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Abstract

Background The patient population with stage Ill non-small-cell lung cancer (NSCLC) is heterogeneous, with
varying staging characteristics and diverse treatment options. Despite the potential practice-changing implications of
randomized controlled trials evaluating the efficacy of perioperative epidermal growth factor receptor-tyrosine kinase
inhibitors (EGFR-TKIs), concerns have been raised due to conflicting overall survival (OS) results. Few real-world studies
have examined the survival outcomes of patients with resected EGFR-mutant stage Ill adenocarcinoma receiving
perioperative chemotherapy and EGFR-TKIs.

Methods In this retrospective observational study, we enrolled patients with resected stage Ill adenocarcinoma with
EGFR mutations between January 2011 and December 2021. Patients were classified into two groups: perioperative
chemotherapy and perioperative EGFR-TKIs. Outcomes and prognostic factors were analyzed using Cox proportional
hazards regression analysis.

Results Eighty-four patients were enrolled in the analysis. Perioperative EGFR-TKIs led to longer progression-free
survival (PFS) than chemotherapy (38.6 versus 14.2 months; p=0.019). However, only pathological risk factors
predicted poor PFS in multivariate analysis. Patients receiving perioperative chemotherapy had longer OS than those
receiving EGFR-TKIs (111.3 versus 50.2 months; p=0.052). Multivariate analysis identified perioperative treatment with
EGFR-TKIs as an independent predictor of poor OS (HR: 3.76; 95% Cl: 1.22—11.54).

Conclusion Our study demonstrates that chemotherapy should be considered in the perioperative setting for high-
risk patients, when taking pathological risk factors into consideration, and that optimized sequencing of EGFR-TKIs
might be the most critical determinant of OS.

fChieh-Lung Chen and Sing-Ting Wang contribute the article
equally.

*Correspondence:
Wen-Chien Cheng
wcchengdr@gmail.com
Hung-Jen Chen
redman0127@gmail.com

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-023-11342-y&domain=pdf&date_stamp=2023-9-6

Chen et al. BMC Cancer (2023) 23:847

Page 2 of 9

Keywords Adenocarcinoma, Chemotherapy, Epidermal growth factor receptor (EGFR), Stage lI, Surgery, Tyrosine

kinase inhibitor (TKI)

Background

The patient population with stage III non-small-cell lung
cancer (NSCLC) is heterogeneous, with varying staging
characteristics and diverse treatment options, includ-
ing surgery, systemic therapy, and concurrent systemic
and radiation therapy. Although surgery offers the best
chances of long-term survival to patients with primary
NSCLC [1], only 30% of stage III NSCLC tumors are
resectable [2]. Neoadjuvant therapy is a widely accepted
approach for treating patients with stage III lung can-
cer, as it effectively downstages NSCLC and increases
the probability of successful curative surgery. Studies
have shown that neoadjuvant chemotherapy can offer
an overall survival (OS) advantage of up to 4% compared
to surgery alone [3]. Additionally, cisplatin-based adju-
vant chemotherapy is considered the standard of care for
resected stage III NSCLC due to its proven OS benefit
[4]. A meta-analysis indirectly compared the effects of
adjuvant and neoadjuvant chemotherapy on survival and
found them to be similar [5].

Adenocarcinoma accounts for approximately 50-60%
of all stage III NSCLC in Asian populations [6, 7]. In
these populations, the epidermal growth factor recep-
tor (EGFR) mutation has been identified in 50-60% of
patients [6]. The EGFR mutation is associated with a
higher risk of metastatic recurrence in locally advanced
stage III adenocarcinoma [8]. Accumulating data show
the efficacy of adjuvant EGFR-tyrosine kinase inhibitors
(EGFR-TKIs) for treating patients with resected EGER-
mutant NSCLC [9-11].

The ADJUVANT study demonstrated that adjuvant
gefitinib resulted in a significantly longer disease-free
survival (DFS) than cisplatin plus vinorelbine in patients
with completely resected stage II-IIIA EGFR-mutant
NSCLC [10]. However, this DFS advantage did not trans-
late to a significant difference in OS [12]. A meta-analysis
concluded that adjuvant EGFR-TKI therapy for resected
EGFR-mutant NSCLC significantly improves DFS but not
OS [13]. In the ADAURA study, patients with completely
resected stage IB-IIIA EGFR-mutant NSCLC receiv-
ing the adjuvant osimertinib showed significantly longer
DES than those receiving a placebo, and the hazard ratio
(HR)(0.12; 95% CI: 0.07-0.2) of patients with stage IIIA
disease remained significantly lower [11]. Despite these
promising results, the ADAURA trial was not designed
to compare the efficacy of adjuvant chemotherapy and
adjuvant EGFR-TKIs. Evidence supporting the feasibility
of neoadjuvant EGFR-TKIs in the perioperative setting
has also been provided by the EMERGING-CTONG1103
and NeoADAURA trials [14, 15].

Based on these studies, perioperative (neoadjuvant
and/or adjuvant) chemotherapy and EGFR-TKIs pro-
vided a survival benefit in early-stage NSCLC. Despite
many studies evaluating the role of perioperative EGFR—
TKIs, the patient pool with stages IB-IIIA represents a
very wide variety of cancers with inconstant prognosis
[16], which may limit the application of these results to
resected stage III EGFR-mutant adenocarcinoma. Cur-
rently, there are few real-world studies examining the
survival outcomes of patients receiving perioperative che-
motherapy and EGFR-TKIs for resected EGFR-mutant
stage III adenocarcinoma [17]. The prognostic effect of
pathological factors has never been emphasized in previ-
ous randomized controlled trials (RCTs). This retrospec-
tive study aimed to compare the treatment outcomes,
with a focus on OS, between patients with resected
EGFR-mutant stage III adenocarcinoma who received
either perioperative chemotherapy or EGFR-TKIs.

Materials and methods

Study design and patients

This retrospective study investigated patients with
resected stage III (according to American Joint Commit-
tee on Cancer, 8th edition) [18] EGFR—mutant adenocar-
cinoma at a tertiary referral center in Taiwan between
January 2011 and December 2021. The study adhered to
the Declaration of Helsinki and followed the STROBE
guidelines for reporting observational studies. The Insti-
tutional Review Board of China Medical University Hos-
pital (IRB number: CMUH110-REC1-244) waived the
need for informed consent from study subjects due to the
retrospective design.

The study collected and recorded data on the baseline
characteristics of each patient, which included sex, age,
smoking status, Eastern Cooperative Oncology Group
Performance Status (ECOG-PS), tumor-node-metasta-
sis (TNM) stage, EGEFR mutation subtype, perioperative
antineoplastic therapy, and subsequent antineoplastic
therapy after disease progression.

Treatment exposure

As routine clinical practice, the treatment for each
patient was discussed by the multidisciplinary team.
Patients who received surgery and either neoadjuvant
or adjuvant antineoplastic therapy were included in our
study. The surgical procedures were decided by indi-
vidual surgeons according to the size and location of the
tumors. Based on the perioperative treatment regimen,
the patients were classified into two groups: the peri-
operative chemotherapy group and the perioperative
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EGFR-TKI group. During the study period, the use of
neoadjuvant EGFR-TKIs was an off-label treatment, and
patients were given the choice to receive the treatment
after a thorough explanation from their physician. Deci-
sions about whether patients would receive radiotherapy
were made by the physician.

Pathological examination

Tissue slides stained with the hematoxylin—eosin stain,
immunohistochemistry stain, or elastic stain were
reviewed by experienced pathologists. The presence of
tumor cells in the lymphatic or vascular lumen, the space
around nerves, or the visceral pleura was defined as lym-
phovascular invasion [19], perineural invasion [20, 21],
or visceral pleural invasion [22], respectively. Margin
involvement was defined as microscopic residual disease
at the resection margin. The extension of malignant cells
through the nodal capsule was considered an extranodal
extension. The above-mentioned characteristics from the
pathological examination were defined as “pathological
risk factors”

Clinical assessments and efficacy evaluations
At baseline, patients underwent imaging studies includ-
ing chest computed tomography (CT), brain magnetic

Stage Ill lung NSCLC from
Jan. 2011 to Dec. 2020

Page 3 of 9

resonance imaging, and positron emission tomography
to determine the stage of the disease and evaluate any
metastasis. In selected patients, endobronchial-ultra-
sound transbronchial needle aspiration (EBUS-TBNA)
was performed for N staging based on the multidisci-
plinary team’s suggestion.

All patients received chest CT evaluations every 12
weeks to evaluate tumor response after initiation of anti-
neoplastic therapy. Other images were obtained when
suspicious new symptoms developed. Progression-free
survival (PFS) was the time elapsed between the date of
initiation of stage III NSCLC treatment and radiological
progression (according to the Response Evaluation Crite-
ria in Solid Tumors v1.1), clinical progression, or death.
OS was the time elapsed between the date of diagnosis
and death. In cases where disease progression or death
were not recorded, patients were censored either at the
end of the observation period, which was 30 June 2022,
or at the time of their last available medical record entry.

Statistical analyses

Statistical analyses were conducted with MedCalc for
Windows version 18.10 (MedCalc Software, Ostend,
Belgium). For normally distributed variables, the
meanzstandard deviation was used, while the median

Excluded other cell type including
Squamous carcinoma, adenoid cystic carcinoma, atypical

(n=592)

Adenocarcinoma
(n=323)

carcinoid, sarcoma, large cell carcinoma, pleomorphic carcinoma,
lymphoepithelioma-like carcinoma (n=269)

Excluded
Wild type or unknown EGFRm status (n=141)
Exon-20 insertion (n=5)

Eligible EGFR-mutant stage 11l
adenocarcinoma
(n=144)

ALK mutation (n=6)
ROS1 mutation (n=1)
Revised staging to stage IV (n=6)
Loss follow-up or insufficient data (n=20)

Excluded

Resectable disease

Unresectable disease (n=60)

(n=84)
! !
Perioperative CT Perioperative EGFR-TKI
(n=63) (n=21)
Gefitinib Erlotinib Afatinib Osimertinib
(n=5) (n=9) (n=5) (n=2)

Fig. 1 Flowchart showing patient selection. ALK: anaplastic lymphoma kinase; CT: chemotherapy; EGFR, epidermal growth factor receptor; NSCLC, non-

small-cell lung cancer; TK, tyrosine kinase inhibitor
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Table 1 Clinical characteristics of the patients with resected
EGFR-mutant stage Ill adenocarcinoma in this study

All Periopera-  Periop- p-value
(N=84) tivechemo- erative
therapy EGFR-TKI
(N=63) (N=21)
Age =65 years 32 19(302%)  13(61.9%) 0.009
(38.1%)
Male 27 20 (31.7%) 7(333%) 0.893
(32.1%)
Smoking 21 (25%) 17 (27%) 4 (19%) 0467
ECOG-PS 0.250
0-1 83 63 (100%) 20 (95.2%)
(98.8%)
>2 1(12%) 0 1(4.8%)
EGFR mutation 0.933
Del 19 37 (44%) 27 (42.9%) 10 (47.6%)
L858R 42 (50%) 31 (49.2%) 11 (52.4%)
Uncommon 5 (6%) 5(7.9%) 0
mutations®
Perioperative 0.002
treatment
Neoadjuvant® 14 6 (9.5%) 8 (38.1%)
(16.7%)
Adjuvant 70 57 (90.5%) 13 (61.9%)
(83.3%)
Pathology results
Lymphovascular 60 50 (79.4%) 10 (47.6%) 0.005
or perineural (71.4%)
invasion
Pleural invasion 47 (56%) 40 (63.5%) 7(333%) 0016
Margin 5 (6%) 3 (4.8%) 2(9.5%) 0.595
involvement
Extranodal 26 (31%) 22 (34.9%) 4 (19%) 0.275
extension
Lymph node status 0.100
NO-1 14 10 (15.9%) 4(19%)
(16.7%)
N2 69 53 (84.1%) 17 (81%)
(82.1%)
EGFR-TKI
Perioperative 0 21 (100%)
Subsequent 52 (82.5%) 7 (33.3%)

ECOG-PS, Eastern Cooperative Oncology Group Performance Status; EGFR,
epidermal growth factor receptor; OP: operation; TKI, tyrosine kinase inhibitor.

a: Exon-20 insertion was excluded. Uncommon EGFR mutations were detected
in 2 (G719X), 2 (L861Q), and 1 (G796V) patient. b: Among the 14 patients who
underwent neoadjuvant treatment, 10 were observed postoperatively because
of clinical downstaging. Out of these 10 patients, 5 were from the chemotherapy
group and 5 were from the EGFR-TKI group.

and interquartile range were used for non-normally dis-
tributed variables. ¢-tests were used to analyze continu-
ous data with normal distributions, while categorical
variables were presented as percentages and numbers,
and analyzed with either the chi-square or Fisher’s exact
test. The Kaplan-Meier method was used to evaluate
PES and OS, while Cox proportional hazards regression
analysis was used to analyze prognostic factors. The HR
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Median(M) 95% Cl

100 — Perioperative Chemotherapy 14.2 12.9-18.5

Perioperative EGFR-TKI 38.6 15.9-82.6

Log rank test, p = 0.019

Survival probability (%)

| " ! * | 4 ! ! |
0 20 40 60 80

Number at risk Time (month)

Group: Chemotherapy

63 22 12 6 3
Group: TKI

21 10 4 1 1

Fig. 2 PFS of patients with EGFR-mutant NSCLC treated with periopera-
tive chemotherapy and EGFR-TKIs. EGFR, epidermal growth factor recep-
tor; PFS, progression-free survival; TKI, tyrosine kinase inhibitor

of disease progression and mortality was calculated using
univariate analysis, and the multivariate regression model
included significant variables from univariate analysis
and clinically important variables to adjust potential con-
founders. The strength of the association was presented
as the HR and its 95% confidence interval (CI). A p-value
of <0.05 was considered statistically significant.

Results

Eighty-four patients with resected stage 11l EGFR-mutant
adenocarcinoma were enrolled in this study. Sixty-
three patients received perioperative chemotherapy and
21 received perioperative EGFR-TKIs (Fig. 1). Of the
patients receiving perioperative EGFR-TKIs, nine were
treated with erlotinib, five with gefitinib, five with afa-
tinib, and two with osimertinib.

Patients receiving perioperative EGFR-TKIs were older
than those receiving chemotherapy (61.9% of patients in
the EGFR-TKI group were =65 years old versus 30.2% in
the chemotherapy group, p=0.009). No significant dif-
ferences in gender, ECOG-PS, smoking status, and the
EGFR mutation were observed between groups (Table 1).
More patients in the EGFR-TKI group received neoadju-
vant treatment (38.1% versus 9.5%, p=0.002).

After a median follow-up of 53.2 months (range
45.5-61.0 months), 85.7% of patients in the periopera-
tive chemotherapy group and 47.6% in the periopera-
tive EGFR-TKI group experienced disease progression.
The median PFS of patients receiving perioperative
EGFR-TKIs was significantly longer than that of patients
receiving perioperative chemotherapy (38.6 versus 14.2
months; p=0.019; Fig. 2).

Multivariate Cox proportional hazards regression anal-
ysis was used to identify prognostic factors of poor PFS.
The difference in HR between perioperative EGFR-TKIs
and perioperative chemotherapy was not statistically
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Table 2 Cox proportional hazards regression analysis of the PFS of patients with resected EGFR-mutant stage lll adenocarcinoma

Univariate model

Multivariate model

Age =65 years

Male

Smoking

L858R versus Del 19 mutation

T4

N2

Perioperative EGFR-TKI versus chemotherapy
Pathological risk factors®

HR 95% Cl p-value HR 95% Cl p-value
0.65 0.38-1.10 0.106 0.74 043-1.28 0.280
1.29 0.76-2.19 0.356

1.50 0.87-2.59 0.150 173 0.97-3.08 0.064
0.97 0.58-1.60 0.897

0.88 0.45-1.72 0.700

1.13 0.57-2.24 0.733

0.46 0.23-0.90 0.023 0.71 0.34-1.48 0.362
2.56 1.30-5.06 0.007 236 1.14-4.91 0.021

Cl: Confidence interval; EGFR, epidermal growth factor receptor; HR: hazard ratio; PFS, progression-free survival; TKI, tyrosine kinase inhibitor

a: The presence of any of the following: lymphovascular invasion, perineural invasion, pleural invasion, and margin involvement

100%

1 1.9% 100%

/
-7 1.9% 7 10.0%
10/ - .
90% 14.3% - 90% /
Subsequent EGFR-TKIs: / Subsequent EGFR-TKIs:
0% 68% Gefitinib/Erlotinibl g0, / 66.7% Gefitinib/Erlotinib/
Afatinib/Dacomitinib // Afatinib
32% Osimertinib 52.4% / 33.3% Osimertinib
70% 70% /
/
/
60% 60% /
//
50% 96.3% 50% w00
o H
40% 85.7% 40%
30% 30%
47.6%

20% 20%
10% 10%

0% 0%

Perioperative chemotherapy Events for PFS in perioperative Perioperative EGFR-TKI Events for PFS in perioperative
(n=63) chemotherapy (n = 54) (n=21) EGFR-TKI (n = 10)
. On follow-up . Events for Subsequent EGFR- Subsequent Without subsequent
PFS TKIs chemotherapy treatments

Fig. 3 Subsequent treatment regimens of patients treated with perioperative chemotherapy or EGFR-TKIs. EGFR, epidermal growth factor receptor; PFS,
progression-free survival; TKI, tyrosine kinase inhibitor. *Nine of the ten patients with disease progression in the perioperative EGFR-TKI group received

EGFR-TKI treatment, while only four received chemotherapy

Median(M) 95% CI
100 — Perioperative Chemotherapy ~ 111.3  60.7-111.3
- Perioperative EGFR-TKI 50.2 42.4-82.6

Log rank test, p = 0.052

Survival probability (%)

0 20 40 60 80 100 120 140
Number at risk Time (month)
Group: Chemotherapy

63 57 34 20 10 4 2 0
Group: TKI

21 17 9 1 1 0 0 0

Fig. 4 OS of patients with EGFR-mutant NSCLC treated with perioperative
chemotherapy and EGFR-TKI. EGFR, epidermal growth factor receptor; OS,
overall survival; TKI, tyrosine kinase inhibitor

significant. The presence of pathological risk factors was
an independent prognosticator of poor PFS (HR: 2.36;
95% CI: 1.14—4.91) (Table 2).

In the case of patients experiencing disease progres-
sion, 96.3% (52/54) in the perioperative chemotherapy
group and 90% (9/10) in the perioperative EGFR-TKI
group received subsequent EGFR-TKI treatment (Fig. 3).
Of these patients, 32% (16/50) in the chemotherapy
group and 33.3% (3/9) in the EGFR-TKI group received
osimertinib as the later-line treatment. Of the 10 patients
with disease progression in the perioperative EGFR-TKI
group, only four received chemotherapy as their subse-
quent treatment (Fig. 3).

Twenty-eight (33.3%) deaths were recorded; 30.2%
(19/63) of patients in the chemotherapy group and 42.9%
(9/21) in the EGFR-TKI group died. The median OS of
patients receiving perioperative chemotherapy was lon-
ger than that of patients receiving perioperative EGFR—
TKIs (111.3 versus 50.2 months; p=0.052; Fig. 4). Cox
proportional hazards regression analysis to identify prog-
nostic factors of poor OS revealed that treatment with
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perioperative EGFR-TKIs (HR: 3.76; 95% CI: 1.22—-11.54)
was an independent prognosticator of poor OS (Table 3).
Although not statistically significant, a trend toward poor
OS was observed in patients with a history of smoking
(HR: 2.53; 95% CI: 1.00-6.48, p=0.051).

Discussion

The heterogeneity of stage III NSCLC presents greater
clinical complexity than patients enrolled in clinical tri-
als. Neoadjuvant and/or adjuvant (perioperative) therapy
is a frequently used treatment modality in clinical prac-
tice. Our study is the first real-world investigation to
compare the impact of perioperative chemotherapy and
EGFR-TKIs on the OS of patients with EGFR-mutant
stage IIl NSCLC after incorporating pathological factors.

In this study, the median PFS of the perioperative che-
motherapy group was 14.2 months and that of the peri-
operative EGFR-TKI group was 38.6 months. The PFS
benefit of EGFR-TKIs in this patient population was
similar to that of patients with advanced EGFR-mutant
NSCLC [23-25]. However, the HR between periopera-
tive EGFR-TKIs and chemotherapy was not statistically
significant in the multivariate analysis. We found that
the presence of pathological risk factors was an indepen-
dent prognosticator of poor PFS (Table 2). The predictive
effect of lymphovascular invasion on local-regional fail-
ure [19] and distant recurrence [26, 27] has been dem-
onstrated before. Visceral pleural invasion [19, 22] and
perineural invasion [20, 21] are also considered prognos-
tic factors of poor PES. Our results suggest that patho-
logical features are critical and recognizing patients with
higher risk of recurrence might facilitate the selection of
adjuvant systemic treatments.

Despite the lower PFS associated with periopera-
tive chemotherapy, OS was better due to this treatment.
While more than 90% of patients in the chemotherapy
group received EGFR-TKIs after disease progression,
only 44.4% of patients in the EGFR-TKI group received
chemotherapy as their subsequent treatment. This low
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crossover rate may be a factor contributing to the poorer
OS seen in the EGFR group. Fewer patients in the EGFR—
TKI group experienced disease progression (47.6% ver-
sus 85.7% in the chemotherapy group), but 90% (9/10)
of them died. Although patients receiving perioperative
EGFR-TKIs were older, the prognostic effect of age was
adjusted in the multivariate analysis. The pathologi-
cal examination showed that the EGFR-TKI group had
fewer pathological risk factors than the chemotherapy
group. However, adjuvant chemotherapy overcame the
disadvantage to PFS and the poor pathological risk fac-
tors and contributed to better OS.

Accumulating evidence indicates the potential efficacy
of neoadjuvant EGFR-TKIs in patients with resectable
NSCLC, which has led to the design of RCTs, notably the
phase II EMERGING-CTONG1103 and phase III Neo-
ADAURA trials. Although the NeoADAURA trial was
designed to evaluate the efficacy of neoadjuvant osimer-
tinib with or without chemotherapy, adjuvant systemic
treatment with either osimertinib or chemotherapy was
allowed based on investigator choice for optimal care.
In the EMERGING-CTONG 1103 trial, patients were
divided into neoadjuvant/adjuvant erlotinib and chemo-
therapy groups. Both studies did not clearly distinguish
between neoadjuvant and adjuvant treatments, leading to
a more generalized “perioperative” treatment proposition
[15, 28] as in the current study. The analysis of OS in the
EMERGING-CTONG 1103 trial showed that, although
there was a survival benefit in PFS, it did not translate
into a difference in OS [28]. Moreover, this study was
limited by the fact that only 69.7% of patients in the che-
motherapy group received subsequent EGFR-TKI treat-
ment after disease progression, which may confound the
OS result.

Among previous RCTs evaluating the efficacy of adju-
vant EGFR-TKIs, the EVAN phase II trial was the first
to show a significantly higher OS benefit from erlotinib
than from chemotherapy (vinorelbine plus cisplatin) in
patients with resected stage IIIA EGFR-mutant NSCLC

Table 3 Cox proportional hazards regression analysis of the OS of patients with resected EGFR-mutant stage lll adenocarcinoma

Univariate model

Multivariate model

HR 95% Cl p-value HR 95% Cl p-value

Age =65 years 1.80 0.84-3.87 0.131 147 0.61-3.53 0.394
Male 1.29 0.56-2.96 0.550

Smoking 1.90 0.83-4.37 0.131 2.54 1.00-6.48 0.051
L858R versus Del 19 mutation 0.98 0.46-2.08 0.948

T4 1.21 0.46-3.20 0.697 0.63 0.14-2.84 0.551
N2 117 0.44-3.12 0.751 0.95 0.24-3.71 0.936
Perioperative EGFR-TKI versus chemotherapy 2.20 0.97-4.98 0.058 3.76 122-11.54 0.021
Osimertinib 0.59 0.25-1.40 0.228

Pathological risk factors? 1.20 045-3.18 0.711 236 0.81-6.86 0.114

Cl: Confidence interval; EGFR, epidermal growth factor receptor; HR: hazard ratio; OS, overall survival; TKI, tyrosine kinase inhibitor.

a: The presence of any of the following: lymphovascular invasion, perineural invasion, pleural invasion, and margin involvement.
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[29]. However, the sample size was relatively small (n=51
in each group) and only 37.3% of the patients in the che-
motherapy group received EGFR-TKIs after disease pro-
gression [30]. In our study, more than 90% of the patients
in the perioperative chemotherapy group with disease
progression received EGFR-TKIs. The negative OS out-
comes reported in both the CTONG1104 and IMPACT
trials have raised concerns about the potential for adju-
vant targeted therapy to only delay disease recurrence
rather than providing a cure [31, 32]. In the ADAURA
trial, adjuvant osimertinib provided a significant OS
benefit among patients with completely resected EGFR-
mutant NSCLC [33]. However, only 43% of patients in
the control arm received osimertinib as subsequent treat-
ment after disease progression [33], which may bias the
OS result. Based on the available evidence and the results
of the current study, chemotherapy remains an essential
component in perioperative settings for resected EGFR-
mutant NSCLC patients [34].

Patients with a history of smoking tended to have
worse OS outcomes in our study (HR 2.54; 95% CI 1.00—
6.48; p=0.051). For advanced NSCLC patients with EGFR
mutations, smoking was associated with shorter PFS dur-
ing EGFR-TKI treatment [35] and reduced OS [36, 37].
Smokers’ tumors are hypothesized to have a higher bur-
den of alternative driver oncogene mutations and the
likelihood of an escape mechanism [38]. In the subgroup
analysis of the ADJUVANT study, the DFS benefit of gefi-
tinib was non-significant for smokers (HR 0.56; 95% CI:
0.27-1.19). We regard smoking as a risk factor of reduced
response to EGFR-TKIs; therefore, standard chemother-
apy should be considered in the adjuvant setting for this
patient group.

The NEJO09 study reported that patients with EGFR-
mutant NSCLC could gain an OS benefit from combined
treatment with chemotherapy and EGFR-TKIs com-
pared to EGFR-TKIs alone [39]. In the ADAURA trial,
subgroup analysis stratifying the benefit of adjuvant che-
motherapy showed that the two-year DES of patients who
received adjuvant chemotherapy was better than that of
the patients who did not receive this treatment (HR of
0.16 vs. 0.23) [40]. The present study also showed that
perioperative chemotherapy with sequential EGFR-TKIs
resulted in better OS. Subsequent therapy after disease
progression also plays an important role in contributing
OS.

Our study has several limitations. First, it was a ret-
rospective, single-institution study, and the number of
patients in our cohort was small. As a result, we were
unable to divide patients who received perioperative
systemic treatment into neoadjuvant or adjuvant treat-
ment separately. However, currently available evidence
suggests no difference in the survival of neoadjuvant or
adjuvant chemotherapy [5]. Second, different types of
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EGFR-TKIs were analyzed together, and the effective-
ness of a specific drug could not be evaluated. Third,
there were imbalanced baseline characteristics between
the two groups, and neoadjuvant treatment inevitably
affected the pathology findings. However, due to the lim-
ited number of patients, we were unable to perform pro-
pensity score matching. To account for the influence of
age, pathologic risk factors, T and N staging, and smoking
history on OS, we utilized multivariate Cox proportional
hazards regression analysis. Fourth, due to the retrospec-
tive nature of this study, the entry time varied across the
patient population. Furthermore, only 9 cases with OS
events were observed in the EGFR-TKI group, potentially
leading to insufficient observation time for other patients
and unavoidable bias. Fifth, excluding inoperable patients
with neoadjuvant treatment may introduce selection
bias. PFS was defined as the time from the initiation of
antineoplastic treatment until disease progression in
this study. For those undergoing neoadjuvant treatment
followed by surgery, the combined treatment and surgi-
cal duration in PFS could lead to longer observed PES
times and potential immortal time bias. However, the
patient’s neoadjuvant EGFR-TKI within three months
before surgery ensures the immortal time bias is not sig-
nificant, similar to neoadjuvant chemotherapy. Sixth, the
result from this study should be interpreted cautiously in
patients with uncommon mutations. All 5 patients with
uncommon mutations received perioperative chemo-
therapy in our study. This bias was explained by the less
active treatment effect of EGFR-TKIs in treating uncom-
mon mutations, as compared with common mutations
such as the del 19 mutation [41]. Finally, the percentage
of patients using osimertinib after disease progression
was relatively small (32% in the chemotherapy group and
33.3% in the EGFR-TKI group).

Conclusion

Our study demonstrates that standard chemotherapy
still should be considered in the perioperative setting for
high-risk patients, when taking pathological risk factors
into consideration, and that optimized sequencing of
EGFR-TKIs might be the most critical determinant of
OS in patients with stage III EGFR-mutant NSCLC.
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