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Introduction

With the widespread application of next-generation 
sequencing (NGS), the incidence of rare epidermal 
growth factor receptor (EGFR) gene mutations, including 
exon 20 insertion (ex20ins) mutations, has continuously  
increased (1). EGFR ex20ins mutations are present in 
approximately 0.1% to 4% of all non-small cell lung 
cancer (NSCLC) and account for 4% to 12% of all EGFR 

mutations (2,3). The most common EGFR ex20ins mutation 
is A767_V769dup (2). No history of smoking, female sex 
and adenocarcinoma are common features of NSCLC 
with EGFR ex20ins mutations (3). The preferred first-
line treatment for NSCLC patients with EGFR mutation-
positive is EGFR-tyrosine kinase inhibitors (TKIs); however, 
ex20ins mutations are associated with primary resistance to 
EGFR-TKIs therapy (4). Therefore, patients with ex20ins 
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mutations generally respond poorly to first- and second-
generation EGFR-TKIs (5). Currently, the platinum and 
pemetrexed chemotherapy regimen remains the most 
effective first-line treatment for patients with EGFR ex20ins 
mutations, and there are no identified molecular targeted 
therapeutic drugs (5,6). Targeted therapy is currently 
widely applied, and the application of targeted drugs for 
the treatment of NSCLC patients with EGFR ex20ins 
mutations is of significant importance.

We report the case of a female patient with lung 
adenocarcinoma with an EGFR ex20ins mutation whose 
progression-free survival (PFS) was significantly prolonged 
with almonertinib treatment. This finding provides 
evidence in support of a new almonertinib-based regimen 
for the targeted treatment of patients with this class of rare 
mutations. We present the following case in accordance 
with the CARE reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-21-2728/rc).

Case presentation

In July 2017, a 54-year-old Chinese woman who had never 
smoked and had no underlying disease was admitted to the 
hospital with cough and expectoration. Chest computed 
tomography (CT) showed a 12 mm × 7 mm mass in the 
middle lobe of the right lung and multiple minute nodules in 
the interpleural walking region of the right lobe (Figure 1A).  
Positron emission tomography-computed tomography 
(PET-CT) revealed a high level of 18F-fluorodeoxyglucose 
(FDG) avidity in the mass in the right middle lobe. The 
patient underwent a CT-guided percutaneous lung biopsy, 
and a pathological diagnosis of lung adenocarcinoma 
was determined (Figure 1B). In addition, brain magnetic 
resonance imaging (MRI) and whole-body bone scanning 
examinations were performed, and no distant metastasis 
was found. Video-assisted thoracoscopic wedge resection 
of the right middle lobe was performed under general 
anesthesia, and the tumor (15 mm × 10 mm) was found 
to be located in the middle lobe of the right lung and 
had invaded the lung visceral pleura, diaphragm and 
pleura without pleural effusion. Postoperative pathology 
suggested invasive adenocarcinoma, pT1bN0M1a stage IVa. 
Pathological analysis revealed that the tumor was negative 
for the anaplastic lymphoma kinase (ALK) fusion protein  
(Figure 1C). Medium-abundance mutations in EGFR 
ex20ins were detected in surgical specimens by quantitative 
real-time polymerase chain reaction (qRT-PCR, AccBio) 
(Figure 1D).

With the complete informed consent of the patient, 
systemic chemotherapy with the “pemetrexed (500 mg/m2,  
day 1) plus cisplatinum (25 mg/m2/day, days 1–3) plus 
bevacizumab (400 mg, day 1)” regimen was applied for  
4 cycles, and “pemetrexed (500 mg/m2, day 1)” monotherapy 
was maintained for 1 cycle. One cycle is 21 days. During 
the treatment period, the patient’s condition was stable; 
however, the patient was not regularly treated and reviewed. 
Since August 2017, the patient has not undergone regular 
reexamination of CT after operation (Figure 2A). A CT scan 
up to August 2018 showed an increase in the level of pleural 
thickening and the number of small nodules (Figure 2B). 
The patient received 2 cycles of treatment with “pemetrexed 
(500 mg/m2, day 1, 21 days) plus bevacizumab (400 mg,  
day 1, 21 days)”. Thereafter, the patient did not undergo 
regular treatment or re-examination. 

In February 2019, a CT scan (Figure 2C) indicated that 
the level of right pleural thickening (including interlobar 
fissure) had increased more than the anterior range. To 
determine whether the expression of new, sensitive target 
gene mutations had arisen after chemotherapy, the patient 
underwent a right pleural mass puncture biopsy, and the 
NGS still indicated lung adenocarcinoma with an EGFR 
ex20ins mutation (p.Ala767_Val769dup) (Figure 3A,3B). 
National Comprehensive Cancer Network (NCCN) 
guidelines suggest that treatment with the second-
generation EGFR-TKI afatinib has better efficacy and 
yields a substantial PFS benefit. In March 2019, the patient 
regularly received afatinib (40 mg daily, p.o.) targeted 
therapy and was reviewed regularly. During this period, 
the patient did not complain of toxic symptoms. Tumor 
progression was observed after 3.2 months. It has been 
suggested that tumors with EGFR ex20ins mutations are 
more sensitive to poziotinib (a second-generation EGFR-
TKI). In June 2019, the patient’s targeted therapy was 
changed to poziotinib (14 mg daily, p.o.) and her condition 
was stable during the regular treatment. During the 
treatment, the patient developed intermittent diarrhea 
and dry skin. However, in April 2020 (Figure 3C), a CT 
scan revealed obvious tumor progression. Compared with 
that observed on the previous CT scan, the right pleural 
membrane had thickened, multiple nodules had increased 
in size and right malignant pleural effusion had emerged, 
resulting in local atelectasis of the right lung.

The patient refused chemotherapy, and considering the 
favorable treatment efficacy of the third-generation EGFR-
TKI almonertinib in EGFR+ multiple targets inhibition, 
we initiated almonertinib (110 mg daily, p.o.) therapy in 

https://tcr.amegroups.com/article/view/10.21037/tcr-21-2728/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-21-2728/rc


Wang et al. EGFR ex20ins mutation1838

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2022;11(6):1836-1843 | https://dx.doi.org/10.21037/tcr-21-2728

Figure 1 The diagnosis of the patient. (A) CT indicated a nodule in the middle lobe of the right lung (12 mm × 7 mm) and multiple small nodules 
in the interpleural walking region of the right lobe. (B) The right lung mass puncture biopsy suggested adenocarcinoma (×100). Staining method: 
Hematoxylin-eosin staining. (C) The postoperative specimen pathology suggested lung adenocarcinoma with ALK fusion protein-negative (×200). 
Staining method: Ventana ALK IHC. (D) The amplification plots of RT-PCR sequencing suggested the discovery of ex20ins mutations within 
the exon 20 detection range of the EGFR gene and mutations were moderate abundance (17.35%) (orange). CT, computed tomography; ALK, 
anaplastic lymphoma kinase; RT-PCR, real-time polymerase chain reaction; EGFR, epidermal growth factor receptor. 
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Figure 2 Chest CT scans of the patient during chemotherapy. (A) Postoperative CT showing the partial resection of the right lung middle 
lobe and right pleural thickening (pleural metastasis was considered). Systemic chemotherapy was given with “pemetrexed plus cisplatinum 
plus bevacizumab” for 4 cycles, and “pemetrexed” was maintained for 1 cycle. Regular review was performed until the local tumor was 
enlarged. (B) CT suggested that the right pleural membrane thickness had increased. After 2 cycles of “pemetrexed plus bevacizumab” 
chemotherapy, the patient did not receive regular treatment and re-examination. (C) CT indicated progression when the patient returned to 
the hospital for review. CT, computed tomography.
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April 2020. After 2 months of treatment, the patient’s chest 
tightness had reduced and no adverse reactions arose. In 
August 2020 (Figure 3D), after 4.3 months of treatment, a 
CT scan revealed that the pleural effusion had reduced and 
that the tumor was stable. Subsequently, the patient was 
regularly reviewed. In January 2021, a CT scan indicated 
that the patient’s condition remained stable (Figure 3E). The 
patient then continued to take the medication regularly and 
was regularly reviewed. In June 2021, the patient developed 
chest tightness, shortness of breath and other symptoms, 

and a CT scan indicated tumor progression (Figure 3F). 
The overall PFS of almonertinib treatment was 14 months.

All procedures performed in this study were in 
accordance with the ethical standards of the institutional 
and/or national research committee(s) and with the Helsinki 
Declaration (as revised in 2013). Written informed consent 
was obtained from the patient for publication of this case 
report and accompanying images. A copy of the written 
consent is available for review by the editorial office of this 
journal.

Figure 3 Re-pathological biopsy after chemotherapy and chest CT scans of sequential therapy with targeted drugs. (A) The third biopsy of the 
enlarged primary lung lesion after systemic chemotherapy still suggested adenocarcinoma (×40). Staining method: Hematoxylin-eosin staining. 
(B) IGV showed that the non frame-shift insertion mutations (c.2300-2308dup) were detected in the EGFR gene exon 20 by NGS, and amino 
acid change to p.Ala767_Val769dup (ex20ins). (C) CT scans before almonertinib treatment. (D) CT scans after 4.3 months of treatment with 
almonertinib. (E) CT scans after 8.7 months of treatment with almonertinib. (F) CT scans after 14 months of treatment with almonertinib. 
NGS, next-generation sequencing; CT, computed tomography; IGV, integrative genomics viewer; EGFR, epidermal growth factor receptor. 
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Discussion

With the identification of lung cancer-related genes and 
the development of corresponding targeted therapies, 
EGFR mutations have become an important predictor of 
the effectiveness of targeted therapy with EGFR-TKIs (7). 
NGS is an important detection method that can detect not 
only common drug-sensitive mutations, such as exon 19 
deletion mutations and the exon 21-L858R point mutation, 
but also rare drug-resistant mutations such as ex20ins 
mutations (8,9). Rare and common mutations have similar 
clinicopathological characteristics, but common mutations 
respond well to EGFR-TKIs and rare mutations are 
associated with primary TKIs resistance (5,10,11). Thus, 
EGFR-TKIs has shorter PFS and lower disease control 
rates (DCRs) in patients with EGFR ex20ins mutations than 
those in patients with EGFR sensitive mutations (5,7,12). 
The preferred first-line regimen for NSCLC patients with 
sensitive EGFR mutations has changed chemotherapy 
to targeted therapy (13). Targeted therapy significantly 
improves the quality of life and prognosis of patients with 
NSCLC with drug-sensitive mutations compared with that 
of patients without targetable gene mutations who receive 
conventional chemotherapy (4). The incidence of EGFR 
ex20ins mutations is extremely low, and sufficient clinical 
trial evidence for their treatment is still lacking. However, 
TKIs treatment are critical, and studies have shown that 
irreversible TKIs can be effective for patients with such 
rare EGFR mutations (7). Second-generation EGFR-TKIs 
(afatinib and poziotinib) and third-generation EGFR-TKIs 
(almonertinib) irreversibly bind to mutant receptors (14). 
Almonertinib, as the third generation EGFR-TKI, can 
irreversibly bind to EGFR ATP binding region, and it is 
suitable for the treatment of NSCLC patients with disease 
progression and T790M drug resistance mutation positive 
after other EGFR-TKI treatment. These findings indicate 
that the application of these drugs is a potentially feasible 
therapeutic regimen for the targeted therapy of NSCLC 
with EGFR ex20ins mutations.

EGFR ex20ins is the most common rare mutation and 
may activate EGFR through rearranging the C-spiral; 
however, the affinity of this mutation for EGFR-TKIs is 
significantly inferior to that of other sensitive mutations (15).  
Thus, tumors with the ex20ins mutations are more 
invasive and have a worse prognosis than those with EGFR 
sensitive mutations and wild type EGFR (16). For patients 
with ex20ins mutations, the preferred treatment is often 
chemotherapy rather than EGFR-TKIs (3,5). Therefore, 

this patient was treated with “pemetrexed plus cisplatinum 
plus bevacizumab”, a first-line chemotherapy regimen 
for lung adenocarcinoma. It has been found that the PFS 
and OS of patients with ex20ins mutations undergoing 
chemotherapy were significantly shorter than those of 
patients with wild type EGFR (17). Due to limited clinical 
research, no determined molecular targeted drugs have 
been developed to address disease progression after 
chemotherapy. Previous studies have shown that the PFS 
after afatinib (a second-generation EGFR-TKI) treatment 
is significantly better than that after first-generation 
EGFR-TKIs treatment (11.3 vs. 3.6 months, P=0.03) (18). 
However, the PFS of this patient after afatinib treatment 
was only 3.2 months. Studies have shown that poziotinib 
has a good inhibitory effect not only on tumors that 
overexpress HER2 but also on those with EGFR ex20ins 
mutations (19). Poziotinib, which is small in size and has 
greater flexibility, can overcome the stereospecific blockade 
(size and configuration) of the drug binding site caused by 
the ex20ins mutation and thus can effectively combine with 
this mutated EGFR (10,20). Thus, tumors with ex20ins 
mutations are more sensitive to poziotinib than to other 
similar TKIs (afatinib and osimertinib), and can serve as 
an effective inhibitor of the EGFR ex20ins mutation (10).  
Unfortunately, this patient gradually developed drug 
resistance to poziotinib, with PFS for approximately  
10.4 months. Almonertinib, a new third-generation 
EGFR-TKI, was modified on the basis of osimertinib, and 
cyclopropyl group was used instead of methyl group in 
indole ring. It irreversibly binds to the EGFR ATP binding 
region and produces irreversible inhibition of EGFR-
mediated resistance and can be used to treat NSCLC 
patients with EGFR ex20ins mutations (14). We therefore 
treated the patient with almonertinib with good efficacy. 
The patient’s PFS with almonertinib treatment was  
14 months. However, the specific mechanism of the drug’s 
effect needs to be further researched.

Conclusions

This case report of a patient with a rare EGFR ex20ins 
(p.Ala767_Val769dup) mutation indicates that almonertinib 
treatment is a potential new option for patients with such 
mutations. Sequential therapy with EGFR-TKIs leads to 
longer patient survival times. To date, researchers have 
proposed many therapeutic regimens for the targeted 
therapy of tumors with EGFR ex20ins mutations, but a 
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unified and exact approach has not yet been determined. 
Since different EGFR ex20ins mutations lead to different 
structures and functions, their complex mechanisms have 
not been clearly defined and distinct individual differences 
are present. Further studies should be conducted on the 
effectiveness of different irreversibly binding EGFR-
TKIs for tumors with ex20ins mutations and the response 
of different subgroups of ex20ins mutations to the same 
EGFR-TKIs.
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