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Abstract
Background: Uncommon epidermal growth factor receptor (EGFR) mutations are a heterogeneous
population of molecular alterations, and clinical data on the outcomes of afatinib in patients with non-
small cell lung cancer (NSCLC) harboring uncommon EGFR mutations are limited. The purpose of this
pooled analysis was to investigate the clinicopathological features of uncommon EGFR mutations in
patients and the treatment response and survival associated with afatinib treatment.

Methods: We performed a literature search in the NCBI PubMed database to identify relevant articles and
completed a pooled analysis based on 37 related published studies.

The relationship between clinical characteristics, EGFR mutation type and treatment response were
analyzed using univariate chi-square analysis, and survival analysis was performed using the Kaplan–
Meier method.

Results: A total of 57 patients were included in this pooled analysis. The objective response rate to
treatment with afatinib was 46.4%, with a median PFS of 7.0 months.

Patients with a single uncommon EGFR mutation are more likely than patients with multiple mutations to
show a good tumor response after receiving afatinib (ORR: 57.9% vs 26.3%, HR: 0.260, 95% CI: 0.078-
0.869, p=0.029). Similarly, patients with a single uncommon EGFR mutation had a longer PFS than
patients with multiple mutations (mPFS: 10.0 months vs 3.6 months, HR: 2.906, 95% CI: 1.496-5.646,
p=0.002). In addition, for patients with a good treatment response, the PFS was also longer (HR: 2.902,
95% CI: 1.522-5.533, p=0.001).

Conclusions: For patients with uncommon mutations, the outcomes of afatinib is worse than that of
patients with classic sensitive mutations but higher than that of EGFR wild-type patients. Uncommon
EGFR mutations contain various subtypes, and different subtypes have different sensitivities to afatinib.
Patients with a single rare mutation show better treatment responses to afatinib and better prognoses
than patients with multiple mutations.

Introduction
Epidermal growth factor receptor (EGFR) mutations play an important role in the pathogenesis of non-
small cell lung cancer (NSCLC) and are one of the main driver genes of NSCLC. The frequency of EGFR
mutations among Caucasians is 10%-20%, while the incidence in Asian NSCLC patients is as high as
30%-60%[1–3]. In NSCLC patients with EGFR gene mutations, the most common mutation is exon 19
deletions (19del), followed by point mutations L858R in exon 21[3]. Both mutations are considered to be
classic mutations of EGFR and sensitive mutations, accounting for 80–90% of mutations in the EGFR
gene[3–5]. A number of clinical studies[6–12] have con�rmed that, compared with traditional
chemotherapy, EGFR-tyrosine kinase inhibitors (EGFR-TKIs) targeting EGFR mutations have an objective
response rate (ORR) as high as 70%-80%, a median progression-free survival (mPFS) ranging from 9.6
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months to 18.9 months, and an overall survival (OS) ranging from 21.6 months to 34.1 months; thus,
EGFR-TKIs have become the �rst-line standard treatment for EGFR-sensitive mutations in NSCLC. In
addition to the two most common types of EGFR mutations mentioned above, other types of EGFR
mutations were also found in the region between exons 18–21 of the EGFR gene, called uncommon or
nonclassical mutations, accounting for approximately 10–15% of EGFR mutations[13–15]. Since
uncommon mutations in EGFR are relatively insensitive to the treatment of EGFR-TKIs, which may have a
negative impact on research results, most clinical trials investigating the e�cacy of EGFR-TKIs do not
include patients with uncommon mutations[13–16]. Only a post hoc analysis of the LUX-Lung series
trials evaluated the activity of EGFR-TKIs in NSCLC patients with uncommon mutations[14, 15]. Due to
the small sample size and high heterogeneity of patients with uncommon EGFR mutations, the e�cacy
of EGFR-TKIs for patients with rare EGFR mutations is still unclear. With the rapid development of genetic
testing technology, the detection rate of uncommon EGFR mutations will continue to increase, and it is of
great signi�cance to better understand the sensitivity, tumor response and prognosis of these patients to
various TKIs.

It has been reported that afatinib, an irreversible ErbB family blocker, is more effective than �rst-
generation TKIs in treating uncommon EGFR mutations[14, 17–19]. However, due to the low frequency of
uncommon EGFR mutations and the uncertain outcomes of afatinib, the number of patients receiving
afatinib in clinical practice was relatively small. The related reports are mainly small retrospective studies
and case reports[17–22]. Therefore, we conducted this pooled analysis to explore the clinical
characteristics of patients with uncommon EGFR mutations, as well as the e�cacy and outcomes of
applying afatinib, to provide a reference for clinicians to formulate treatment plans for patients with rare
EGFR mutations.

Methods

Search Strategy
We performed a literature search in NCBI PubMed database to identify all the relevant articles without
language restriction (the last search update was January 15, 2020). The following search strategy were
used: ((afatinib[title/abstract]) and ((EGFR [title/abstract]) or epidermal growth factor
receptor[title/abstract])) and ((NSCLC [title/abstract]) or non-small cell lung cancer[title/abstract]). We
also manually checked the references lists of all related articles to supplement more research.

Study eligibility and data extraction
Two authors (D W and KW Z) independently screened the titles and abstracts of the search results and a
second screening of the full-text articles. If these two authors fail to reach a consensus, a third
investigator (SL H) was consulted to resolve the disagreements in consultation and reach a consensus on
all items. Articles were included if they met the following inclusion criteria: 1) articles focusing on
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patients with non-small cell lung cancer; 2) prospective or retrospective studies, case reports and letters to
the editor were all included due to the small num ber of relevant articles; and 3) all patients harbored
uncommon mutations in EGFR and received afatinib targeted therapy in any treatment lines. 4)treatment
response to afatinib, also known as complete response (CR), partial response (PR), stable disease (SD) or
progressive disease (PD) were reported; 4) PFS were reported. Articles meeting any of the following
criteria were excluded: 1) patients harbored a common EGFR mutation (19 del or L858R); 2) patients had
received any type of EGFR-TKI treatment in the past. For each eligible study, the following data were
extracted: age, gender, ethnicity, smoking history, tumor stage, mutation type, response to afatinib, and
PFS.

Statistical analysis
Fisher’s exact or chi-squared tests were used to assess the associations between clinical parameters (i.e.,
age, gender, ethnicity, smoking history, tumor stage, mutation type) and treatment response. The Kaplan-
Meier method and the log-rank test were used to analyze the association of clinical parameters with PFS,
and the associated 95% CIs were calculated. The analyses were performed with SPSS 22.0 program
(SPSS Inc, Chicago, IL, USA), a two-sided p-value less than 0.05 was considered statistical signi�cance. 

Results

Search results
The �ow chart of the study selection process is shown in Figure 1. A total of 629 potentially relevant
articles were identi�ed from the PubMed database. After removing duplicate records, 602 records
remained. After screening the titles and abstracts, 275 articles were excluded, including 162 nonclinical
studies and 113 articles not related to afatinib. The remaining 327 articles were further reviewed by
reading the full text. Among them, 292 articles were excluded, including 190 articles that focused on
common EGFR mutations and 106 articles that lacked data pertaining to e�cacy or PFS. Finally, 31
articles met the inclusion criteria, and another 6 articles were identi�ed by searching the reference lists of
the articles whose full texts were evaluated. Overall, 37 articles were included in this pooled analysis.
They were published between 2015 and 2019 and include 31 case reports and 6 retrospective clinical
studies, most of which were conducted in Asia (supplement table 1).

Patient characteristics
A total of 57 patients were included in the pooled analysis, with a median age of 60 years old, from 34 to
84 years old. Their gender distribution was basically balanced (28 males, 49.1%; 29 females, 50.1%), and
most of them were Asian patients (34 Asians, 59.6%; 23 non-Asians, 40.4%). More than one-third of
patients had a history of smoking (23, 40.4%). Most patients had tumor stage IV (53, 93.0%). In terms of
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mutation type, two-thirds of patients had a single uncommon EGFR mutation. The baseline
characteristics of the patients are detailed in Table 1.

Table 1
Baseline characteristics

Characteristics No. of patients(n=57) percentage

Age    

median (range) 60 34-84

Gender    

  Male 28 49.1

  Female 29 50.9

Ethnicity    

  Asian 34 59.6

  Non-Asian 23 40.4

Smoking    

  Yes 23 40.4

  No 34 59.6

Stage    

  I-III 4 7.0

   53 93.0

Mutation type    

  Single 38 66.7

  Multiple 19 33.3

Response to TKI    

  CR 1 1.8

  PR 26 45.6

  SD 16 28.1

  PD 14 24.6

EGFR mutation analysis
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In these 57 patients, there were 31 types of uncommon EGFR mutations. As shown in Figure 2a, the top
six EGFR mutation types were 20 ins, S768I, 19 del + T790M, 18 del, 19 ins and L747P, with 7 cases
(12.3%), 6 cases (10.5%), 5 cases (8.8%), 3 cases (5.3%), 3 cases (5.3%), and 3 cases 5.3%, respectively.
For every single mutation site, these 57 patients harbored a total of 80 EGFR mutation sites, including
eight 21 exon L858R mutations, �ve 19 exon deletions, and 67 uncommon EGFR mutation sites. As
shown in Figure 2b, in addition to L858R, 19del and T790M, the uncommon mutations with higher
mutation frequencies are S768I, 20 ins, 18 del, 19 ins, C797S, G719S, G719X, L747P, L833V, and L861Q,
accounting for 11.3%, 8.8%, 3.8%, 3.8%, 3.8%, 3.8%, 3.8%, 3.8%, 3.8%, 3.8%, 3.8%, and 3.8% of mutations,
respectively.

Clinical outcomes
Regarding the e�cacy of afatinib treatment, of the 57 patients, 1 patient had a complete response (1.8%),
26 patients had a partial response (45.6%), 16 patients had stable disease (28.1%), and 14 patients had
disease progression (24.6%) (Table 1). Overall, the objective response rate to treatment with afatinib was
47.4% (Table 2). Fisher’s exact and chi-squared tests show that the number of EGFR mutations is related
to the treatment response to afatinib. Patients with a single uncommon EGFR mutation are more likely to
show a good tumor response after receiving afatinib than patients with multiple mutations (ORR:57.9%
vs 26.3% HR:0.260,95%CI:0.078-0.869, p=0.029). However, age (HR:2.512,95%CI:0.863-7.310, p=0.091),
gender (HR:0.612,95%CI:0.2115-1.744, p=0.358), gender (HR:0.612,95%CI:0.2115-1.744, p=0.358),
ethnicity (HR:0.571,95%CI:0.195-1.675, p=0.307), smoking history (HR:0.970,95%CI:0.336-2.798,
p=0.955), and tumor stage (HR:1.120,95%CI:0.078-8.552, p=0.913)  were not correlated with e�cacy
(Figure 3).

The median PFS was 7.0 months (Table 2). As shown in Figure 4a, the Kaplan–Meier curves for PFS
revealed that patients with a single uncommon EGFR mutation had a longer PFS than patients with
multiple mutations (HR:2.906,95%CI:1.496-5.646, p=0.002). In addition, for patients with a good
treatment response, the PFS was also longer (HR: 2.902, 95% CI: 1.522-5.533, p=0.001) (Figure 4b).
However, age (HR: 0.872, 95% CI: 0.471-1.617, p=0.664), gender (HR: 1.072, 95% CI: 0.580-1.984,
p=0.824), ethnicity (HR: 1.375, 95% CI: 0.733-1.440, p=0.321), smoking history (HR: 0.757, 95% CI: 0.398-
1.440, p=0.397), and tumor stage (HR: 0.296, 95% CI: 0.041-2.160, p=0.230) were not correlated with
e�cacy. (Figure 5).

Subgroup analysis
Based on the number of EGFR mutation sites, we conducted further analysis of treatment response and
survival. A total of 38 patients harbored a single mutation. After treatment with afatinib, a total of 22
patients showed treatment response, with an objective response rate of 57.9% and a median PFS of 10.0
months. Further analysis revealed that the number of patients with mutations in exon 18, exon 19, exon
20, and exon 21 was 10, 10, 13, and 5, respectively; these patients had objective response rates of 70.0%,
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60.0%, 46.2%, and 60.0%, respectively; and they had a median PFS of 11.0, 12.0, 7.4 and 10.9 months,
respectively. For a single uncommon EGFR mutation, patients with mutations in exon 20 and exon 21 had
poorer tumor responses and prognoses. In contrast, patients whose mutation sites were located on exon
18 and exon 19 had a better ORR and mPFS than the average value. For patients with multiple mutations,
the ORR and mPFS were worse than among patients with a single mutation (ORR: 26.3% vs 57.9%, mPFS:
3.6 months vs 10.0 months, respectively). The ORR and PFS of patients with multiple mutations
containing common mutations were the worst, at only 23.1% and 2.2 months, respectively (Table 2).

Table 2
Outcomes of different singel mutation location and different

double mutation pattrens
Categories No. of patients OR ORR mPFS

Singel mutation 38 22 57.9% 10.0

Exon 18 10 7 70.0% 11.0

Exon 19 10 6 60.0% 12.0

Exon 20 13 6 46.2% 7.4

Exon 21 5 3 60.0% 10.9

Double mutation 19 5 26.3% 3.6

Common + 13 3 23.1% 2.2

Common - 6 2 33.3% 3.6

All 57 27 47.4% 7.0

Discussion
In this study, the clinicopathological characteristics of 57 NSCLC patients with rare EGFR mutations and
their correlation with the e�cacy of afatinib were analyzed. We found that the ORR of patients with rare
EGFR mutations was 46.4%, and the median PFS was 7.0 months when treated with afatinib. Patients
with a single rare mutation were superior to patients with multiple mutations in both tumor response and
prognosis. However, patients with uncommon EGFR mutations have a lower ORR and PFS than patients
with classic mutations but a higher ORR and PFS than EGFR wild-type patients.

In this study, a total of 38 patients had a single rare mutation. The ORR among these patients was 57.9%,
and the median PFS was 10.0 months after afatinib treatment, both lower than among patients with
classical mutations, who had an ORR and mPFS of 70% and 11.9 months, respectively[10, 23], but higher
than that among patients with wild-type EGFR[24]. Among the patients with a single rare mutation, 10
patients had 18 exon mutations, and their ORR and mPFS were 70.0% and 11.0 months, respectively. The
ORR was the highest in patients with single mutations on different exons, and the median PFS among
these patients is second only to patients with a mutation in exon 19, which is 12 months. According to
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reports, the mutation rate in exon 18 is 3.2%-4%[25, 26]. In this study, the G719X point mutation was the
most common type of exon 18 mutation, which is consistent with previous studies[27]. According to
reports, the G719X point mutation accounts for approximately 3.10% of the total EGFR mutations and
20% of the rare EGFR mutations[27, 28]. An analysis of a multicenter study showed that patients with
G719X point mutations received �rst-generation EGFR-TKI treatment, the disease control rate (DCR) was
66.7%, and the mPFS was 8.38 months[29]. Compared with the �rst generation of EGFR-TKIs, the EGFR
G719X point mutation seems to be more sensitive to afatinib[14, 30, 31]. The ORR of afatinib in the
treatment of NSCLC patients with the G719X mutation was 75%-77.8%, the mPFS was 12.1–13.8 months,
and the mOS was 26.9. Among all the exon 18 deletion mutations, the delE790_T710insD mutation is
another common mutation type, accounting for approximately 0.30% of the total EGFR mutations[28]. A
case report showed that after two months of treatment with afatinib in a patient with a mutation, imaging
showed that the lesion was signi�cantly reduced[32]. An et al[33] reported that after 3 months of
treatment with afatinib, brain metastasis was signi�cantly reduced, reached PR, and was maintained for
11 months in a Chinese patient with the delE790_T710insD mutation. This suggests that patients with
the delE790_T710insD mutation may be sensitive to afatinib. However, because of the low mutation rate
of 18 del and the limited number of research cases, further clinical research and follow-up are needed to
con�rm this conclusion. Uncommon mutations in exon 19 are characterized by insertion mutations and
point mutations. Exon 19 insertion mutations are rare even in uncommon mutations, accounting for
approximately 0.2% of all EGFR mutations. In vitro experiments show that the insertion mutation of exon
19 is sensitive to afatinib[34], and there are also clinical reports that prove this view, indicating that the
mutation is sensitive to afatinib[35, 36]. Other uncommon mutation types in exon 19 are reported less,
and their sensitivity to different EGFR-TKIs is also different. In this study, the ORR in patients with
uncommon mutations in exon 19 was 60.0% with an mPFS at 12 months, which was the longest among
the different subgroups. The uncommon mutations in exon 20 mainly show insertion mutations and
point mutations. Mutations in exon 20 are often associated with low ORR and PFS. In this study, the ORR
of patients with mutations in exon 20 was only 46.3%, and the mPFS was only 7.4 months, which was
signi�cantly lower than the overall level. The exon 20 insertion mutation is the most common type of
mutation in rare EGFR mutations, accounting for approximately 30% of rare EGFR mutations and
4.8%-12% of all EGFR mutations[37]. Yang et al.[14] reported 23 cases of 20 exon insertion mutations
treated with afatinib; the ORR was 8.7%, DCR was 65.2%, and mPFS was 2.7 months, indicating that the
exon 20 insertion mutation is resistant to afatinib. The point mutation of exon 20 is mainly S768I,
accounting for approximately 1.1% of the total EGFR mutations. In vitro experiments indicate that the
S768I mutation is more sensitive to afatinib than �rst- and third-generation TKIs [38], and clinical
research results also support this view. In the analysis of the LUX-Lung 2, LUX-Lung 3 and LUX-Lung 6
trials, the patients with the S768I mutation who received afatinib had an ORR of 100% and a median PFS
of 14.7 months[14]. Therefore, patients with S768I mutations will bene�t more from afatinib treatment
but should also pay attention to individual sensitivity differences. The uncommon mutation of exon 21 is
mainly the point mutation L861Q. Yang et al.[14] found that the ORR of patients with the L861Q mutation
treated with afatinib was 56.3%, PFS was 8.2 months, and OS was 17.1 months. It can be seen that the
e�cacy of afatinib in the treatment of patients with the L861Q mutation is better than that of �rst-
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generation TKIs, which is similar to the 18 exon G719X mutation and the 20 exon S861I mutation, but its
sensitivity is lower than G719X (ORR: 77.8%, PFS: 13.8 months) and S768I (ORR: 100% PFS: 14. 7
months), which suggests that the L861Q mutation may be a rare type of mutation with strong
heterogeneity.

In addition to a single mutation, two or more different types of EGFR mutations may coexist in tumor
cells at the same time, known as multiple mutations. EGFR multiple mutations can be roughly divided
into three categories: double classical mutations, nonclassical mutations coexist with classical
mutations, and different nonclassical mutations coexist. In this study, it was found that the tumor
response and prognosis of patients with multiple mutations were worse than those with single mutations,
with an ORR of 26.3% and an mPFS of 3.6 months. Among them, patients harboring multiple mutations
with classic mutations had the worst outcomes, with an ORR of only 23.1% and an mPFS of only 2.2
months. This may be because most of these patients carry the T790M mutation, which is considered to
be a drug-resistant mutation treated by EGFR-KTIs. Previous studies have shown that multiple mutations
that coexist with classic mutations and other nonclassical mutations are more sensitive to EGFR-TKIs
than those mutations that coexist with classic mutations and T790M mutations. The sensitivity of
double classical mutations to TKIs is the best of all multiple mutations[39]. This suggests that the
e�cacy of EGFR multiple mutations on TKIs may be affected by the sensitivity of the accompanying
mutations to TKIs and that different subtypes of mutations respond differently to TKIs, which requires
further clinical studies to verify.

We acknowledge that our research has some limitations. First, this is a pooled analysis of the published
literature that includes mostly case reports, and there may be some potential confounding factors beyond
our control, such as publication bias, choice bias and residual confusion of unmeasured factors that
cannot be ruled out. Second, the sample size of this study is relatively small, which may affect the
accuracy of the results, and a large randomized controlled study is needed to verify our conclusions.
Third, the genetic testing of the samples and methods adopted by patients may be different, which may
affect the ability to detect gene mutations and the consistency of the results.

Conclusion
In summary, as a special type of EGFR mutation, uncommon EGFR mutations contain various subtypes,
and different subtypes have different sensitivities to afatinib. In this study, patients with uncommon
mutations who received afatinib had an ORR of 46.4% and mPFS of 7.0 months, which was lower than
among patients with classic sensitivity mutation but higher than among EGFR wild-type patients.
Patients with a single rare mutation show better treatment responses to afatinib and better prognoses
than patients with multiple mutations.
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Figure 1

The �ow chart of the study selection process
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Figure 2

Mutation types (a) and mutation site(b) analysis

Figure 3

Subgroup analysis for treatment response
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Figure 4

Survival analysis based on mutation number (a) and treatment response(b)

Figure 5

Subgroup analysis for PFS
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