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Abstract: Targeted therapies, such as epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs), have 
revolutionized the treatment landscape for EGFR-mutant non-small cell lung cancer (NSCLC). However, the emergence of 
resistance to EGFR TKIs especially the third generation TKIs such as osimertinib remains a major clinical challenge. As 
a broader strategy for combating resistance, several clinical trials have explored the efficacy of immune checkpoint inhibitors 
(ICIs)+chemotherapy in EGFR-mutated NSCLC. Until now, the ORIENT-31 and IMpower150 trials suggested that ICIs+ 
chemotherapy may be more effective than chemotherapy alone after failure of EGFR-TKIs (although ORIENT-31 was negative 
for overall survival [OS] and IMpower150 was a subset analysis, so the study was not powered to detect a difference); however, 
the CheckMate-722 trial yielded disappointing results. Thus, the results of this global trial KEYNOTE-789 were highly 
anticipated. 
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Introduction
NSCLC is a heterogeneous disease with many genetic alterations. Mutations in the EGFR are observed frequently 
in a subset of NSCLC patients. EGFR exists at the cell surface as a monomer and must dimerize to activate 
tyrosine kinases (TK). Although the TK activity of EGFR is tightly regulated in normal cells, the genes encoding 
these receptors may have circumvented their intracellular inhibitory mechanisms in cancer cells. Approximately 
15% of NSCLC adenocarcinomas diagnosed in the United States are thought to harbor EGFR TK mutations, 
which are more prevalent in females and non-smokers. Significantly higher rates of EGFR mutations are observed 
in Asian populations.1

NSCLCs with specific EGFR mutations, such as exon 19 deletions or exon 21 L858R mutations, are extremely 
sensitive to EGFR TKIs. NCCN guidelines recommend analyzing the presence or absence of a driver mutation in 
EGFR to determine whether an EGFR TKI should be used for the initial treatment of a patient with metastatic 
NSCLC.2

The FLAURA trial was a pivotal clinical trial that played a significant role in shaping the treatment landscape for 
EGFR-positive NSCLC. The trial focused on evaluating the efficacy and safety of osimertinib, a third-generation EGFR 
TKI, in comparison to standard first-generation EGFR TKIs (gefitinib or erlotinib) as first-line treatment for patients with 
advanced EGFR-mutated NSCLC. The trial demonstrated that osimertinib significantly improved progression-free 
survival (PFS)3 and OS4 when compared to standard EGFR TKIs in this setting. The FLAURA trial’s findings led to 
the approval of osimertinib as a first-line treatment option for patients with EGFR-mutated NSCLC in various countries 
around the world.
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EGFR Resistance
Nearly all patients who initially respond to an EGFR TKI eventually develop disease progression. The causes of acquired 
resistance are not fully understood. Here are some of the common mechanisms of TKI resistance in EGFR mutated NSCLC.

A secondary mutation (such as T790M) in EGFR has been linked to acquired resistance to EGFR TKIs of earlier 
generations. However, osimertinib is now considered the first-line treatment for EGFR-mutant NSCLC in many parts of 
the world,3,4 which has largely addressed the T790M resistance issue.

Generally speaking, the mechanisms of resistance to osimertinib fall into two categories: a. those involving genetic 
alterations at the EGFR gene (on-target mechanisms, such as C797S),5 and b. those involving different genetic alterations and 
activation of other pathways (off-target mechanisms, such as MET amplification, HER2 amplification, PI3K pathway).6

The resistance mechanisms can be heterogeneous, and multiple mechanisms can coexist within the same tumor or 
even in different metastatic sites within a patient. Different strategies are being explored to overcome or delay resistance 
in EGFR-mutated NSCLC. Intensifying initial treatment, such as by combining a third-generation EGFR TKI with 
chemotherapy (FLAURA2)7 or an EGFR-MET bispecific (MARIPOSA),8 could potentially prevent or delay resistance. 
Another approach is to combat resistance mechanisms directly, which includes targeting any resistance they may develop 
(for example, if a patient develops a C797S mutation, which confers resistance to osimertinib, a 4th generation EGFR 
inhibitor might be an option) or by a broader approach, such as chemotherapy, antibody drug conjugates (ADC), or 
chemotherapy plus immunotherapy (± VEGF inhibitor).

Role for Immune Checkpoint Inhibitors in EGFR Mutated NSCLC
Although ICIs that target the programmed cell death protein-1 (PD-1)/programmed cell death ligand-1 (PD-L1) axis have 
substantially altered the treatment paradigm for advanced NSCLC, the clinical benefits of these agents are limited in 
patients with EGFR-mutated NSCLC. It failed to show improved benefit as monotherapy in both first line setting,9,10 or 
as second or subsequent line.11–13 The trial results of addition of the ICI to platinum-based doublet chemotherapy in 
nonsquamous NSCLC with EGFR mutation are conflicting (Table 1).

Table 1 Efficacy and Safety of IO + Chemotherapy for EGFR Mutated NSCLC in Clinical Trials

Trial Name Orient-31 Impower-150 Checkmate-722 Keynote-789

Phase 3 3 3 3

Sample 474 Total 1202, 124 (EGFR subgroup) 294 492

Sites China Global Global Global

Design A: sintilimab+ IBI305+ 
pemetrexed+ cisplatin  
(N= 158) 
B: sintilimab + chemo 
(N= 156) 
C: chemo alone  
(N= 160)

A: atezolizumab+ BCP (bevacizumab+ 
carboplatin+ paclitaxel) (EGFR N= 34/ 400) 
B: atezolizumab+ carboplatin +paclitaxel 
(EGFR N= 45/ 402) 
C: BCP 
(EGFR N =45/ 400)

A: nivolumab+platinum-doublet 
chemo 
(N= 144) 
B: platinum-doublet chemo 
(N= 150)

A: pembrolizumab+ 
pemetrexed+platinum 
(N= 245) 
B: pemetrexed+ 
Platinum 
(N= 247)

Stratification 
factors

Sex, brain mets Sex, liver mets, PDL1 expression PDL1 <1% vs ≥1%, brain mets, smoking 
history, prior osimertinib use

PDL1 <50% vs ≥50%, prior use, 
East Asia vs not East Asia

ORR A: 48.1% 
B: 34.8% 
C: 29.4%

A: 70.6% 
B: 35.6% 
C: 41.9%  
(EGFR subgroup)

A: 31% 
B: 27%

A: 29% 
B: 27.1%

DOR 
(months)

A: 8.5 
B: 7.4 
C: 5.7

A: 11.1 
B: 5.6 
C: 4.7 
(EGFR subgroup)

A: 6.7 
B: 5.6

A: 6.3 
B: 5.6

(Continued)
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In the IMpower 150 trial, 1202 patients with advanced NSCLC were enrolled.14 In EGFR-positive patients (124 of 
1202), OS was not estimable (NE; 95% CI 17.0–NE) with atezolizumab + bevacizumab + carboplatin + paclitaxel 
(N=34) and 18.7 months (95% CI 13.4–NE) with bevacizumab+ carboplatin+ paclitaxel (N=45; hazard ratio [HR] 0.61 
[95% CI 0.29–1.28]).15 However, the study was insufficiently powered to detect difference for the subsets. Similarly, 
positive results were reported in the ORIENT-31 Phase 3 trial,16 in which patients with EGFR-mutant NSCLC who had 
progressed on TKI therapy were randomized to sintilimab, an investigational PD1 inhibitor (which has gained certain 
approvals in China) with IBI305 (bevacizumab biosimilar) plus chemotherapy, to sintilimab plus chemotherapy, or to 
chemotherapy alone. Significant progression-free survival benefit was sustained with sintilimab plus IBI305 plus 
chemotherapy compared with chemotherapy alone (median 7.2 months [95% CI 6.6-9.3]; hazard ratio [HR]: 0.51 
[0.39-0.67]; two-sided p<0.0001). The median overall survival was 21.1 months (95% CI 17.5-23.9) for sintilimab 
plus IBI305 plus chemotherapy (HR 0.98 [0.72-1.34]) and 20.5 months (15.8-25.3) for sintilimab plus chemotherapy 
group (HR 0.97 [0.71-1.32]) versus 19.2 months (15.8-22.4) for chemotherapy alone- and no statistical significance was 
reached. Also, as ORIENT-31 was conducted exclusively in China, this increased anticipation for the results of a global 
phase 3 trial devoted to the use of chemotherapy and ICIs in EGFR-mutant NSCLC.

Then, the global phase 3 trial CheckMate-722 was presented.17 The addition of nivolumab to chemotherapy did not 
demonstrate a substantial benefit, with a median PFS by blinded independent central review (BICR) of 5.6 months in the 
nivolumab + chemotherapy group versus 5.4 months in the chemotherapy group, with a HR of 0.72 (95% CI: 0.54–0.97), only 
marginally favoring the chemo-IO in the common sensitizing EGFR mutation group. However, the investigators of 
CheckMate-722 did note that due to a reduction in sample size in the setting of accrual difficulties with the COVID-19 
pandemic, the resulting sample size of 270 left investigators with 83% power to detect a far more challenging HR of 0.692 at 
an alpha level of 0.05, whereas the initial plan was to study 500 patients providing 90% power to detect a HR of 0.735. With 
this context in mind, the results of this global trial KEYNOTE-789 were highly anticipated.

Keynote-789
KEYNOTE-789 was a randomized, double-blind phase 3 study.18 It was designed to evaluate the addition of pembro
lizumab to platinum-based chemotherapy in patients with TKI-resistant EGFR-mutated nonsquamous NSCLC.

The trial enrolled patients with stage IV nonsquamous NSCLC with EGFR del 19 or L858R mutation who progressed 
on first- or second-generation EGFR TKI without a T790M mutation; or after a first- or second-generation EGFR TKI 
with T790M mutation and osimertinib failure as first line therapy regardless of T790M status. A total of 492 patients 
were randomized 1:1 to 35 cycles of pembrolizumab 200 mg every 3 weeks or placebo plus 4 cycles of pemetrexed and 

Table 1 (Continued). 

Trial Name Orient-31 Impower-150 Checkmate-722 Keynote-789

PFS (months) A: 7.2 
B: 5.5 
C: 4.3

A: 10.2 
B: 6.9 
C: 6.9  
(EGFR subgroup)

A: 5.6 
B: 5.4

A: 5.6 
B: 5.5

OS (months) A: 21.1 
B: 20.5 
C: 19.2

A: Not estimable 
B: 21.4 
C: 18.7  
(EGFR subgroup)

A: 19.4 
B: 15.9

A: 15.9 
B: 14.7

Grade 3–4 
AE Rate

A: 51.9% 
B: 40.4% 
C: 48.8%

A: 64% 
B: 68% 
C: 64% 
(EGFR subgroup)

A: 45% 
B: 29%

A: 53.9% 
B: 53.2%

Death Rate A: 3.8% 
B: 0.6% 
C: 0.6%

A: 0 
B: 0 
C: 2%  
(EGFR subgroup)

A: 1% 
B: 1%

A: 2% 
B: 4.9%

Abbreviations: AE, adverse effect; DOR, duration of response; IO, immunotherapy; NSCLC, non-small cell lung cancer; ORR, objective response rate; OS, overall survival; 
PFS, progression-free survival.
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carboplatin or cisplatin every 3 weeks followed by maintenance pembrolizumab. The dual primary endpoint was PFS by 
BICR and overall survival (OS). The secondary endpoints include objective response rate (ORR), duration of response 
(DOR) and safety. Of note, with 492 patients, the study had up to 91% power to detect a HR of 0.7 for PFS and up to 
86% power to detect a HR of 0.72 for OS.

After a median follow-up of 42.0 months, median PFS was 5.6 months with pembrolizumab plus chemotherapy and 
5.5 months with placebo plus chemotherapy (HR 0.80, 95% CI [0.65, 0.97]; P = 0.0122). Median OS was 15.9 months 
and 14.7 months, respectively (HR 0.84, 95% CI [0.69, 1.02]; P = 0.0362). In both analyses, the p value did not meet the 
predefined efficacy boundary of P = 0.0117.

The investigators did observe a trend toward a greater benefit with pembrolizumab in the subset of patients with PD- 
L1 tumor proportion score 1%, but this was not statistically significant. Although the hope was to further investigate 
whether chemoimmunotherapy would be more beneficial for patients with higher PD-L1 expression, the HR for OS was 
similar in PD-L1 programmed cell death protein-1 (PD-1)/programmed cell death ligand-1 (PD-L1) tumor proportion 
score (TPS) ≥50% (HR, 0.84) and TPS <50% groups (HR, 0.85). The ORR was 29.0% with pembrolizumab plus 
chemotherapy and 27.1% with placebo plus chemotherapy.

As anticipated, immune-related adverse events (AEs) and infusion reactions occurred more frequently with pem
brolizumab compared to placebo: Grade ≥3 treatment-related AEs occurred in 43.7% of patients in pembrolizumab + 
chemotherapy arm and 38.6% in placebo + chemotherapy arm. Grade ≥3 immune-mediated AEs and infusion reactions 
occurred in 4.5% of patients in the pembrolizumab + chemotherapy arm and 2.0% in the placebo +chemotherapy arm.

In the KEYNOTE-789 study, addition of pembrolizumab to chemotherapy in patients with TKI-resistant, EGFR- 
mutant, metastatic nonsquamous NSCLC did not significantly prolong PFS and OS in comparison to placebo + 
chemotherapy.

Discussion
Until now, we had two “positive” trials (IMpower150 and ORIENT-31) and one negative trial of CM-722 for EGFR 
mutation NSCLC patients who progressed on an EGFR TKI. That is why KN789 was highly anticipated and yet again, 
the combination of chemo+ immunotherapy (IO) did not produce significant benefit in this population. Why were there 
contradictory results? Is immunotherapy a complete no-go for EGFR-mutated NSCLC? Or is there a subset of EGFR- 
mutated NSCLC patients who may benefit from immunotherapy? If so, how do we identify this population?

The FLAURA trial represents a significant advancement in the treatment landscape for patients with advanced 
NSCLC harboring EGFR mutations. The trial demonstrated a PFS of 18.9 months among patients receiving osimertinib.3 

This extended PFS duration signifies the effectiveness of osimertinib in delaying disease progression compared to earlier 
EGFR inhibitors. However, it is important to note that despite this promising outcome, a considerable number of patients 
eventually require subsequent therapy after osimertinib treatment due to the development of resistance mechanisms. This 
underlines the need for ongoing research into strategies to address resistance and optimize treatment sequencing in order 
to further improve the long-term outcomes for patients with EGFR-mutated NSCLC.

As discussed previously, there are two ways to overcome resistance to osimertinib and other third-generation TKIs. One 
approach is to enhance the initial treatment upfront by combining EGFR TKIs with other agents, as in the FLAURA2 and 
MARIPOSA trials. Indeed, FLAURA219 showed a median PFS improvement of 8.8 months (per investigator) and 9.5 
months (per BICR) with the addition of chemotherapy to osimertinib vs osimertinib, although OS data was not mature at 
the time of presentation. Results of MARIPOSA are forthcoming and are highly anticipated given the positive press release. 
The other approach is to combat the resistance itself, by using 4th generation EGFR TKIs in those who have developed the 
resistant C797X mutations; or by a broad (or non-target) approach with chemotherapy, ADCs such as HER3-targeting ADC 
or IO+ chemotherapy as seen in ORIENT-31, IMpower 150, CheckMate-722 and KEYNOTE-789.

When considering the use of IO + chemotherapy as a broad strategy, we must remember that administering the 
KEYNOTE-189 (carboplatin, pemetrexed and pembrolizumab) and similar regimens to patients with sensitizing EGFR 
mutations after osimertinib is a no-go due to KEYNOTE-789 being completely negative. Also, as a general rule, the use 
of immunotherapy in the treatment of patients with EGFR mutant NSCLC must be approached with extreme caution. 
Clinical trials are currently evaluating a number of fourth-generation EGFR TKIs such as BLU-945, BDTX-1535, JIN- 
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A02, H002, BBT-207 and THE-349. Exposure to immunotherapy prior to these 4th-generation EGFR TKIs may increase 
the risk of immune-related adverse events, as was the case with 3rd-generation EGFR TKIs,20 although the actual risk is 
uncertain.

The difference seen between the results of the CheckMate-722, KEYNOTE-789 trials and the more favorable results 
from the IMpower 150 and ORIENT-31 trials may suggest that the addition of VEGF-targeted therapies to immunother
apy in the treatment of TKI-refractory EGFR-mutant NSCLC is a reasonable approach; however, we must keep in mind 
that ORIENT 31 was negative for OS and IMpower 150 was a subset analysis not powered to determine differences in 
the EGFR/ALK subset.

Researchers are attempting to reveal the possible underlying mechanisms for the poor efficacy of anti–PD-1/PD-L1 
treatment in EGFR-mutated NSCLC. Several studies21–24 have revealed that immunosuppressive tumor microenviron
ment (TME), tumor mutation burden (TMB), intrinsic immune escape mechanisms and coexistence of driver mutations 
were possible explanations for poor immunoresponse.

TME is a very complex system to support tumor growth that includes malignant cells, immune cells, stroma, 
fibroblast, cytokines, etc. EGFR-mutated NSCLC often exhibits an immunologically “cold” tumor microenvironment, 
characterized by limited T cell infiltration and immune cell activity. The tumor microenvironment can be influenced by 
several factors, including low levels of tumor-infiltrating lymphocytes, high immunosuppressive cell populations (eg, 
regulatory T cells and myeloid-derived suppressor cells), and an absence of pro-inflammatory cytokines. These condi
tions contribute to an immune-suppressed state, impeding the success of immunotherapy.21 Patients with EGFR-mutated 
NSCLC often have distinct clinical characteristics, including a higher frequency of never-smokers25 and a higher 
incidence in Asian populations.1 These factors might influence the tumor microenvironment and immune response. 
Qiao M et al22 integrated the seven parameter classes (human leukocyte antigen, interleukin-6, interleukin-8; myeloid- 
derived suppressor cell; natural killer; PD-L1; tumor-associated neutrophil; T cell receptor; transforming growth factor-b, 
vascular endothelial growth factor) with the features of TME in EGFR-mutated NSCLC to constitute a framework that 
could partly uncover the underlying mechanisms for poor immunotherapy response in such population.

Immunotherapy, particularly ICIs, relies on the recognition of tumor-specific neoantigens by activated T cells. TMB, 
representing the number of genetic mutations in a tumor, is often associated with higher response rates to immunother
apy. However, EGFR-mutated NSCLC typically exhibits a low TMB,23 resulting in fewer neoantigens available for 
immune recognition and activation, thereby reducing the potential for an immune-mediated response.

EGFR-mutated NSCLC cells can acquire intrinsic mechanisms to evade immune surveillance. Activation of EGFR 
signaling pathways can lead to the upregulation of immune checkpoint proteins (eg, PD-L1) or the downregulation of 
major histocompatibility complex molecules, which are crucial for T cell recognition. These alterations diminish the 
tumor’s visibility to the immune system, rendering it less susceptible to immune attack.

In EGFR-mutated NSCLC, additional oncogenic driver mutations can coexist with EGFR mutations. For instance, 
mutations in genes such as KRAS or BRAF24 may be present. These concurrent mutations can activate alternative 
oncogenic signaling pathways, further driving tumor growth and survival, and potentially rendering the tumor less 
responsive to immunotherapy.

While EGFR-mutated NSCLC generally exhibits poor response rates to immunotherapy, there are certain populations 
within this subset that may still derive benefit from these treatments. The following populations have shown potential for 
improved responses to immunotherapy: A, Patients with coexisting genetic alterations. EGFR-mutated NSCLC tumors 
may harbor additional genetic alterations, such as PD-L1 amplification, STK11/LKB1 mutations, or KEAP1/NRF2 
mutations. Some studies have indicated that certain genetic alterations, such as PD-L1 amplification, may sensitize 
tumors to immunotherapy.26 Therefore, patients with EGFR mutations and specific coexisting alterations might have an 
enhanced likelihood of responding to immunotherapy. B: High TMB: Although EGFR-mutated NSCLC typically 
exhibits a low TMB, a subset of patients may have concomitant alterations or higher mutational loads. In cases where 
the TMB is increased, the likelihood of generating neoantigens that can elicit an immune response is higher. 
Consequently, patients with EGFR-mutated NSCLC and high TMB may have a better chance of responding to 
immunotherapy. C: Combination approaches. When comparing the designs of these four clinical trials, the addition of 
a VEGF inhibitor in IMpower150 and ORIENT-31 was the most notable difference. VEGF is mostly released by stromal 
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or tumor cells, where it promotes angiogenesis and draws in immune-suppressive cells.27 Hypoxia-independent con
stitutive upregulation of hypoxia-inducible factor 1-alpha can result in VEGF gene expression upon EGFR 
activation.28,29 In addition, the cross-talk between VEGF and EGFR downstream pathways causes the increased 
VEGF level in EGFR-mutated lung cancer cells30 and EGFR TKI downregulates VEGF expression.31 The addition of 
a VEGF-targeted agent may have altered the TME in such a way that the immunotherapy and chemotherapy group may 
have had a bigger benefit than the chemotherapy group alone.

Conclusion
Despite the excellent efficacy of osimertinib, particularly in first-line settings, the majority of patients develop resistance. 
Consequently, the development of agents to combat resistance is of urgent need. While considering the use of chemo- 
immunotherapy in this setting was a reasonable “broad” approach, the dismal outcomes of the KEYNOTE-789 and 
CheckMate-722 trials have forced us to reconsider the utility of immunotherapy in EGFR-mutated NSCLC; and 
administering the KEYNOTE-189 regimen to those with EGFR mutations after osimertinib is a no-go in light of the 
KEYNOTE-789 trial’s negative outcome.

The selection of appropriate patients who are likely to benefit from immunotherapy remains an ongoing challenge. 
Understanding the complex interplay between EGFR mutations and the tumor microenvironment is crucial for optimiz
ing immunotherapy outcomes in EGFR-mutated NSCLC. At this time, immunotherapy with anti VEGF and chemother
apy may be the only way forward in this population. However, caution is advised as increase in immune-related AE is 
a concern with the 4th generation TKIs coming into clinic through clinical trials. Preclinical research and ongoing studies 
aim to identify predictive biomarkers, molecular signatures, and novel therapeutic targets that can enhance the effec
tiveness of immunotherapy in this patient population.

Abbreviations
AE, adverse effect; ALK, anaplastic lymphoma kinase; BICR, Blinded Independent Central Review; DOR, duration of 
response; EGFR, epidermal growth factor receptor; ICIs, immune checkpoint inhibitors; IO, immunotherapy; NSCLC, 
non-small cell lung cancer; OS, overall survival; ORR, objective response rate; PD-L1, programmed cell death ligand-1; 
PD-1, programmed cell death protein-1; PFS, progression-free survival; TMB, tumor mutation burden; TME, immuno
suppressive tumor microenvironment; TPS, tumor proportion score; TK, tyrosine kinase; TKI, tyrosine kinase inhibitors; 
VEGF, Vascular endothelial growth factor.
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