNS‑DCR, 
19.7  months CNS‑DoR and 18.0  months CNS‑mPFS. The 
mPFS of furmonertinib was higher than that of osimertinib 
and almonertinib, and the HR was the lowest among the three, 
which was sufficient to prove the favorable efficacy of furmon‑
ertinib. At the same time, furmonertinib had favorable safety, 
and CNS penetration activity was also improved compared with 
the almonertinib group. The aforementioned data indicated that, 
compared with first‑generation EGFR TKIs, furmonertinib 
has a significant therapeutic effect on patients with advanced 
EGFR‑positive mutations, and has favorable effects on patients 
with CNS metastasis. The AEs were reduced compared with 
gefitinib, providing an emerging treatment option for patients 
with EGFR‑positive NSCLC in recent years. The limitations of 
this trial were similar to those of the AENEAS trial with almo‑
nertinib and there was a problem of a single‑subject population 
that requires further research.

Olmutinib (also named HM61713). The ELUXA1 
(NCT02485652) trial was a phase 2, open‑label, single‑arm, 
multicenter clinical study, evaluating the efficacy and safety 
of olmutinib as a second‑line treatment in patients with 
T790M‑positive NSCLC (55). In this trial, the ORR of olmu‑
tinib was 51.9%, DCR was 86.4%, mDoR was 12.7 months, 
mPFS was 9.4 months and mOS was 19.7 months. The data 
indicated that the efficacy of olmutinib was acceptable, 
but 48.2% of patients have experienced more than grade 3 
drug‑related AEs. Due to the high incidence of AEs and 
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severe skin toxicity (including toxic epidermal necrolysis 
and Stevens‑Johnson syndrome), further ELUXA trials were 
discontinued (56). In April 2018, the development of olmutinib 
was terminated (16).

Lazertinib (also named YH25448). The LASER201 
(NCT03046992) tr ial was a phase 1/2, open‑label, 
single‑arm, multicenter clinical study, evaluating the efficacy 
and safety of lazertinib as a second‑line treatment in patients 
with EGFR mutation‑positive advanced NSCLC (57,58). The 
results demonstrated that the ORR of lazertinib was 55.3%, 
DCR was 89.5%, mDoR was 17.7 months and mPFS was 
11.1 months, while mOS was not reached. Among patients 
with CNS metastasis, the ORR was 85.7%, DCR was 100%, 
mDoR was 15.1 months and PFS was 26.0 months. The most 
surprising aspect of the data was the mPFS of patients with 
CNS metastasis, which exceeds 2 years. Lazertinib exhib‑
ited a very favorable blood‑brain barrier penetration effect. 
Grade 3 or higher AEs occurred in 34.6% of the patients in 
the trial. The most common AEs were rash (38.5%), pruritus 
(34.6%), paresthesia (33.3%), headache (28.2%) and muscle 
spasms (28.2%). In conclusion, lazertinib had a manageable 
safety profile and durable antitumor activity, especially CNS 
activity, with the longest mPFS among the third‑generation 
EGFR TKIs.

The LASER301 (NCT04248829) trial was a phase 
3, double‑blind, randomized, multicenter clinical study, 
comparing the efficacy and safety of lazertinib and gefitinib 
as first‑line treatment for patients with NSCLC and EGFR 
mutations  (59). The ORR was 76% in both lazertinib and 
gefitinib groups. DCR was 93.9%. mDoR was 19.4 months in 
the lazertinib group and 8.3 months in the gefitinib group. 
mPFS was 20.6 months and 9.7 months, respectively, and 
mOS was not reached. In patients with baseline brain metas‑
tases, mPFS was 16.4 months with lazertinib and 9.5 months 
with gefitinib. Treatment‑related AEs of grade 3 or greater 
occurred in 41% of the patients in the lazertinib group and 
44% of those in the gefitinib group. The most common AEs 
were paresthesia (39%), rash (36%), pruritus (27%) and diar‑
rhea (26%). This trial identified that, compared with gefitinib, 
lazertinib significantly improved PFS and had favorable 
activity in patients with brain metastases, with a manageable 
safety profile. The efficacy of lazertinib was similar to that 
of osimertinib, almonertinib and furmonertinib, and all of 
them provide improved survival benefits to patients. This trial 
was the second, after osimertinib, to successfully compare 
a third‑generation EGFR‑TKI with a first‑generation EGFR 
TKI as first‑line therapy for patients with EGFR‑positive 
mutations. This trial included both Asian and non‑Asian 
populations, and the results were more representative. At 
the same time, the two subgroups also showed a consistent 
trend, which provides strong support for the application of the 
drug in China in the future. More surprisingly, according to 
the latest research results released at the time of writing, the 
combination of lazertinib and amivantamab is expected to 
break the resistance of Osimertinib (60).

Nazartinib (also named EGF816). The NCT02108964 trial 
was a phase 2, open‑label, single‑arm, multicenter clinical 
study, evaluating the efficacy and safety of nazartinib in the 

first‑line treatment of patients with NSCLC (61). The research 
revealed that the ORR of nazartinib was 69.0%, DCR was 
91.0%, mDoR was 25 months and mPFS was 18 months, while 
mOS was not reached. In addition, the drug showed favorable 
efficacy in patients with brain metastasis, with CNS‑ORR of 
67%, CNS‑mDoR of 15 months, and CNS‑mPFS of 17 months. 
In this trial, 31% of patients experienced grade 3 or above AEs, 
with the most common being macular papules (11%), elevated 
lipase (11%) and hypokalemia (7%). Nazartinib demonstrated 
favorable efficacy and controllable safety, and it can also be 
well controlled in those patients with baseline brain metas‑
tases and is a promising third‑generation EGFR TKI, which is 
worth further research and development.

NCT03529084 is a phase 3, open‑label, randomized, 
multicenter clinical study, comparing the efficacy and safety 
of nazartinib vs. gefitinib or erlotinib as first‑line treatment in 
patients with locally advanced or metastatic NSCLC carrying 
EGFR‑activated mutations. However, the study was withdrawn 
before the subjects were enrolled.

Rociletinib (also named CO1686). The TIGER‑2 trial 
(NCT02147990) was a phase 2, open‑label, single‑arm, multi‑
center clinical study, evaluating the safety and efficacy of 
rociletinib as second‑line EGFR TKI in patients with mutant 
EGFR NSCLC. The research evidenced that rociletinib has an 
improved therapeutic effect when received orally at a dose of 
500 mg compared with a dose of 625 mg. The ORR of the 
500 mg dose group was 34.0%, DCR was 76.3%, mDoR was 
9.1 months and mPFS was 5.9 months. Compared with other 
third‑generation targeted drugs, the therapeutic effect of this 
drug was not significant.

The TIGER‑1 (NCT02186301) trial was a phase  2/3, 
open‑label, randomized, multicenter clinical study, comparing 
the efficacy and safety of rociletinib vs. erlotinib as first‑line 
treatment for advanced or metastatic NSCLC with EGFR 
mutations. Multiple sets of data for the 500 mg group could 
not be calculated due to the unavailability of the upper limit, 
but mPFS and mDoR were worse in both the 500 and 625 mg 
groups than in the erlotinib group, which is a relatively unex‑
pected result. Due to the high incidence of hyperglycemia 
(34%) and QT prolongation (11%) among the tertiary adverse 
reactions of rociletinib, and the lower efficacy compared with 
other third‑generation targeted drugs, the FDA postponed 
the approval of the drug with a 12:1 vote. After the results 
of the TIGER‑3 (17) trial were released, the drug was ulti‑
mately discontinued in May 2016 due to the high incidence of 
AEs (8,16).

Other third‑generation targeted drugs. The NCT02330367 
trial of abivertinib (AC0010) was a phase 1/2, open‑label, 
single‑arm, clinical study in China, evaluating the efficacy 
and safety of abivertinib as second‑line treatment in patients 
with NSCLC who had previously received treatment and 
had EGFR T790M mutations. The ORR was 52.2%, DCR 
was 88.0%, mDoR was 8.5 months, mPFS was 7.5 months, 
mOS was 24.9 months, and treatment‑related AEs of grade 3 
or above were 32.6% (62,63). The most common AEs were 
elevated ALT (7.0%), elevated AST (4.8%), diarrhea (4.4%) 
and neutropenia (3.5%). The aforementioned data indicated 
that abivertinib had favorable therapeutic effects, especially 
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mOS, which had the longest mPFS among the drugs aforemen‑
tioned. The NCT03856697 trial was a phase 3, double‑blind, 
randomized, clinical study in China, comparing the efficacy 
and safety of abivertinib vs. gefitinib as first‑line standard 
treatment EGFR‑TKI in advanced NSCLC with sensitive 
EGFR mutations, but no results have been published yet.

The SOLAR (NCT02588261) trial of naquotinib 
(ASP8273) was a phase 3, open‑label, randomized multicenter 
clinical study, comparing the efficacy and safety of naquotinib 
vs. gefitinib or erlotinib as first‑line treatment. In this trial, the 
ORR of naquotinib was 33.0%, DCR was 62.0%, mDoR was 
~9.2 months, mPFS was ~9.3 months, and drug‑related grade 3 
or above AEs were 46.0%. However, the ORR of the gefitinib 
or erlotinib group was 47.9% and PFS was 9.6 months. The 
DCR and mDoR were similar in both groups. From the results, 
it can be easily observed that the efficacy of naquotinib is 
limited and even cannot reach that of the gefitinib or erlotinib 
group, and the toxicity is significant. Therefore, the trial was 
terminated by the independent disease monitoring committee 
in May 2017. However, in a Phase 2 study (64), it was found that 
the ORR and DCR of naquotinib were 45 and 94%, indicating 
acceptable efficacy. However, the number of participants in the 
study was relatively small and there may be some deviation. 
The drug has currently been discontinued.

The NCT03812809 trial of rezivertinib (BPI‑7711) was a 
phase 2, open‑label, single‑arm clinical study in China, evalu‑
ating the efficacy and safety of rezivertinib as second‑line 
treatment in patients with NSCLC who had advanced and 
confirmed EGFR‑sensitive mutations and EGFR T790M posi‑
tive mutations after previous EGFR‑TKI treatment (65). The 
results revealed that the ORR of rezivertinib was 64.6%, DCR 
was 89.8%, mDoR was 12.5 months, mPFS was 12.2 months 
and mOS was 23.9 months. The proportion of grade 3 and 
above AEs in the trial was 19.9%. In addition, rezivertinib 
also demonstrated favorable efficacy in patients with CNS 
metastasis, with CNS‑ORR of 69%, CNS‑DCR of 100% and 
CNS‑mPFS of 16.6 months. In conclusion, as a second‑line 
treatment, rezivertinib showed favorable antitumor effect, high 
safety and favorable CNS penetration activity. Rezivertinib is 
a third‑generation EGFR TKI with great development poten‑
tial in the future. The NCT03866499 trial is a randomized, 
double‑blind, phase 3 trial that evaluated the efficacy and 
safety of rezivertinib compared with gefitinib as a first‑line 
treatment in NSCLC patients with advanced EGFR mutations. 
The trial is expected to be completed by October 2023.

In addition, there are various third‑generation targeted 
drugs, including mavelertinib (PF‑06747775) (65), limertinib 
(ASK120067)  (66,67), befotertinib (D‑0316)  (68), olafer‑
tinib (CK‑101/RK518), keynatinib (16), SH‑1028 (69,70) and 
TAS‑121 (71), which are all under development and trial.

5. Comparison of drug efficacy and clinical plan 
recommendations

By comparing the phase 2 and second‑line treatment trials of 
third‑generation targeted drugs such as the AURA17 trial and 
the APOLLO trial, it was found that the data on mPFS and 
grade 3 and above AEs of almonertinib were more prominent 
than those of other third‑generation drugs; especially mPFS, 
which was extended by 2.7 months compared with osimertinib 

and 9.8 months compared with furmonertinib. The probability 
of grade 3 and above AEs is currently the lowest among the 
drugs mentioned in the present review, which was 8.6% lower 
than osimertinib and 31.8% lower than olmutinib. The ORR 
and DCR of furmonertinib are more prominent and the ORR 
of this drug is the only one that exceeds 70% of the other drugs 
discussed in the present review. The mDoR of lazertinib was 
extended by 7.8 months compared with osimertinib, 2.6 months 
compared with almonertinib, and 9.4 months compared with 
furmonertinib. In addition, lazertinib has excellent efficacy in 
patients with CNS metastasis and the CNS‑mPFS is markedly 
longer than other drugs. Abivertinib and rezivertinib have also 
shown favorable efficacy through longer OS, and rezivertinib has 
relatively fewer AEs. Therefore, for patients with NSCLC who 
can receive second‑line treatment, almonertinib, with its accu‑
racy, efficiency, and low toxicity, is expected to become the first 
choice for patients with T790M mutations who progress after 
treatment. In addition, for patients with CNS metastasis, lazer‑
tinib exhibited excellent blood‑brain barrier penetration efficacy 
in the LASER201 trial, with >2 years of mPFS. If subsequent 
or larger trials can confirm these results, lazertinib may bring 
greater benefits to patients with brain metastasis and become the 
first choice for such patients. China can also consider introducing 
and applying lazertinib to domestic patients. The comparison 
of the efficacy and safety of the aforementioned drugs as 
second‑line treatment for NSCLC is demonstrated in Fig. 4 and 
Table I. The comparison of the AEs of the aforementioned drugs 
as second‑line treatment for NSCLC is listed in Table III.

By comparing phase 3 and first‑line treatment trials with 
third‑generation targeted drug trials such as the FLAURA and 
AENEAS, the results revealed that third‑generation targeted 
drugs have improved efficacy, safety, CNS permeability and 
greater advantages compared with first‑generation targeted 
drugs. In the case of third‑generation EGFR‑TKIs, osimertinib 
still holds a very important position as the first‑line treatment 
for NSCLC, and ORR, DCR and OS all show favorable efficacy. 
The mPFS of both almonertinib and furmonertinib was slightly 
longer than that of osimertinib, with almonertinib extending 
by 1.5 months and furmonertinib extending by 3 months. In 
addition, furmonertinib also has excellent therapeutic effects on 
patients with CNS metastasis, with an ORR increase of 22% 
compared with osimertinib and an mPFS increase of 2.7 months 
compared with almonertinib. The biggest advantage of furmon‑
ertinib is the extremely low incidence of AEs, with 11% of 
patients experiencing grade 3 or above AEs, which is currently 
the lowest known rate, with a 17% decrease compared with 
osimertinib and a 25.4% decrease compared with almonertinib. 
The development of naquotinib was terminated due to its low 
efficacy and high adverse reaction rate. The similarity between 
the aforementioned third‑generation targeted drug trials is that 
the control group consists of first‑generation targeted drugs 
and the experimental group contains third‑generation targeted 
drugs. The authors of the present review found by comparing 
the data that osimertinib, almonertinib and furmonertinib 
have similar results and comparable efficacy. For patients with 
CNS metastasis, furmonertinib is the best choice. In addition, 
the lower incidence of AEs with furmonertinib leads to the 
conclusion that all three drugs are effective in patients receiving 
regular first‑line treatment for NSCLC, while furmonertinib 
is preferable in patients with CNS metastasis and those with 
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underlying diseases that cannot tolerate AEs. Due to the limita‑
tions of cross‑comparison of data derived from different trials, 
further research and verification is needed. The comparison of 
the efficacy and safety of the aforementioned drugs as first‑line 
treatment for NSCLC is shown in Fig. 5 and Table  II. The 
comparison of the AEs of the aforementioned drugs as first‑line 
treatment for NSCLC is presented in Table IV.

The ARCHER 1050 trial compared the efficacy and 
safety of dacomitinib and gefitinib as first‑line treatment 
for patients with EGFR mutation‑positive NSCLC  (72). In 
this trial, the ORR was similar to dacomitinib and gefitinib 
(75 vs. 72%), with mPFS of 14.7 and 9.2 months, and mDoR 
of 14.8 and 8.3 months, respectively. In this regard, the efficacy 
of dacomitinib is markedly improved compared with gefitinib, 
and the drug shows greater benefit in the Asian subgroup than 
in the non‑Asian subgroup, which is also the basis for the use of 
dacomitinib as the first‑line treatment for patients with EGFR 
mutations. However, grade 3 or higher AEs occurred in 63% 
of the patients in the dacomitinib group and 41% in the gefi‑
tinib group. The LUX‑Lung7 trial compared the efficacy and 
safety of afatinib with those of gefitinib as first‑line treatment 

for patients with EGFR mutation‑positive NSCLC (73). In this 
trial, afatinib was associated with some improvement in ORR 
(70 vs. 56%), DCR (91 vs. 87%), mPFS (11.0 vs. 10.9 months), 
mDoR (10.1 vs. 8.4 months) and mOS (27.9 vs. 25.0 months), but 

Table I. Comparison of the efficacy of the third generation EGFR‑TKIs as second‑line treatment.

	 mPFS (month)	 mOS (month)	 ≥3 AEs (%)	 CNS‑mPFS (month)

Osimertinib	 9.7	 23.2	 35	 ‑
Almonertinib	 12.4	 NA	 16.4	 11.8
Furmonertinib	 9.6	 NA	 26	 ‑
Olmutinib	 9.4	 19.7	 48.2	 ‑
Lazertinib	 11.1	 NA	 34.6	 26.0
Abivertinib	 7.5	 24.9	 32.6	 ‑
Rezivertinib	 12.2	 23.9	 19.9	 16.6
Befotertinib	 16.6	 NA	 29.3	 NA
Limertinib	 11.0	 NA	 34.6	 9.7

mPFS, median progression‑free survival; mOS, median overall survival; AEs, adverse events; NA, not applicable.

Figure 4. Comparison of the efficacy and safety of third generation EGFR tyrosine kinase inhibitors when used as second‑line treatment. mPFS, median 
progression‑free survival; mOS, median overall survival; AEs, adverse events; CNS, central nervous system.

Figure 5. Comparison of the efficacy and safety of third generation EGFR 
tyrosine kinase inhibitors when used as first‑line treatment. mPFS, median 
progression‑free survival; mOS, median overall survival; AEs, adverse 
events; CNS, central nervous system.

https://www.spandidos-publications.com/10.3892/or.2023.8675
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the improvement was not significant. Rates of grade 3 or higher 
AEs were also similar, 57% with afatinib and 52% with gefitinib. 
Although the efficacy of dacomitinib and afatinib is improved 
compared with the first‑generation EGFR TKIs, the incidence 
of grade 3 and above AEs of these two drugs was higher than 
that of the first‑generation EGFR TKIs. Therefore, the clinical 
utilization rate of the second‑generation EGFR TKIs decreases 
significantly after the emergence of the third‑generation EGFR 
TKIs.

6. Advantages and disadvantages of the third‑generation 
EGFR‑TKIs

Osimertinib is the first third‑generation targeted drug to be 
marketed, which is highly specific and selective compared 
with the first and second‑generation EGFR TKIs. In addition, 
osimertinib also can penetrate the blood‑brain barrier and has 
a favorable effect on patients with brain metastases. However, 
patients using osimertinib may experience a white blood cell 
count decrease, which may lead to the development of infectious 
diseases, especially bacterial infections. In addition, rash AE is 

also not to be ignored. According to the current data, almoner‑
tinib and furmonertinib have improved efficacy and few AEs 
compared with Osimertinib; however, the data on these two 
drugs are only available in China and there is a lack of global 
data, which represents a limitation. The AEs of furmonerftinib 
and almonertinib mainly regard the increase of blood CPK, 
ALT and AST, which may cause liver injury. The efficacy of 
lazertinib and osimertinib were comparable and the first‑line 
trial of lazertinib included both Asian and non‑Asian subgroups, 
making it more reliable; however, paresthesia differed from the 
other grade >3 AEs with lazertinib and the incidence of pulmo‑
nary embolism was relatively high. As a second‑line treatment, 
nazartinib has significant CNS activity, but first‑line results are 
not yet available. The advantages and disadvantages of other 
drugs will not be discussed in the present review.

7. Prospects

In summary, numerous trials revealed that the third‑generation 
EGFR‑TKIs have absolute advantages over the first genera‑
tion. The third‑generation EGFR‑TKIs have favorable efficacy, 

Table II. Comparison of the efficacy of third‑generation EGFR‑TKIs as first‑line therapy.

	 mPFS (month)	 mOS (month)	 ≥3 AEs (%)	 CNS‑mPFS (month)

Osimertinib	 17.8	 33.1	 54	 NA
Almonertinib	 19.3	 NA	 36.4	 15.3
Furmonertinib	 20.8	 NA	 11	 18.0
Nazartinib	 18	 NA	 31	 17
Lazertinib	 20.6	 NA	 41	 16.4

mPFS, median progression‑free survival; mOS, median overall survival; AEs, adverse events; CNS, central nervous system; NA, not applicable.

Table III. Comparison of adverse events when third‑generation EGFR‑TKIs were used as second‑line therapy.

	 Osimertinib	 Almonertinib	 Furmonertinib	 Lazertinib	 Abivertinib	 Rezivertinib

Leukopenia	 12.87	 4.51	 ‑	 ‑	 ‑	 7.1
Diarrhea	 29.24	 0	 ‑	 28.2	 61.2	 7.5
Nausea	 9.36	 6.15	 ‑	 16.7	 17.2	 ‑
Vomiting	 8.19	 0	 5	 11.6	 16.7	 10.6
Neutrophil count decreased	 7.02	 5.74	 6	 ‑	 23.3	 18.6
Platelet count decreased	 11.11	 9.43	 6	 ‑	 24.2	 23.0
White blood cell count	 12.28	 12.3	 12	 ‑	 25.6	 27.9
decreased
Rash	 7.60	 13.9	 ‑	 38.5	 37.0	 8.8
Pruritus	 12.28	 10.7	 ‑	 34.6	 ‑	 8.8
Increased blood creatine	 ‑	 20.9	 ‑	 ‑	 ‑	 8.4
Increased alanine	 ‑	 11.9	 15	 12.8	 64.8	 11.9
aminotransferase
Increased aspartate	 ‑	 12.3	 16	 14.1	 57.3	 16.4
aminotransferase
Prolonged	 ‑	 ‑	 15	 ‑	 19.4	 5.3
electrocardiogram
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controllable safety and strong drug activity against CNS metas‑
tasis in the treatment of patients with advanced EGFR mutations 
and T790M mutations in NSCLC. However, each drug also has 
its advantages and disadvantages, and suitable drugs should be 
selected according to the different conditions of patients. In addi‑
tion, various third‑generation EGFR‑TKIs, including limertinib 
(ASK120067), rezivertinib (BPI‑7711) and abivertinib (AC0010), 
are also under intense research and experimentation. In the 
future, more effective targeted drugs will emerge, providing 
more choices for NSCLC. But whether it is the first, second or 
third‑generation drugs, drug resistance will occur after a period 
of treatment. At present, there are solutions for drug resistance, 
such as third‑generation combination with first‑generation or 
second‑generation targeted drug therapy, such as osimertinib 
combined with gefitinib (NCT03122717), osimertinib combined 
with dacomitinib (NCT03810807) and nazartinib combined with 
gefitinib (NCT03292133); the combination of EGFR third‑gener‑
ation targeted drugs with other targeted drugs, such as osimertinib 
and anlotinib (74); fourth‑generation targeted drugs, such as 
EAI045 (75), OBX02‑011 (76), LS‑106 (77) and CH7233163 (78). 
The research on the mechanism of third‑generation drug resis‑
tance is currently mainly focused on osimertinib and there is very 
little research on other drug resistance mechanisms. Therefore, 
the research on drug resistance mechanisms and response strate‑
gies after drug resistance remain urgent challenges that need 
further attention. Further research and exploration by medical 
and scientific researchers are needed to provide improved solu‑
tions for individualized and precise treatment of tumors.
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Diarrhea	 24	 16.4	 27	 26
Nausea	 14	 10.7	 ‑	 ‑
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Neutrophil count decreased	 24	 13.6	 11	 ‑
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White blood cell count decreased	 41	 23.8	 15	 ‑
Rash	 37	 23.4	 17	 36
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