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Lung cancer is the leading cause of cancer-related deaths in the People’s Republic
of China.1 Non-small-cell lung cancer (NSCLC) constitutes ~70%–80% of all lung
cancers.2 Somatic mutations within the epidermal growth factor receptor (EGFR)
gene were discovered in a subset of NSCLC patients, especially in East Asian female
patients with adenocarcinoma.3–6 Treatments targeting EGFR mutations incorporate
EGFR inhibitors such as gefitinib and erlotinib, resulting in extended survival and
increased quality of life in patients with NSCLC.7–10
Two major EGFR-activating mutations include an in-frame deletion in exon 19
(del 19) and an L858R substitution in exon 21. These mutations account for ~90%
of all clinically important mutations related to EGFR-tyrosine kinase inhibitor (TKI)
sensitivity.11,12 In addition, other uncommon mutations have been identified. Among
these, the G719X in exon 18 and L861Q in exon 21 have been frequently reported. The
published data demonstrate moderate sensitivity of these two mutations to EGFR-TKI
treatment, resulting in a median progression-free survival (PFS) of ~6 months.13–15
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Purpose: Subsets of non-small-cell lung cancer patients with epidermal growth factor receptor
(EGFR) mutations carry uncommon subtypes. We evaluated the efficacy of first-generation
EGFR-tyrosine kinase inhibitors (TKIs; erlotinib, gefitinib, and icotinib) in patients with nonsmall-cell lung cancer carrying insertions and T790M and S768I mutations in EGFR exon 20.
Patients and methods: Patients carrying EGFR exon 20 insertion/T790M/S768I mutations
and treated with EGFR-TKIs were evaluated from 2005 to 2014 in Zhejiang Cancer Hospital. The
efficacy was evaluated using the Kaplan–Meier method and compared with the log-rank test.
Results: Sixty-two patients with exon 20 insertion/T790M/S768I mutations were enrolled.
Mutations including exon 20 insertions and T790M and S768I mutations were observed in
29, 23, and ten patients, respectively. In total, the response rate and median progression-free
survival (PFS) were 8.1% and 2.1 months, respectively. Patients with S768I mutation manifested
the longest median PFS (2.7 months), followed by those with T790M (2.4 months) and exon
20 insertions (1.9 months; P=0.022). Patients with complex mutations show a better PFS than
those with single mutations (2.7 months vs 1.9 months; P=0.034).
Conclusion: First-generation EGFR-TKIs are less effective in patients with exon 20 uncommon
mutations than in those with common mutations. Patients with complex mutations benefited
more from first-generation EGFR-TKIs than those with single mutations.
Keywords: non-small cell lung cancer, epidermal growth factor receptor, EGFR mutations,
exon 20, tyrosine kinase inhibitor
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T790M mutation, S768I mutation, and insertions have been
identified in exon 20. Owing to the rarity of these subtypes,
the mutations have not been fully described.16,17 The efficacy
of EGFR-TKIs in patients harboring these mutations to
EGFR-TKIs is still unknown.
This study investigated the clinical characteristics and
efficacy of EGFR-TKIs in patients carrying uncommon
mutations in EGFR exon 20.

Patients and methods
This study conducted from 2005 to 2014 at the Zhejiang
Cancer Hospital (People’s Republic of China) included
patients with known EGFR genotypes and treated for
advanced NSCLC using EGFR-TKIs (gefitinib, erlotinib, or
icotinib). The protocol was reviewed and approved by the
Ethics Committee of Zhejiang Cancer Hospital. All patients
provided written informed consent.

EGFR mutational analysis
The tumor EGFR mutational status was determined by analyzing the DNA extracted from formalin-fixed, paraffin-embedded
tumor tissues or from cytology samples. All samples were tested
using an amplification refractory mutation system-based EGFR
mutation detection kit (Amoy Diagnostics, Xiamen, People’s
Republic of China). The method enabled the detection of 29
mutations in exons 18, 19, 20, and 21. In exon 20, two mutations
(S768I and T790M) and one insertion were included.

Efficacy evaluation
Tumor responses were assessed based on the Response
Evaluation Criteria in Solid Tumors Version 1.1. Objective
tumor responses included complete response (CR), partial
response (PR), stable disease (SD), and progressive disease.
Objective responses included the CR and PR. Disease control
rate was defined as the addition of objective response and
stabilization rates (CR + PR + SD).

Statistical analysis
PFS and overall survival (OS) were estimated using the Kaplan–
Meier method. The log-rank test was used to compare the PFS
and OS in different patients. PFS was calculated from the
starting date of EGFR-TKIs treatment until the date of disease
progression or death. The OS was measured from the date of
initial dosing of EGFR-TKIs until the date of the last follow-up
or death. All statistical analyses were performed using Statistics
17.0 (SPSS Inc., Chicago, IL, USA). The median follow-up
time was 18.5 months (range 5.0–36 months), and the last
follow-up date was August 1, 2015.
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Results
Patient profile
Between January 2005 and July 2014, 3,910 patients
were evaluated for EGFR mutations. The results showed
that 2,350 patients (60.1%) carried wild-type EGFR and
1,560 patients harbored EGFR mutations. Eighty-nine
patients carried exon 20 mutations, including 62 treated
with EGFR-TKIs. The clinical profile of patients is listed in
Table 1. Patients included 39 males and 23 females with a
median age of 60 years. Thirty-one patients were smokers or
ever-smokers. The performance status of 0–1 was observed
in 82.3% patients, while a performance status of 2 or 3
was seen in eleven patients. Histologically, adenocarcinoma was the most common subtype (56 cases, 90.3%),
and adenosquamous or large cell carcinoma occurred in
six patients. At the start of EGFR-TKI treatment, two patients
were diagnosed with stage IIIB carcinoma and 60 with
stage IV. The 62 patients included 34 with single and 28
with complex mutations. Twenty-nine patients carried an
Table 1 Clinicopathologic characteristics of patients with EGFR
exon 20 mutations
Variable
Sex
Male
Female
Age (years)
Range
Median
,65
$65
Smoking status
Never
Former/current
PS
0–1
2–3
Histology
Adenocarcinoma
Nonadenocarcinoma
Mutation type
S768I
Insertion
T790M
EGFR-TKIs
First line
Second line
Further line
Stage
IIIB
IV

Number
39
23
30–76
60
38
24
31
31
51
11
56
6
10
29
23
3
24
35
2
60

Abbreviations: EGFR, epidermal growth factor receptor; PS, performance status;
TKI, tyrosine kinase inhibitor.

OncoTargets and Therapy 2016:9

Dovepress

Efficacy of first-generation EGFR-TKIs in NSCLC patients
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Mutation type

Number (%)

S768I
Single
S768I + 19 delete
S768I + L858R
20 insertion
Single
20 insertion + 19 delete
20 insertion + L858R
T790M
Single
T790M + 19 delete
T790M + L858R
T790M + G719X
T790M + L861Q

3 (30.00)
3 (30.0)
4 (40.0)
26 (89.7)
2 (6.9)
1 (3.4)
5 (21.7)
6 (26.1)
10 (43.5)
1 (4.3)
1 (4.3)

Efficacy comparison with common
mutations
In total, 742 patients treated with first-generation EGFRTKIs were selected among 1,560 patients harboring EGFR
mutations. Among these 742 patients, 592 had deletion in
exon 19 and L858R substitution in exon 21 (group A), 71
had exon 18 G719X and exon 21 L861Q (group B), 62 had
exon 20 mutations (group C, current study data), and 17 had
other mutations (group D). The PFS of groups A, B, C, and D
with EGFR-TKIs treatment was 10.8 months, 6.2 months,
2.1 months, and 3.3 months, respectively (P=0.015).The OS
difference also varied among groups A and B and groups
C and D (25.5 months vs 21.7 months, 13.3 months vs
16.5 months, respectively P=0.041).

Abbreviation: EGFR, epidermal growth factor receptor.

Discussion
insertion, twenty-three showed T790M mutation, and ten
carried S768I mutation (Table 2).

Efficacy of exon 20 mutations
The efficacy of EGFR-TKIs in patients was evaluated. The
response data are shown in Table 3. The patient response rate
and disease control rate were 8.1% and 54.8%, respectively.
Among these, absence of CR, five cases of PR, and 29 cases
of SD were confirmed. The median PFS and OS in all patients
were 2.1 months and 13.3 months, respectively.
In the subset analysis, patients with S768I mutation had
the most favorable PFS (median, 2.7 months), followed
by those with T790M (median, 2.4 months) and insertion
(median, 1.9 months) mutations (P=0.022; Figure 1A).
However, no differences in OS were observed among the
three groups (Figure 1B). The PFS of EGFR-TKIs treatment
in eleven patients exceeded 6 months (Table 4).
Patients with single mutations had significantly shorter
PFS than did patients with complex mutations (2.7 months vs
1.9 months, P=0.034; Figure 2A). No efficacy difference was
found among single S768I, insertion, and T790M mutation
patients (2.4 months vs 1.9 months vs 1.8 months, P=0.457).
The OS of patients with single and complex mutations was
not significantly different (Figure 2B).

To the best of our knowledge, this is the first study that
specifically demonstrated the clinical efficacy of EGFRTKIs in patients with exon 20 mutations as inferior to that of
patients with common EGFR mutations. We also found that
patients with exon 20 complex mutations have better PFS
and OS than those carrying a single mutation.
The frequency of uncommon mutations ranged from 10% to
18%.18–21 The most common mutation was G719X in exon 18,
followed by L861Q in exon 21.13–15 These two mutations were
moderately sensitive to first-generation EGFR-TKIs with
a median PFS of ~6 months. Exon 20 mutations including
insertions, S768I, and T790M are relatively rare compared
with L861Q and G719X according to previous reports.16,17
In the present study, the frequency of exon 20 mutation was
5.7%, which is consistent with previous studies.
The efficacy of EGFR-TKIs against exon 20 mutations
is debatable.18,20,21 A preclinical study showed that the S768I
mutant was resistant to EGFR-TKIs.22 By contrast, several
small case studies demonstrated the clinical efficacy to
EGFR-TKIs in patients carrying S768I mutations.23,24 In
this study, ten patients were identified with S768I mutations with a clinical efficacy inferior to that of the other
common mutations, but better than other exon 20 mutations
(Figure 1).

Table 3 Efficacy of EGFR-TKIs in patients with EGFR exon 20 mutations
Mutation type

CR

PR

SD

PD

ORR (%)

DCR (%)

PFS (months)

OS (months)

S768I (n=10)
20 insertion (n=29)
T790M (n=23)

0
0
0

2
2
1

5
11
13

3
16
9

20
6.90
4.30

70
44.80
49.10

2.7
1.9
2.4

14.5
12.9
13.5

Abbreviations: EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; CR, complete response; PR, partial response; SD, stable disease; PD, progressive
disease; ORR, overall response rate; DCR, disease control rate; PFS, progression-free survival; OS, overall survival.
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Figure 1 PFS and OS comparison in patients harboring different subtypes of EGFR exon 20 mutations.
Notes: (A) PFS and (B) OS in patients carrying T790M, S768I, and 20 insertion mutations.
Abbreviations: PFS, progression-free survival; OS, overall survival; EGFR, epidermal growth factor receptor.

Table 4 Clinical profile of patients with PFS of EGFR-TKIs treatment .6 months
Case

Sex

Age
(years)

Stage

Smoking

Gene type

EGFR-TKIs
PFS (months)

OS
(months)

1
2
3
4
5
6
7
8
9
10
11

Female
Male
Male
Female
Male
Female
Male
Male
Female
Female
Male

59
66
62
56
64
49
47
68
63
55
57

IV
IIIB
IV
IV
IV
IV
IV
IV
IV
IV
IV

No
No
No
No
Yes
No
Yes
No
No
No
Yes

S768I
T790M + 19 delete
20 insertion + 19 delete
T790M + L858R
20 insertion
S768I + L858R
20 insertion + L858R
T790M + L858R
T790M + G719X
S768I + 19 delete
20 insertion

8.6
6.6
8.7
6.7
9.1
12.7
9.0
10.7
6.0
8.8
8.0

67+
42
34
66+
35+
54
36+
55
43+
25
46+

Abbreviations: PFS, progression-free survival; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; OS, overall survival.
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Figure 2 PFS and OS comparison between patients harboring EGFR exon 20 single mutations and complex mutations.
Notes: (A) PFS and (B) OS comparison in patients with single mutation and complex mutations.
Abbreviations: PFS, progression-free survival; OS, overall survival; EGFR, epidermal growth factor receptor.
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The PFS was 2.7 months with afatinib treatment in 23
patients harboring exon 20 insertion mutation in the study
of Yang et al,25 suggesting that patients with this uncommon
mutation may benefit from treatment with EGFR-TKIs. The
PFS of exon 20 insertions was inferior to that in the study
of Yang et al in the current cohort, which may be related to
the first-generation EGFR-TKIs used.
In contrast to exon 20 insertions, most of the T790M
mutations were concurrent with common mutations. Although
considered as a common resistance mutation in patients who
progressed from EGFR-TKIs treatment, only ~1%–2% of
patients harbored the de novo T790M mutation.19,25 Patients
with this mutation responded to EGFR inhibitors, but with
a shorter PFS than in patients with common mutations.25 In
our cohort, 23 patients were confirmed with T790M de novo
mutation, and the median PFS was 2.4 months. The results
suggest that EGFR-TKIs benefited certain groups of patients.
For patients with de novo T790M mutation, the emphasis on
third-generation EGFR-TKIs targeting this mutation may be
a better choice in future clinical practice.
In the present study, we found that the therapeutic efficacy
against single mutations was inferior to that of complex mutations (Figure 2A). However, the efficacy difference of firstgeneration EGFR-TKIs for patients with single mutations
did not exist. Eight of eleven patients with PFS .6 months
harbored complex mutations in the current study (Table 4).
We suggest that the treatment recommendations should focus
on complex but not single mutations.
The current study is limited by the small size and a retrospective design.
The second-generation EGFR-TKIs demonstrated better
efficacy than the first-generation products.25,26 Due to the
nonapproval in the People’s Republic of China, no data of
patients treated with second-generation EGFR-TKIs were
collected in the present study. The polymerase chain reactionbased amplification refractory mutation system method was
used in the current study, which failed to cover all the insertion mutations in exon 20 and probably skewed the results.

Conclusion
Our results suggest that the efficacy of the first-generation
EGFR-TKI treatment against the EGFR exon 20 mutations
was inferior to treatments targeting the common mutations.
The therapeutic efficacy in patients who harbored exon 20
mutations, concurrent with other common mutations, was
better than in those carrying a single mutation. The efficacy
of new drugs targeting the rare mutations needs to be elucidated in future studies.
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