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Purpose: Epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs) have
been indicated to be an effective treatment for advanced EGFR-mutant NSCLC. However,
the neoadjuvant application of EGFR-TKIs in resectable NSCLC needs further
investigation. Here, we aimed to evaluate the efficacy and safety of neoadjuvant EGFR-
TKIs for lung cancer.

Methods: Published studies on neoadjuvant EGFR-TKIs in NSCLC were identified in
PubMed, Web of Science, and EMBASE until June 1, 2020. Data on surgical rates,
objective response rates (ORRs), pathologic responses, and adverse event (AE) rates
were retrieved for proportional meta-analysis.

Results: In total, 7 enrolled studies involving 129 EGFR-TKI-sensitive NSCLC patients
were included in this analysis. The overall surgical rate in these studies was 95% (95% CI:
83% to 100%), with an ORR of 48% (95% CI: 39% to 57%) in the population with EGFR-
TKI-sensitive mutations, whereas the ORR including wild-type EGFR patients was 28%
(95% CI: 14% to 44%). The rate of grade 1-2 AEs was 69% (95% CI: 41% to 91%) but
with an acceptable rate of grade 3-4 AEs of 0% (95% CI: 0% to 5%). The pooled rates of
rash and diarrhea were 56% (95% CI: 31% to 79%) and 25% (95% CI: 6% to 51%),
respectively. The impact of neoadjuvant EGFR-TKIs on survival remains inconclusive.

Conclusions: Neoadjuvant EGFR-TKIs showed objective responses in approximately
half of EGFR-sensitive NSCLC patients with a tolerable adverse effect profile. The
favorable impact of neoadjuvant EGFR-TKIs on NSCLC needs more evidence for
validation, such as the comparison of survival improvement between EGFR-TKIs and
chemotherapy. The efficacy of neoadjuvant next-generation EGFR-TKIs in clinical trials
remains unclear.
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INTRODUCTION

Surgery is an effective treatment for non-small cell lung cancer
(NSCLC), but the 5-year overall survival (OS) rates of patients
with stage II and IIIA disease are only 65% and 41%, respectively
(1). Even when the tumors in these patients have been radically
resected, micrometastasis may exist before surgery and is
considered to be the main factor causing postoperative local or
distant recurrence. In addition to the elimination of
micrometastases, preoperative systemic treatment could result
in tumor shrinkage and decreased lymph node enlargement,
therefore reducing the TNM stage and tumor burden and
facilitating the surgical procedure. Therefore, the optimal
neoadjuvant therapy should be to reduce tumor burden
without delaying the scheduled operation and have fewer
adverse effects. Studies have shown that the use of neoadjuvant
chemotherapy can improve the OS of NSCLC patients (2).
Although targeted therapy led by epidermal growth factor
receptor tyrosine kinase inhibitors (EGFR-TKIs) and
immunotherapy led by PD-1 inhibitors have been proven to be
effective treatments in advanced NSCLC, the application of those
reagents as neoadjuvant therapy for lung cancer other than
chemotherapy is still at the exploration stage.

For the large group of patients with EGFR gene mutations, the
administration of EGFR-TKIs is preferred (3, 4). Compared to
the controversial molecular markers for the prediction of the
efficacy of immunotherapy, the limited application of EGFR-
TKIs in patients with EGFR wild-type NSCLC and the low
abundance of EGFR mutations (5) are widely accepted.
However, the design of previous neoadjuvant EGFR-TKI
clinical trials did not distinguish between populations that
were sensitive and those with wild-type mutations (6, 7). In
more recent studies, the safety and efficacy of neoadjuvant
EGFR-TKI therapy have been more focused on populations
with EGFR-TKI-sensitive mutations (8, 9). In theory, sensitive
mutations may improve the efficacy of neoadjuvant EGFR-TKIs,
but there is currently little evidence to support this hypothesis.

In addition to the above clinical trial designs, which are based
on changes in EGFR mutation status, a more detailed design
taking clinical staging into consideration is needed. From 2009 to
2016, clinical trials tried to cover a broad spectrum of TNM
stages, including patients from stage I to stage IV, and wild-type
EGFR status (6, 10). Since 2016, the study designs have tended to
focus on NSCLC patients with stage II and stage III disease (8, 9)
with EGFR-sensitive mutations. In addition, a comparison of
neoadjuvant EGFR-TKIs and chemotherapy (11, 12) suggests
that neoadjuvant EGFR-TKIs can improve patient prognosis
compared with chemotherapy. Nevertheless, the chemotherapy
group in the study by Zhong et al. (11) was administered
gemcitabine plus cisplatin, while in the study by Xiong et al.
(12), cisplatin-based doublet chemotherapies including
vinorelbine, gemcitabine, paclitaxel, docetaxel or pemetrexed
were administered. In the cases of limited sample sizes and
different chemotherapy combinations contributing as a
confounding factor, the level of evidence for this conclusion
needs to be improved by adding more results in future studies.
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Though a series of phase II trials on neoadjuvant EGFR-TKIs
for NSCLC have been reported, the safety and efficacy of
neoadjuvant EGFR-TKIs, especially in subgroups of EGFR
mutation status or TNM staging, remain unclear. Considering
that these trials have great potential to change current
neoadjuvant practice in lung cancer surgery, we performed a
meta-analysis incorporating the results of the surgical rates,
clinical responses, pathologic responses, toxicities, and
prognoses to evaluate the safety and efficacy of neoadjuvant
EGFR-TKI therapy.
MATERIALS AND METHODS

We prospectively registered the protocol for this study in the
International Prospective Register of Systematic Reviews
(PROSPERO number: CRD42020187031). We reported the
analysis by following the Meta-Analysis of Observational
Studies in Epidemiology (MOOSE) standards (Table S1) and
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement.

Literature Retrieval
We performed a literature search in PubMed, Web of Science,
and EMBASE until June 1, 2020. We used the following
combinat ion of keywords : “NSCLC” , “EGFR-TKI” ,
“neoadjuvant”, “preoperative”, and drug names of EGFR-TKIs.
The detailed literature search criteria are listed in the
supplementary files. We also performed an additional search
through Google Scholar. Two authors (XY Dong and JX Zhai)
removed the duplicated literature independently. Only studies
reported in English were included.

Inclusion and Exclusion Criteria
We included studies based on the following criteria: (I) studies
reported NSCLC patients with neoadjuvant EGFR-TKI therapy,
and any generation of EGFR-TKIs was permissive; and (II) the
surgical rate, objective response rate (ORR), and rate of adverse
events (AEs) were available. Studies with the following
characteristics were excluded from this meta‐analysis: (I)
studies from the same institutions or research group, studies
with a close timeframe, and the same clinical trials (only the
largest patient population was included); (II) comments, letters,
and reviews; (III) incomplete data that are unable to be used for
statistical analysis, such as studies that do not provide the ORR
and rate of AEs; and (IV) case reports or studies with sample
sizes less than 10.

Quality Assessment and Data Extraction
We (JX Zhai, XG Liu, Z Ni) used the Newcastle-Ottawa Scale to
assess all the included studies (Table S2). Funnel plots were used
to assess publication bias for outcomes reported by a minimum
of 3 studies.

Data on the surgical rate, ORR, rate of AEs, and survival
outcome were extracted by JX Zhai and Z Ni independently. In
this study, the assessment of the surgical rate was limited to
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patients with EGFR-sensitive mutations. Other measurements
included patients with wild-type EGFR in the expanded analysis.
We reached a final consensus if discrepancies occurred.

Statistical Analysis
The surgical rates of patients with EGFR-sensitive mutations
receiving neoadjuvant EGFR-TKIs were calculated by the actual
number of surgeries divided by the total number of patients.
ORR was defined as the sum of the complete response plus
partial response divided by the total number of included patients.
Similarly, the number of pathological responses and grade 1-2
and grade 3-4 AEs were retrieved from the included literature
and then transformed into rates by dividing by the total number
of included patients. Survival data were retrieved by the methods
reported by Tierney et al. (13). We performed a normality test for
each rate in the proportional meta-analysis based on the raw rate,
log transformation, logit transformation, arcsine transformation,
and Freeman-Tukey double arcsine transformation to determine
which method was best for the pooled analysis (Table S3).
Finally, we applied the Freeman-Tukey double arcsine
transformed proportion in the pooled analysis. As reported in
our previous studies (14), heterogeneity was measured by the
Cochran Q test and I2 value. We reported values from the
random effects model for studies with potential heterogeneity;
otherwise, values from the fixed effects model were reported. All
analyses were performed using R version 3.5.1, in which the
proportional meta-analysis was performed with the “meta”
package and the meta-regression analysis was performed with
the “metafor” package. We considered a statistical test with a P
value < 0.05 as significant.
RESULTS

Features of the Eligible Studies
We identified records based on the search strategy and finally
enrolled 7 studies involving 129 NSCLC patients with clear
EGFR-sensitive mutation status out of a total of 312 patients,
with a summary provided in Table 1. The PRISMA 2009 flow
diagram is shown in Figure 1. In this analysis, the exact number
of patients with EGFR-TKI-sensitive mutations was not available
in two studies and was partially available in two studies, so we
included only the selected number in the relevant analysis.

Neoadjuvant EGFR-TKIs Are Feasible
We evaluated the feasibility of neoadjuvant EGFR-TKIs based on
the pooled estimation of the surgical rate, pathologic response,
ORR, rate of stable disease, and rate of grade 3-4 AEs. Overall,
the surgical rate in the population with EGFR-TKI-sensitive
mutations was 94% (95% CI: 83% to 100%, Figure 2A).
Additionally, meta-regression analysis indicated that the
surgical rate could decrease in the advanced stage population
(Figure 2B). Other important measurements for the justification
of neoadjuvant therapy are tumor response. The cutoff of 50%
tumor necrosis and no more than 10% viable tumor cells were
both considered as pathological response in this study. Only
Frontiers in Oncology | www.frontiersin.org 3
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FIGURE 1 | The PRISMA 2009 flow diagram.
A B

DC

FIGURE 2 | Meta-analysis and meta-regression analysis of surgical rate and ORR. The pooled surgical rate in the population with EGFR-TKI-sensitive mutations (A);
meta-regression analysis of the surgical rate based on different advanced stages (B); the pooled ORR in the population with EGFR-TKI-sensitive mutations (C);
meta-regression analysis of ORR based on different TNM stages (D).
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three studies reported pathological response, with a pooled
estimated rate of 20% (95% CI: 6% to 38%, Figure S1). In our
analysis, the ORR in the population with EGFR-TKI-sensitive
mutations was 48% (95% CI: 39% to 57%, Figure 2C), while the
ORR in the overall population including patients with wild-type
EGFR status decreased to 28% (95% CI: 14% to 44%, Figure S2).
In populations with EGFR-TKI-sensitive mutations, studies
including early-stage NSCLC may decrease the ORR of
neoadjuvant EGFR-TKIs (Figure 2D). Of note, the rate of
stable disease in the population with EGFR-TKI-sensitive
mutations was 45% (95% CI: 36% to 53%, Figure S3), which
could more likely occur in early-stage NSCLC (Figure S4).

Next, we found that the rate of grade 1-2 AEs reached 69% (95%
CI: 41% to 91%, Figure 3A), and the rate of grade 3-4 AEs was 0%
(95% CI: 0% to 5%, Figure 3B). In the population with EGFR-TKI-
Frontiers in Oncology | www.frontiersin.org 5
sensitive mutations, rash and diarrhea were the most common
adverse effects, with pooled rates of 56% (95% CI: 31% to 79%,
Figure 3C) and 25% (95% CI: 6% to 51%, Figure 3D), respectively.
However, the current evidence did not support the increased rate of
rash (45%, 95% CI: 29% to 62%, Figures S5 and S6) or diarrhea
(22%, 95% CI: 12% to 34%, Figures S7 and S8) when patients with
wild-type EGFR were included. In the subgroup analysis, the rate of
rash was higher while the rate of diarrhea was lower in the early
TNM stage subgroup when neoadjuvant EGFR-TKIs were used in
the overall population (Figures S9 and S10).

The Impact of Neoadjuvant EGFR-TKIs
on Survival
Detailed survival data were not available in the majority of
current publications. Only two studies reported survival data
A

B

D

C

FIGURE 3 | Meta-analysis of the rate of adverse effects. The pooled rate of grade 1-2 AEs (A), grade 3-4 AEs (B), rash (C), and diarrhea (D).
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related to neoadjuvant EGFR-TKIs compared with neoadjuvant
chemotherapy. Zhang et al. (8) reported a median disease-free
survival (DFS) of 33.5 months (95% CI, 19.7-47.3), while Xiong
et al. (9) reported a median DFS of 10.5 months (95% CI, 7.7-
29.9). For the comparison of the survival outcomes of
neoadjuvant EGFR-TKIs versus neoadjuvant chemotherapy,
Zhong et al. (11) reported that the median progression-free
survival (PFS) and OS were significantly longer with erlotinib
than with gemcitabine plus cisplatin chemotherapy (HR, 0.39;
95% CI, 0.23 to 0.67; P < 0.001; and HR, 0.77; 95% CI, 0.41 to
1.45; P = 0.417). Similar to these results, in one excluded study,
Xiong et al. (12) reported that erlotinib may have a survival
benefit compared with cisplatin-based doublet chemotherapy in
terms of DFS (HR, 0.51; 95% CI, 0.13 to 2.01; P =0.39) and OS
(HR, 0.45; 95% CI, 0.04 to 5.54; P =0.12), but a significant
difference was not found. However, the chemotherapy arm in
this study included vinorelbine, gemcitabine, paclitaxel,
docetaxel or pemetrexed with limited participants (n=16).
Moreover, different adjuvant therapy regimens and surgical
procedures (segmentectomy, lobectomy, and pneumonectomy)
may impose different impacts on individual survival. Therefore,
the contribution of neoadjuvant EGFR-TKIs to survival
remains inconclusive.

Assessment of Publication Bias
All publication bias was analyzed by Egger’s test and visualized
by funnel plots, as shown in Figure S11. No significant
publication bias was found.
DISCUSSION

Currently, neoadjuvant therapy based on chemotherapy has been
proven to be effective (2, 15). The unsatisfactory overall response,
adverse effects, and sometimes delay of surgery or inoperability,
especially in the middle and late stages of NSCLC, require a more
effective adjuvant treatment option. In this analysis, neoadjuvant
EGFR-TKI therapy was shown to be a potential alternative for
NSCLC patients with EGFR-TKI-sensitive mutations.

Compared with the overall response rates ranging from 50 to
70% depending on the combination (16) in neoadjuvant
chemotherapy studies, the 48% ORR in the population with
EGFR-TKI-sensitive mutations in this analysis seems to be
acceptable. When considering the 45% stable disease rate in
the population with EGFR-TKI-sensitive mutations including
those with early-stage NSCLC, we hypothesize that the small
EGFR-sensitive mutation tumors have relatively low abundances
of EGFR mutations. Therefore, the improvement is not apparent.
Of note, patients with advanced TNM stages may benefit more
from neoadjuvant EGFR-TKIs, while early-stage patients may
not benefit much, suggesting that there would be an optimal
cutoff TNM stage to achieve a better neoadjuvant EGFR-TKI
outcome. Furthermore, this study also suggests that the ORR can
be significantly reduced with mixed wild-type mutation studies.
Although we were unable to reanalyze the EGFR mutation status
of subgroups of patients in some of the previous neoadjuvant
Frontiers in Oncology | www.frontiersin.org 6
chemotherapy studies, Zhong et al. (11) reported that the ORR
for neoadjuvant erlotinib is better than that of gemcitabine plus
cisplatin chemotherapy (54.1% versus 34.3%) in the EGFR-
sensitive population. This finding suggests that this choice of
chemotherapy in the EGFR-sensitive population as a
neoadjuvant therapy could be inferior to the use of EGFR-
TKIs. Of course, more definite decision making depends on
more evidence from clinical trials in the future.

Another indicator of whether a drug is suitable for
neoadjuvant therapy is the occurrence and level of the AEs.
Although preoperative chemotherapy has advantages, its toxicity
and side effects cannot be ignored. In addition to affecting liver
and kidney functions, chemotherapy drugs also present toxicities
in the cardiovascular and nervous systems. Although the
occurrence of side effects is closely related to the dose and
combination of chemotherapy drugs, in general, EGFR-TKIs
have fewer side effects. Similar to the findings of previous EGFR-
TKI studies (17), the most common side effects in neoadjuvant
EGFR-TKI studies were rash and diarrhea. Although more than
half of the patients had grade 1-2 AEs, fortunately, only a small
number of patients had grade 3-4 AEs, possibly avoiding the
accumulating toxicity from the long-term use of EGFR-TKIs in
previous clinical trials. This confers one of the essential factors to
ensure that the surgery is performed as scheduled.

There are many limitations in current neoadjuvant EGFR-TKI
studies. First, this study has not been included results from ongoing
clinical trials on the neoadjuvant therapy with next-generation
EGFR-TKIs, such as afatinib (NCT04201756) or osimertinib
(NCT03433469). Second, most of the current clinical trials based
on patients with EGFR-TKI-sensitive mutations are from China,
and more evidence from the Caucasian population is needed. The
current studies inconsistently reported the effect of neoadjuvant
EGFR-TKIs on survival (only 2 out of 7 studies), so it is not rational
to perform a pooled analysis for this outcome. Further studies on
this limitation are warranted. It is unknown whether the
combination of neoadjuvant EGFR-TKIs and chemotherapy or
immunotherapy achieves a better response rate and prolongs
NSCLC survival. Finally, for the intrinsic few studies have been
reported in and the methods of controlling were different among
studies, the heterogeneity cannot be ignored. An updated meta-
analysis is needed in the future.

We first provided pooled estimates of the surgical rate, response
rate, and drug toxicity rate in patients receiving neoadjuvant EGFR-
TKIs. Our analysis revealed that EGFR-TKIs are a promising
neoadjuvant option for NSCLC patients with EGFR-TKI-sensitive
mutations. Potential factors that affect these estimates were also
investigated. Our findings indicate that neoadjuvant EGFR-TKIs
could be more effective in NSCLC patients with EGFR-TKI-
sensitive mutations than in those with wild-type EGFR.
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