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Abstract. A substantial (40-60%) proportion of patients with
non-small cell lung carcinoma (NSCLC) have epidermal growth
factor receptor (EGFR) mutations, a crucial therapeutic target in
NSCLC. Treatment strategies for patients with advanced-stage
NSCLC have markedly changed, from the empirical use of
cytotoxic agents to targeted regimens. EGFR tyrosine kinase
inhibitors (TKIs), the first-line therapy for advanced NSCLC,
are reported to be the most effective. Although progression-free
survival (PFS) and objective response rates have long been used
as endpoints, meeting these endpoints may not necessarily coin-
cide with an increase in overall survival (OS) among patients
with advanced lung cancer. Recently, the FLAURA study with
the third-generation, irreversible, oral EGFR-TKI, osimertinib,
demonstrated an extended median OS by 6.8 months compared
with standard EGFR-TKIs, with a 20% reduction in the risk
of mortality [osimertinib, 38.6; EGFR-TKIs, 31.8; hazard
ratio (HR), 0.80; 95% confidence interval (CI), 0.641-0.997,
P=0.046]; this was in addition to meeting the primary endpoint
of clinically and statistically significant PFS. Osimertinib was
also shown to lead to a statistically significant reduction in
the risk of central nervous system disease progression (HR,
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0.48; 95% CI, 0.26-0.86; P=0.014). Notably, 28% of patients
remained on osimertinib treatment for 3 years, considerably
longer than those in the comparator group (9%). The duration
of first subsequent treatment with osimertinib was 25.5 months
compared with 13.7 months with standard EGFR-TKIs (HR,
0.478; 95% CI, 0.393-0.581; P<0.0001). Thus, the long-term
OS benefit with first-line osimertinib highlights a promising
option in the management of stage IV NSCLC. The present
narrative review compares the OS benefit of first-, second- and
third-generation EGFR-TKIs for patients with stage IV EGFR
mutation-positive NSCLC and discusses their role in disease
management.
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Introduction

Recent progress in the molecular biology of non-small cell
lung cancer (NSCLC) has led to the identification of diverse
molecular mutations based on driver oncogenes, such as
epidermal growth factor receptor (EGFR) and anaplastic
lymphoma kinase (ALK) translocation. EGFR is one of
the most common mutations, and a crucial therapeutic
target in NSCLC. Sensitizing mutations in exon 21 (L858R
exon 21-point mutation) and exon 19 (exon 19 deletions)
activate the tyrosine kinase domain in EGFR, which promote
the continuous uncontrolled cell growth, proliferation and
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metastasis of tumor cells in NSCLC. The prevalence of EGFR
mutation (EGFRm) is lower among Caucasian (15-18%) than
among Asian (36-40%) and Indian (22-26%) populations (1-3).

EGFR-tyrosine kinase inhibitors (TKIs) demonstrate
clinical responsiveness by potentially blocking the cell
signaling pathways responsible for EGFR-mutated tumor
cell growth (4). The first- and second-generation EGFR-TKIs
have exhibited efficacy as first-line therapy for patients with
NSCLC with EGFRm; however, the emergence of resistance
in patients is inevitable (5,6). The T790M mutation in exon
20 of EGFR is the most common (50-70% of tumors) mecha-
nism for secondary resistance to first-line EGFR-TKIs (7,8).
In addition, human epidermal growth factor receptor (HER2)
amplification and HER2 mutation have also been reported in a
subset of EGFR-TKI-resistant lung tumors (9). Osimertinib is
a third-generation, irreversible, oral EGFR-TKI that potently
and selectively inhibits both EGFRm and EGFR T790M. It has
demonstrated efficacy in NSCLC with central nervous system
(CNS) metastases (10). Previous clinical trials on EGFR-TKIs
have primarily focused on response rates and progression-free
survival (PFS) as endpoints in NSCLC. Although, currently
approved first-, second-, and third-generation EGFR-TKIs
have demonstrated favorable response rates and PFS in
NSCLC, the overall survival (OS) benefits have been marginal
with most of the TKIs (11). OS, historically considered as the
gold standard endpoint for establishing the efficacy in medical
oncology due to its objectivity, reliability and precision, is
defined as the time from randomization to mortality (12). An
increase in PFS may not necessarily result in an increase in OS
among patients with locally advanced or metastatic NSCLC.
However, recent developments with the use of third-generation
TKIs have provided promising results in terms of OS benefits
in NSCLC. The present narrative review compares the OS
benefits of first-, second- and third-generation EGFR-TKIs
for patients with stage IV EGFRm NSCLC and discusses
their role in disease management. Relevant publications
in the English language that reported the clinical efficacy
and safety of EGFR-TKIs were identified by searching the
PubMed, Google Scholar and Embase databases. Articles on
clinical trials and real-world evidence, along with publications
from major oncology societies, such as European Society of
Medical Oncology (ESMO) and National Comprehensive
Cancer Network (NCCN), were included in the present review.

Role of TKIs in the treatment of stage 1V EGFR-mutated
NSCLC. Treatment algorithms for NSCLC have markedly
changed over the past few years with the introduction of
targeted therapies. The current scenario of treatment for
stage IV NSCLC will continue to evolve with emerging
clinical and preclinical data explaining the mechanisms
responsible for the observed clinical outcomes. The treatment
algorithm for stage IV NSCLC with EGFR-activating muta-
tion as recommended by the ESMO 2019 and NCCN 2020
guidelines is presented in Fig. 1 (13,14).

2. First- and second-generation EGFR-TKIs vs. chemo-
therapy

The first-generation TKIs, including gefitinib and erlotinib,
interrupt EGFR signaling by blocking receptor tyrosine
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kinase activity by reversibly binding at or near the adenosine
triphosphate binding site on the intracellular kinase domain.
Second-generation TKIs, including afatinib and dacomitinib,
are irreversible inhibitors, which bind covalently to the tyrosine
kinase site. Several articles have elaborated the mechanisms
of action and individual characteristics of EGFR-TKIs in
detail (11,15,16). Gefitinib received an accelerated approval
by the United States Food and Drug Administration (FDA) in
2003 as a monotherapy for NSCLC following the failure of both
platinum-based and docetaxel chemotherapies based on the
results from Iressa Pan-Asia Study (IPASS) and NEJOO2 study
(Table I) (17,18,22). Similarly, the EURTAC and ENSURE
trials reported a better response rate and PFS with erlotinib
compared with standard chemotherapy (Table I) (26,28).
The LUX-Lung 3 and LUX-Lung 6 trials demonstrated a
significantly longer PFS with afatinib compared with chemo-
therapy (Table I) (29,31). Table I shows the landmark trials and
clearly demonstrates superior objective response rate (ORR),
and PFS with EGFR-TKIs compared with former standard
treatment of chemotherapy.

LUX lung 7, a global randomized trial, revealed the
superiority of afatinib compared with gefitinib as the first-line
treatment in terms of improved PFS and time to treatment
failure. The ARCHER 1050 study reported a favorable PFS
for dacomitinib compared with gefitinib. A higher magnitude
of PFS benefit was observed with dacomitinib as demonstrated
in the ARCHER 1050 study (Table II) (34,36).

Overall survival with first- and second-generation TKIs.
Despite the PFS benefit, a greater number of clinical trials
for first- and second-generation EGFR-TKIs have reported
either a null or a marginal benefit for OS compared with
chemotherapy. The NEJOO2 trial reported a similar median
OS for gefitinib and carboplatin-paclitaxel [27.7 months vs.
26.6 months; hazard ratio (HR), 0.887; P=0.483], whereas the
EURTAC trial revealed a marginal (not statistically signifi-
cant) OS benefit with erlotinib vs. chemotherapy [22.9 months
vs. 19.6 months; HR, 0.92; 95% confidence interval (CI),
0.63-1.35; P=0.68] (Table I) (23,27). The LUX-Lung 3 (HR,
0.78; 95% CI, 0.58-1.06; P=0.11) and LUX-Lung 6 (HR, 0.83;
95% CI, 0.62-1.09; P=0.18) trials did not demonstrate an
improved OS with afatinib compared with standard chemo-
therapy (Table I) (30). The LUX-Lung 7 study revealed that
the median OS was numerically higher favoring afatinib
(27.9 months), albeit not statistically significant when
compared with gefitinib (25.0 months) (HR, 0.86; P=0.2580)
(Table II) (35). The ARCHER 1050 study assessed dacomi-
tinib compared with gefitinib in treatment-naive patients and
reported a median OS of 34.1 months with dacomitinib and
26.8 months with gefitinib, with an estimated HR of 0.760
(95% CI, 0.582-0.993; P=0.044) (Table II) (37). However, the
endpoint of OS was third in hierarchy for statistical analysis
following PFS and ORR. In addition, although the study
demonstrated a significant PFS benefit compared with the
control group, the ORR endpoint was not met. Hence, this OS
benefit cannot be considered significant per the hierarchical
approach of hypothesis testing. The United States FDA also
reported that the findings of ARCHER 1050 were not consis-
tent with an improvement in OS for dacomitinib (38). The
improvement in OS may be the effect of subsequent therapy
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Figure 1. Treatment algorithm for stage IV NSCLC with EGFR-activating mutation. The figure has been recreated from the European Society for Medical
Oncology (ESMO) 2019 and National Comprehensive Cancer Network (NCCN) 2020 guidelines (13,14). The asterisk symbol (*) indicates levels of evidence
as follows: I, evidence from at least one large randomized, controlled trial of good methodological quality (low potential for bias) or meta-analyses of
well-conducted randomized trials without heterogeneity; II, small randomized trials or large randomized trials with a suspicion of bias (lower method-
ological quality) or meta-analyses of such trials or of trials with demonstrated heterogeneity; III, prospective cohort studies; IV, retrospective cohort studies
or case-control studies; V, studies without a control group, case reports, or expert opinions. The ‘f’ symbol indicates grades of recommendation as follows:
A, strong evidence of efficacy with a substantial clinical benefit, strongly recommended; B, strong or moderate evidence of efficacy but with a limited clinical
benefit, generally recommended; C, insufficient evidence of efficacy or benefit does not outweigh the risk or the disadvantages (adverse events, costs), optional;
D, moderate evidence against efficacy or for adverse outcome, generally not recommended; E, strong evidence against efficacy or for adverse outcome,
never recommended. The lowercase letters indicate the following: a, ESMO-MCBS v1.1 score for new therapy/indication approved by the EMA since 1
January 2016; b, preferred option; ¢, MCBS score for the combination of bevacizumab with gefitinib or erlotinib; d, mot EMA-approved. PS, performance
status; cfDNA, cell-free DNA; EGFR, epidermal growth factor receptor; EMA, European Medicines Agency; MCBS, ESMO-Magnitude of Clinical Benefit
Scale; SRS, Stereotactic radiosurgery; SABR; stereotactic ablative radiotherapy.

the gefitinib group received additional treatment, primarily

following the discontinuation of study drugs, approximately
chemotherapy, whereas few patients received third-generation

50% of patients from the dacomitinib group and 62% from
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Table I. Continued.

(Refs.)

Median PFS (months) Median OS (months)

ORR (%)

Intervention arms

Study design

Name of study

(32,33)

Osimertinib, 26.8;

Osimertinib, 10.1;
platinum + pemetrexed, 4.4;

Osimertinib, 71%;

Second-line osimertinib vs.
platinum + pemetrexed

Randomized,
open-label,

AURA3

platinum + pemetrexed, 22.5;
HR, 0.87,95% CI,0.67-1.12;

platinum + pemetrexed, 31%

HR, 0.30; 95% CI,0.23-0.41;
P<0.001; median PFS CNS

OR, 5.39,95% CI, 3.47 to 8.48,

P<0.001

after first-line EGFR-TKI

therapy

phase 3 trial

0.277

P=

metastases: Osimertinib, 8.5;
platinum + pemetrexed, 4.2;
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HR, 0.32; 95% CI,0.21-0.49

CI, confidence interval; CNS, central nervous system; CR, complete response; EGFR TKI, epidermal growth factor receptor-tyrosine kinase inhibitor; HR, hazard ratio; NA, not available; NSCLC,

non-small cell lung cancer; OR, odds ratio; ORR, objective response rate; OS, overall survival; PES, progression-free survival; PR, partial response.

EGFR-TKIs as subsequent therapy (osimertinib, olmutinib,
rociletinib, avitinib and unspecified EGFR-TKIs). The patients
receiving subsequent third-generation EGFR-TKIs appeared
to survive longer than patients who received chemotherapy.

Challenges with first- and second-generation TKIs. Resistance,
brain metastasis and adverse events (AEs). Despite the initial
benefit, in at least half of patients treated with first- and
second-generation EGFR-TKIs, disease ultimately progresses
(after a median of 10-14 months) due to acquired resistance,
primarily in patients with the T790M mutation encoded by
exon 20 of EGFR (Tables I and II) (20,22,29,31,34,37). The
T790M mutation occurs in approximately 50-70% of tumors
with acquired resistance to EGFR-TKIs (7,8,39-43). Other
biological resistance mechanisms include MET amplification,
EGFR amplification, phosphatidylinositol-4,5-bisphosphate
3-kinase catalytic subunit alpha (PIK3CA) amplification,
HER2 amplification and histological transformation to small
cell lung cancer (44). Alongside the challenge of resistance, a
significant proportion of patients with EGFRm NSCLC (25%)
exhibit brain metastases at diagnosis, which further escalates
during the course of disease (45), leading to poor survival with
significant impairments in the quality of life (46,47). An insuf-
ficient crossing of EGFR-TKIs to sanctuary sites in CNS is
a crucial deficiency resulting in disease progression in CNS
with first- and second-generation EGFR-TKIs. In patients
carrying CNS metastases, both first- and second-generation
EGFR-TKIs exhibit limited efficacy due to the inadequate
ability to penetrate the blood-brain barrier, leading to low
concentrations in the cerebrospinal fluid and the relapse of
CNS metastases (48-51). Unfavorable toxicity profile with AEs,
including but not limited to, fatigue, rash, stomatitis, diarrhea
and elevated levels of alanine aminotransferase, is yet another
challenge associated with first- and second-generation TKIs
and may warrant dose reduction or drug discontinuation (11).
The higher toxicity to first- and second-generation EGFR-TKIs
is attributed to their higher affinity for the wild-type EGFR.
A comparative overview of the AEs for different EGFR-TKIs
has been provided in the studies by Doval et al (52), and
Shah and Shah (53).

3. Third-generation EGFR-TKIs

The limitations associated with first- and second-generation
EGFR-TKIs have paved the way for the development of
third-generation EGFR-TKIs, including osimertinib. The
third-generation agents are pyrimidine-based compounds
designed to target EGFR activating the T790M mutation in a
selective and irreversible manner, facilitating improved potency,
better safety and superior penetration into sanctuary sites
in CNS compared with earlier-generation EGFR-TKIs (54).
These TKIs exhibit better tolerance and a lower epithelial
toxicity due to poor wild-type EGFR activity compared with
earlier-generation EGFR-TKIs (55,56). Osimertinib inhibits
EGFR carrying T790M, dell9 and L858R mutations, with
least activity against the wild-type EGFR. Evidence from
pre-clinical studies has also demonstrated the antitumor effi-
cacy of osimertinib against multiple HER2 aberrations in lung
cancer, either as a single agent or in combination with the BET
inhibitor JQ1 (57).
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(osimertinib, 38.6; 95% CI, 34.5-41.8 vs. standard EGFR-TKIs
31.8; 95% CI, 26.6-36.0; HR for mortality, 0.80; 95% CI,
0.64-1.00; P=0.046) (71). The OS results for osimertinib and
comparator EGFR-TKIs at months 12, 24 and 36 were as
follows: Month 12, 89 vs. 83%; month 24, 74 vs. 59%; and
month 36, 54 vs. 44%. In addition, there was an improvement
in OS with osimertinib across the key patient subgroups.
However, the benefit varied in different subgroups, and the
largest numerical between-group differences were observed
between Asian and non-Asian patients (71) (Table IIT). Recent
evidence from the AURA3 study reported no statistically
significant benefit in the OS of patients with advanced NSCLC
with the T790M mutation for osimertinib vs. pemetrexed plus
carboplatin or cisplatin (median OS, 26.8 vs. 22.5 months; HR,
0.87; 95% CI, 0.67-1.12; P=0.277), possibly reflecting the high
crossover rate (73%) of patients from platinum-pemetrexed to
osimertinib (Table I) (33). The analysis after crossover adjust-
ment revealed an HR of 0.54 (95% CI, 0.18-1.6). However,
the time to first subsequent therapy or mortality revealed
a clinically meaningful advantage towards osimertinib
(HR, 0.21; 95% ClI, 0.16-0.28; P<0.001) (33).

5. CNS efficacy of osimertinib in patients with advanced
NSCLC

Previous studies, such as the LUX-Lung 3 and 6 studies have
primarily assessed systemic PFS in patients with NSCLC
carrying the EGFRm with CNS metastasis. Osimertinib is the
first EGFR-TKI to be evaluated for both systemic and intra-
cranial PFS in patients with CNS metastasis. The AURA3
study demonstrated a longer PFS (8.5 vs. 4.2 months), a
better CNS response rate (70 vs. 31%) and a longer duration
of response (8.9 vs. 5.7 months) with osimertinib compared
to chemotherapy in patients with CNS metastases (72).
Similarly, the FLAURA study revealed a longer CNS PFS
(irrespective of T790M) with osimertinib than with stan-
dard EGFR-TKIs (gefitinib or erlotinib), which increased
the time patients with CNS metastases lived without CNS
disease progression or time to mortality (median CNS PFS
was not reached with osimertinib and was 13.9 months with
standard EGFR-TKI therapy), alongside a reduced risk of
CNS progression by 52%; (HR, 0.48; 95% CI, 0.26-0.86;
P=0.014) (73).In addition, the CNS ORRs were 66 and 43% in
patients with measurable and/or non-measurable CNS lesions
[odds ratio (OR) 2.5; 95% CI, 1.2-5.2; P=0.011] treated with
osimertinib and standard EGFR-TKIs, respectively. CNS
progression was lower in the osimertinib group (20%) than in
the standard EGFR-TKI group (39%), whereas CNS progres-
sion from new CNS lesions was reported in 12% patients
in the osimertinib group and 30% patients in the standard
EGFR-TKI group. Thus, unlike other EGFR-TKIs, osimer-
tinib not only decreases, but also prevents CNS progression.
Having demonstrated a better efficacy and comparable
tolerability in patients with CNS metastases, osimertinib
can defer the need for whole-brain radiotherapy, which is
associated with AEs and may not improve survival or quality
of life (74,75). Empirical evidence from a real-world study
revealed clinically meaningful CNS efficacy of osimertinib,
with more than half of patients with EGFR T790M NSCLC
and CNS metastases responding to treatment (response rate

177

Table III. Hazard ratios for overall survival among subgroups
in the FLAURA study.

Subgroup Hazard ratio (95% CI)
Sex
Male 0.79 (0.55-1.14)
Female 0.79 (0.60-1.04)
Age
<65 years 0.72 (0.54-0.97)
=065 years 0.87 (0.63-1.22)
Race
Asian 1.00 (0.75-1.32)
Non-Asian 0.54 (0.38-0.77)

CNS metastases at trial entry

Yes 0.83 (0.53-1.30)

No 0.79 (0.61-1.01)
WHO performance status

0 0.93 (0.63-1.37)

1 0.70 (0.54-0.91)

EGFR mutation at randomization
Exon 19 deletion
L858R

0.68 (0.51-0.90)
1.00 (0.71-1.40)

A hazard ratio of <1.00 indicates a lower risk of death with osimer-
tinib than with the comparator EGFR-TKI. CI, confidence interval;
CNS, central nervous system; EGFR-TKI, epidermal growth factor
receptor-tyrosine kinase inhibitor. The table was reproduced from the
data of a previous study (39).

59%; 95% CI, 55-62%) (76). Similarly, a recent meta-analysis
demonstrated the effectiveness and safety of osimertinib for
patients with intracranial metastatic disease with CNS ORR
of 64%, CNS disease control rate of 90%, complete intracra-
nial response rates of 7-23%, and a median best decrease in
intracranial lesion size of -40 to -64% (77). Leptomeningeal
metastases (LM), occurring in approximately 9% of EGFRm
cases, (double of that among NSCLC population), further
intensify the burden of CNS metastasis. The phase I,
open-label BLOOM study demonstrated that osimertinib
exhibited clinically meaningful efficacy and manageable
safety in patients with EGFRm NSCLC and cytologically
confirmed LM who had progressed on EGFR-TKIs. The
study reported an ORR of 41% with a median duration of
response of 15.2 months. The median PFS and OS were
8.6 months (95% CI, 5.4-13.7 months) and 11.0 months
(95% CI, 8.0-18.0 months), respectively. Osimertinib also
led to an improvement of neurological symptoms and CSF
clearance in 57 and 28% of the patients, respectively (78).
Similar results were elucidated by the AURA LM analysis,
which exhibited a median LM PFS and OS of 11.1 months
(95% CI 4.6-Not calculable) and 18.8 months (95% CI,
6.3-NC), respectively (79). Recent evidence from phase II
and real-world studies also suggest that osimertinib may
be a promising treatment option for EGFRm NSCLC with
brain metastases and LM, regardless of the T790M mutation
status (80,81).
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Table I'V. Summary of results for time to first and second subsequent therapy from the FLAURA study.

Time to therapy and patients in the study

Osimertinib

Standard EGFR-TKI Hazard ratio (95% CI)

Time to first subsequent therapy or mortality
(median time in months, 95% CI)

Time to second subsequent therapy or mortality
(median time in months, 95% CI)

Patients remaining on initial study treatment

12 months 69.5%
24 months 42 .3%
36 months 28.0%

25.5(22.0-29.1)

31.1 (28.8-35.9)

13.7 (12.3-15.7) 0.48 (0.39-0.58); P<0.0001

234 (20.0-25.6) 0.69 (0.56-0.84); P=0.0003

47.3%
16.2%
9.4%

CI, confidence interval, EGFR-TKI, epidermal growth factor receptor-tyrosine kinase inhibitor.

6. Safety profile of osimertinib

Alongside better clinical efficacy, osimertinib has demon-
strated a favorable and consistent toxicity profile in the
FALURA study. Despite almost twice the length of therapy
(median exposure: Osimertinib, 20.7 months; EGFR-TKI,
11.5 months), fewer patients in the osimertinib group
experienced grade =3 AEs compared with the comparator
EGFR-TKI (42 vs. 47%) or discontinued treatment due to
AEs (15 vs. 18%) (71). The most common AEs in patients
treated with osimertinib were diarrhea (60%), rash (59%),
nail toxicity (39%), dry skin (38%) and stomatitis (29%).
Interstitial lung disease (ILD) was reported in 11 patients
(4%) in the osimertinib group and 6 (2%) in the standard
EGFR-TKI group; however, no fatal events of ILD were
reported in either group. Severe AEs of ILD occurred in
6 patients (2%) in the osimertinib arm and in 4 (1%) in the
comparator arm. Few patients had a fatal AE; 9 (3%) in
the osimertinib group and 10 (4%) in the comparator arm.
However, none of the deaths in the osimertinib arm and 2 in
the comparator arm were related to the treatment.

7. Subsequent therapies

The proportion of patients remaining on first-line study
treatment after 3 years was higher for osimertinib (28%)
than for standard EGFR-TKIs (9%) (Table 1V) (71). The
median time (months) to first subsequent treatment was
longer for osimertinib (25.5 months; 95% CI 22.0-29.1) than
for standard EGFR-TKIs (13.7 months; 95% CI 12.3-15.7)
(HR 0.48; 95% CI 0.393-0.581; P<0.0001) (Table IV) (71).
This is a crucial indirect measure highlighting how long
patients can potentially benefit from first-line osimertinib,
and can remain on a well-tolerated treatment. Moreover,
31% patients in the osimertinib group did not receive any
subsequent cancer treatment, while 48% received first
subsequent anticancer treatment, primarily chemotherapy
(Table IV) (71). A higher proportion (65%) in the standard
EGFR-TKI group received first subsequent anticancer treat-
ment, of which 47% received osimertinib. Additionally,
72 patients (26%) in the osimertinib group and 92 patients
(33%) in the comparator group received a second subsequent
therapy.

8. Clinical decision making

To maximize the clinical benefit of the different EGFR-TKIs,
it is imperative to strategize their optimal sequencing (82,83).
There is currently no evidence to ascertain at diagnosis
the patients who are likely to develop T790M following
treatment with first- or second-generation EGFR-TKIs. In
many developing countries, T790M testing is not routinely
conducted. Moreover, not all patients who progress on
first-line EGFR-TKIs will receive a subsequent second-line
treatment because of declining functional status. The results
from previous EGFR-TKI trials have revealed that only few
patients received post-progression treatment; the FLAURA
study demonstrated that 30% patients in both groups received
no subsequent therapy. Additionally, tissue or liquid biopsies
are not always feasible or successful owning to challenges of
tissue accessibility and patient performance status (84). In this
regard, the dual-pronged approach of osimertinib, including a
beneficial first-line therapeutic strategy for TKI-naive patients
with NSCLC and as second-line standard therapy in patients
with EGFR T790M mutations, irrespective of CNS metastasis,
can be favorable (85). A network meta-analysis of 25 studies
revealed that osimertinib seemed to be the most preferable
first-line treatment in advanced EGFR-mutated NSCLC (86).
Compelling evidence from the FLAURA study has demon-
strated that the clinically and statistically significant PFS and
intracranial efficacy benefit of osimertinib is compounded by
an extended median OS, with a 20% reduction in risk of death
and 52% reduction in risk of CNS progression (71). Longer
duration to first subsequent treatment, along with accept-
able toxicity and better quality of life outcomes, has placed
osimertinib as a favorable option in the first-line setting for
patients with EGFRm NSCLC. The recently released guide-
lines by both ESMO and NCCN have also recommended
first-line osimertinib as a preferred option for patients with
EGFRm, regardless of T790M mutation (Fig. 1) (13,14). A
cost-effectiveness analysis of osimertinib in the first-line
treatment of advanced EGFRm NSCLC using a Markov
cohort model estimated that osimertinib was more effective
in terms of quality-adjusted life-year gained than comparators
(erlotinib-gefitinib) (87). A real-world study among EGFRm
patients has demonstrated comparable health utility scores
and toxicity profiles between osimertinib and gefitinib. This
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supports the more favorable safety profile of osimertinib for
guiding economic analyses going forward (88).

9. Future perspectives

In this era of precision medicine, optimized treatment
sequencing and enhanced patient selection accounting for
clinical and molecular characterization form the corner-
stone for improved patient outcomes. The development of
patient-centric strategies comprising of potent therapies,
such as osimertinib, alone or together with other combination
drugs, is crucial for attaining the ultimate goal of clinical
outcomes. Furthermore, monitoring disease evolution using
liquid biopsy is important to evaluate changes in circulating
tumor DNA, mutation burden, the detection of cancer
progression, and the development of drug resistance (89).
Met amplification is the most common resistance mechanism
to osimertinib therapy (first-line, 7-15%; second-line, 5-50%)
alongside other mechanisms, such as C797S (first-line, 7%;
second-line, 10-26%) and PIK3CA mutations (first-line,
7%; second-line, 5%) (90). The identification of targeted
treatment options following the failure of osimertinib
and T790M-independent acquired resistance to first- and
second-generation EGFR-TKIs is an unmet medical need.
The current NCCN guidelines recommended continuing
osimertinib or switching to first-line systemic therapy for
patients progressing on first-line osimertinib (Fig. 1) (14).
An enhanced understanding on the resistance mechanisms
with first-line osimertinib and potential combination strate-
gies may help delay the resistance and provide therapeutic
benefits after resistance is acquired. Apart from EGFR, the
upregulation of other oncogenic pathways acts as a common
resistance mechanism to tyrosine-kinase inhibition. Multiple
clinical studies are evaluating EGFR-TKIs (including
osimertinib) in combination with agents targeting pathways,
such as MET, MAPK, BCL-2, and JAK activation. The
NEJOO9 trial, a single country study from Japan, demon-
strated a significantly better PFS, with a longer median
survival time (52.2 months) for the combination therapy of
gefitinib with carboplatin and pemetrexed, compared with
gefitinib monotherapy (38.8 months; HR, 0.695; P=0.013)
(Table V) (91). Similarly, the RELAY study reported a
significantly prolonged PFS with the combination therapy
of ramucirumab plus erlotinib (Table V) (92). However,
few studies of combination therapies with first-generation
TKIs have reported PFS benefit at the cost of increased
toxicity (Table V) (93,94). In this regard, the combination
with osimertinib may be deemed favorable. Osimertinib
has been combined with JAK 1 inhibitors, interrupting
signaling of the JAK/STAT pathway, in a second-line study
in T790M-mutant patients (95). Several other phase 1 and 2
clinical trials are currently evaluating the efficacy of osimer-
tinib with combination drugs such as dasatinib, sapanisertib,
glutaminase inhibitor CB-839 hydrochloride, necitumumab,
navitoclax, and anlotinib (96-101). ORCHARD, a phase 2
platform study in patients with advanced NSCLC and disease
progression on first-line osimertinib therapy, is evaluating
the efficacy and safety of osimertinib with savolitinib, gefi-
tinib, and necitumumab (102). An early phase study to assess
combination therapy of osimertinib with brigatinib that
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prolong the C797S/T790M/activating-mutation-mediated
resistance to osimertinib is underway (103). Furthermore,
studies to assess combination therapies with osimertinib with
chemotherapy (FLAURA 2) in patients with metastases, and
savolitinib (SAVANNAH) to address MET resistance (after
prior osimertinib therapy) are ongoing (104,105).

10. Conclusion

A better understanding of the involved genomic mechanisms
in NSCLC has paved the way for target pathways and multiple
treatment approaches. Patient characterization, precision
therapy tailored according to the patient risk, regular moni-
toring for disease progression, and overcoming resistance
are imperative to improve survival in patients with advanced
NSCLC. While a number of the recent clinical trials for
NSCLC have PFS as the designated surrogate endpoint for
0S8, its validity has been questioned, particularly when the
magnitude of PFS benefit is limited. OS is an unambiguous
and reliable endpoint providing confirmatory evidence of
drug efficacy for improving patient survival. The FLAURA
study with osimertinib is the first trial that has demonstrated
clinically and statistically significant PFS, intracranial
efficacy, and a statistically significant OS benefit compared
with standard EGFR-TKIs. The median OS benefit of
greater than 3 years sets a new benchmark for osimertinib
and provides a window of opportunity for the manage-
ment of patients with stage IV NSCLC with sensitizing
mutation. This reaffirms the importance of osimertinib
as the first-line therapy. In addition, osimertinib may be a
promising treatment option for EGFR-mutated NSCLC with
brain metastases and LM, regardless of T790M mutation
status. Combination approaches with first-line osimertinib
along with anticancer drugs may help address the issue of
resistance to EGFR-TKIs.
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