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Background: Approximately 30–70% percent of patients with non-small cell lung cancer (NSCLC) 
still relapse after receiving complete resection and even suffer distant metastasis. Epidermal growth factor 
receptor tyrosine kinase inhibitors (EGFR-TKIs) have gradually replaced chemotherapy to become the first-
line postoperative NSCLC treatment because they can effectively inhibit the postoperative recurrence of 
lung cancer. However, the clinical efficacy of neoadjuvant EGFR-TKIs in EGFR-mutant NSCLC patients 
is still unclear. The purpose of this study was to evaluate their clinical efficacy and to further explore factors 
affecting recurrence in such patients.
Methods: EGFR-mutated patients receiving neoadjuvant EGFR-TKI treatment in our hospital from July 
2016 to September 2020 were retrospectively included. These patients underwent radical tumor resection 
after treatment. The primary endpoint was the objective response rate (ORR). The secondary endpoints 
were the major pathological response (MPR), disease-free survival (DFS), and overall survival (OS).
Results: A total of 42 patients who met the inclusion criteria were included in this study. The ORR was 
47.6% (20/42), and the MPR was 23.8% (10/42). The average follow-up time was 23.7 months. As of the 
final follow-up date, 18 (42.9%, 18/42) patients had experienced tumor recurrence. Of these, there were 
11 (61.1%) cases of local recurrence and 7 (38.9%) cases of distant metastasis, including 5 bone metastases 
and 2 brain metastases. Multivariate Cox regression results showed that the high-risk subtype [P=0.012, 
hazard ratio (HR) =24.560; 95% confidence interval (CI), 2.016–299.227] was a risk factor for postoperative 
recurrence. Patients with a high-risk subtype (solid or micropapillary subtype) had significantly worse 
recurrence-free survival (RFS, log-rank P=0.032). Although patients with pathological remission had a 
similar RFS as patients who did not achieve pathological remission (log-rank P=0.069), the patients without 
pathological remission showed a tendency toward a worse prognosis.
Conclusions: Neoadjuvant EGFR-TKIs had good effects on EGFR-mutant NSCLC patients at different 
stages, especially those with MPR. Patients with high-risk subtypes (solid or micropapillary) should be 
closely followed up after surgery because of the high risk of recurrence.
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Introduction 

With a high morbidity and mortality, primary lung cancer 
is the most common malignancy in the world (1,2). Surgical 
resection is the optimal treatment for early-stage non-
small cell lung cancer (NSCLC) (3-7). However, 30–70% 
of patients still experience recurrence after receiving 
complete resection and even suffer distant metastasis (8). 
The 5-year overall survival (OS) rate of patients with stage 
II–IIIA NSCLC after lung cancer resection is estimated to 
be between 65% and 41% (9). Death is usually caused by 
distant metastasis (10), and NSCLC may show undetectable 
micrometastases (11).  Current cl inical  guidelines 
recommend cisplatin-assisted regimens for patients with 
stage II–IIIA NSCLC after complete resection to reduce 
the likelihood of micrometastasis (12). Postoperative 
adjuvant therapy can improve the 5-year OS of patients 
by 4% to 8%. Neoadjuvant chemotherapy has also been 
confirmed in recent years to achieve similar results as 
adjuvant chemotherapy (13).

The emergence and development of targeted therapy 
brings hope for the treatment of lung cancer (8,14,15). 
Epidermal growth factor receptor (EGFR) mutations are 
common in NSCLC patients in the East Asian population, 
being present in about half of all patients. Deletions in 
exon 19 (19DEL) and the L858R mutation are the two 
most common types of EGFR mutation, accounting for 
22.1% and 20.9% of EGFR mutations in advanced NSCLC 
patients, respectively (16). Patients with these mutations 
respond better to EGFR tyrosine kinase inhibitors (TKIs) 
than nonmutated patients. The ADJUVANT study 
compared the efficacy of postoperative administration of 
gefitinib to postoperative administration of cisplatin plus 
vinorelbine in resectable NSCLC patients with EGFR 
mutation. Patients receiving postoperative administration of 
gefitinib had significantly better disease-free survival (DFS) 
[28.7 months; 95% confidence interval (CI), 24.9–32.5] than 
patients receiving postoperative administration of cisplatin 
plus vinorelbine (18.0 months; 95% CI, 13.6–22.3), and 
the risk ratio was 0.60 (95% CI, 0.42–0.87; P=0.0054) (17). 
Zhang et al. (18) prospectively included 33 patients with 
resectable stage II–IIIA NSCLC who were sensitive to 
EGFR-TKIs and who had received gefitinib neoadjuvant 
therapy to evaluate the safety and feasibility of gefitinib 

as a preoperative neoadjuvant drug. The patients with a 
major pathologic response (MPR) after receiving gefitinib 
neoadjuvant therapy had a better prognosis. Although some 
studies have investigated the safety and efficacy of EGFR-
TKIs in neoadjuvant therapy, few studies have analyzed 
the influence of different pathologies and subtypes on 
prognosis.

In this study, we retrospectively included 42 patients 
with EGFR-TKI sensitivity who received preoperative 
neoadjuvant EGFR-targeted therapy to confirm the clinical 
efficacy of preoperative neoadjuvant EGFR-TKIs in EGFR-
mutated NSCLC patients and to explore the effects of 
different pathological subtypes on prognosis. We present 
the following article in accordance with the STROBE 
reporting checklist (available at http://dx.doi.org/10.21037/
atm-21-1134).

Methods

Inclusion and exclusion criteria

The inclusion criteria were as follows: (I) age older than 
18 years; (II) a deletion in EGFR 19DEL or exon 21 
L858R mutation confirmed by pathological diagnosis 
before operation; (III) preoperative use of neoadjuvant 
EGFR-TKIs; (IV) Eastern Cooperative Oncology Group 
(ECOG) score 0 or 1; and (V) NSCLC clinical stage after 
neoadjuvant therapy not higher than stage IIIA (based on 
the eighth edition of the American Joint Commission on 
Cancer TNM staging system for NSCLC). The exclusion 
criteria were as follows: (I) history of cancer; (II) concurrent 
or sequential use of chemotherapy or other systemic 
antitumor treatment; (III) EGFR T790 M mutation; and (IV) 
death from surgical complications.

Treatment plan

Standard doses of EGFR-TKIs were administered before 
surgery. After treatment evaluation, surgical resection 
was performed, including resection of the tumor (surgical 
procedure depended on the patient’s condition) and 
systemic lymphadenectomy. Postoperative treatment was 
chosen based on the patient’s condition and the clinical 
experience of the doctor. Usually, platinum-based dual-
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agent chemotherapy was recommended for patients with 
stage II–IIIA NSCLC as adjuvant therapy.

Response evaluation

The treatment response was evaluated by computed 
tomography (CT). CT images of all patients were diagnosed 
and reviewed by the same group of radiologists. For 
evaluating the lymph node response after induction therapy, 
chest computed tomography (CT) and ultrasound-guided 
fine needle aspiration (EUS-FNA) were all used, taken 
radiography and cytology together, we could accurately 
evaluate the status and staging of patients to the utmost 
extent. At 21 days and 42 days of neoadjuvant therapy, CT 
imaging of the tumor response to therapy was evaluated 
based on the Response Evaluation Criteria in Solid Tumors 
(RECIST, version 1.1). The response was divided into 
progressive disease (with a diameter increase of no less 
than 20% or the occurrence of new lesions), stable disease 
(SD, diameter change between –30% and +20%), partial 
response (PR, diameter reduction not less than 30%), 
and complete remission (CR, imaging results showing no 
residual disease). 

Study outcome

The primary endpoint of this study was the objective 
response rate (ORR), which was defined as the percentage 
of patients who achieved CR or PR according to RECIST 
version 1.1.10. The secondary endpoints were MPR, DFS, 
and OS. MPR referred to a major pathological response 
(MPR), defined as no more than 10% of the tumor 
remaining.

Follow-up strategy

The last follow-up was in November 2019. The follow-
up was completed through outpatient visits or by 
telephone calls. In the first 3 years after surgery, physical 
examinations, chest CT scans, ultrasounds of the abdomen/
neck/supraclavicular area, and brain magnetic resonance 
imaging or CT scans were performed every 6 months. 
After 3 years, follow-up was performed every 6–12 months. 
A bone scan was performed every year. OS was defined 
as the length of time from the day of surgery to death or 
the last follow-up. RFS was defined as the length of time 
from the day of surgery to the first recurrence or the last 
follow-up. To calculate RFS, patients who died of other 

causes were considered censored subjects without events. 
Focal recurrence was defined as recurrence at the primary 
tumor, ipsilateral hilum, ipsilateral mediastinal lymph node, 
or supraclavicular lymph node, and distant recurrence was 
defined as recurrence of other sites (19). 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Institutional 
review board of Shanghai Pulmonary Hospital’ approval 
was granted for this retrospective review along with a waiver 
of patient consent (No. L20-341-1).

Statistical analysis

The statistical analysis used SPSS software (version 26.0; 
IBM Corp., NY, USA). Differences in survival between 
different subgroups were compared using the log-rank test, 
and the survival curves were analyzed by the Kaplan-Meier 
method.

Results

Baseline information of patients

We retrospectively included NSCLC patients who 
underwent preoperative pulmonary biopsy or transbronchial 
needle aspiration under endobronchial ultrasound between 
July 2016 and September 2020. Finally, 42 patients who met 
the inclusion criteria were included in this study. The average 
age of the patients was 61.6 years (range, 39–76 years old). 
There were 17 males (40.5%) and 25 females (59.5%). The 
basic clinicopathological information of patients is listed 
in Table 1. There were 5 (11.9%), 3 (7.1%), 22 (52.4%),  
11 (26.2%), and 1 (2.4%) patient(s) at clinical stage IB, 
IIA, IIIA, IIIB, and IIIC, respectively. Preoperative EGFR 
detection results showed that 24 (57.1%), 17 (40.5%), and 
1 (2.4%) patient(s) had EGFR L858R, 19DEL, and L861Q 
mutations, respectively. The number of patients using 
gefitinib (n=26) was the highest, followed by icotinib (n=9), 
erlotinib (n=4), and afatinib (n=4). The correspondences 
between patient subtypes, high-risk subtypes, MPR, and 
neoadjuvant therapy response are shown in Figure 1.

Primary endpoint

The ORR in this study was 47.6% (20/42). There was no 
CR according to imaging, while 5/42 (11.9%) patients 
achieved CR according to pathology. All patients underwent 
complete resection of the tumor after neoadjuvant targeted 
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Table 1 Baseline characteristics of patients who received 
neoadjuvant EGFR-TKIs

Characteristics No. of patients (%)

Sex

Male 17 (40.5)

Female 25 (59.5)

Age, years, median (IQR) 61.6 (57.0–67.0)

Smoking history 4 (9.5)

FEV1%, median (IQR) 86.5 (77.1–94.2)

Blood loss, mL, median (IQR) 134.8 (50.0–100.0)

Operation time, h, median (IQR) 2.3 (2.0–3.0)

cTNM stage

IB 5 (11.9)

IIB 3 (7.1)

IIIA 22 (52.4)

IIIB 11 (26.2)

IIIC 1 (2.4)

EGFR mutation

L858R 24 (57.1)

19Del 17 (40.5)

L861Q 1 (2.4)

Operative procedure

Lobectomy 35 (83.3)

Sleeve resection 2 (4.8)

Bilobectomy 2 (4.8)

Pneumonectomy 3 (7.1)

Side

Left 18 (42.9)

Right 24 (57.1)

Resected LN station, median (IQR) 5.9 (5.0–7.0)

Resected LN count, median (IQR) 15.3 (10.8–21.0)

VPI 8 (19.0)

STAS 2 (4.8)

ypTNM

IA 14 (33.3)

IB 4 (9.5)

IIB 4 (9.5)

IIIA 18 (42.9)

IIIB 2 (4.8)

Table 1 (continued)

Table 1 (continued)

Characteristics No. of patients (%)

Neoadjuvant therapy

Icotinib 9 (21.4)

Afatinib 3 (7.1)

Erlotinib 4 (9.5)

Gefitinib 26 (61.9)

EGFR-TKIs, epidermal growth factor receptor tyrosine kinase 
inhibitors.

Figure 1 Sankey diagram of the correspondence relationships of 
mutation type among the 42 patients with neoadjuvant therapy.

therapy. There were 22 patients (52.4%) with SD and 
none with PD. The response rates of all the patients after 
receiving neoadjuvant targeted therapy are listed in Figure 2. 

Secondary endpoint

In this cohort, the MPR rate was 23.8% (10/42). The 
average follow-up time was 23.7 months. The other 
secondary endpoints of this study were RFS and OS  
(Figure 3). As of the final follow-up date, 18/42 (42.9%) 
patients had tumor recurrence, with an average RFS 
time of 19.8 months (Figure 4). Among the 18 patients 
with recurrence, 11 had focal recurrence (61.1%) and 7 
(38.9%) had distant metastasis, including 5 patients with 
bone metastases and 2 patients with brain metastases;  
40 patients (95.2%, 40/42) survived; 2 patients died of lung 

19-del

L858R

L861Q

Mutation

ResponseMPRHigh_riskMutation
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Figure 2 Waterfall plot of the maximum change in tumor size in patients with neoadjuvant therapy. A, adenocarcinoma.

cancer recurrence and metastasis. All patients with stage II 
disease or above received 4-cycle platinum-based dual-drug 
chemotherapy or radiotherapy (50–62 Gy/25–28 Fx).

Survival analysis

Univariate Cox regression analysis showed that the surgical 
procedure [P=0.035, hazard ratio (HR) =1.857; 95% CI, 
1.043–3.306], postneoadjuvant stage (ypTNM) (P =0.024, 
HR =1.393; 95% CI, 1.044–1.859), pathologic T category 
(pT) stage (P=0.010, HR =2.460; 95% CI, 1.245–4.858), 
number of nodes dissected (P=0.049, HR =1.098; 95% CI, 
1.000–1.204), and high-risk subtype (P=0.038, HR =2.729; 
95% CI, 1.055–7.060) were risk factors for postoperative 
recurrence. We included factors with a P value less than 0.1 
from the univariate Cox regression in the multivariate Cox 
regression. The results showed that the high-risk subtype 
(P=0.012, HR =24.560; 95% CI, 2.016–299.227) was the 
only significant risk factor for postoperative recurrence, 
though ypTNM stage (P=0.059, HR =2.570; 95% CI, 
0.964–6.850) and pathologic N (pN) stage (P=0.054, HR 
=0.213; 95% CI, 0.044–1.024) were borderline risk factors 
for postoperative recurrence (Table 2).

We found that patients with the high-risk subtype (solid 
or micropapillary subtype) had significantly worse RFS 
(log-rank P=0.032). Although the patients with pathological 
remission had a similar RFS as the patients who did not 
achieve pathological remission (log-rank P=0.069), the 

patients without pathological remission tended to have a 
poor prognosis. The EGFR mutant subtype had no effect 
on the response rate to TKIs in terms of RFS or OS (data 
not shown).

Discussion

EGFR-TKIs have been used as the first-line treatment for 
patients with advanced EGFR mutation NSCLC, but few 
studies have analyzed the impact of different pathological 
and mutated subtypes on prognosis. Due to its remarkable 
efficacy, molecular targeted therapy has been successfully 
used in the adjuvant treatment of certain types of tumors, 
such as imatinib for the treatment of gastrointestinal stromal 
tumors (20,21). Like adjuvant TKIs, neoadjuvant TKIs can 
function by eliminating micrometastases or residual tumor 
cells produced by primary tumor cells (possibly with similar 
genotypes and molecules) (22). Therefore, neoadjuvant 
TKIs could theoretically reduce disease recurrence and 
improve OS in NSCLC patients undergoing complete 
resection.

In this study, we found that preoperative neoadjuvant 
EGFR-TKIs could be effective in EGFR-TKI-sensitive 
NSCLC patients. The primary endpoint of ORR was 
reached by 47.6% of our cohort. A recent phase II clinical 
trial of gefitinib for stage II-IIIA NSCLC showed that its 
ORR reached 54.5% (18). Xiong et al. (23) have reported 
that erlotinib, as a neoadjuvant targeted drug for NSCLC 
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Figure 4 Swimmer plot of all 42 patients with neoadjuvant therapy. 

Table 2 Univariable and multivariable analyses for RFS in patients who received neoadjuvant EGFR-TKIs

Variable
Univariable Multivariable

HR 95% CI P HR 95% CI P

Sex 1.127 0.420–3.024 0.812

Age 0.667 0.246–1.807 0.425

FEV1% 0.588 0.161–2.153 0.423

EGFR mutation type 1.065 0.429–2.645 0.892

Objective response 0.962 0.379–2.443 0.934

cTNM stage 1.545 0.906–2.635 0.110

Neoadjuvant therapy 0.636 0.083–4.845 0.662

Surgical procedure 1.857 1.043–3.306 0.035 0.827 0.310–2.207 0.704

Side 0.781 0.309–1.973 0.601

Blood loss 1.000 0.999–1.001 0.748

Operation time 0.766 0.381–1.540 0.455

ypTNM stage 1.393 1.044–1.859 0.024 2.570 0.964–6.850 0.059

pT stage 2.460 1.245–4.858 0.010 0.549 0.172–1.751 0.311

pN stage 1.526 0.947–2.461 0.083 0.213 0.044–1.024 0.054

VPI 2.291 0.610–8.606 0.219

STAS 2.752 0.330–22.972 0.350

Dissected nodal station 1.238 0.805–1.905 0.331

Dissected nodal number 1.098 1.000–1.204 0.049 1.080 0.969–1.205 0.166

High-risk subtype 2.729 1.055–7.060 0.038 24.560 2.016–299.227 0.012

MPR 0.184 0.024–1.411 0.103

RFS, relapse-free survival; EGFR-TKIs, epidermal growth factor receptor tyrosine kinase inhibitors; HR, hazard ratio; CI, confidence 
interval. 
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patients, achieved an ORR of 42.1%. In the EMERGING-
CTONG 1,103 cohort (24), who took erlotinib as 
neoadjuvant therapy, the ORR was 54.1%. The ORRs of the 
above studies were consistent with the present one. Possible 
explanations for our ORR being slightly lower might be as 
follows: (I) we included patients with clinical stage IB–IIIC, 
and tumors at different stages have different sensitivities and 
responsiveness to treatment. Patients with advanced-stage 
disease are more sensitive to drugs than patients with early-
stage disease, so advanced NSCLC patients are more likely 
to achieve a higher ORR. (II) We included 11 IIIB patients 
and 1 IIIC NSCLC patient with intratumoral heterogeneity; 
i.e., tumors containing cell populations with defined 
molecular and phenotypic characteristics, which make 
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targeted therapy more difficult to implement (22). In lung 
cancer, with the emergence of driver gene mutations before 
and after subclonal diversification, evidence of branching 
evolution has accumulated (25). When wild-type targeted 
genes emerge, molecular-targeted drugs will not be able to 
affect these tumor subclones. As the tumor stage progresses, 
the heterogeneity gradually increases. (III) The above studies 
mostly examined the effects of specific targeted drugs. This 
study included a variety of neoadjuvant EGFR-TKIs, which 
might have generated a bias in ORRs. (IV) Different patients 
received EGFR-TKIs at different times. The cohort of 
patients in Xiong et al. (23) took EGFR-TKIs for 56 days 
preoperatively. Even if the tumor had a certain response to 
the treatment, the necrotic foci still took some time to absorb 
the drug after targeted therapy, leading to a less reduced 
diameter measured on CT.

There are still major controversies regarding preoperative 
neoadjuvant targeted therapy and adjuvant targeted therapy, 
especially in terms of patient selection and treatment 
regimens (23,24,26,27). In most of the neoadjuvant EGFR-
TKI clinical trials, the included patients were mostly stage 
IIIA-N2 NSCLC patients with EGFR mutations. In many 
clinical trials of adjuvant EGFR-TKIs, early-stage lung 
cancer patients with undetectable EGFR mutations are 
often included. For example, the EMERGING-CTONG 
1,103 (24) clinical trial of neoadjuvant EGFR-TKIs treated 
patients with gefitinib after surgery, so it is difficult to 
determine whether the efficacy of preoperative neoadjuvant 
targeted therapy was better or worse than that of adjuvant 
targeted therapy. The clinical trial conducted by Zhang  
et al. (18) included stage II–IIIA NSCLC patients with 
EGFR mutations, and thus the disease stages included 
covered a relatively limited range. Our study retrospectively 
included NSCLC patients with EGFR mutations who 
were in stage IB–IIIC and who had achieved good efficacy 
in patients of all stages, confirming the feasibility of 
neoadjuvant targeted therapy in different stages.

In this study, the MPR of SD patients was 13.6% (3/22), 
while the MPR of PR patients was 35% (7/20). These 
rates explain the effectiveness of imaging in the assessment 
of targeted therapy for our patients. In many studies, the 
survival time of patients with PR or CR is better than that 
of SD or PD patients (28,29). However, the false-negative 
rate using imaging assessment persists. In this study, the 
survival time of PR or CR patients and SD or PD patients 
was not statistically significant. The biggest reason may 
be that even if the tumor has a certain response to the 
treatment, the necrotic foci still take some time to absorb 

the targeted therapy drug, leading to a less reduced diameter 
measured on CT. Besides, drug resistance of EGFR-TKIs 
is also a major reason. Therefore, the assessment of the 
effectiveness of neoadjuvant therapy should be combined 
with preoperative imaging and postoperative pathology.

In the survival analysis, we found that the high-risk 
subtype (P=0.012, HR =24.560; 95% CI, 2.016–299.227) 
was a risk factor for postoperative recurrence. The solid 
or micropapillary subtype of lung adenocarcinoma is a 
high-risk subtype and a high-risk factor for postoperative 
recurrence. We found tumor spread through air space 
(STAS) in this type of patient. Previous studies have also 
confirmed that STAS is one of the pathological causes 
of the high recurrence of solid or micropapillary lung 
adenocarcinoma (30). 

This study has the following limitations. (I) The sample 
was small, and the efficacy of different neoadjuvant EGFR-
TKIs and the effects of EGFR mutation status on the 
efficacy of EGFR-TKIs are still unclear. Too few patients 
were in stage IB, and the efficacy of neoadjuvant EGFR-
TKIs on NSCLC patients with EGFR sensitivity in stage IB 
still cannot be determined. (II) The average follow-up time 
was relatively short. Although some patients had recurrence, 
the OS of the patients could not be determined. (III) This 
was a single-center retrospective study. Multicenter external 
validation is required to confirm our conclusions. (IV) 
The postoperative treatment regimen of patients relied on 
the physician’s decision based on the patient’s condition 
and the physician’s clinical experience, but such decision 
making may introduce bias to some degree. (V) This is an 
observational study mainly focused on evaluating the clinical 
efficacy and further exploring factors affecting recurrence in 
NSCLC patients, thus the association between biomarkers 
and tumor prognosis was not discussed in this manuscript, 
which will be further discussed in the next study.

 Neoadjuvant EGFR-TKIs had good effects on NSCLC 
patients with EGFR mutation in different stages of disease, 
especially those with MPR. Patients with high-risk subtypes 
(solid/micropapillary) should be closely followed up 
after surgery, and the clinician should carefully watch for 
recurrence.
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