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Introduction: For patients with epidermal growth factor receptor (EGFR)-mutated lung

cancer who undergo surgery, adjuvant tyrosine kinase inhibitor (TKI) therapy other than

osimertinib is an alternative option. We aimed to discuss the long-term safety and efficacy

of TKI treatment in real-world data.

Methods: From January 2011 to May 2020, patients with stage II–III EGFR-mutated

adenocarcinoma who underwent cancer resection surgery at a single center were

enrolled. The primary endpoint was disease relapse, and the secondary endpoint was

overall survival. In total, 30 patients were included in the study. In our study, all patients

underwent complete resection using video-assisted thoracoscopic surgery. The patients

were divided into a dose interruption (prolonged interval use) group and non-dose

adjustment group.

Results: The patients’ pathological stages were II–III. The initial EGFR TKIs were

mostly gefitinib (n = 25, 83%), and others were erlotinib (n = 3, 10%) and

afatinib (n = 2, 6%). The mean disease-free survival (DFS) was 53.3 months.

The 2- and 5-year DFS rate was 90.0 and 73.3%, respectively. The median

TKI treatment duration in this study was 44.5 months (range, 6–133 months),

which was the longest in the literature review. Of these patients, nine had dose

interruption. We compared the two groups and found no treatment differences

between them. There were no significant side effect potentials between both groups.
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Conclusion: To our knowledge, this study provides the longest experience of TKI in

patients with resected EGFR mutations and also provided a dose reduction strategy

(prolonged medication interval) for patients who had intolerable side effects.

Keywords: adjuvant therapy, epidermal growth factor receptor-tyrosine kinase inhibitor, non-small-cell lung

carcinoma, thoracic surgery, advanced lung cancer

INTRODUCTION

The epidermal growth factor receptor (EGFR) tyrosine kinase
inhibitor (TKI) erlotinib has been proven to be effective in
patients with advanced stage lung cancer (1). The adjuvant use of
TKIs is also important in patients who cannot tolerate the toxicity
of chemotherapy and their use might improve the outcomes of
a subset of patients. Some studies have suggested that TKIs are
more effective in selected East Asian patients than carboplatin–
paclitaxel as an initial treatment (2).

However, the efficacy and safety of adjuvant EGFR TKI
therapy in patients with resected lung cancer is still debated,
although prospective randomized controlled trials (3–5) have
shown improved disease-free survival results for adjuvant EGFR
TKI use in patients with resected lung cancer. The single-arm
trial SELECT (6) also indicated positive results for adjuvant
EGFR TKI use compared to historical data.

Previous articles on treatment duration all had a short
duration of treatment (<20 months except in two articles), which
was not long enough for the effects of the long-term use of first-
line TKI to be observed. The shortest median treatment duration
of BR19 was 4.8months. The outcome of BR19might be too short
to evaluate the adjuvant TKI usage, and the number of patients
with EGFR mutations was low at only 4% (15 cases of tumor) in
the cohort. The treatment duration of gefitinib for ADJUVANT
was 21.9 months. The longest duration of TKI treatment was the
ADAURA trial, which used the third-generation TKI, osmertinib,
for 36 weeks. The treatment duration of the RADIANT study
was 11.9 months, but in the EGFR mutation subgroup, the
median treatment duration was 21.2 months. To improve the
outcome of TKI treatment, long-term use of TKIs has become
an important issue.

In cases of long-term use of TKIs, side effects are usually
encountered. Rashes, diarrhea, and elevated liver function
tests were listed most frequently in studies. In the ADAURA
trial, a third-generation TKI was used, and the side effects
were still high. A total of 97% of the patients had side
effects. From the above study, we know that above 50% of
patients would have side effects if postoperative adjuvant TKI
is administered.

Therefore, the strategy ofmanaging themedication side effects
is the next important issue. The strategy of managing the side
effects of medication include dose reduction or medication shift.
However, a retrospective analysis with a reduced dose showed a
progression-free survival (PFS) of 8.8 months compared to 11.2
in those who received the full dose (7). Another post-hoc analysis
for afatinib showed that patients whose doses were reduced to
30mg in the first 6 months had acceptable PFS of 11.3 months

compared to 11.0 months in those who did not receive dose
reduction (8).

However, results on the survival and adverse outcomes even
after long-term use of adjuvant EGFR TKI in patients with
stage IIA–IIIB lung cancer are still inadequate. Herein, we
retrospectively reviewed patients with resected non-small-cell
lung adenocarcinoma who were treated with adjuvant EGFR TKI
for nearly a decade at a single center with the aim to develop a
long-term treatment strategy.

PATIENTS AND METHODS

Study Design and Patient Population
We retrospectively reviewed patients with resected non-small-
cell lung adenocarcinoma who were treated with adjuvant EGFR
TKI between January 2011 and May 2020. The eligible patients
were those aged ≥ 18 years who had completely resected NSCLC
with stage IIA to IIIB NSCLC with EGFR mutation, followed
by an adjuvant TKI therapy of 6 months or more. The TKIs
prescribed in our study included gefitinib, erlotinib, and afatinib.
To evaluate a long-term follow-up of TKI use, patients who
received an adjuvant TKI treatment duration of 6 months or
more were included. Patients who received chemotherapy or
any form of neoadjuvant therapy were excluded from our study.
Patients who had undergone previous lung cancer surgery were
also excluded (Figure 1). The cancer stage of the data was
documented using the American Joint Committee on Cancer 8th
edition staging system.

Our clinical patient-care protocol in this study included
adjuvant TKI treatment 1 month after the operation, and the
patients would receive adjuvant TKI treatment for as long
as possible without a limited treatment course. All patients
underwent complete surgical resection. The average daily dose
was calculated by dividing the sum of all doses of prescribed TKI
tablets by the total number of days of treatment. All patients
with intolerable side effects were recorded in the patients’ charts
and graded using the Common Terminology Criteria for Adverse
Events (version 3). When an adverse event develops, the patient
was treated conservatively with medication for symptom relief
and the temporary suspension of TKI medication if needed.
Patients who can be treated conservatively were classified into
“non-shift interval” group. However, a reduction of dosage or
frequency or TKImedication shift was implemented if the patient
experienced prolonged side effects without improvement after
conservative treatment or intolerance by the patient, such as
hepatotoxicity, skin rash, or nausea. In such cases, the patients
were classified in the “dose interruption” group. Temporary
holding of TKI was not considered as a dose interruption.
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FIGURE 1 | Eligible criteria.

During the follow-up period of adjuvant TKI treatment, the
patients needed monthly check of laboratory data, including liver
function and carcinoembryonic antigen. Besides, the patients also
received routine image studies, including computed tomography
(CT) of the brain, chest, and abdomen every 3 months.
Magnetic resonance imaging of the brain, bone scan, or positron
emission tomography scan was optional if needed. Recurrence
was confirmed by either imaging or histopathological diagnosis
of biopsy.

Statistical Analysis
The primary endpoint was disease-free survival. The secondary
endpoint was overall survival. Kaplan–Meier curves were used
to describe the time-to-event. Log-rank tests were used to
evaluate the differences in disease-free survival (DFS) between
the patient groups. Survival was counted from the day after
surgery. Continuous variables were presented as mean and
median (range), and categorical variables were presented as
numbers and percentages for analysis. The statistical differences

between the responses among the patient groups at different
daily doses were determined using the χ

2 test or Fisher’s exact
test for categorical variables. All tests for significance were two-
sided. Statistical significance was set at p < 0.05. All analyses
were performed using the SPSS software (version 26 for Mac,
SPSS Inc., Chicago, IL, USA). All data were followed up to
March, 2021.

RESULTS

Patient Characteristics
A total of 4,384 patients with primary lung cancer resection
performed by a single team from January 2011 to May 2020
were consecutively recorded, and fortyseven patients of them
received EGFR TKI therapy. Seventeen patients were excluded
due to the reasons including stage I or IV (n = 10), receiving
neoadjuvant therapy (n = 4), TKI therapy <6 months (n = 2),
and loss of follow up (n = 1). Finally, a total of 30 patients were
included as long-term adjuvant TKI use. All of these patients
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underwent complete lung cancer resection using VATS [IIA =

1 (3%) IIB = 3 (10%) IIIA = 19 (63%) IIIB = 7 (23%)]. The
initial EGFR TKIs in our study were mostly gefitinib in 25
(83.3%) patients; erlotinib was used in three (10.0%) patients
and afatinib in two (6.7%) patients. The median duration of
TKI therapy was 44.5 months (Mean = 52.7 ± 32.0 months),
which were ranged from 6 to 133 months (Table 1). Seventy
percent of patients (N = 21) did not require a permanent
dosage reduction or medication shift (non-shift interval group).
However, 30% of patients (N = 9) required a medication shift
because of intolerance of the side effects (dose interruption
group). All of the medication shifts in our study were from
gefitinib to erlotinib.

The median follow-up time of all 30 patients was 45 months.
The follow-up time was the same as the duration of TKI therapy
in the disease-free patients because of our study design. The
mean disease-free survival (DFS) was 53.3 months. Five patients
(17%) had disease progression. The 2-year DFS rate was 90%,
which included only 21 patients at the end of the 2-year follow-
up period. The 5-year DFS rate was 73.3%, which included
nine patients at the end of the 5-year follow-up. For overall
survival, only one patient (3%) died during follow-up at 69
months; thus, the 2-year overall survival rate was 100% and
included 23 patients at the end of the 2-year follow-up. The 5-
year overall survival was still 100% and included 11 patients at
the end of the 5-year follow-up. The results are demonstrated in
Figures 2, 3.

Treatment Effectiveness
We compared the groups of patients who took medication with
and without a dose interruption (dose interruption group and
non-shift interval group). We analyzed the data using Kaplan–
Meier survival curves, which showed no statistically significant
difference in disease-free survival and overall survival between
the two groups (Figures 2, 3). The median disease-free survival
with dose interruption was 60.0 months, and the disease-free
survival for the non-shift group was immature. The hazard
ratio for the dose interruption group and the non-shift group
was 1.244 (0.28–5.49), with a p-value of 0.773. Five patients
had recurrence with brain metastasis, one patient had pleural
seedings, one patient had lung-to-lung metastasis, and one
patient had lymph node metastasis (Table 1). Four of the five
patients with brain metastasis had dose interruption, which is
not statistically significant when compared with patients without
dose interruption (p = 0.19). Medication interruption, sex, age,
smoking history, stage, andmutation type were not risk factors of
disease-free survival in the logistic regression models (Table 2).

Adverse Event and Adverse Event
Management
In our study, most of the side effects of medications were skin
rashes (53.3%) and elevated liver function test results (46 and
66%, respectively). Other side effects include paronychia, anemia,
nausea, and diarrhea (Table 3). There were no grade III or higher

TABLE 1 | Patient characteristics.

Characteristic Number (%) p-value

Adjuvant TKI

(n = 30)

Dose

interruption

(n = 9)

Non-shift

interval

(n = 21)

Sex – – – –

Male 9 (30%) 5 (17%) 4 (13%) 0.082

Female 21 (70%) 4 (13%) 17 (56%) 0.082

Age – – – –

Mean ± SD 65.3 ± 11.7 68.8 ± 11.3 63.8 ± 11.8 –

Median (Min

to Max)

65.5 (40 to 83) 68 (48 to 81) 63 (40 to 83) –

Smoking – – – –

Never 28 (93%) 7 (23%) 21 (70%) 0.083

Former 1 (3%) 1 (3%) 0 (0%) 0.300

Current 1 (3%) 1 (3%) 0 (0%) 0.300

Pathologic

stage (AJCC

8th)

– – – –

Stage II 4 (13%) 1 (3%) 3 (10%) >0.999

Stage IIA 1 (3%) 1 (3%) 0 (0%) 0.300

Stage IIB 3 (10%) 0 (%) 3 (10%) 0.535

Stage III 26 (86%) 8 (27%) 18 (60%) >0.999

Stage IIIA 19 (63%) 5 (16%) 14 (46%) 0.687

Stage IIIB 7 (23%) 3 (10%) 4 (13%) 0.640

EGFR TKI

Medication

– – – –

Gefitinib 25 (83%) 4 (13%) 12 (40%) 0.694

Erlotinib 3 (10%) 1 (3%) 2 (7%) >0.999

Afatinib 2 (%) 0 (%) 2 (7%) >0.999

Medication

shift

9 (30%) 4 (13%) 5 (17%) 0.389

Mutation Type – – – –

Exon 21

L858R

14 (46%) 6 (20%) 8 (27%) 0.109

Exon 19 11 (37%) 2 (6%) 9 (30%) 0.262

Exon 18 1 (3%) 0 (%) 1 (3%) >0.999

Rare mutation 4 (12%) 1 (%) 3 (10%) >0.999

Disease

Progression

Site

– – – –

Brain 5 (17%) 4 (10%) 1 (13%) 0.19

Lymph node

progression

1 (3%) 0 (0%) 1 (3%) >0.999

Pleural

seeding

1 (3%) 0 (0%) 1 (3%) >0.999

Lung to lung

metastasis

1 (3%) 1 (3%) 0 (0%) >0.999

Duration of

treatment

(months)

– – – –

Mean ± SD 52.7 ± 32.0 – – –

Median (Min

to Max)

44.5 (6∼133) – – –
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FIGURE 2 | (A) Disease-free survival for all patients. (B) Disease-free survival for two groups.

side effects, and no patient had irreversible outcomes such as
fibrosis in our study.

The most common reason for dose interruption was
safety/tolerability (88.9%). Another reason was the investigator’s
decision (11.1%). A total of nine patients had interruption of
medication, and another nine hadmedication shift. Four patients
in the dose interruption group first experienced a medication
shift. Another five patients received a medication shift without
dose interruption. Two (6.7%) patients were taking medication
for several months and then resumed. The adverse event with
dose interruption showed no significant differences between
the groups without medication interruption. All patients who
underwent dose intervention or medication shifts did so within

20 months. All adverse events were stable in the first 20 months
(Table 4).

DISCUSSION

To the best of our knowledge, this article provides the
longest real-world data of long-term adjuvant TKI therapy
in patients with resected NSCLC harboring activating EGFR
mutations. This article is a real-world retrospective article. In
addition, we demonstrated that subgroup analysis for patients
who received first- and second-generation EGFR TKIs (mainly
initiated from gefitinib or erlotinib) medication interruption
in the real-world data had similar DFS, OS, and adverse
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FIGURE 3 | Overall survival.

TABLE 2 | Risk factors of disease-free survival.

Variable Univariate analysis p-value

HR (95% CI)

Medication interruption (without vs. with) 1.235 (0.292∼5.221) 0.774

Sex (male vs. female) 1.001 (0.199∼5.026) 0.999

Age (≥65 vs. <65 years) 3.261 (0.651∼16.346) 0.151

Smoking history (ever smokers vs. never

smokers)

1.242 (0.150∼10.252) 0.841

Stage 1.256 (0.153∼10.284) 0.832

Mutation type Exon 19 vs. L858R 2.41 (0.437∼13.286) 0.313

Mutation type Exon 19 vs. others 3.074 (0.430∼21.988) 0.263

TABLE 3 | Maximal adverse event for the dose interruption and non-shift interval

groups.

Adverse

event

Arm (n = 30) p-value

Dose interruption

(n = 9)

Non-shift interval

(n = 21)

Any

adverse

event

CTC

grade 2,

3, 4, or 5

Any

adverse

event

CTC

grade 2,

3, 4, or 5

Rash 6 (20%) 3 (10%) 10 (33%) 3 (10%) 0.44

Elevated ALT 8 (26%) 2 (6%) 12 (40%) 6 (20%) 0.20

Elevated AST 9 (30%) 2 (6%) 11 (36%) 0 (0%) 0.01

Dry skin 3 (10%) 0 (0%) 1 (3%) 0 (0%) 0.11

Paronychia 0 (0%) 0 (0%) 1 (3%) 1 (3%) >0.99

Anemia 0 (0%) 0 (0%) 1 (3%) 0 (0%) >0.99

Nausea 0 (0%) 0 (0%) 1 (3%) 0 (0%) >0.99

Diarrhea 1 (3%) 0 (0%) 1 (3%) 0 (0%) 0.52

Oral ulcer 0 (0%) 0 (0%) 1 (3%) 0 >0.99

event rates compared to those without medication interval
change as their long-term treatment dose in patients had
adverse effect.

TABLE 4 | Categories of dose interruption (interval change).

Variable All patients

Interval change event –

No change 21 (70.0%)

Average 50.0% daily dose 6 (20.0%)

Average 66.6% daily dose 1 (3.3%)

Average 50.0% daily dose tapper to average 33.3% daily dose 1 (3.3%)

Average 50.0% daily dose tapper to average 66.6% daily dose 1 (3.3%)

Adjuvant therapy has been researched and is intended to
improve survival after microscopically margin-negative resection
(R0) or complete tumor resection. The standard treatment was
chemotherapy after the 2003 presentation of the International
Adjuvant Lung Cancer Trial (9). Several adjuvant protocols
have been used to improve outcomes after surgery. A study
on the addition of bevacizumab to four cycles of adjuvant
cisplatin-based chemotherapy in patients with resected early-
stage NSCLC was named E1505. However, there was still no
improvement in OS or PFS in the E1505 study (10). TKIs such
as gefitinib, erlotinib, and afatinib were used as adjuvant therapy
in cases of suspected micrometastatic disease postoperatively;
these patients would benefit from TKI since it could cure the
micrometastatic cancer even if the primary tumor had been
resected (11). A meta-analysis (12) evaluated EGFR TKIs in
patients who received adjuvant therapy. The study showed a
statistically significant improvement in DFS for a 52% reduction
in operable NSCLC harboring activating EGFR mutations.
Moreover, there was a reduction in distant metastasis (not
reaching statistical significance).

Three prospective randomized controlled trials (ADJUVANT,
EVAN, and ADAURA) showed the effectiveness of adjuvant TKI
treatment (3–6) in operable NSCLC patients harboring activating
EGFR mutations. Compared with previous studies, two RCTs
focused on patients with EGFR mutations. There is a doubt that
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the data from non-selected patients with EGFRmutationsmay be
misleading. Therefore, misleading factors were excluded in these
two RCTs. In the RADIANT study, the EGFRmutation subgroup
was selected. In the ADJUVANT, EVAN, and RADIANT EGFR
mutation subgroups, all three groups showed improved PFS with
adjuvant TKI use.

There is a debate regarding the optimal treatment duration
of adjuvant EGFR-TKI. Since we understand that TKI can
not eradicate all EGFR positive cancer cells in stage IV
lung cancer, a prolonged EGFR TKIs exposure may result
in significant benefits. The median TKI treatment duration
was 11.9 months in RADIANT and 23.9 months in EVAN.
In a more recent double-blind, phase 3 trial (ADURA), the
TKI treatment duration was designed to be 36 months (5),
and the results showed improved PFS without overall survival
benefit. This trial was also the longest; however, the effectiveness
and tolerability after long-term use are unclear and without
real-world data. We had data for up to 133 months with a
median 44.5 months of TKI medication use. There was no
elevation of adverse event rate after long-term use of adjuvant
TKIs (Table 1 and Table 3). Nevertheless, the optimal adjuvant
TKI duration should balance the side effects with the benefits
of treatment.

However, adverse drug reactions (ADRs) have been reported
in 4–11% of patients taking first- and second-generation EGFR
TKIs (13). A recent large meta-analysis of 2,535 patients revealed
that approximately 40% of patients taking first- and second-
generation EGFR-TKIs developed grade 3–4 ADRs. Our analysis
showed that the risk of grade 3–4 ADRs was higher for afatinib
(42.1%) and erlotinib (54.1%) than gefitinib (29.1%). In addition,
nearly 20% of the patients initially taking afatinib 40mg had
a reduced dose due to ADRs. However, the lower starting
dose with afatinib 30mg daily showed no reduction in dose
or discontinuation of medication (14). Real-world data of first-
line afatinib treatment showed that dose reduction occurred in
47.5–76.3% of cases (15, 16).

In addition, the LUX-Lung 6 and LUX-Lung 3 trials
showed dose reductions of 28.0% (67/239) and 53.3% (122/229),
respectively, when patients received a daily dose of 40mg
afatinib. The timing of the dose reduction event developedmostly
within the first 6 months. Reducing the dose of afatinib decreased
the incidence of ADRs but retained a similar median PFS based
on the subgroup analyses performed in the LUX-Lung 3 and
LUX-Lung 6 trials (8, 17, 18). EGFR TKIs were considered to
have a predictable adverse event (AE) profile, but with differences
among different EGFR TKIs. Afatinib has a clear dose adjustment
protocol for the management of treatment-related AEs but
maintains a similar efficacy (8, 19). A phase II study assessing the
effect of malnutrition and BSA on afatinib-related AEs survival
outcome found that PFS was not significantly different in patients
with or without dose reduction [median 9.2 vs. 14.6 months (P=

0.337)] (20).
Review of previous article on adjuvant TKI therapy,

dose reductions or interruptions were not well-investigated
in studies yet. Only a few small studies have suggested
dose reductions in these agents. A study of octogenarians
(n = 21) receiving erlotinib or gefitinib showed that 70%

of the patients required dose reduction (21). Gefitinib and
erlotinib therapy may be beneficial in patients aged ≥80
years, and EGFR TKI dose modification may be necessary
according to the overall medical condition of elderly patients
(21). A retrospective study assessed the effects of full-dose
erlotinib administration (n = 172) vs. reduced-dose erlotinib
administration (n = 34); having a lower starting dose did not
significantly affect efficacy (median, 8.8; 11.2 months; HR, 0.75;
P = 0.14) (7).

Several studies have shown that dose reduction or
gefitinib/erlotinib dose interruption (e.g., dosing every other
day) did not adversely affect efficacy (22–29). However, real-
world data for inoperable/recurrent EGFR mutation-positive
NSCLC have been reported (30, 31). However, the long-term
effect in practice, especially in the early-stage adjuvant treatment
group, is not well-established. In our study, most patients were
taking gefitinib or erlotinib (93.3%). When ADRs developed, the
patients might not tolerate the adverse effect, so the medication
strategy change is inevitable. In our study, medication change
(n = 5), medication interruption (n = 5), or both (n = 4) were
applied to the patients. The long-term survival results showed no
significant difference in DFS or OS.

The SELECT study indicated that adjuvant TKI usage does
not lead to a resistant disease. Sixty-five percent of recurrence
cases were retreated and the treatment duration (13.1 months)
approximated the PFS of erlotinib in a de novo metastatic
EGFR-mutant population, which implied that the long-term
adjuvant TKI could be safe and that the tumor would still be
sensitive to EGFR TKIs even after relapse following adjuvant
erlotinib use.

Our results showed that treatment with TKI for up to
29 months was tolerable. In RADIANT, the patient was
allowed to receive two dose reductions because early-stage
patients were often unwilling to tolerate side effects. For
the reduced dose, there were no prospective randomized
trials in patients with NSCLC. Compared with the previous
study, we did not reduce the daily dose but used medication
interruption (shifted the frequency). In our study, although
the study population was relatively small, the follow-up time
was long enough to allow us to observe the outcome in the
subgroup. Treatment outcome was acceptable in the medication
interruption group.

We acknowledge several limitations of this study. First,
as a retrospective, single-institution analysis, time-trend bias
and patient selection bias were inevitable. Secondly, the study
population was exclusively eastern Asian, with a uniquely
high proportion of female non-smokers and EGFR mutations.
Clinical application to other NSCLC populations should be
made with caution. Thirdly, the small number of cases
is another limitation. Finally, adjuvant TKI in stage IIA-
IIIB lung cancer without chemotherapy is not a standard
option of care, and our results should be validated in
a more extensive multi-institutional randomized study in
the future.

In conclusion, this study provided the longest experience,
to our knowledge, of TKI use in patients with resected
EGFR mutations. Long-term use of TKIs could be
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considered a safe option with fewer side effects in adjuvant
treatment settings.
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