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Abstract
Objectives  To compare the survival of first- and second-generation tyrosine kinase inhibitors (TKIs) in patients with rare 
EGFR exon 18 and exon 20 mutation-positive non-small cell lung cancer (NSCLC).
Materials and methods  We retrospectively evaluated survival characteristics of 125 patients with EGFR exon 18 and exon 20 
mutated NSCLC who received erlotinib or afatinib as first line treatment between 2012 and 2021 from 34 oncology centres. 
Since exon 20 insertion is associated with TKI resistance, these 18 patients were excluded from the study.
Results  EGFR exon 18 mutations were seen in 60%, exon 20 mutations in 16%, and complex mutations in 24% of the patients 
with NSCLC who were evaluated for the study. There were 75 patients in erlotinib treated arm and 50 patients in afatinib 
arm. Patients treated with erlotinib had progression-free survival time (PFS) of 8.0 months and PFS was 7.0 months in the 
afatinib arm (p = 0.869), while overall survival time (OS) was 20.0 vs 24.8 months, respectively (p = 0.190). PFS of exon 18 
mutated arm was 7.0 months, exon 20 mutated arm was 4.3 months, and complex mutation positive group was 17.3 months, 
and this was statistically significant (p = 0.036). The longest OS was 32.5 months, seen in the complex mutations group, which 
was not statistically different than exon 18 and in exon 20 mutated groups (21.0 and 21.2 months, respectively) (p = 0.323).
Conclusion  In this patient group, especially patients with complex mutations are as sensitive to EGFR TKI treatment simi-
lar to classical mutations, and in patients with rare exon 18 and exon 20 EGFR mutation both first- and second-generation 
EGFR-TKIs should be considered, especially as first- and second-line options.

Keywords  Exon 18 · Exon 20 · Erlotinib · Afatinib · NSCLC

Introduction

Non-small cell lung cancer (NSCLC) is the most common 
cause of cancer-related deaths worldwide (Herbst et al. 
2008). Frequency of epidermal growth factor receptor 
(EGFR) mutation in patients with NSCLC has been found 

to be approximately 10–20% in European populations and 
50% in Asian populations (Yuankai et al. 2014). Exon 19 and 
exon 21 L858R are called “classical EGFR mutations” and 
account for 90% of EGFR mutations in all NSCLC (Rafael 
et al. 2009). These classical EGFR mutations show high 
sensitivity to tyrosine kinase inhibitors (TKIs). In studies 
comparing TKIs with chemotherapy, it has been shown that 
patients treated with TKIs have longer progression-free sur-
vival (PFS) (Rafael et al. 2012).

Other EGFR mutations are called uncommon 
EGFR mutations (u-EGFRm), and these account for 
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approximately 10–20% of all EGFR mutations. Among 
the u-EGFR mutations, exon 18 and exon 20 mutations 
were found to be 2–4% and 4–5%, respectively (Rafael 
et al. 2010; Kobayashi et al. 2013). Clinical characteris-
tics, their response to TKIs and prognosis of u-EGFRm 
positive patients are not completely clear (Pao et al. 2010; 
Mitsudomi et al. 2006).

Among the TKIs, erlotinib is a first-generation reversi-
ble TKI, while afatinib is a second-generation irreversible 
TKI. Erlotinib in the OPTIMAL study and afatinib in the 
LUX-LUNG-3 study showed PFS advantage over standard 
chemotherapy (Zhou et al. 2011; Sequist 2012). There are 
no clinical study comparing the efficacy of erlotinib and 
afatinib in patients with both “classical EGFR mutations” 
and “uncommon mutations” in the literature.

The aim of this study is to determine the characteristics 
of advanced stage NSCLC patients with EGFR exon 18 
and 20 mutations, and to reveal the survival outcomes of 
patients treated with first- and second-generation TKI in 
NSCLC harbouring these rare mutations.

Materials and methods

Study design

In our study, the data of 143 patients with NSCLC who were 
positive for EGFR exon 18 and exon 20 mutations treated 
with erlotinib or afatinib in 34 centers from Turkey between 
2012 and 2021 were evaluated retrospectively. EGFR muta-
tion positivity in patients with NSCLC was determined 
by pyrosequencing method or real time PCR. Since exon 
20 insertion is associated with TKI resistance, these 18 
patients were excluded from the study. However, we wanted 
to specify the data of 18 patients separately. Remaining 125 
patients included in the study were divided into 3 groups. 
The first group consisted of patients with only exon 18 muta-
tions, the second group with only exon 20 mutations, and 
the third group with complex mutations. Complex mutation 
was defined as more than one mutation positivity on the 
condition with one of the mutations was seen on exon 18 or 
exon 20. Flow chart of the study is presented in Fig. 1. Sex, 
age, smoking status, ECOG performance score (PS), stages, 
metastasis sites, treatments received before and after, side 
effects, date of progressive disease and death of the patients 

Fig.  1   Flowchart of the study
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were recorded. Progression-free survival (PFS) was defined 
as the time between the onset of TKI and the date of pro-
gression, or death, and overall survival (OS) was defined 
as the time between the date of diagnosis and the date of 
death or the last contact date. Among these three groups, 
general characteristics of the patients, survival outcomes, 
and relationship between the survival time and the type of 
TKI treatment were evaluated retrospectively.

Statistical analysis

IBM SPSS Statistics Version 22 package program was used 
for statistical analysis. Whether the data were normally 
distributed was determined by Kolmogorov–Smirnov and 
Shapiro–Wilk tests. Mann–Whitney U test was used to com-
pare continuous variables between groups, Chi-square test 
and Fisher’s exact test were used to compare categorical 
variables. Kaplan–Meier test was used for survival analysis. 
Results are presented as, median (min–max) and number 
(percentage). A p value of < 0.05 was considered statistically 
significant in all statistical analyses.

Results

Patients

Median age of 125 patients was 63.1 (37.0–86.0). Exon 18, 
exon 20 and complex mutations rates were 60% (75 patients), 
16% (20 patients) and 24% (30 patients), respectively. Exon 
18 and complex mutations were observed more in males, and 
the frequency of exon 20 mutations was equal in both gen-
ders (p = 0.196). There were 75 patients (60%) treated with 
erlotinib and 50 patients (40%) with afatinib. EGFR-TKI was 
the first line treatment in 53.6% of the patients, second line 
in 39.2%, third line in 6.4% and fourth line in 0.8%. General 
characteristics of the patients are presented in Table 1.

Survival outcomes

The median follow-up time of all patients was 16.7 months 
(1.3–112.7). Follow-up period was 16.5 months in the erlo-
tinib arm and 17.4 months in the afatinib arm.

OS of all patients was 21.4 months (95% CI 16.1–26.6), 
while PFS was 7.2 months (95% CI 5.1–9.3). When PFS 
and OS were compared according to the type of TKI used, 
PFS was 8.0 months (95% CI 4.7–11.3) in the erlotinib arm 
and 7.0 months (95% CI: 4.4–9.6) in the afatinib arm. OS 
seemed longer in the afatinib arm than in the erlotinib arm 
(24.8 months vs. 20.0 months, respectively). However, no 
statistically significant difference was found between the two 
groups in both PFS and OS comparisons (Fig. 2A, B).

PFS in the Exon 18, Exon 20 and complex mutation 
groups were 7.0 months (95% CI 5.9–8.1), 4.3 months (95% 
CI 2.1–6.5) and 17.3 months (95% CI 8.5–26.1), respec-
tively, and there was a statistically significant difference 
between these 3 groups (p = 0.036) (Fig. 3).

The distribution of rare mutations is presented in Fig. 4.
Exon 18 G719X point mutation was the most mutation. 

This mutation was found alone in 85%, and it was also found 
together with exon 19 deletion in 3% and with exon 21 muta-
tion in 12% of patients. Thirty-six exon 18 G719X positive 
patients received erlotinib and 24 patients received afatinib. 
The survival rates are shown in Table 2.

When insertions of exon 20 was excluded, the second 
most common mutation was S768I, which was usually posi-
tive alone. Nine patients with this mutation received erlo-
tinib and six received afatinib (Table 2).

When the PFSs were evaluated according to the TKI types 
of the patients in the exon groups, statistical significance 
was not found in all groups, although the PFS was longer in 
those who received afatinib than those who received erlo-
tinib. Similar results were also observed in OS. The results 
are presented in Table 2.

When OSs were compared according to exon subgroups, 
the longest OS was found to be 32.5 months in complex 
mutations, while it was 21.0 and 21.2 months seen in Exon 
18 and exon 20 mutations, respectively (p = 0.323).

Exon 19 or exon 21 mutations were present in 22 patients 
in the complex mutation group, and PFS time of these 
patients was 17.4 months (95% CI 6.6–28.2) and OS was 
24.3 months (95% CI 0.0–89.4). In patients without exon 
19 and/or exon 21 alterations, PFS was 8.3 months (95% 
CI 0.0–21.4) and OS was 11.5 months (95% CI 0.0–42.5). 
In the complex mutation group, there was no difference in 
terms of PFS and OS between erlotinib or afatinib treat-
ments, regardless of exon 19 or exon 21 status.

Overall response rate of the patients was similar in 
the erlotinib and afatinib arms (53.3 vs 52%, p = 0.218) 
(Table 3).

There was no difference between the TKI treatment 
groups in terms of gender and metastatic status. In the erlo-
tinib arm, PFS of the patients who had never smoked was 
statistically longer than those who were ex-smokers and cur-
rent smokers (12.0 vs 8.0 vs 3.5 months, p = 0.008), while 
no statistical difference was found in the afatinib arm (9.6 
vs 6.0 vs 8.5 months, p = 0.087).

There was no difference between the exon groups, when 
sex and metastasis status were compared. However, in exon 
18 mutation-positive patients, the PFS was longest in the 
never-smoker group, and a statistical difference was found 
compared to the patients who quit smoking and are still 
smoking (9.6 vs 6.6 vs 3.7 months, p = 0.013). There were 
no PFS difference between smoking status in exon 20 and 
complex mutations (p:0.118 vs p:0.331).
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Patients received TKIs mostly as first-line treatment, and 
the PFS in the first line was 8.9 months, 7.1 months in the 
second line, 3.4 months in the third line, and 3.5 months 
in the fourth line (p = 0.009). There were no OS difference 
between the line of treatment (p = 0.233).

Results of patients with exon 20 insertion

Since exon 20 insertion is associated with TKI resistance, 
this mutation was analysed in itself. Of those 18 patients 
with exon 20 insertion, 10 patients were male, and 50% were 
non-smokers. In this group, 7 patients (38.3%) received 
erlotinib, 6 patients (33.3%) afatinib, and 5 patients (27.7%) 

gefitinib. Median PFS of the whole group was 8.7 months 
(95% CI 3.1–14.3). In those who received erlotinib PFS was 
7.0 months (95% CI 1.0–14.2), in afatinib treated patients 
PFS was 8.7 months (95% CI 1.0–20.5), and in gefitinib 
15.0 months (95% CI 1.0–24.1) (p = 0.479). Median OS was 
26.4 months (95% CI 20.0–32.8) for the entire group. It was 
24.0 months (95% CI 20.7–27.3) with erlotinib, 31.4 months 
(95% CI 22.7–40.1) with afatinib, and 28.5 months (95% 
CI 11.1–46.0) with gefitinib. There was no statistically sig-
nificant difference between the TKIs. In this patient group, 
only the PFS values of male patients were found to be 
significantly longer than female patients (12.0 months vs. 
3.2 months, p = 0.003).

Table 1   Baseline clinical and demographic characteristics of patients

Patients, n (%) Patients with EGFR exon 18 
mutations, n (%)

Patients with EGFR exon 20 
mutations, n (%)

Patients with complex 
EGFR mutations, n 
(%)

Age (years) mean (min–max) 125 75 (60) 20 (16) 30 (24)
63.1 ± 10. 6 62.7 ± 10. 6 61.0 ± 11.41 65.4 ± 10. 0

Sex, n (%)
 Female 46 (36.8) 23 (30.6) 10 (50.0) 13 (43.3)
 Male 79 (63.2) 52 (69.3) 10 (50.0) 17 (56.6)

Smoking, n (%)
 Never smoker 51 (40.8) 28 (37.3) 8 (40.0) 15 (50)
 Former smoker 59 (47.2) 37 (49.3) 8 (40.0) 14 (46.6)
 Current smoker 15 (12.0) 10 (13.3) 4 (20.0) 1 (3.3)

Histology, n (%)
 Adenocarcinoma 116 (92.8) 69 (92.0) 19 (95.0) 28 (93.3)
 Squamous cell 5 (4.0) 4 (5.3) 0 1 (3.3)
 Large cell 1 (0.8) 0 1 (5.0) 0
 Mixt 3 (2.4) 2 (2.6) 0 1 (3.3)

ECOG, n (%)
 0 22 (17.6) 17 (22.6) 3 (15,0) 2 (6.6)
 1 82 (65.6) 46 (61.3) 13 (65,0) 23 (76.6)
 2 17 (13.6) 11 (14.6) 1 (5,0) 5 (16.6)
 3 4 (3.2) 1 (1.3) 3 (15,0) 0

Stage at presentation, n (%)
 I 6 (4.8) 5 (6.6) 1 (5) 0
 II 6 (4.8) 4 (5.3) 0 2 (6.6)
 III 12 (9.6) 8 (10.6) 3 (15) 1 (3.3)
 IV 101 (80.8) 58 (77.3) 16 (80) 27 (90)

Metastasis, n (%)
 Solitary 48 (38.4) 33 (44) 5 (25) 10 (33.3)
 Multiple 77 (61,6) 42 (56) 15 (75) 20 (66.6)

De-novo disease, n (%)
 Yes 101 (80.0) 58 (77.3) 16 (80.0) 27 (90.0)
 No 24 (20.0) 17 (22.6) 4 (20.0) 3 (10.0)

Brain metastasis, n (%)
 Yes 30 (24.0) 18 (24.0) 6 (30.0) 6 (20.0)
 No 95 (76.0) 57 (76.0) 14 (70.0) 24 (80.0)
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Safety

Most common adverse event in the erlotinib arm was rash 
(54.6%), followed by mucositis (41.3%), anemia (32.0%), 
diarrhea (28.0%), and elevated transaminase (20%). Rash 
(66%), diarrhea (58%), anemia (36%), mucositis (28%), 
and elevated transaminases (24%) were observed fre-
quently with afatinib.

The incidence of grade 3–4 adverse events was 13.3% in 
the erlotinib arm, and 20% in the afatinib arm. Due to side 
effects, treatment was interrupted in 20 (16.0%) patients 
and dose reduction was made in 17 (13.6%) patients. In 
7 patients (5.6%), the treatment was permanently discon-
tinued. Side effects that led to treatment discontinuation 
were rash, elevated transaminases, and interstitial lung 
disease. Interstitial lung disease was observed only in 1 
patient (2%) with afatinib, and treatment was permanent 
discontinued.

When the relationship between side effects and survival 
was evaluated, PFS was longer in patients with mucosi-
tis (14.2 months vs. 6.0 months, p = 0.004), and OS was 
longer in patients with rash (24.7 months vs 17.8 months, 
p = 0.080).

Fig. 2   Kaplan–Meier curves for (A) PFS of patients who received erlotinib and afatinib Kaplan–Meier curves for (B) OS of patients who 
received erlotinib and afatinib

Fig. 3   Kaplan–Meier curves for (A) PFS of patients having exon 18, 
exon 20 and complex mutations
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Discussion

In our study, no difference was found in terms of survival 
when first- and second-generation EGFR-TKIs were com-
pared in NSCLC patients with rare mutations in exon 18 
and exon 20. In addition, the complex EGFR mutations 
which were almost one fourth of our study group showed 
the highest sensitivity to the TKIs treatment.

In the literature, there is only one study in which 18 
patients were retrospectively compared first- and second-
generation TKI treatments in patients with NSCLC carry-
ing uncommon EGFR mutations (Tanaka et al. 2019) In 
this study, there was a significant PFS difference in favour 
of afatinib compared to erlotinib (17.1 and 5.5 months 

Fig. 4   Molecular distributions of rare mutations

Table 2   Comparison of survival 
times according to TKI type in 
exon groups

Exon TKI n PFS (months) (median) P value OS (months) (median) P value

Exon 18 Erlotinib 45 5.6 (2.9–8.3) 0.206 23.9 (11.2–36.7) 0.691
Afatinib 30 7.0 (4.3–9.7) 19.0 (14.9–23.1)

Exon 20 Erlotinib 13 4.0 (0.4–7.6) 0.966 16.7 (10.4–23.0) 0.417
Afatinib 7 4.3 (1.8–6.8) 34.7 (17.1–52.3)

Complex Erlotinib 17 11.7 (7.2–16.2) 0.674 20.0 (6.6–33.4) 0.133
Afatinib 13 18.7(6–31.4) 33.9 (25.8–42.0)

G719X Erlotinib 36 4.9 (1.0–8.7) 0.328 17.3 (12.5–22.0) 0.489
Afatinib 24 8.8(6.7–10.8) 21.0 (16.2–25.7)

S768I Erlotinib 10 9.7 (0.0–23.6) 0.111 16.7 (11.8–21.4) 0.566
Afatinib 5 3.1 (1.1–5.02) 34.7 (0–77.4)

Exon 20 Erlotinib 7 7.0 (1.0–14.2) 0.479 24.0 (20.7–27.3) 0.396
Insertion Afatinib 6 8.7 (1.0–20.5) 31.4 (22.7–40.1)

Gefitinib 5 15.0 (1.0–24.1) 28.5 (11.1–46.0)

Table 3   Best response rates of afatinib and erlotinib

Erlotinib (n:75) Afatinib (n:50)

Type of response (%)
 Complete response 5.3 6.0
 Partial response 48.0 46.0
 Stable disease 5.3 18.0
 Progression 41.3 30.0

Overall response rate (ORR) 53.3 52.0
Disease control rate (DCR) 58.6 70.0
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respectively, p = 0.048). However, in this small study dif-
ferences between mutation subtypes were not specified.

Most common rare mutation in our patient group was 
exon 18 mutations. Although PFS was longer in patients 
treated with afatinib, no statistically significant differ-
ence was found when compared with erlotinib. G719X 
point mutation on exon 18 was detected in 56% of the 
whole group. It was seen alone in 85%, and was together 
with exon 19 deletions in 3% and exon 21 mutations in 
12% of patients. Although G719X is the most common 
point mutation in the literature, it has been reported that 
it is associated with complex mutations at a rate of 90% 
(Passaro et al. 2020). In the post-hoc analysis of LUX-
lung 2, LUX-lung 3 and LUX-lung 6 studies, PFS was 
13.8 months, OS 26.9 months, and Objective Response 
Rate (ORR) was 78% in patients receiving afatinib with 
G719X mutation (Sequist et al. 2012). In a retrospective 
study by Chiue, PFS was 6.5 months and ORR 50% with 
erlotinib/gefitinib treatment in this patient group (Chiu 
et al. 2015). In our study, it was observed that G719X posi-
tive patients had a shorter PFS and a lower ORR compared 
to the literature. We think that this may be due to the low 
number of patients with other mutations accompanying the 
G719X mutation in our study.

S768I mutation in exon 20 is the second most com-
mon mutation, when exon 20 insertion is excluded (Sun 
et al. 2009). In accordance with the literature, this muta-
tion was usually found alone in our study. In Zhang’s ret-
rospective study, although the ORR was 27.3% in patients 
receiving erlotinib, PFS was found to be 8.0 months (range 
4.3–11.8 months). According to the post-hoc analysis results 
of the LUX-lung 2–3-6 studies, the S768I mutation had the 
longest PFS duration (14.7 months). In our study, although 
PFS and ORR of those who received erlotinib were simi-
lar to the literature, very short PFS values were seen with 
afatinib. Having said that, 34.7 months of OS was seen with 
afatinib in this subgroup.

The frequency of complex mutations is approximately 
25% according to the latest data, and it was also seen in our 
study as 24% (Kim et al. 2016). Complex mutations have 
been shown to respond better to EGFR-TKIs compared to 
single rare mutations. Especially its co-occurrence with exon 
19 del or L858R mutations might be a strong indicator of 
its sensitivity to EGFR-TKIs. In our study, the PFS and OS 
values of patients having complex mutations with exon 19 
deletions or exon 21 mutations were also longer than those 
without. In a retrospective study by Keam et al. complex and 
classical mutations showed the same treatment efficacy to 
EGFR-TKI (Keam et al. 2014). In the multicenter study of 
Passaro et al. TKI response of patients with complex muta-
tions was superior in terms of both PFS and OS compared to 
patients with exon 18 mutations (Passaro et al. 2019). In our 
study, a statistically significant PFS advantage was observed 

in patients with complex mutations compared to only exon 
18 or exon 20 mutated patients.

Some of the preclinical studies have shown that second 
generation TKIs are more effective in rare mutations than 
first- and third- generation TKIs (Gristina et al. 2020). Tan-
aka et al. compared afatinib with first generation TKIs in 
patients with complex mutations. The authors reported a 
statistically longer PFS and a better ORR in favor of afatinib 
(Tanaka et al. 2019). Similar to the literature, we also found 
a non-significant longer PFS with afatinib than erlotinib. 
This might be secondary to low number of patients in both 
treatment groups.

Recent studies on rare mutations are summarized in 
Table 4.

Exon 20 insertion in the tyrosine kinase domain is located 
after the C-helix, it is assumed to be resistant to EGFR-TKIs. 
In this subtype, the contribution of chemotherapy to PFS is 
5 months, while the contribution of TKI to PFS is around 
2.5 months. It has been suggested that exon 20 insertion 
excludes another EGFR mutation (Wu et al. 2008). How-
ever, there are cases of exon 20 insertion seen with exon 19 
deletion and L858R mutation in the literature. In that case, 
survival times were observed to be longer with TKI treat-
ment. In a retrospective study evaluating 77 patients, ORR 
was 24.3%, and PFS was 11.9 months with afatinib (Yang 
et al. 2019). These data suggest that some exon 20 insertions 
seen as a part of complex mutations are clinically sensitive 
to afatinib. Nevertheless, PFS was found to be 2.7 months 
in the LUX-lung studies, and variants sensitive to TKIs may 
not have been represented at a high rate due to the high het-
erogeneity of exon 20 insertion in these studies. In a study 
from Korea, PFS was found to be 11.4 months in a patient 
with only exon 20 insertion. The reason for this was stated 
that different variants in the amino acid sequence might 
affect the response to treatment (Byeon et al. 2019). Kosaka 
et al. showed that replacing Asp770 with Gly770 restored 
susceptibility to EGFR TKIs by allowing access to Arg776 
(Kosaka et al. 2017). In our study, PFS value of this group 
was found to be longer than the literature. In particular, PFS 
values of 5 patients who received gefitinib were reported 
as the longest TKI responses in the literature, and exon 19 
deletion or exon 21 mutation were also detected in only these 
5 patients in the whole group. Exon 20 insertion combined 
with these mutations has a median PFS of 11.3 months. The 
reason for the long PFS in the literature might be the pres-
ence of these complex mutations or different variants which 
are very sensitive to TKIs. However, studies with a larger 
number of patients are needed to reveal these results clearly.

In our study, PFS of patients who received first- and 
second-line EGFR-TKIs was found to be statistically longer 
than those who received third-line and later. In the literature, 
PFS values are very short after the third line (Chiu 2015). 
Therefore, treatment of NSCLC with EGFR-TKI as first-line 
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or second-line therapy is considered a reasonable option for 
patients with rare mutations.

Limitations of this study were that it was designed ret-
rospectively, and the selected agents were the physician’s 
preference and could affect the results. In addition, methods 
used in each center to detect the EGFR mutations might 
have affected the mutation frequency and positivity rate. 
Despite these limitations, our study has the largest number 

of patients in the literature comparing afatinib and erlotinib 
treatment in patients with rare exon 18 and exon 20 muta-
tion. Although afatinib provided longer survivals in terms 
of treatment efficacy, no statistically significant difference 
was found. In this patient group, especially patients with 
complex mutations are as sensitive to EGFR TKI treatment 
as classical mutations, and in patients with rare exon 18 and 
exon 20 mutations, both first- and second-generation TKIs 

Table 4   Clinical outcomes. G719X mutation–S768 I mutation–complex mutation treated with TKI

ORR objective response rate, DCR disease control rate, PFS progression-free survival, OS overall survival, NR not reported

Mutation Study (Reference) EGFR Mutation(S), N 
treated with EGFRI

EGFRI used ORR (%) DCR (%) Median 
PFS, 
months
(95% CI)

Median 
OS, 
months
(95% CI)

G719X Chiu et al. (2015) G719X, n = 78 Erlotinib/Gefitinib 36.8 72.4 6.30 NR
Kobayashi and Mitsu-

domi (2016)
G719X, n = 148 Erlotinib/Gefitinib 65.5 32.0 NR NR

Kate et al. (2019) G719X n = 5 Erlotinib/Gefitinib 50.0 NR 9 NR
Yang et al. (2015) G719X single n = 8,kom-

plex n = 6
Afatinib 77.8 NR 13.8 26.9

Gursoy et al. G719X n = 36 Erlotinib 47.2 55.5 4.9 17.3
Gursoy et al. G719X n = 24 Afatinib 58.2 79.0 8.8 21.0

S768I Kobayashi and Mitsu-
domi (2016)

S768I,n = 12 Erlotinib/Gefitinib 42.0 58.0 NR NR

Chiu et al. (2015) S768I,n = 6 Erlotinib/Gefitinib 33.3 66.7 NR NR
Kate et al. (2019) S768I,n = 2 Erlotinib/Gefitinib 0.0 0.0 1 NR
Yang et al. (2015) S768I single n = 1,kom-

pound n = 7
Afatinib 100 100 14.7 NR

Gursoy et al. S768I n = 9 Erlotinib 44.4 55.5 9.7 16.7
Gursoy et al. S768I n = 6 Afatinib 16.6 33.2 3.1 34.7

Compound Wu and shih (2016) E709 compound muta-
tions, n = 13

Erlotinib/Gefitinib 50.0 72.2 6.2 29.3

Kobayashi and Mitsu-
domi (2016)

E709 Compound muta-
tions, n = 15

Erlotinib/Gefitinib 53.0 86.7 NR NR

Chen et al. (2016) S768I + L858R,n = 4 Erlotinib/Gefitinib 20.0 70.0 2.7 14.5
Chiu et al. (2015) S768I + G719X n = 10 Erlotinib/Gefitinib 50.0 100 NR NR
Gursoy et al Compound mutations 

n = 17
Erlotinib 70.5 82.2 11.7 20.0

Gursoy et al Compound mutations 
n = 13

Afatinib 61.4 69.0 18.7 33.9

EX 20 Insertion Xu et al. (2016) Multiple ex20 insertion, 
n = 12

Erlotinib/Gefitinib 8.3 58.3 2.0 16.96

Beau-Faller et al. (2014) Multiple ex20 insertion, 
n = 19

Erlotinib/Gefitinib 5.0 36.0 2 9.5

Kate et al. (2019) Multiple ex20 insertion, 
n = 7

Erlotinib/Gefitinib/
Afatinib

0.0 0.0 1.9 NR

Yang et al. (2015) Multiple ex20 insertion, 
n = 23

Afatinib 8.7 65.0 2.7 9.2

Gursoy et al. Multiple ex20 insertion, 
n = 7

Erlotinib 28.5 42.7 7.0 24.0

Gursoy et al. Multiple ex20 insertion, 
n = 5

Gefitinib 60 62.2 15.0 28.5

Gursoy et al. Multiple ex20 insertion, 
n = 6

Afatinib 50 50 8.7 31.4
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should be considered, especially as first- and second-line 
options.
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