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Abstract

Background: The role of adjuvant epidermal growth factor receptor tyrosine kinase
inhibitors (EGFR-TKIs) is not clear in early-stage nonsmall-cell lung cancer (NSCLC)
patients. This meta-analysis aims to compare the efficacy and safety of EGFR-TKIs as
adjuvant therapy with chemotherapy or placebo in NSCLC patients harboring EGFR
mutations.

Patients and Methods: Pubmed, Embase, and Cochrane databases were searched for
randomized controlled trials. The hazard ratio (HR) of disease-free survival (DFS) and
overall survival (OS) as well as the risk ratio (RR) of severe adverse events were
merged.

Results: Seven articles from five studies from 1843 records, a total of 1227 patients,
were included in the analysis. The HR for DFS was 0.38 (95% confidence interval
[CI] 0.22-0.63), in favor of EGFR-TKIs. However, no significant benefit of OS was
seen (HR = 0.61, 95% CI 0.31-1.22). Treatment benefit was more pronounced in
patients with advanced disease stage and longer duration of medication, EGFR exon
19 deletion mutation, and treatment with third-generation EGFR-TKIs. Adjuvant
targeted therapy may cause few adverse events compared with chemotherapy
(RR = 0.28, 95% CI 0.09-0.94). The possibility of severe adverse events for the first-
generation drugs was significantly lower than for third-generation drugs.

Conclusion: In EGFR mutation-positive patients with stage IB-IIIA NSCLC, com-
pared with adjuvant chemotherapy or placebo, adjuvant EGFR-TKIs should effectively
improve the patient’s DFS, but not effectively improve OS. Disease stage, treatment
duration, mutation types, and therapeutic drugs could affect the degree of benefit.
Adjuvant EGFR-TKIs had more favorable tolerability than chemotherapy, especially
with the usage of first-generation drugs.

KEYWORDS
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second most common cause in females. Nonsmall-cell lung
cancer (NSCLC) is the major subtype of lung cancer,

Lung cancer is one of the most common malignant tumors,
ranked second in incidence among all tumors following
nonmelanoma skin cancer.' With a heavy burden world-
wide, lung cancer is the leading cause of tumor-related
deaths and disability-adjusted life years in males and the

accounting for about 85% of all cases.”> Most patients have
advanced disease when diagnosed, and about 30% of NSCLC
patients are candidates for radical resection.*

Postoperative adjuvant treatment is recommended for
candidate patients (those with stage IIB-IIIA disease or
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partly stage IB and IIA disease) with NSCLC who have
undergone radical surgical resection to reduce the risk of
recurrence and metastasis.” Platinum-based doublet chemo-
therapy is the current standard for adjuvant treatment with
a 5-year overall survival (OS) improvement of 5.4% when
compared with placebo.®” Despite some advancement in
safety and tolerability, limited improvement was seen in effi-
cacy from adjuvant chemotherapy.>® Unmet clinical need
remains in the adjuvant setting.

The last decade has witnessed the evolving role of epi-
dermal growth factor receptor tyrosine kinase inhibitors
(EGFR-TKIs) as the first-line treatment for EGFR-mutant
advanced NSCLC for their favorable efficacy and safety.'*"?
The biomarker-response relationship has also been clarified
in the IPASS study, which demonstrated EGFR mutation is
the strongest predictor for the therapeutic effect of EGFR-
TKIs.'* Targeted therapy with imatinib has been used as
postoperative adjuvant treatment for gastrointestinal
tumors.'” Therefore, investigation has begun into the role of
adjuvant EGFR-TKIs in EGFR mutation-positive NSCLC
patients who have undergone radical surgery.'

Randomized controlled trials and meta-analysis found
adjuvant treatment with EGFR-TKIs after surgery may
improve the disease-free survival (DFS) of patients with
early-stage NSCLC."”2° However, no significant improve-
ment in OS has been determined due to the immature OS
data. In addition, the sample size in most studies was rela-
tively small, and thus not powerful enough to detect the OS
benefit from adjuvant EGFR-TKIs. Questions remain in
terms of the timing of adjuvant EGFR-TKISs, the duration of
medication, the preferred drugs, and preferred gene muta-
tion type owing to the heterogeneous results of different
studies. Recently, the ADJUVANT study updated its OS
data,”" and the preliminary data of ADAURA has also been
published.'® Therefore, we conducted a meta-analysis of the
randomized controlled trials to compare the efficacy
between adjuvant EGFR-TKIs and placebo/chemotherapy in
EGFR mutation-positive = NSCLC patients. Potential
influencing factors were also evaluated.

METHODS

This analysis was presented according to the preferred
reporting items for systematic reviews and meta-analyses
statement (PRISMA) and was registered with the PROS-
PERO register of systematic reviews (registration number:
CRD42020213849).

Literature search strategies

We searched Pubmed, Embase, and the Cochrane Central
Library from 1 January 2000 to 20 September 2020 using the
keywords “carcinoma, non-small-cell lung” and its syno-
nyms, epidermal growth factor receptor, resectable, opera-
ble, adjuvant, postoperative, and survival. The search was

limited to clinical trials. Abstracts of academic conferences
including the American Society of Clinical Oncology Annual
meeting, the World Conference on Lung Cancer, the
European Society for Medical Oncology, and registered clin-
ical trials were also included to identify relevant studies.

Study eligibility and selection

Clinical trials that met the following criteria were included:
(a) randomized controlled trials in NSCLC patients with
EGFR-mutant, stage IB-IIIA disease that underwent radical
resection; (b) random assignment of participants to treat-
ment with postoperative EGFR-TKI or chemotherapy/pla-
cebo; and (c) reporting of DFS and OS. Exclusion criteria
were (a) studies in which adjuvant immunotherapy was
evaluated; and (b) studies with a sample size less than 50.
Duplicate records and republished studies, reviews, meta-
analysis, case reports, and non-English reports were also
excluded from the analysis.

Data extraction

The following information was recorded for each study: first
author, year of publication, name of the study, sample size,
gender, average age, disease stage, median follow-up dura-
tion, number of cases in intervention and control groups,
treatment strategy, number of adverse events (> grade 3),the
hazard ratio (HR) value of DFS and OS, the subtype of
EGFR mutation, and the median duration of treatment.
Data extraction was done independently by two authors and
discrepancies were resolved by consensus that included a
third author.

Quality assessment of the included studies

Two authors independently evaluated the quality of the
included studies based on the Cochrane Collaboration’s
Tool for assessing risk of bias in the Cochrane Handbook for
Systematic Reviews of Interventions, which includes selection
bias, implementation bias, measurement bias, loss to follow-
up bias, publication bias, and other biases. Differences and
disagreements were resolved by discussion with introduction
of a third author.

Statistical analysis

The data analysis of this study was done using R, version
3.6.2 (R Core Team). Log-transformed HR and standard
error values combined with the generic inverse variance
method were used to evaluate HR in DFS and OS. For
adverse events analysis, we collected the number of events
and participants in each study to estimate the RR. Power
analysis was performed using an alpha error probability of
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0.05. We applied the I test and the Q test for heterogeneity
estimation.”” I’ > 50% or Q test p < 0.1 were considered sig-
nificant heterogeneity and the random effects model was
used. Otherwise, the fixed-effects model was used. Publica-
tion bias was evaluated by Egger’s test.

RESULTS
Characteristics of included studies

The selection strategy and reasons for exclusion are shown
in Figure 1. A total of 1843 records were identified. After
screening, seven articles of five randomized controlled trials
were considered eligible for the meta-analysis,'®*"**"*’ con-
sisting of a total of 1227 patients with EGFR mutation

(633 patients in the experimental group and 594 patients in

the control group). While some of the patients in the RADI-
ANT study were without EGFR mutation, only patients with
EGFR mutation positive (161 cases of 973 cases) were taken
into the analysis.

Characteristics of included trials are presented in Table 1.
The ADAURA study is the largest study, with 682 patients.
The EVAN study and Li et al’s study mainly focused on
patients with stage IIIA disease. The ADJUVANT study
excluded stage IB patients while 47% patients had stage IB
disease in the RADIANT study. The ADAURA study evalu-
ated the third-generation EGFR-TKI osimertinib, and the
remaining studies evaluated first-generation drugs. In the Li
et al.’s study, the planned medication time was 6 months, and
the median treatment duration was not reported. The
planned medication time in the ADAURA study was 3 years,
while the rest of study was 2 years. The median treatment
duration was more than 20 months in most studies except

1840 of records
identified through
database searching

3 of additional records
identified through
conference abstract

!

1243 Records excluded due to

Ineligible design and
population(n=1013)

Mo results published or withour
eligible outcome(n=37)

1268 records after duplicates remaved

Title and abstracts screened for eligibility

Meta analysis, reviews and
case reports(n=193)

T

18 records excluded due to
Retrospectiv Study(n=T7)
Single arm study(n=2)

Secondary publication(n=8)

‘ 23 of full-text articles assessed for eligibility

’_.. Wrang lung cancer stage(n=1)

¥

‘5 of studies (7 records) included in meta analysis ‘

FIGURE 1 Flow chart of selection strategy
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FIGURE 2 Assessment of study quality included in the meta-analysis

by Cochrane collaboration’s tool for assessing risk of bias.

Note: Low and high scores given for the seven parameters assessed

for the study by Li et al. The ADAURA study only reported

DES data, so it was not included in the OS analysis.

‘Risk of bias’. As seen in Figure 2, two studies were at low
risk of bias while three studies had one domain each marked

We evaluated the quality of trials according to the Cochrane
as high risk (performance bias).

because of strong heterogeneity among the five included
studies (I° = 81%, p < 0.1) (Figure 3(a)). Compared with the
control group, the risk of disease recurrence with adjuvant

The random effects model was used for meta-analysis
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a b
Study EGFR-TKIs(n) Control(n) Hazard Ratio HR [95%~-CI] Study Hazard Ratio HR 95%-Cl
ADAURA 339 343 —=— 0.20[0.14; 0.29] Omitting ADAURA . 0.48 [0.34; 0.69]
ADJUVANT 111 111 P 0.60[0.42; 0.86] Omitting ADJUVANT —f— 0.33 [0.18;0.58]
EVAN 51 51 ————— 0.27[0.14; 0.53] Omitting EVAN _— 0.40 [0.22;0.75]
Li2014 30 30 — 0.37[0.16; 0.85] Omitting Li2014 — 0.38 [0.21; 0.69]
RADIANT 102 59 — 0.60 [0.37; 0.96] Omitting RADIANT —_— 0.33 [0.18;0.62]
Random effects model 633 594 O 0.38 [0.22; 0.63] Random effects model O 0.38 [0.22; 0.63]
Heterogeneity: /2 = 81%, 72 = 0.2738, p < 0.01 ! T T ! T ! T !
0.2 0.5 1 2 5 0.2 0.5 1 2 5
EGFR-TKIs better ~ Control better EGFR-TKIs better  Control better
c d
Study Experiment(n) Control(n) Hazard Ratio HR [95%~-CI] Study Hazard Ratio HR 95%—Cl
EVAN 51 51 —0— 0.17 [0.05; 0.58] Omitting EVAN — 0.87 [0.56; 1.36]
Li2014 30 30 0.37[0.12; 1.13] Omitting Li2014 —0—— 0.69 [0.31;1.51]
RADIANT 102 59 -—IO— 1.09 [0.56; 2.14] Omitting RADIANT —_— 0.44 [0.15;1.31]
ADJUVANT 111 11 —‘— 0.96 [0.64; 1.43] Omitting ADJUVANT —0—— 0.45 [0.14; 1.39]
Random effects model 294 251 4 0.61[0.31; 1.22] Random effects model _— 0.61 [0.31; 1.22]
Heterogeneity: /2 = 68%, 12 = 0.3176, p = 0.02 f T ! f T T !
0.1 05 1 2 10 0.2 0.5 1 2 5

EGFR-TKIs better ~ Control better

EGFR-TKIs better ~ Control better

FIGURE 3 Forest plot for hazard ratio on DFS and OS. (a) Forest plot of hazard ratio of DFS. (b) Sensitivity analysis for DFS. (c) Forest plot of hazard

ratio of OS. (d) Sensitivity analysis for OS

treatment with EGFR-TKIs was reduced by 62% with statis-
tical significance (HR = 0.38, 95% confidence interval
[CI] 0.22-0.63). Egger’s test revealed no evidence of publica-
tion bias (p = 0.89). In the sensitivity analysis, deletion of
any research did not affect the results of this meta-analysis,
indicating the result of random effects was stable and reli-
able (Figure 3(b)).

Subgroup analysis for DFS

Table 2 summarizes the subgroup analysis of DFS. Adjuvant
EGFR-TKIs were associated with a significantly increased
DES benefit in patients with stage IIIA disease, exon 19 dele-
tion mutation, and those treated with third-generation
EGFR-TKIs (all p < 0.01). Regardless of the presence of previ-
ous adjuvant chemotherapy, postoperative patients could
benefit from adjuvant EGFR-TKIs in terms of DFS to a simi-
lar degree (p = 0.21).

The risk of disease recurrence in patients who received
adjuvant targeted therapy after surgery was greatly reduced,
being only 42% of that with adjuvant chemotherapy
(HR = 0.42, 95% CI 0.19-0.93) and 35% of that with placebo
(HR =0.35, 95% CI 0.16-0.76).

Li et al’s study was excluded from subgroup analysis
for medication duration. The median medication duration
of the remaining four studies was extracted and the
weighted average was 22.3 months based on the sample
size. Taking 22.3 months as the cut-off value, patients with
longer medication duration (> 22.3 months) had more
DFS (p < 0.01).

High heterogeneity was noted among the studies
(P = 81%; Figure 3(a)). After dividing all studies into two
groups according to the median medication duration, the
heterogeneity within the two groups was completely elimi-
nated (° =0% in both groups), but the heterogeneity
between the groups was significant (I° =86%, p < 0.1).
Therefore, the difference in the benefit of adjuvant EGFR-

TKIs for DFS among different studies may be largely attrib-
uted to the difference in treatment duration.

Overall survival

Four studies were included in the OS analysis. The I score
was 68%, suggesting moderate heterogeneity, therefore the
random effects model was wused for meta-analysis
(Figure 3(c)).

The risk of all-cause death was reduced by 39% in
patients treated with adjuvant EGFR-TKIs compared with
those in the control group, but it was not statistically signifi-
cant (HR = 0.61, 95% CI 0.31-1.22). The Egger’s test
suggested no significant evidence of publication bias (Egger’s
p = 0.15). In the sensitivity analysis, deleting any study did
not affect the results of this analysis, indicating the calculation
results of the random effects model were stable and reliable

(Figure 3(d)).

Subgroup analysis for OS
OS subgroup analysis of different disease stages

Moderate heterogeneity was seen between the two groups
according to disease stage (I° = 68%, p < 0.1; Figure 4(a)),
suggesting patients with different disease stages were associ-
ated with varied survival benefits from treatment with EGFR-
TKIs. In patients with stage IIIA disease, the HR for OS was
0.26 (95% CI 0.11-0.60), which favored EGFR-TKIs. No het-
erogeneity was seen with studies that incorporated mixed
patients of stage IB-IITA (P =0%). However, for these
patients adjuvant targeted therapy is not yet significantly
effective in improving the risk of all-cause death (HR = 0.99,
95% CI 0.70-1.40).

The heterogeneity was moderate for included studies
with an I? of 68%. After dividing all studies into two groups
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TABLE 2 Subgroup analysis of effect on DFS from EGFR-TKI treatment

No. of patients

Intersubgroup heterogeneity

Studies divided
Category to subgroups Intervention Control HR (95% CI) Heterogeneity I© I p value
Disease stage 81% <0.01
IITA EVAN, Li et al. 81 81 0.30 (0.18, 0.52) 0%
IB-IIIA ADAURA, ADJUVANT, 552 513 0.41 (0.20, 0.87)  90%
RADIANT
Mutation type 80% <0.01
Exon 19 deletion ADAURA, ADJUVANT, 258 255 0.22 (0.05,0.95)  88%
Liet al.
Exon 21 L858R ADAURA, ADJUVANT, 224 226 0.43 (0.27,0.70)  47%
Li et al.
Median treatment duration 86% <0.01
<22.3 months ADJUVANT, RADIANT 213 170 0.60 (0.45, 0.80) 0%
>22.3 months ADAURA, EVAN 390 394 0.21 (0.15, 0.30) 0%
Treatment of experimental arms 81% <0.01
First-generation ADJUVANT, EVAN, 294 251 0.51 (0.40, 0.66) 42%
EGFR TKI RADIANT, Li et al.
Third-generation ADAURA 339 343 0.20 (0.14, 0.29) —
EGFR TKI
Different comparation 81% <0.01
vs. chemotherapy ADJUVANT, EVAN 162 162 0.42(0.19,0.93)  76%
vs. placebo ADAURA, Li et al., 471 432 0.35(0.16,0.76)  84%
RADIANT
Previous adjuvant chemotherapy before 36% 0.21
EGEFR-T KI treatment
Yes ADAURA, Li et al. 235 235 0.20 (0.13,0.30)  66%
No ADAURA 136 136 0.23 (0.13, 0.40) —

according to disease stage, the heterogeneity within the
group was completely eliminated (I” = 0% in both groups).
Therefore, disease stage was considered to be the main cause
for the different OS benefits from adjuvant EGFR-TKIs
among different studies.

OS subgroup analysis of different treatment
duration

Li et al’s study and the ADJUVANT study were excluded
from analysis due to lack of data on median medication
time. The median medication time of the remaining two
studies was extracted while the weighted average time was
22.2 months based on the sample size. Taking 22.2 months
as the cut-off value, the two studies were divided into two
groups (Figure 4(b)).

For patients with a median treatment time over
22.2 months, the risk of death from all causes was signifi-
cantly reduced. The HR for all-cause death using EGFR-
TKIs was only 0.17 (95% CI 0.05-0.58). In studies with a
median treatment duration less than 22.2 months, EGFR-
TKIs did not significantly improve the risk of all-cause death
(HR 0.46, 95% CI 0.07-2.90). Finally, the heterogeneity
between the groups was high (I° = 85%, p < 0.01), which

indicated that longer treatment duration was associated with
better OS benefits.

OS subgroup analysis according to different
comparation

According to the subgroup analysis based on different com-
paration (Figure 4(c)), the risk of all-cause death of patients
who received adjuvant targeted therapy after surgery was
not significantly different from adjuvant chemotherapy
(HR = 044, 95% CI 0.08-2.45) as well as placebo
(HR = 0.70, 95% CI 0.25-1.98).

Severe adverse events

For analysis on toxicity, adjuvant EGFR TKIs were shown to
be significantly superior to chemotherapy and insignificantly
inferior to placebo for rates of severe (grade 3 or higher)
adverse events (RR = 0.28, 95% CI 0.09-0.94 and RR = 7.02,
95% CI 0.64-76.62, respectively; Figure 5(a),(b)).

To investigate possible reasons for heterogeneity, we did
subgroup analyses with regard to the RRs by type of EGFR-
TKIs (third-generation vs. first-generation EGFR-TKIs). As
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FIGURE 4 Subgroup analysis
for OS for patients receiving
adjuvant EGFR-TKIs. (a) Forest plot
of hazard ratio of OS for adjuvant
EGFR TKI according to disease
stages. (b) Forest plot of hazard ratio
of OS for adjuvant EGFR TKI
according to median treatment
duration

shown in Figure 5(c), heterogeneity between the two groups
is extremely high (I° =84%, p <0.1), the risk of severe
adverse events for third-generation EGFR-TKIs is higher

a
Study Experiment(n) Control(n) Hazard Ratio
EVAN 51 51 —0—
Li2014 30 30 —_—
<>f
RADIANT 102 59 — :
ADJUVANT 111 111 —~<l;
Random effects model 294 251 ¢—
Heterogeneity: I? = 68%, t* = 0.3176, p =0.02 ! ' ! !
Residual heterogeneity: 2= 0%, p =0.61 0.1 05 1 2 10
EGFR-TKIs better  Control better
b
Study Experiment(n) Control(n) Hazard Ratio
EVAN 51 51 —'—
<>—

RADIANT 102 59 : l
Random effects model 153 110 I
Heterogeneity: 1% = 85%, 1% = 1.5178, p <0.01 ! ! ! ! !
Residual heterogeneity: 1% = NA%, p =NA 0.1 05 1 2 10

EGFR-TKIs better  Control better
C
Study Experiment(n) Control(n) Hazard Ratio
EVAN 51 Bl—
ADJUVANT 111 111 —_—
Li2014 30 30 —_—
RADIANT 102 59 —é‘>—
Random effects model 294 251 ¢—
Heterogeneity: /2 = 68%, 12 = 0.3176, p = 0.02 ! ! ! !

0.1 05 1 2 10

Residual heterogeneity: 12=79%, p <0.01

EGFR-TKIs better

Control better

HR [95%~Cl]

0.17 [0.05; 0.58]
0.37 [0.12; 1.13]

1.09 [0.56; 2.14]
0.96 [0.64; 1.43]

0.61[0.31; 1.22]

HR [95%~—CI]

0.17[0.05; 0.58]

1.09 [0.56; 2.14]

0.46 [0.07; 2.90]

HR [95%~Cl]

0.17 [0.05; 0.58]
0.96 [0.64; 1.43]

0.37 [0.12; 1.13]
1.09 [0.56; 2.14]

0.61[0.31; 1.22]

than the placebo (RR = 22.39, 95% CI 3.04-165.18), while
no difference was shown between first-generation agents
and the placebo (RR = 4.19, 95% CI 0.19-93.31). There was
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Forest plots of
relative risk of severe adverse events.
(a) Forest plot of risk ratio of severe
adverse events associated with
adjuvant EGFR-TKIs versus
chemotherapy. (b) Forest plot of risk
ratio of severe adverse events
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a Experimental Control FIGURE 5

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight

ADJUVANT 11 11 70 1M1 — 0.16 [0.09;0.28] 48.9%

EVAN 16 51 32 51 — 0.50 [0.32;0.79] 51.1%

Random effects model 162 162 o 0.28 [0.09; 0.94] 100.0% . . .

Heterogeneity: 2 = 91%, 2 = 0.6757, p < 0.01 T T t T ] associated with adjuvant EGFR-TKIs
’ ' o ' 05 1 2 10 versus placebo. (c) Subgroup

EGFR-TKIs better

Control better

analysis of risk ratio of severe
adverse events for adjuvant EGFR-

b Experimental Control TKIs versus placebo according to
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight EGFR TKI type
ADAURA 22 337 1343 — = 22.39 [3.04; 165.18] 31.3%
Li2014 6 30 5 30 _— 1.20 [0.41; 3.51] 37.1%
RADIANT 30 100 1 59 —_—— 1770 [2.48; 126.44] 31.6%
Random effects model 467 432 —_— 7.02 [0.64; 76.62] 100.0%
T T T 1

Heterogeneity: 12 = 84%, % = 3.7078, p < 0.01
0.01 0.1 1 10

EGFR-TKIs better

Control better

100

c Experimental Control

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
ADAURA 22 337 1 343 é—'—22.39 [3.04; 165.18] 31.3%

—_—
Li2014 6 30 5 30 —_— 1.20 [0.41; 3.51] 37.1%
RADIANT 30 100 1 59 —————— 17.70 [2.48;126.44] 31.6%
Random effects model 467 432 e 7.02 [0.64; 76.62] 100.0%
I T T 1

Heterogeneity: 12 = 84%, t? = 3.7078, p < 0.01

Residual heterogeneity: 2= 87%, p <0.01 0.01 01 1 10

EGFR-TKIs better

a significant increase in the risk of severe adverse events
with third-generation EGFR-TKIs compared with first-
generation EGFR-TKIs.

DISCUSSION

In patients with NSCLC who have undergone radical sur-
gery, adjuvant therapy is needed since micro metastases or
residual tumor cells exist after resection. Previous meta-
analysis proved that adjuvant treatment with EGFR-TKIs
can reduce the probability of tumor recurrence and prolong
DFS with fewer adverse events,'”*” indicating that they can
provide an alternative option to adjuvant chemotherapy in
patients with EGFR-mutated NSCLC.

Our study included the recently updated ADJUVANT
and ADAURA studies, further confirming that adjuvant
therapy with EGFR-TKIs significantly improved DFS with a
reduced recurrence risk of 62% in patients with stage IB-
IITA NSCLC who had undergone radical resection with

Control better

100

positive EGFR mutations when compared with adjuvant
chemotherapy or placebo treatment. This finding is consis-
tent with the conclusions of previous meta-analysis.'”>%*®

With respect to OS, however, no significant difference
was noted between adjuvant EGFR-TKIs and chemother-
apy/placebo. This finding may be explained by the usage of
subsequent EGFR-TKIs in the control arm after disease
recurrence. In addition, OS was the secondary outcome in
all included studies, so the sample size may be insufficient to
detect difference in OS.>>~*> Moreover, the OS data were not
mature due to short follow-up times with the exception of
the ADJUVANT study, in which the median follow-up time
was 76.9 months. Therefore, more mature OS data are
needed in the future to evaluate the impact of adjuvant-
targeted therapy on OS.

Disease stage is a prognosis factor for the therapeutic
effect of adjuvant therapy. Previous literature reported that
the median OS times were 37 months, 21 months and
9 months for NSCLC patients with lymph node staging as
NO, N1, and N2, respectively.*>*° In addition, whether stage
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IB patients can benefit from adjuvant therapy remained a
question with controversies.>*' In the current study, the
EVAN and Li et al’s studies mainly focused on stage IITA
patients, while the ADJUVANT study included patients with
stage II and IITA disease. The ADAURA and RADIANT
studies included patients with stage IB-IIIA NSCLC, and
moreover stage IB patients accounted for as many as 47% of
the overall population in the RADIANT study. Subgroup
analysis showed that patients with stage IIIA disease got
more benefit of DFS and OS from adjuvant EGFR-TKIs
compared with patients with heterogeneous stages less than
stage IIIA. In the OS subgroup analysis, heterogeneity
within the subgroups can be completely eliminated by divi-
sion of the subgroups by different disease stages. Taken
these findings together, patients with relatively later stages
seem to benefit more from adjuvant EGFR-TKIs.

Treatment duration was speculated to be related to the
efficacy of adjuvant-targeted therapy. Adjuvant treatment
with 3-year imatinib significantly prolonged DFS and OS
compared to 1-year imatinib in patients with operable gastro-
intestinal stromal tumor.”> EGFR-TKIs yield a median
progression-free survival of 10-12 months in advanced
NSCLC. Moreover, some patients continued to benefit from
EGFR-TKIs after tumor progression than switching to che-
motherapy.® In a phase II randomized 3-month study with
2-year adjuvant afatinib in surgically resected stage I-III
NSCLC patients harboring EGFR mutation, 2-year DFS was
increased by 14% in patients treated for 2 years compared to
those who were treated for 3 months (85% vs. 71%).>* How-
ever, this study was suspended due to slow enrollment, and
the median DFS and OS had not yet been reached. Consistent
with the findings mentioned above, our study found more
DES and OS benefits in patients with longer treatment dura-
tion. In the subgroup analysis for DES, heterogeneity within
the groups was completely eliminated when studies were
divided according to the treatment duration, suggesting that
the patients’ DEFS benefit from adjuvant EGFR-TKIs
depended on the medication duration to a great extent.

However, there was no relationship between treatment
duration and OS benefit since only three studies were
included in subgroup analysis. Additionally, two studies
mainly included stage IITA patients while 47% of patients in
the other study had stage IB disease, so the heterogeneity
between the two groups might be attributed to different dis-
ease stages rather than the length of treatment duration.
More homogeneous studies are needed to investigate the
relationship between treatment duration and OS benefit.

Our study first evaluated the relationship between DFS
and EGFR mutation subtype. The 19 exon deletion and the
21 exon L858R point mutation are the most common domi-
nant mutation subtypes of EGFR mutation.”>* Previous
studies have shown there are significant differences in clini-
cal characteristics between NSCLC patients harboring EGFR
exon 19 deletion and exon 21 L858R point mutations.>”
Patients with exon 19 deletion mutations also had longer
progression-free survival and higher objective remission
rates than those with exon 21 L858R point mutations.”®

However, no meta-analysis has evaluated the efficacy of
adjuvant EFDR-TKIs in patients with these two common
mutations so far. Subgroup analysis demonstrated that
patients with exon 19 deletion mutations could obtain more
DES benefits from postoperative EGFR-TKIs than those
with exon 21 L858R point mutations. More research is
needed to identify the underlying mechanism.

Emerging EGFR-TKIs have entered clinical practice,
including the first-generation gefitinib, icotinib, and
erlotinib, the second-generation afatinib, and the third-
generation osimertinib. As a third-generation EGFR-TKI,
osimertinib not only irreversibly inhibits sensitive muta-
tions, but also effectively inhibits the T790M mutation that
leads to drug resistance.'"'** Osimertinib was associated
with significantly longer progression-free survival (PFS) and
OS than first-generation gefitinib and erlotinib in patients
with advanced NSCLC with EGFR mutations.">** In the
present study, postoperative third-generation EGFR-TKIs
significantly reduced risk of disease recurrence when com-
pared to first-generation EGFR-TKIs, providing a preferred
option in the adjuvant setting. Furthermore, EGFR C797S
mutation is one of the main mechanisms of resistance to
osimertinib; to address this issue, the fourth-generation
EGFR inhibitor CH7233163 was developed.*!

Despite the development of innovative adjuvant treat-
ment with targeted therapy and immunotherapy, chemo-
therapy remains the cornerstone and standard therapy for
adjuvant treatment. Meanwhile, adjuvant targeted therapy
also faces many challenges, one of which is intratumoral
heterogeneity. Lung cancer has been defined as a group of
distinct diseases with molecular and phenotypic heterogene-
ity.*>*> In spite of initial inhibition of cells with sensitive
mutations, EGFR-wild-type clones emerge as the dominant
source of resistance, leading to treatment failure. Several
strategies have been developed to address this issue, includ-
ing combination with chemotherapy and EGFR-TKIs. In the
first-line setting, combining chemotherapy and EGFR-TKIs
have a significant impact on PFS for patients with advanced
NSCLC.** Therefore, it is worth exploring the role of adju-
vant treatment with combined EGFR-TKIs and chemother-
apy. However, there is no direct comparison between
combined adjuvant chemotherapy and EGFR-TKIs and
adjuvant EGFR-TKI monotherapy. We performed subgroup
analysis to investigate the relationship between DFS and
previous chemotherapy before adjuvant EGFR-TKIs, and
found no significant difference. Because adjuvant chemo-
therapy itself could bring DFS and OS benefits to patients,®
it can be indirectly inferred that postoperative chemotherapy
combined with adjuvant EGFR-TKIs might bring more ben-
efit to patients after surgery than using adjuvant EGFR-TKIs
alone. However, more studies are warranted to provide
high-level evidence with direct comparison, and the
increased toxicity caused by combined therapy should be
considered.

In the analysis of adverse events, we found that adjuvant
EGFR-TKIs were associated with fewer serious adverse
events than adjuvant chemotherapy. Since patients with



WILEYL

LIN ET AL.

a Experimental Control

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
ADAURA 22 337 1 343 —+— 22.39 [3.04; 165.18] 49.2%
RADIANT 30 100 1 59 —— S 17.70 [2.48;126.44] 50.8%
Random effects model 437 402 —_ 19.87 [4.89; 80.70] 100.0%

FIGURE 6 Forest plot for
adverse events analysis excluding the
study of Li et al. (a) Forest plot of
risk ratio of severe adverse events for
adjuvant EGFR-TKIs versus placebo
without the study of Li et al.

(b) Forest plot on subgroup analysis
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b Experimental Control Li et al.
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
ADAURA 22 337 1 343 —-— 22.39 [3.04;165.18] 49.2%
—_—
RADIANT 30 100 1 59 —-0— 17.70 [2.48; 126.44] 50.8%
o:
Random effects model 437 402 —_ 19.87 [4.89; 80.70] 100.0%
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EGFR-TKIs better

adjuvant EGFR-TKIs have less risk of disease recurrence
than adjuvant chemotherapy based on the results above,
adjuvant EGFR-TKIs could be a better choice for postopera-
tive adjuvant treatment compared with adjuvant
chemotherapy.

The present study also showed that the possibility of seri-
ous adverse events of third-generation EGFR-TKIs was signif-
icantly higher than that of first-generation drugs, which was
inconsistent with the results of previous study.'>*® Looking
back on the studies included in the analysis of adverse events
comparing EGFR-TKIs and placebo, the experiment design
of Li et al. was different from that in the ADAURA and
RADIANT studies. On the one hand, the treatment duration
in the study of Li et al. was less than 6 months while it was
over 20 months in ADAURA and RADIANT. Moreover, all
the patients in the study of Li et al. received adjuvant chemo-
therapy previously while only some of the patients received
adjuvant chemotherapy before EGFR-TKIs or placebo treat-
ment in ADAURA and RADIANT. Therefore, we excluded
Li et al’s study (Figure 6) and found that treatment with
adjuvant EGFR-TKIs was associated with more adverse
events compared with the placebo. The possibility of severe
adverse events for third-generation drugs is similar to that for
first-generation drugs, which is consisted with the previous
study.'**> The results for the adverse events for different
drugs on adjuvant targeted therapy are therefore unstable and
there is much variation between the results of the adverse
event rates for first-generation and third-generation drugs in
adjuvant targeted therapy.

This study was limited by the small number of included
studies and the insufficient follow-up time. There was only

Control better

one study for third-generation EGFR-TKIs, which might
result in bias to the subgroup analysis considering different
drugs’ efficacy. In addition, the experimental group, the con-
trol group, and the study population are quite heteroge-
neous. The ADJUVANT and EVAN studies were head-to-
head studies comparing adjuvant EGFR-TKIs and adjuvant
chemotherapy, while the other studies implemented placebo
as control. More importantly, we cannot conduct a more in-
depth subgroup analysis to explore the potential influencing
factors since we failed to obtain patient-level data. As a
result, we could only perform subgroup analysis to discuss
the benefit from adjuvant therapy according to stage indi-
rectly without being able to analyze the data on patients in
stage III and stage I-II separately.

CONCLUSIONS

In summary, compared with adjuvant chemotherapy or pla-
cebo treatment, adjuvant EGFR-TKIs significantly improved
the DFS in EGFR-mutant NSCLC patients with stage IB-
IIIA disease who had undergone radical resection. However,
no improvement of OS was seen. Advanced disease stages,
exon 19 deletion mutations, longer treatment duration, and
application of third-generation EGFR-TKIs were associated
with more DFS benefits. Advanced disease stages and longer
treatment time also had significant clinical implications for
OS. Fewer adverse events were recorded in adjuvant EGFR-
TKIs than in chemotherapy. The risk of severe adverse
events for first-generation drugs is significantly lower than
for third-generation drugs. In the future, better-designed
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and homogeneous research is needed to explore whether
adjuvant EGFR-TKI treatment will benefit patient OS and
identify the specific patients who are suitable for and sensi-
tive to this treatment.

ACKNOWLEDGMENTS

This paper was funded by the Project of Development Cen-
ter for Medical Science and Technology, National Health
Commission of the PRC, W2017ZWS17 [Correction added
on 16 March 2021, after first online publication: Funding
information has been added to the ’Acknowledgments’ ]

DISCLOSURE
No authors report any conflict of interest.

ORCID

Chutong Lin ‘® https://orcid.org/0000-0002-0626-220X
Shanwu Ma ‘© https://orcid.org/0000-0002-3906-5958
Shaohua Ma ® https://orcid.org/0000-0002-7399-6975
REFERENCES

1. Fitzmaurice C, Abate D, Abbasi N, et al. Global, regional, and
National Cancer Incidence, mortality, years of life lost, years lived
with disability, and disability-adjusted life-years for 29 cancer groups,
1990 to 2017: a systematic analysis for the global burden of disease
study. JAMA Oncol. 2019;5:1749-68.

2. Oser MG, Niederst M]J, Sequist LV, Engelman JA. Transformation
from non-small-cell lung cancer to small-cell lung cancer: molecular
drivers and cells of origin. Lancet Oncol. 2015;16:¢165-72.

3. Le Chevalier T. Adjuvant chemotherapy for resectable non-small-cell
lung cancer: where is it going. Ann Oncol. 2010;21(suppl 7):vii196-8.

4. Cagle PT, Allen TC, Olsen R]. Lung cancer biomarkers: present status
and future developments. Arch Pathol Lab Med. 2013;137:1191-8.

5. Nagasaka M, Gadgeel SM. Role of chemotherapy and targeted therapy
in early-stage non-small cell lung cancer. Expert Rev Anticancer Ther.
2018;18:63-70.

6. Pignon JP, Tribodet H, Scagliotti GV, Douillard JY, Shepherd FA,
Stephens R], et al. Lung adjuvant cisplatin evaluation: a pooled analy-
sis by the LACE collaborative group. J Clin Oncol. 2008;26:3552-9.

7. Kris MG, Gaspar LE, Chaft JE, Kennedy EB, Azzoli CG, Ellis PM,
et al. Adjuvant systemic therapy and adjuvant radiation therapy for
stage I to IITA completely resected non-small-cell lung cancers: Amer-
ican Society of Clinical Oncology/Cancer Care Ontario clinical prac-
tice guideline update. J Clin Oncol. 2017;35:2960-74.

8. Uramoto H, Nakanishi R, Nagashima A, Uchiyama A, Inoue M,
Osaki T, et al. A randomized phase II trial of adjuvant chemotherapy
with bi-weekly carboplatin plus paclitaxel versus carboplatin plus
gemcitabine in patients with completely resected non-small cell lung
cancer. Anticancer Res. 2010;30:4695-9.

9. Kreuter M, Vansteenkiste J, Fischer JR, Eberhardt W, Zabeck H,
Kollmeier J, et al. Randomized phase 2 trial on refinement of early-
stage NSCLC adjuvant chemotherapy with cisplatin and pemetrexed
versus cisplatin and vinorelbine: the TREAT study. Ann Oncol. 2013;
24:986-92.

10.  Sequist LV, Yang JC, Yamamoto N, et al. Phase III study of afatinib or
cisplatin plus pemetrexed in patients with metastatic lung adenocarci-
noma with EGFR mutations. ] Clin Oncol. 2013;31:3327-34.

11. Mok TS, Wu YL, Ahn MJ, Garassino MC, Kim HR, Ramalingam SS,
et al. Osimertinib or platinum-Pemetrexed in EGFR T790M-positive
lung cancer. N Engl ] Med. 2017;376:629-40.

12. Wu YL, Cheng Y, Zhou X, Lee KH, Nakagawa K, Niho S, et al
Dacomitinib versus gefitinib as first-line treatment for patients with
EGFR-mutation-positive non-small-cell lung cancer (ARCHER 1050): a
randomised, open-label, phase 3 trial. Lancet Oncol. 2017;18:1454-66.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Soria JC, Ohe Y, Vansteenkiste J, Reungwetwattana T,
Chewaskulyong B, Lee KH, et al. Osimertinib in untreated EGFR-
mutated advanced non-small-cell lung cancer. N Engl ] Med. 2018;
378:113-25.

Fukuoka M, Wu YL, Thongprasert S, Sunpaweravong P, Leong SS,
Sriuranpong V, et al. Biomarker analyses and final overall survival
results from a phase III, randomized, open-label, first-line study of
gefitinib versus carboplatin/paclitaxel in clinically selected patients
with advanced non-small-cell lung cancer in Asia (IPASS). J Clin
Oncol. 2011;29:2866-74.

Corless CL, Ballman KV, Antonescu CR, Kolesnikova V, Maki RG,
Pisters PWT, et al. Pathologic and molecular features correlate with
long-term outcome after adjuvant therapy of resected primary GI
stromal tumor: the ACOSOG Z9001 trial. J Clin Oncol. 2014;32:
1563-70.

Wu Y-L, Tsuboi M, He ], John T, Grohe C, Majem M, et al
Osimertinib in resected EGFR-mutated non-small-cell lung cancer. N
Engl ] Med. 2020;383:1711-23.

Huang Q, Li J, Sun Y, Wang R, Cheng X, Chen H. Efficacy of EGFR
tyrosine kinase inhibitors in the adjuvant treatment for operable non-
small cell lung cancer by a meta-analysis. Chest. 2016;149:1384-92.
Cheng H, Li XJ, Wang X]J, Chen ZW, Wang RQ, Zhong HC, et al. A
meta-analysis of adjuvant EGFR-TKIs for patients with resected non-
small cell lung cancer. Lung Cancer. 2019;137:7-13.

Raphael J, Vincent M, Boldt G, Shah PS, Rodrigues G, Blanchette P.
Adjuvant epidermal growth factor receptor tyrosine kinase inhibitors
(TKIs) in resected non-small cell lung cancer (NSCLC): a systematic
review and meta-analysis. Am J Clin Oncol. 2019;42:440-5.

Yuan Y, Huang Q, Gu C, Chen H. Disease-free survival improved by use
of adjuvant EGFR tyrosine kinase inhibitors in resectable non-small cell
lung cancer: an updated meta-analysis. ] Thorac Dis. 2017;9:5314-21.
Y-L W, Zhong W, Wang Q, et al. CTONG1104: adjuvant gefitinib ver-
sus chemotherapy for resected N1-N2 NSCLC with EGFR mutation—
final overall survival analysis of the randomized phase III trial 1 analysis
of the randomized phase III trial. ] Clin Oncol. 2020;38:9005.

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-anal-
ysis. Stat Med. 2002;21:1539-58.

Kelly K, Altorki NK, Eberhardt WE, O’Brien ME, Spigel DR, Crino L,
et al. Adjuvant Erlotinib versus placebo in patients with stage IB-IITA
non-small-cell lung cancer (RADIANT): a randomized, double-blind,
phase III trial. J Clin Oncol. 2015;33:4007-14.

Li N, Ou W, Ye X, Sun HB, Zhang L, Fang Q, et al. Pemetrexed-
carboplatin adjuvant chemotherapy with or without gefitinib in resected
stage ITIA-N2 non-small cell lung cancer harbouring EGFR mutations: a
randomized, phase II study. Ann Surg Oncol. 2014;21:2091-6.

Yue D, Xu S, Wang Q, Li X, Shen Y, Zhao H, et al. Erlotinib versus vin-
orelbine plus cisplatin as adjuvant therapy in Chinese patients with stage
IITA EGFR mutation-positive non-small-cell lung cancer (EVAN): a
randomised, open-label, phase 2 trial. Lancet Respir Med. 2018;6:863-73.
Zhong WZ, Wang Q, Mao WM, Xu ST, Wu L, Shen Y, et al. Gefitinib
versus vinorelbine plus cisplatin as adjuvant treatment for stage II-
IITA (N1-N2) EGFR-mutant NSCLC (ADJUVANT/CTONGI1104): a
randomised, open-label, phase 3 study. Lancet Oncol. 2018;19:139-48.
Shepherd FA, Altorki NK, Eberhardt WEE, O’Brien MER, Spigel DR,
Crino L, et al. Adjuvant erlotinib (E) versus placebo (P) in non-small
cell lung cancer (NSCLC) patients (pts) with tumors carrying EGFR-
sensitizing mutations from the RADIANT trial. J Clin Oncol. 2014;32:
7513.

Tang W, Li X, Xie X, Sun X, Liu J, Zhang J, et al. EGFR inhibitors as
adjuvant therapy for resected non-small cell lung cancer harboring
EGFR mutations. Lung Cancer. 2019;136:6-14.

Rusch VW, Crowley ], Giroux DJ, Goldstraw P, Im JG, Tsuboi M,
et al. The IASLC lung cancer staging project: proposals for the revi-
sion of the N descriptors in the forthcoming seventh edition of the
TNM classification for lung cancer. ] Thorac Oncol. 2007;2:603-12.
Groome PA, Bolejack V, Crowley JJ, Kennedy C, Krasnik M, Sobin LH,
et al. The TASLC lung cancer staging project: validation of the proposals
for revision of the T, N, and M descriptors and consequent stage


https://orcid.org/0000-0002-0626-220X
https://orcid.org/0000-0002-0626-220X
https://orcid.org/0000-0002-3906-5958
https://orcid.org/0000-0002-3906-5958
https://orcid.org/0000-0002-7399-6975
https://orcid.org/0000-0002-7399-6975

LIN ET AL.

WILEYL*

31.

32.

33.

34.

35.

36.

37.

38.

groupings in the forthcoming (seventh) edition of the TNM classifica-
tion of malignant tumours. ] Thorac Oncol. 2007;2:694-705.

Luo J, Huang Q, Wang R, Han B, Zhang J, Zhao H, et al. Prognostic
and predictive value of the novel classification of lung adenocarcinoma
in patients with stage IB. ] Cancer Res Clin Oncol. 2016;142:2031-40.
Joensuu H, Eriksson M, Sundby Hall K, Hartmann JT, Pink D, Schiitte J,
et al. One vs three years of adjuvant imatinib for operable gastrointestinal
stromal tumor: a randomized trial. JAMA. 2012;307:1265-72.

Yang JJ, Chen HJ, Yan HH, Zhang XC, Zhou Q, SuJ, et al. Clinical modes
of EGFR tyrosine kinase inhibitor failure and subsequent management in
advanced non-small cell lung cancer. Lung Cancer. 2013;79:33-9.

Chaft JE, Costa DB, Muzikansky A, Shrager JB. Randomized phase II
study of adjuvant afatinib for three months versus two years in
patients with resected stage I-III EGFR mutant NSCLC. J Clin Oncol.
2019;37:8507-7.

Sholl LM, Aisner DL, Varella-Garcia M, Berry LD, Dias-Santagata D,
Wistuba I, et al. Multi-institutional oncogenic driver mutation analy-
sis in lung adenocarcinoma: the lung cancer mutation consortium
experience. ] Thorac Oncol. 2015;10:768-77.

Sharma SV, Bell DW, Settleman J, Haber DA. Epidermal growth factor
receptor mutations in lung cancer. Nat Rev Cancer. 2007;7:169-81.
Hong W, Wu Q, Zhang J, Zhou Y. Prognostic value of EGFR 19-del
and 21-L858R mutations in patients with non-small cell lung cancer.
Oncol Lett. 2019;18:3887-95.

Yu JY, Yu SF, Wang SH, Bai H, Zhao J, An TT, et al. Clinical out-
comes of EGFR-TKI treatment and genetic heterogeneity in lung ade-
nocarcinoma patients with EGFR mutations on exons 19 and 21. Chin
J Cancer. 2016;35:30.

39.

40.

41.

42.

43.

44.

Cross DA, Ashton SE, Ghiorghiu S, et al. AZD9291, an irreversible
EGFR TKI, overcomes T790M-mediated resistance to EGFR inhibi-
tors in lung cancer. Cancer Discovery. 2014;4:1046-61.

Ramalingam SS, Vansteenkiste J, Planchard D, Cho BC, Gray JE,
Ohe Y, et al. Overall survival with Osimertinib in untreated, EGFR-
mutated advanced NSCLC. N Engl ] Med. 2020;382:41-50.

Kashima K, Kawauchi H, Tanimura H, Tachibana Y, Chiba T,
Torizawa T, et al. CH7233163 overcomes osimertinib resistant
EGFR-Del19/T790M/C797S mutation. Mol Cancer Ther. 2020;19:
2288-97.

Senosain MF, Massion PP. Intratumor heterogeneity in early lung
adenocarcinoma. Front Oncol. 2020;10:349.

Guo L, Chen Z, Xu C, Zhang X, Yan H, Su J, et al. Intratumoral het-
erogeneity of EGFR-activating mutations in advanced NSCLC patients
at the single-cell level. BMC Cancer. 2019;19:369.

Wen M, Xia J, Sun Y, et al. Combination of EGFR-TKIs with chemo-
therapy versus chemotherapy or EGFR-TKIs alone in advanced
NSCLC patients with EGFR mutation. Biol Theory. 2018;12:183-90.

How to cite this article: Lin C, Hu F, Chu H, et al.
The role of EGFR-TKIs as adjuvant therapy in EGFR
mutation-positive early-stage NSCLC: A meta-
analysis. Thorac Cancer. 2021;12:1084-1095. https://
doi.org/10.1111/1759-7714.13874



https://doi.org/10.1111/1759-7714.13874
https://doi.org/10.1111/1759-7714.13874

	The role of EGFR-TKIs as adjuvant therapy in EGFR mutation-positive early-stage NSCLC: A meta-analysis
	INTRODUCTION
	METHODS
	Literature search strategies
	Study eligibility and selection
	Data extraction
	Quality assessment of the included studies
	Statistical analysis

	RESULTS
	Characteristics of included studies
	Study quality
	DFS
	Subgroup analysis for DFS
	Overall survival
	Subgroup analysis for OS
	OS subgroup analysis of different disease stages
	OS subgroup analysis of different treatment duration
	OS subgroup analysis according to different comparation

	Severe adverse events

	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	DISCLOSURE
	REFERENCES


