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Over the past 20 years, the discovery of genes driving non-small
cell lung cancer (NSCLC) has intensified; today, NSCLC is divided
into driven and non-driven populations. Targeted therapy and pro-
grammed cell death-1 (PD-1) inhibitors have become the standard
of care for advanced driven and non-driven NSCLC, respectively. By
contrast, although the 5-year survival rate has improved by only
5%, adjuvant chemotherapy remains the standard for resected
NSCLCs and no significant change has occurred in clinical practice
during the past 25 years. Whether the survival advantages afforded
by targeted therapy and immunotherapy for advanced NSCLC will
also be evident for early or localized NSCLC remains an open ques-
tion. In 2021, several trials made important advances in operable
NSCLC that may pave the way toward a cure for lung cancer.

In 2017, Zhong et al. [1] firstly reported a randomized phase III
clinical trial investigating the potential use of the adjuvant epider-
mal growth factor receptor-tyrosine kinase inhibitor (EGFR-TKI)
gefitinib. Such treatment improved the median disease-free sur-
vival (DFS) from 19.8 to 30.8 months (hazard ratio [HR] = 0.56);
but did not increase overall survival (OS) (75.5 vs. 62.8 months,
HR = 0.92). The IMPACT trial [2], which had the same design as
CTONG1104 [1], reported in 2021 that gefitinib did not improve
the median DFS (35.9 vs. 25.1 months, HR = 0.92) or OS (5-year sur-
vival rate 78.0% vs. 74.6%, HR = 1.03) compared with adjuvant
chemotherapy in patients with resected EGFR-mutant NSCLC. The
EVIDENCE trial [3] explored the effects of the first-generation TKI
(icotinib) and led to the approval of icotinib as an adjuvant treat-
ment in patients with resected NSCLC with EGFR mutation. Com-
pared with standard chemotherapy, icotinib showed a significant
benefit in DFS (median DFS: 47.0 vs. 22.1 months, HR = 0.36,
P < 0.0001). The ADAURA trial [4] was the first biomarker-specific
adjuvant study, comparing the third-generation TKI osimertinib
with placebo in patients with completely resected EGFR muta-
tion-positive NSCLC. The primary endpoint (median DFS) was not
reached in the osimertinib arm and was 19.6 months in the pla-
cebo arm (HR = 0.17). This encouraging result was unprecedented
in adjuvant treatment for NSCLC. Although the OS data are imma-
ture, the US Food and Drug Administration (FDA) has approved
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osimertinib as a standard of care in adjuvant setting for patients
with resected EGFR-mutant stage IB-IIIA NSCLC, with or without
adjuvant chemotherapy. The updated American Society of Clinical
Oncology (ASCO) guidelines do not recommend adjuvant
chemotherapy for stage IB patients, but do for those with stage
II-1IIA disease. Adjuvant osimertinib should be given to stage IB
patients and should be prescribed after adjuvant chemotherapy
for stage II-IIIA EGFR-mutant patients. If patients cannot tolerate
chemotherapy, osimertinib could be given as adjuvant treatment.

The CTONG1103 trial [5] is a phase II, randomized controlled
trial of erlotinib versus gemcitabine plus cisplatin as neoadjuvant
and adjuvant therapy in patients with stage IIIA-N2 NSCLC with
EGFR mutations. In the erlotinib group, the difference in the pri-
mary endpoint (ORR) did not attain statistical significance (54.1%
vs. 34.3%, P = 0.092), and no pathological complete response
(pCR) or major pathological response (MPR) was identified. This
result may be attributable to the small sample size (n = 72) and
the limited exposure to erlotinib (42 d). The median PFS of the
erlotinib group exceeded that of the chemotherapy group (21.5
vs. 11.4 months, HR = 0.39, P < 0.001), but the OS data are imma-
ture. This was the first study to demonstrate the superior PFS
afforded by erlotinib (compared with chemotherapy) in neoadju-
vant and adjuvant settings of stage IIIA-N2 EGFR-mutant NSCLC.
The clinical trial of osimertinib as neoadjuvant therapy with or
without chemotherapy is already recruiting participants.

Recently, the US FDA approved the first PD-L1 inhibitor, ate-
zolizumab, as adjuvant treatment for stage II-IIIA NSCLC, following
complete resection of PD-L1-positive tumors, after treatment with
doublet chemotherapy. The decision was based on the results of
the IMpower010 trial [6] in 2021. The trial enrolled 1280 patients
and results showed that the median DFS was not reached in the
atezolizumab arm compared with 35.3 months in the best support-
ive care arm (HR = 0.66, P = 0.004). KEYNOTEQ91 [7], the random-
ized trial for adjuvant immunotherapy has yielded important
results. In terms of the primary endpoint, adjuvant pembrolizumab
improved the DFS of all patients with completely resected early-
stage NSCLC, regardless of PD-L1 expression status (53.6 vs.
42.0 months, HR = 0.76, P = 0.0014); however, the OS data are
immature.
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Several clinical trials of neoadjuvant immunotherapy have
reported promising results. CheckMate816 trial [8] compared nivo-
lumab plus platinum-based chemotherapy to chemotherapy alone
as neoadjuvant treatments for patients with stage IB-1IIA NSCLC.
The trial met the primary endpoints, with a 24% pCR rate and med-
ian event-free survival (EFS) that improved from 20.8 to
30.1 months. On March 4, 2022, the FDA approved nivolumab com-
bined with platinum-doublet chemotherapy for patients with
resectable NSCLC in neoadjuvant setting. This was the first FDA
approval of neoadjuvant therapy for early-stage NSCLC patients.
Neoadjuvant immunotherapy thus became the standard of care
in this setting.

Pathological evaluation is very important for assessing treat-
ment response and predicting prognosis. The pathologic response
can serve as a surrogate endpoint. The MPR and pCR rates have
already been set as primary endpoints in neoadjuvant clinical trials
in resectable NSCLC (Table S1 online). However, it is not clear
whether MPR or pCR can reflect a survival benefit. The CheckMate
816 trial reported that in patients exhibiting pCR, the HR for nivo-
lumab plus chemotherapy (vs. chemotherapy alone) was 0.13 (95%
CI 0.05-0.37), indicating that the pCR did reflect EFS in this trial.
We summarized the ongoing clinical trials of adjuvant and neoad-
juvant targeted therapy and immunotherapy for NSCLC patients
(Table S1 online).

In general, OS is an objective and indisputable endpoint for
evaluating treatment modality. The LACE meta-analysis consti-
tutes a landmark for traditional adjuvant chemotherapy; it
involves 4584 patients from five different clinical trials [9]. The
overall HR of death was 0.89 (95% CI 0.82-0.96) and HR for DFS
was 0.84 (0.78-0.91), corresponding to a 5-year absolute benefit
of 5.4% for chemotherapy. Most adjuvant clinical trials have
selected DFS as a primary endpoint. We performed a pooled anal-
ysis on 1697 patients from seven different randomized clinical tri-
als of adjuvant targeted therapy. The HR for DFS was 0.44 (95% CI
0.38-0.52) and HR for OS was 0.94 (95% CI 0.72-1.22) (Fig. 1). The
DFS benefit did not translate to OS benefit when a first-generation
TKI was used as an adjuvant treatment. Interestingly, investiga-
tions into adjuvant chemotherapy required a large patient popula-
tion to discern any small significant difference (HR = 0.84) whereas
investigations into adjuvant EGFR-TKIs only required a small num-
ber of patients to identify major improvements (HR = 0.44). By
combining the evidence from both adjuvant chemotherapy and
EGFR-TKIs trials, the OS trend of resected NSCLC has improved in
the last 10 years. The 5-year survival rate was 53.2% to 84.8% in
adjuvant targeted treatment for N1 to N2 patients, compared with
38% (N2) and 50% (N1) in the IASLC database. With the emergence
of more effective treatments, DFS is becoming a vital endpoint of
clinical trials in an adjuvant setting [10].

Results provided from clinical trials using EGFR-TKIs in adju-
vant setting have led to new questions concerning the role of adju-
vant chemotherapy in EGFR mutant resected NSCLC. However,
most studies have used DFS as primary endpoint and OS as sec-
ondary endpoint. Therefore, it is difficult to state that chemother-
apy can be replaced by EGFR-TKI. The ADAURA trial [11] was
designed to compare osimertinib and placebo after adjuvant
chemotherapy. Results showed that only 60% of patients received
adjuvant chemotherapy. This is broadly in line with the results of
previous studies and current clinical practice. The HR values were
0.16 in the adjuvant chemotherapy and 0.23 in the non-
chemotherapy groups. The DFS improvement afforded by osimer-
tinib was not dependent on chemotherapy. Another trial, ICAN
[12], was a non-interventional, real-world study; the results sug-
gested that adjuvant chemotherapy did not improve survival out-
comes regardless of EGFR mutation status and postoperative
stage. Taken together, these studies were not specifically designed
to evaluate the role of adjuvant chemotherapy in EGFR mutant

1403

Science Bulletin 67 (2022) 1402-1405

patients and the results cannot determine whether adjuvant
chemotherapy is unnecessary. Thus, adjuvant chemotherapy is still
the standard of care in resected NSCLC. Future studies to explore
the role of adjuvant chemotherapy in resected EGFR mutant NSCLC
are required.

The extended use of next-generation sequencing has con-
tributed to the refinement of the EGFR mutant patients subgroup.
In the CTONG1104 trial [1], five biomarkers were selected to be
components of the MINERVA score (TP53 exon 4/5 mutations,
RB1 alteration, copy number gains of NKX2-1, CDK4, and MYC)
due to their distinct benefit in adjuvant therapy [13]. Of the total
number of cases, 35% (60/171) were highly TKI-preferable (HTP),
51% (87/171) were TKI-preferable (TP), and 14% (24/171) were
chemo-preferable (CP). The score showed that patients with an
RB1 alteration would benefit from adjuvant chemotherapy even
with EGFR mutation. The 5-year survival rate was 61.5%
(HR = 2.47, 95% CI 0.76-8.02). In patients with a MINERVA score
of less than —0.5 (HTP subgroup), gefitinib led to significantly
longer DFS and OS. And the 5-year OS rate was 67% in HTP sub-
group that received gefitinib (HR = 0.43, 95% CI 0.21-0.88). This
exploratory, retrospective analysis of the CTONG 1104 trial has
unraveled the interplay between genetic constructs of EGFR co-
mutations and clinical outcomes in stage II-IIl resected NSCLC to
aid the adjuvant paradigm. The MINERVA score presents a fresh
perspective for future studies to guide the development of more
personalized adjuvant therapies, and their transition from bench
to bedside.

Based on the CTONG 1104 biomarker analysis, we found that
the efficacy of adjuvant gefitinib may be associated with the local
tumor immune microenvironment and antitumor T cell responses
that could be characterized by the distribution and diversity of T
cell receptors (TCRs) [14]. Low-risk patients had a significantly
longer OS (5-year survival rate 79%, HR = 0.27, 95% CI 0.53-0.57,
P < 0.001) and PFS (2-year DFS rate 71%, HR = 0.50, 95% CI 0.29-
0.86, P = 0.011). This may provide a novel perspective for adjuvant
treatment, for resectable NSCLC. These results provide support for
the hypothesis that the special TCR rearrangement status of infil-
trated T cells in tumors may directly influence the efficacy of treat-
ment. Specific TCR profiles may therefore be used for the selection
of patients with EGFR mutation who could benefit from checkpoint
blockade treatment.

Minimal residual disease (MRD) is a new concept in solid
tumors. In general, MRD is used in the context of completely cura-
tive intent for solid tumors, such as lung, breast, or colon cancer. In
these circumstances, “MRD positive” suggests that cancers persist
and will relapse. Alternatively, “MRD negative” suggests that the
cancer may have been cured and there is no need for any additional
treatment. Some retrospective studies have confirmed these find-
ings. In 2017, Chaudhuri et al. [ 15] used cancer personalized profil-
ing by deep sequencing (CAPP-Seq) assay to detect the ctDNA for
the evaluation of MRD status in patients who received curative sur-
gery or radiotherapy (with or without chemotherapy). The results
showed that 17 patients with undetectable MRD survived
36 months without any disease relapse, and that 20 patients with
detectable MRD experienced cancer recurrence, although effective
treatment could delay disease relapse. In 2022, Zhang et al. [16]
identified a subpopulation of localized NSCLC cases with longitudi-
nal undetectable MRD, with only 3.2% of patients recurred, indicat-
ing that the potentially cured patients were almost identified.
Based on these results, some validated phase III clinical trials are
now ongoing. MERMAID-1 and MERMAID-2 are two phase III trials
investigating the checkpoint inhibitor, durvalumab, and its ran-
domized use in patients who are MRD positive. FATES-CTONG
2105 focuses on EGFR mutant patients with complete resection,
where MRD negative patients do not receive treatment; if patients
become MRD positive during follow-up, they receive EGFR-TKI
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Fig. 1. (Color online) Pooled analysis of (a) seven randomized clinical trials of adjuvant targeted therapy evaluating the hazard ratio (HR) for disease-free survival (DFS) and

(b) the HR for overall survival (0S) in five trials.
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treatment. In the future, the results of these trials will identify
which subgroup of patients after complete resection can be classed
as “cured” and which require additional treatment.

Several promising therapeutic approaches have also emerged.
Antibody-drug conjugates (ADCs) are a new class of anti-cancer
therapies, that target HER2, HER3, or TROP2, and have shown
promising efficacy in lung cancer. Preclinical results have indicated
that ADCs enhanced sensitivity to PD-1/PD-L1 inhibitors via stim-
ulation of dendritic cells; this combination therapy may both over-
come resistance and enhance efficacy. ADCs are cytotoxic drugs
with defined targets; their high response rates make it possible
to facilitate the future application of this combination with check-
point inhibitors in the perioperative setting. CT-0508, a HER2-
directed chimeric antigen receptor macrophage (CAR-M), was
granted Fast Track designation by the US FDA in September 2021
based on its early results. The first-in-human study results were
recently released (in 2020) by the ASCO. CT-0508 was successfully
produced from 7 patients with solid tumors and there were no
safety concerns [17]. Theoretically, PD-1/PD-L1 inhibitors com-
bined with chimeric antigens receptor (CAR) T-cell therapy would
greatly benefit patients with solid tumors. Proof of concept for the
safety and efficacy of CAR T-cells in solid tumors is still pending.
Challenges include the unknown migration of CAR T-cells and
maintaining their viability and function within the tumor microen-
vironment. Theoretically, cell therapy is appropriate when the
tumor burden has been minimized. Currently, adjuvant checkpoint
blockade has been used successfully to treat patients with resected
NSCLC; this, combined with cell therapy (such as CAR-macrophage
(CAR M)- or CAR-nature killer (CAR NK)-cell therapy), may become
important in anti-tumor therapies in the future.

In conclusion, NSCLC treatments are undergoing great changes
with the rapid progress of evidence-based medicine and precision
medicine. Multiple perioperative treatments are improving long-
term patient survival. This is a step in the right direction toward
curing lung cancer by utilizing new treatment options and new
approaches.
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