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Background: Although neoadjuvant chemotherapy could improve survival outcome in resectable non–
small cell lung cancer (NSCLC), the efficacy of neoadjuvant targeted therapy is still unclear.
Methods: We retrospectively reviewed clinical records of stage I–IIIA lung adenocarcinoma patients treated 
with neoadjuvant targeted therapy or chemotherapy prior to surgery. The collected data were compared 
between the two groups. Tumor samples were collected and analyzed by sequencing to explore the epidermal 
growth factor receptor-tyrosine kinase inhibitor (EGFR-TKI) resistance mechanisms.
Results: A total of 134 patients were enrolled; of these, 119 (88.8%) had clinical stage II–IIIA disease. 
Radiographic response rate was significantly higher with neoadjuvant targeted therapy than with chemotherapy 
among patients harboring EGFR mutation [objective response rate (ORR): 55.8% vs. 32.6%; P=0.030]. 
EGFR exon 19 deletion achieved better tumor response than those with exon 21 L858R mutation (ORR: 
70.0% vs. 40.0%; P=0.057). Postoperative complications, operation time, drainage volume, and postoperative 
hospital length of stay were comparable between two groups. There was no difference on disease free survival 
(DFS) between patients receiving neoadjuvant targeted therapy and chemotherapy (P=0.871), but those who 
continued long-term adjuvant targeted therapy had significantly longer DFS than those only treated with 
adjuvant chemotherapy postoperatively (P=0.011). A series of potential molecular mechanisms of EGFR-TKI 
primary resistance were detected; these included BIM deletion polymorphisms, EGFR T790M mutation, and 
PTEN, TSC1, PIK3CA, or STAT3 mutations. Patients who presented stable disease (SD) response after TKI 
therapy had significantly lower EGFR mutation abundance than PR response (P=0.032).
Conclusions: Neoadjuvant EGFR-TKI appears to be more effective than conventional chemotherapy 
for EGFR-mutant NSCLC patients. This study provides evidence that needs to be investigated further in 
randomized controlled trials (RCT).
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Introduction

Lung cancer is the leading cause of cancer-related death 
worldwide (1). In stage I–IIIA resectable disease there is a 
high frequency of local recurrence and distant metastasis 
even after complete surgical resection (2,3). Neoadjuvant 
chemotherapy can reduce tumor burden and eradicate 
micrometastasis and thus improve survival. Several 
randomized controlled trials (RCT) have demonstrated the 
survival benefit resulting from preoperative chemotherapy, 
with the objective response rate (ORR) ranging from 
35.4% to 41% (4,5). One meta-analysis of 15 RCTs found 
that preoperative chemotherapy could bring about a 13% 
reduction in the risk of death in stage IB-IIIA resectable 
non–small cell lung cancer (NSCLC) patients and improve 
overall survival from 40% to 45% at 5 years (6).

Multiple prospective studies have shown that epidermal 
growth factor receptor (EGFR)-tyrosine kinase inhibitor 
(TKI) therapy has better efficacy and less toxicity than 
conventional chemotherapy for initial treatment of 
EGFR-mutant advanced NSCLC (7-10). However, for 
resectable lung cancer harboring EGFR mutation, whether 
preoperative targeted therapy is comparable to neoadjuvant 
chemotherapy is still unclear. Over last decade a few phase 
II studies have been conducted to evaluate the feasibility 
and safety of EGFR-TKI followed by surgical resection 
for treatment of lung cancer (11-13). All of these studies 
were single-armed, and most of the enrolled patients were 
stage I who did not harbor the EGFR mutation. Last year, 
a phase II randomized study (EMERGING) reported that 
among 72 N2 positive EGFR-mutant patients, the ORR for 
neoadjuvant erlotinib versus GC chemotherapy was 54.1% 
versus 34.3% (P=0.092) (14).

So far, it is still not known whether preoperative 
EGFR-TKI should be recommended as induction 
strategy in EGFR-mutant patients. The optimal adjuvant 
treatment modality following surgery, the patient 
subset that would benefit from this treatment, and the 
mechanism of development of TKI resistance also remain 
to be elucidated. We conducted this real-world study to 
compare the efficacy and survival outcome of neoadjuvant 
EGFR-TKI vs. chemotherapy in patients with lung 
adenocarcinoma. We also examined the mechanisms 
underlying the primary and acquired TKI resistance 
by DNA sequencing of pre- and post-treatment tumor 
samples. We present the following article in accordance 
with the STROBE reporting checklist (available at http://
dx.doi.org/10.21037/jtd-20-1265).

Methods

Patients

The patients were selected from lung adenocarcinoma 
cases that had received neoadjuvant chemotherapy or 
targeted therapy followed by surgical resection at Peking 
University (PKU) Cancer Hospital between October 2013 
and September 2019. Patients were eligible for inclusion 
if (I) they had confirmed histopathological diagnosis of 
stage I–IIIA lung adenocarcinoma by the American Joint 
Committee on Cancer (AJCC) criteria, 8th edition; (II) 
they had received at least two cycles of platinum-based 
chemotherapy or at least 4 weeks of targeted therapy prior 
to surgery. 

A thoracic surgeon and a radiologist jointly assessed 
radiographic response after induction therapy according 
to the Response Evaluation Criteria in Solid Tumors 
(RECIST) criteria. Demographic and clinical data (age, 
sex, TNM stage, disease location, preoperative treatment, 
radiographic response, perioperative complications, 
postoperative treatment, and survival) were analyzed. This 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013) and was approved by the 
institutional human research committee. All patients 
included in this study signed informed consent.

EGFR mutation testing and next-generation sequencing 
(NGS)

EGFR mutation status was tested on formalin-fixed 
paraffin-embedded (FFPE) biopsy samples and/or resected 
FFPE tumor tissue. All the analyses were performed in 
the Department of Pathology of PKU Cancer Hospital by 
TaqMan polymerase chain reaction (PCR) assay (Beijing 
ACCB Biotech Ltd., Beijing, China) (15).

NGS analyses were performed on frozen or FFPE 
tissues of both pretreatment biopsy sample and post-
treatment surgically resected tumor tissue for patients who 
received preoperative EGFR-TKI. Genomic DNA were 
extracted from frozen tissue using the DNeasy Blood & 
Tissue Kit (Qiagen). FFPE samples were deparaffinized 
with xylene and genomic DNA extraction was performed 
using QIAamp DNA FFPE Tissue Kit (Qiagen) according 
to the manufacturer’s instruction. Sequencing libraries 
were prepared using the KAPA Hyper Prep Kit (KAPA 
Biosystems) with an optimized manufacturer’s protocol. 
For target enrichment, indexed DNA libraries were pooled 
together for hybridization with customized biotinylated 
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DNA probes  (GeneseeqOne,  Nanj ing  Geneseeq 
Technology Inc.) targeting 422 cancer-relevant genes 
(exons and selected introns for fusion detection). Enriched 
libraries were amplified and subjected to NGS on Illumina 
Hiseq platforms (Illumina) according to the manufacturer’s 
instructions. Quality control for FASTQ file was performed 
by Trimmomatic. Sequencing reads were mapped to the 
reference sequence hg19 (Human Genome version 19) 
using Burrows-Wheeler Aligner (BWA-mem, v 0.7.12). 
VarScan 2 was employed for detection of somatic mutations. 
Annotation was performed using ANNOVAR (http://
annovar.openbioinformatics.org) on the hg19 reference 
genome and 2014 versions of standard databases and 
functional prediction programs. Genomic fusions and copy 
number variations (CNVs) were identified by FACTERA 
and ADTEx (http://adtex.sourceforge.net) separately using 
default parameters.

Statistical analysis

SPSS version 22 (IBM Corp., Armonk, NY, USA) was used 
for statistical analysis. Tumor response and other variables 
were compared between the neoadjuvant targeted therapy 
group and the chemotherapy group. The chi-square test 
was applied for discrete variables. The independent-
samples t-test (normal distribution) and Mann-Whitney test 
(abnormal distribution) was applied for continuous variables. 
In survival analysis, Kaplan-Meier method and the log-
rank test were used to compare disease-free survival (DFS) 
and overall survival (OS) of patients receiving preoperative 
targeted therapy vs. chemotherapy. Due to the impact of 
prognostic factors on survival results, patients with early 
stage and incomplete resection would be excluded from this 
analysis. We also excluded patients who underwent surgery 
last year since the follow-up period was too short and few of 
them recurred in the first routine surveillance after adjuvant 
therapy. GraphPad Prism 7.0 was used for drawing Kaplan-
Meier curves. Statistical significance was at P<0.05.

Results

Patient characteristics

Between 2013 and 2019, a total of 2,608 patients with 
lung adenocarcinoma underwent surgery by the same 
surgical team. Among these cases, 150 received neoadjuvant 
chemotherapy or targeted therapy followed by surgery 
in our department. Of these, 134 patients met the 

study criteria and were enrolled in this study (Figure 1). 
Pretreatment staging was evaluated by means of FDG-
positron emission tomography-computed tomography 
(PET-CT) scan, with additional brain MRI performed to 
assess lymph node metastasis (N1/N2) and rule out distant 
metastasis (N3/M1). Endobronchial ultrasound-guided 
transbronchial needle aspiration (EBUS-TBNA) was 
performed in 19 patients and N2 disease was pathologically 
determined. Table 1 lists the patients’ demographic and 
clinical characteristics.

Treatment

Of the 134 patients, 43 harboring EGFR mutation received 
preoperative targeted therapy. The remaining 91 received 
preoperative chemotherapy, of whom 43 (47.3%) had 
the EGFR mutation. There was no significant difference 
between the neoadjuvant targeted therapy group and 
the chemotherapy group in mean age, disease location, 
clinical stage and prevalence of EGFR mutation (exon 
18–21, excluding wild type). We observed more non-
smoking female received preoperative EGFR-TKI (P=0.022 
and 0.015, respectively). For induction chemotherapy, 
pemetrexed combined with cisplatin was the most 
commonly used regimen (89.0%); the other regimens 
included gemcitabine, paclitaxel, or docetaxel, combined 
with platinum agents. Two cycles of chemotherapy were 
administered to 80 patients, three cycles to 7 patients, and 
four cycles to 4 patients. Among those receiving targeted 
therapy, 21 patients received gefitinib (48.8%), 14 received 
icotinib (32.6%), 4 received afatinib, 3 received osimertinib 
(ChiCTR1800016948) and 1 received erlotinib. Most of 
patients received 4 to12 weeks’ targeted therapy (93.0%) 
followed by surgery. The median and mean duration 
of preoperative EGFR-TKI administration was 8 and  
8.8 weeks, respectively. 

Radiographic response

Among the 43 patients who received targeted therapy 
partial response (PR) was seen in 55.8% (24/43), while 
increase in tumor size was seen in 2 patients. Patients with 
EGFR exon 19 deletion achieved better tumor response 
than those with exon 21 L858R mutation, although the 
difference was not statistically significant (ORR: 70.0% 
vs. 40.0%; P=0.057). No difference in tumor response was 
noted between patients treated with gefitinib and with 
icotinib (ORR: 57.1% vs. 42.9%; P=0.407). There was also 
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Figure 1 Flow chart of screened patients. chemo, chemotherapy; TKI, tyrosine kinase inhibitor; EGFR, epidermal growth factor receptor.

Patients with lung 
adenocarcinoma underwent 

surgery n=2,608

Not received neoadjuvant 
treatment n=2,458

Advanced disease or received 
only one cycle of chemo or less 

than 4 weeks of TKI n=16

Received neoadjuvant 
chemotherapy or targeted 

therapy n=150

Eligible for the study 
n=134

EGFR mutation 
n=43

Neoadjuvant targeted therapy 
n=43

Neoadjuvant chemotherapy 
n=91

EGFR wild type 
n=48

no significant correlation between different pathological 
subtypes of adenocarcinoma and response to EGFR-TKI 
(P=0.629). Among the 91 patients who received neoadjuvant 
chemotherapy, 38.5% (35/91) showed PR. Tumor response 
in this cohort of patients was comparable between those 
with and without EGFR mutation (ORR: 32.6% vs. 43.8%; 
P=0.273). We observed that the radiographic response 
rate was higher with neoadjuvant targeted therapy than 
with chemotherapy among all the cohort of patients 
(ORR: 55.8% vs. 38.5%; P=0.059), and this difference 
was significant in the subset of patients harboring EGFR 
mutation (ORR: 55.8% vs. 32.6%; P=0.030) (Table 1).  
Figure 2 shows the waterfall response plot.

Surgery and survival outcome

After neoadjuvant treatment, all patients underwent surgery 
(Table 2). Most patients received lobectomy with mediastinal 
lymph node dissection. R0 resection was performed on 
127 patients (94.8%). Of all the patients, 86 (64.2%) were 
diagnosed as pathological stage II-III postoperatively. Two 
patients had pathologic complete response (pCR) after 
neoadjuvant chemotherapy. There were no perioperative 
deaths. Complication rates, operation time, amount of 
intraoperative bleeding, thoracic drainage volumes, duration 
of the drain placement, and postoperative hospital length 

of stay (LOS) were not significantly different between 
patients who received preoperative EGFR-TKI and those 
who received chemotherapy (P=0.688, 0.625, 0.720, 0.895, 
0.973, and 0.900, respectively) (Table 2).

Complete follow-up data were available for 105 of the 
134 patients. After excluding stage I disease (n=15), R1 or 
R2 resection patients (n=7) and those with short follow-
up period (less than 1 year, n=28), 55 cases were enrolled 
for survival analysis. The median follow-up duration was 
33.6 months. There was no difference on disease free 
survival (DFS) between neoadjuvant targeted group and 
chemotherapy group (with and without EGFR mutation), 
and the median DFS was 16.7, 14.1 and 15.0 months, 
respectively (P=0.871, Figure 3A). The median overall 
survival (OS) was not reached, and the 3-year OS rates 
in TKI group and chemotherapy group were 76.6% and 
66.8%, respectively (P=0.719) (Figure 3B). However, among 
15 patients who received preoperative EGFR-TKI, only 8 
of them continued long-term (for >1 year) adjuvant targeted 
therapy, whereas the remaining either switched to adjuvant 
chemotherapy or refused any adjuvant treatment after 
surgery (Table 3). Kaplan-Meier survival analysis revealed 
that preoperative TKI group patients who continued long-
term adjuvant targeted therapy had significantly longer 
DFS than those only treated with adjuvant chemotherapy 
postoperatively (P=0.011) (Figure 3C). 
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Table 1 Patients’ characteristics and responses in preoperative EGFR-TKI group and chemotherapy group

Characteristics Targeted therapy (n=43) Chemotherapy (n=91) P value

Sex 0.022

Male 15 51

Female 28 40

Age, years, [range] 61.1±9.1 [46–80] 57.7±9.1 [31–76] 0.174

Smoking 0.015

Ever 10 41

Never 33 50

Tumor side 0.226

Right 27 47

Left 16 44

Disease location 0.123

Central 7 26

Peripheral 36 65

Clinical stage 0.104

I 9 6

IIA 2 6

IIB 11 25

IIIA 21 54

N2 determined by EBUS 6 13

Subtypes of adenocarcinoma 0.062

Lepidic 3 0

Acinar 24 41

Papillary 3 9

Micropapillary 5 14

Solid 8 27

EGFR mutation 0.480

Exon 19 20 16

Exon 21 20 21

Exon 18 or 20 3 6

EGFR wild type 0 48

Response in all patients 0.059

PR 24 35

SD 19 56

ORR 55.8% 38.5%

Response in EGFR mutant patients 0.030

PR 24 14

SD 19 29

ORR 55.8% 32.6%

EGFR-TKI, epidermal growth factor receptor-tyrosine kinase inhibitor; EBUS, endobronchial ultrasound; PR, partial response; SD, stable 
disease; ORR, objective response rate.
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Figure 2 Waterfall response plot for patients harboring EGFR mutation; each bar shows response of individual patient. EGFR-TKI, 
epidermal growth factor receptor-tyrosine kinase inhibitor.

Genomic profiling for molecular mechanisms for EGFR-
TKI resistance

Genomic profiling by targeted NGS of 422 cancer-relevant 
genes was performed on 22 surgically resected tumor 
samples of EGFR-positive patients treated with neoadjuvant 
targeted therapy; 15 matched pre-TKI tumor biopsy 
samples of the 22 patients were also collected and tested. 
The mutant allele frequency (MAF) of EGFR mutation 
decreased consistently after targeted therapy except in one 
specimen with T790M mutation (Figure 4A). Those who 
presented SD had significantly lower EGFR mutation MAF 
after TKI therapy (P=0.032; Figure 4B). In 3 SD patients 
EGFR mutation was undetectable after treatment. 

BIM deletion was the most common mechanism of 
intrinsic resistance (4/12); EGFR T790M mutation was 
also identified as another possible reason for occurrence of 
primary resistance. Mutations of other potential resistance-
associated genes, including PTEN, TSC1, PIK3CA, and 

STAT3, were also detected. By analyzing paired pre- 
and post-neoadjuvant treatment samples, some adaptive 
mechanisms of acquired resistance were also observed, 
such as T790M, PTEN, NF1, AKT mutation and SCLC 
transformation. Figure 5 shows the detailed sequencing 
results (more details were seen in Table S1,S2).

Discussion

The primary aim of this study was to compare the 
efficacy of neoadjuvant targeted therapy with that of 
chemotherapy in clinical stage I–IIIA lung cancer. There 
are many factors favoring neoadjuvant therapy, such 
as attacking micrometastases at earliest time, assessing 
sensitivity and resistance of agents, and improving survival 
after surgery (16). But in clinical practice, to reduce the 
tumor size and improve radical resection is the major goal 
that all the thoracic surgeons hope to achieve, especially 
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Table 2 Surgical results of all patients after neoadjuvant therapy

Characteristics Targeted therapy (n=43) Chemotherapy (n=91) P value

Type of surgery

Lobectomy 36 78 0.427

Bilobectomy 3 5

Pneumonectomy 1 6

Wedge resection 2 2

Exploration (unresectable) 1 0

Resection

R0 41 87 0.838

R1/R2 2 5

Complications

Arrhythmias 1 4 0.688

Chylothorax 3 2

Atelectasis 2 6

Pneumonia 1 1

Intracerebral hemorrhage 0 1

Pathological stage

0 (pCR) 0 2 0.088

I 21 25

II 7 19

III 15 45

Operation time, min, [range] 180.7±53.4 [110–360] 181.9±54.2 [70–334] 0.625

Amount of intraoperative bleeding, mL, [range] 90.0±50.3 [20–300] 105.5±87.6 [20–600] 0.720

Drainage volume, mL, [range] 1,497.9±1,000.6 [60–5,620] 1,483.4±1,054.5 [180–6,910] 0.895

Duration of the drain placement, days, [range] 6.5±2.2 [3–13] 6.7±2.8 [4–22] 0.973

Postoperative hospital LOS, days, [range] 7.5±2.2 [4–14] 7.8±3.1 [5–23] 0.900

for some central diseases with great vessels invasion or 
with heavy tumor burden (T4). So, we compared the 
radiographic response rate between EGFR-TKI and 
conventional chemotherapy as primary assessment to 
evaluate the efficacy of this treatment modality. In our 
sample the ORR with neoadjuvant targeted therapy was 
55.8% (24/43), which was consistent with EMERGING 
study (54.1%), but higher than that reported in previous 
phase II studies enroll ing EGFR-mutant patients 
(42.0% and 42.1%, respectively) (17,18). In the cohort 
of patients harboring EGFR mutation, we observed 
that neoadjuvant EGFR-TKI group had significantly 

higher ORR than chemotherapy group (P=0.030), but 
had similar postoperative complications and hospital 
LOS. We also noted that exon 19 deletion presented a 
favorable radiographic response compared with exon 
21 L858R mutation (ORR: 70.0% vs. 40.0%), which is 
consistent with that in advanced NSCLC patients treated 
with EGFR-TKI (19). These results indicate that in the 
clinical practice, neoadjuvant targeted therapy should 
be considered as a strategy of treatment for those locally 
advanced resectable or potentially resectable lung cancer 
harboring EGFR mutation, especially with exon 19 
deletion, as far as ORR are concerned.
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Figure 3 Kaplan-Meier curves of survival. (A) Disease-free survival and (B) overall survival of 55 stage II–IIIa patients receiving neoadjuvant 
targeted therapy or chemotherapy (with and without EGFR mutation); (C) disease-free survival of 13 patients who continued long-term 
adjuvant targeted therapy or only switched to adjuvant chemotherapy. chemo, chemotherapy; m, EGFR mutation; EGFR-TKI, epidermal 
growth factor receptor-tyrosine kinase inhibitor; DFS, disease free survival.

Table 3 Clinical data of 15 patients receiving neoadjuvant targeted therapy

No. Stage Exon TKI Tumor size reduction (%) Response Adjuvant therapy after surgery Recurrence DFS (mo)

1 IIb 21 Gefitinib 59 PR No Yes 4.0

2 IIIa 19 Icotinib 41 PR No Yes 4.0

3 IIb 21 Gefitinib 27 SD Chemotherapy Yes 6.0

4 IIb 19 Gefitinib 45 PR Chemotherapy Yes 16.7

5 IIb 19 Gefitinib 53 PR Chemotherapy Yes 7.9

6 IIIa 19 Icotinib 48 PR Chemotherapy Yes 12.0

7 IIIa 19 Osimertinib 40 PR Chemotherapy No 12.6

8 IIb 19 Gefitinib 37 PR Gefitinib Yes 24.0

9 IIb 21 Gefitinib 46 PR Gefitinib Yes 9.6

10 IIIa 21 Gefitinib 14 SD Gefitinib Yes 25.0

11 IIIa 21 Icotinib 11 SD Chemo + Icotinib No 16.1

12 IIIa 18 Icotinib 37 PR Chemo + Icotinib Yes 50.4

13 IIIa 19 Gefitinib 37 PR Chemo + Gefitinib No 13.9

14 IIIa 19 Icotinib 39 PR Chemo + Icotinib No 59.1

15 IIIa 21 Gefitinib 62 PR Chemo + Gefitinib No 58.5

TKI, tyrosine kinase inhibitor; PR, partial response; SD, stable disease.
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Figure 4 EGFR mutation abundance analyzed by NGS. (A) EGFR mutation abundance before and after EGFR-TKI treatment; (B) scatter 
plot showing correlation between tumor size reduction and EGFR mutation abundance after EGFR-TKI treatment. EGFR, epidermal 
growth factor receptor. NGS, next-generation sequencing; TKI, tyrosine kinase inhibitor.

Figure 5 Sequencing results of 22 patients who received neoadjuvant targeted therapy (10 PR and 12 SD).

Besides radiographic response, the survival outcome is 
another crucial factor that we need to take into account 
to assess neoadjuvant therapy. However, in our study, the 
neoadjuvant targeted therapy did not prolonged DFS and 
OS compared with conventional chemotherapy. So far, 
following neoadjuvant targeted therapy and surgery, the 
standard adjuvant treatment modality is still unclear. Unlike 
perioperative chemotherapy, which is administered as three 
to four cycles, perioperative targeted therapy, especially 
adjuvant therapy, is administered continuously over a long 
period. Two prospective randomized studies have proved 
that 2 years of adjuvant targeted therapy (gefitinib or 
erlotinib) yields longer DFS than conventional adjuvant 
chemotherapy (20,21). In our study, among EGFR-mutant 

patients who achieved clinical response with neoadjuvant 
TKI therapy, those who received continued long-term 
adjuvant TKI therapy presented significantly longer DFS 
than those only treated with adjuvant chemotherapy or 
kept under observation. In addition, in survival analysis, 
of 23 EGFR-mutant patients receiving neoadjuvant 
chemotherapy, 7 switched to long-term adjuvant targeted 
therapy given that the initial tumor size reduction was 
minor, which might be another likely reason for the 
negative survival outcome on DFS. Thus, the evidence 
suggests that 8–12 week’s preoperative EGFR-TKI, which 
constitutes only a small proportion of the whole duration of 
perioperative therapy, might not be enough to improve the 
survival outcome, whereas continued long-term targeted 
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therapy should be administrated under the “response 
guidance”.

Finally, if neoadjuvant targeted therapy is recommended 
to EGFR-mutant patients, it is necessary to identify 
individuals who are unsuitable for this treatment 
modality. Approximately 10% of lung cancer patients 
have intrinsic resistance to EGFR-TKI (22), and about 
30–40% patients do not present dramatic tumor response 
after TKI therapy, even though they harbor the EGFR 
mutation (7-10). Among Asian lung cancer patients 12.3% 
have BIM deletion polymorphism, which is one of the 
factors responsible for primary resistance to EGFR-TKI  
treatment (23). In our study, pretreatment biopsy specimens 
of 8/12 patients assessed as SD response after preoperative 
TKI were sequenced and analyzed. Half of them (4/8) 
showed either BIM deletion polymorphism or T790M 
mutation, which were likely the reasons for the intrinsic 
resistance. In addition, 7/15 (46.7%) patients whose 
pretreatment samples were analyzed had PTEN, TSC1, 
PIK3CA, or STAT3 mutations, which might have been the 
reason for poor response to EGFR-TKI or for residual 
tumor after TKI therapy. It has also been reported that 
the abundance of EGFR mutation is related to the efficacy 
of targeted therapy (24,25). In the present study those 
who presented SD response had markedly lower EGFR 
mutation abundance or even complete absence of EGFR 
mutation after TKI therapy. Therefore, in addition to tests 
for exon 19 or 21 mutations, DNA sequencing—especially 
a DNA panel with a series of TKI resistance genes—could 
be an effective method for identifying patients in whom 
TKI therapy would be ineffective and thus help in avoiding 
unnecessary delay in surgery.

This study has some obvious limitations. It is a 
retrospective study from a single institution. Although 
PET/CT scan was performed for patients as pretreatment 
evaluation, not all of them underwent mediastinoscopy or 
EBUS-TBNA for N2 staging. The follow-up information 
for survival analysis in this study was inadequate and the OS 
was immature due to the short follow-up period and a small 
number of patients in each subset.

In conclusion, neoadjuvant targeted therapy appears 
to be more effective than conventional neoadjuvant 
chemotherapy in EGFR-mutant lung cancer patients, 
especially those with exon 19 deletion. Long-term 
response-guided adjuvant TKI therapy seems to be the ideal 
approach. DNA sequencing could be an effective method 
for identifying candidates of neoadjuvant TKI treatment. 

Further large RCTs are necessary to clarify the effect of 
neoadjuvant EGFR-TKI therapy and the optimal treatment 
strategy. 
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Table S1 Sequencing results before and after TKI treatment of each partial response (PR) patient

No. Stage
TKI duration 

(weeks)
Tumor size 
reduction

Pre-treatment Post-treatment

1 IIB 12 37% EGFR exon19 p.747_752del (18.52%) EGFR exon19 p.747_752del (11.3%)

EGFR exon19 p.E746V (18.29%) EGFR exon19 p.E746V (11.3%)

2 IIIA 5 39% EGFR exon19 p.746_751del (28.12%) EGFR exon19 p.746_751del (5.0%)

EGFR exon19 p.K754E (34.72%) EGFR exon19 p.K754E (5.0%)

3 IIIA 5 37% EGFR exon18 p.G719S (21.31%) EGFR exon18 p.G719S (9.3%)

EGFR exon18 p.E709A (22.01%) EGFR exon18 p.E709A (9.3%)

EGFR exon19 p.I744M (8.91%) EGFR exon19 p.I744M (10.1%)

PIK3CA exon21 p.H1047L (32.60%) PIK3CA exon21 p.H1047L (12.20%)

BIM deletion (SNP) BIM deletion (SNP)

4 IIIA 8 41% EGFR exon19 p.747_750del (28.06%) EGFR exon19 p.747_750del (14.68%)

PTEN exon 7 p.K254fs(25.08%) EGFR exon20 p.T790M (0.1%)

PTEN exon 7 p.K254fs (13.80%)

5 IIB 8 45% EGFR exon19 p.745_750del (19.7%) EGFR exon19 p.745_750del (6.0%)

TSC1 intron20 c.G2625+1C (26.8%) TSC1 c.G2625+1C (6.0%)

NF1 exon24 W1048X (1.6%)

6 IIIA 8 48% EGFR exon19 p.746_750del (21.89%) EGFR exon19 p.746_750del (13.6%)

PTEN intron8 c.C1027-1C (0.99%) PTEN intron8 c.C1027-1C (3.5%)

Adenocarcinoma PTEN exon6 p.Q171X (3%)

Adenocarcinoma + SCLC

7 IIIA 8 44% EGFR exon19 p.746_751del (67.14%) EGFR exon19 p.746_751del (50.24%)

8 IIIA 6 62% Not tested EGFR exon21 p.L858R (4.1%)

9 IIB 7 53% Not tested EGFR exon19 p.745_750del (13.60%)

PTEN exon5 p.C124Y (6.01%)

10 IIIA 4 43% Not tested EGFR exon21 p.L858R (27.81%)

48 28%* EGFR exon20 p.T790M (9.25%)

*, this patient received continued TKI therapy up to 48 weeks, when tumor progressed and surgery was performed. TKI, tyrosine kinase 
inhibitor; EGFR, epidermal growth factor receptor; SCLC, small cell lung cancer.

Supplementary



Table S2 Sequencing results before and after TKI treatment of each stable disease (SD) patient

No. Stage
TKI duration 

(weeks)
Tumor size 
reduction

Pre-treatment Post-treatment

1 IIIA 4 8% EGFR exon21 p.L858R (17.27%) EGFR exon21 p.L858R (30.0%)

EGFR exon20 p.T790M (12.31%) EGFR exon20 p.T790M (27.7%)

2 IA 12 3% EGFR exon21 p.L858R (28.85%) EGFR exon21 p.L858R (2.0%)

BIM deletion (SNP) BIM deletion (SNP)

PTEN exon 8 p.T321fs (10.31%)

3 IIIA 7 14% EGFR exon21 p.L858R (14.76%) EGFR exon21 p.L858R (5.6%)

BIM deletion (SNP) BIM deletion (SNP)

4 IIIA 12 27% EGFR exon21 p.L858R (65.48%) EGFR exon21 p.L858R (24.6%)

BIM deletion (SNP) BIM deletion (SNP)

5 IIB 4 27% Not tested EGFR exon21 p.L858R (1.7%)

BIM deletion (SNP)

AKT1 exon 4 p.E17K (0.9%)

6 IB 5 2% EGFR exon19 p.745_750del (11.59%) EGFR exon19 p.745_750del (0.30%)

STAT3 exon21 p.D661Y (1.27%)

7 IA 4 −2% EGFR exon21 p.L858R (13.02%) No EGFR mutation was detected

8 IA 4 27% EGFR exon21 p.L858R (45.09%) No EGFR mutation was detected

EGFR exon20 p.R776H (43.60%)

TSC1 exon17 p.R706H (2.39%)

9 IA 8 11% Not tested EGFR exon19 p.745_750del (1.1%)

10 IA 8 2% Not tested EGFR exon21 p.L858R (24.40%)

EGFR exon 20 p.T790M (0.1%)

11 IB 12 5% EGFR exon21 p.L858R (26.21%) EGFR exon21 p.L858R (14.18%)

12 IA 10 −13% Not tested No EGFR mutation was detected

TKI, tyrosine kinase inhibitor; EGFR, epidermal growth factor receptor


