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Background: Lung adenocarcinoma with the classical EGFR 19 deletion and

exon 21 L858R point mutations has exhibited good responses to epidermal

growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs) treatment.

However, the sensitivity of uncommon EGFR exon 20 insertion mutation to

third-generation EGFR-TKIs has not been determined. Although emerging

targeted therapies for EGFR exon 20 insertion mutation have been reported

in recent years, such patients still have a poorer prognosis than those with

typical or wild-type EGFR mutations.

Case summary: Here, we report the case of a 57-year-old man with advanced

non-small cell lung cancer (NSCLC) with a rare EGFR exon 20 N771_P772insH

mutation. The patient was treated with furmonertinib as second-line therapy.

Although his pleural effusion was more than before that during treatment,

various examination results showed that the pleural effusion was closely related

to hypoproteinemia; thus, local progression was not considered. His cough was

significantly alleviated, and the dose was well tolerated. The patient was

evaluated for a remarkable progression-free survival (PFS) of 10.0 months, a

duration of response (DOR) of 8.0 months, and an overall survival (OS) of

22.0 months, which had not previously been achieved.

Conclusion: The present study indicated that furmonertinib might be a good

treatment option for first-line progressive NSCLC patients with EGFR exon

20 insertion mutation.
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Introduction

Lung cancer is the most frequent cancer and the leading

cause of cancer-related death worldwide (Bray et al., 2018).

Approximately 85% of lung cancer cases are non-small cell

lung cancer (NSCLC) (Thai et al., 2021), of which lung

adenocarcinoma is the most common subtype. Significantly,

approximately 40–64% of Asian lung adenocarcinoma

patients have epidermal growth factor receptor (EGFR)

gene mutations (Midha et al., 2015). Exon 19 deletion and

exon 21 L858R point mutations are common mutations in

EGFR and have shown a favorable response to EGFR tyrosine

kinase inhibitors (EGFR-TKIs) and good prognosis (Sasaki

et al., 2007; Yasuda et al., 2013). However, the clinical

implications of rare EGFR mutations remain unclear and

have poor efficacy and prognosis. Notably, these mutations

include exon 20 insertion mutation, accounting for 4%–12% of

all EGFR mutations (Burnett et al., 2021). Current evidences

suggested that first-line treatment with chemotherapy is

superior to EGFR-TKIs, with better survival and response

for exon 20 insertion mutation (Wu et al., 2019; Yang

et al., 2020; Shah et al., 2022). However, chemotherapy is

less favorable for subsequent treatment lines, and new targeted

therapies could have unexpected effects (Burnett et al., 2021).

Amivantamab (JNJ-372) and mobocertinib (TAK-788)

have already been approved as second-line therapies in

patients with advanced NSCLC harboring EGFR exon

20 insertion mutation after progression to platinum-based

chemotherapy (Markham, 2021; Syed, 2021). Poziotinib

exhibited positive effects in NSCLC patients with EGFR

exon 20 insertion mutations (Prelaj et al., 2021). However,

the efficacy of these novel agents is not quite satisfactory.

Recently, B. Han et al. has reported the significant efficacy of

furmonertinib in NSCLC with EGFR exon 20 insertion

mutation in a preclinical study (Han et al., 2021). In this

case, we report a lung adenocarcinoma patient with a rare

EGFR exon 20 insertion mutation (N771_P772insH) who

responded well to furmonertinib (alflutinib, AST2818) after

first-line chemotherapy progression, achieving a progression-

free survival (PFS) of 10.0 months, a duration of response

(DOR) of 8.0 months, and an overall survival (OS) of

22.0 months, which had not yet been achieved.

Case report

On 15 August 2020, a 57-year-old man who had smoked an

average of 15 cigarettes per day for more than 20 years

presented at the lung cancer clinic of our hospital with a

chronic cough and chest pain. The patient had no family

history of tumors. Computed tomography (CT) revealed a

3.2 × 3.1 cm density mass in the lower right lung, multiple

lymph node enlargements, bits of pleural effusion on both

sides and right pleural metastasis (Figure 1A). Magnetic

resonance imaging (MRI) showed scattered enhanced

nodules in the brain, with metastasis considered

(Figure 1B). Positron emission tomography-computed

tomography (PET-CT) suggested active metabolism in the

skull and fourth lumbar vertebra, with metastasis

considered (Figure 1C). The patient was diagnosed with

lung adenocarcinoma by ultrasound-guided lymph node

biopsy of the left neck biopsy (Figure 1D). Next-generation

sequencing (NGS) of the biopsy specimen indicated that a

p.N771-P772insH (c.2311-2312insACC) mutation was in the

EGFR gene, and the mutation abundance accounted for 61.1%

(Figure 1E). According to the latest update of the Catalog of

Somatic Mutations in Cancer (COSMIC) database (https://

cancer.sanger.ac.uk/cosmic), the N771-P772insH mutation

accounts for only 0.018% of EGFR mutations (5/27,066).

Based on these data, the patient was diagnosed with stage

IVB lung adenocarcinoma (cT2aN3M1c of TNM staging

system).

According to the relevant literatures (Lund-Iversen et al.,

2012; Naidoo et al., 2015; Yang et al., 2015; Burnett et al.,

2021), we initiated treatment with a platinum-containing two-

drug chemotherapy combined with an anti-vascular drug

(pemetrexed and carboplatin plus bevacizumab) after

informed consent was obtained. The accompanying

treatment plan consisted of zoledronic acid injection for

osseous metastases. Based on the Response Evaluation

Criteria in Solid Tumors (RECIST) 1.1 (Eisenhauer et al.,

2009), stable disease (SD) was observed during treatment

by chest CT (Figure 2A), and head MRI revealed PR

(Figure 2B). The patient received 4 cycles of pemetrexed

and carboplatin plus bevacizumab and 3 cycles of

maintenance therapy with pemetrexed plus bevacizumab.

However, 6 months later, the patient experienced increased

chest tightness and coughing. CT showed an increased mass of

solid components in the lower lobe of the right lung, increased

multiple lymph nodes, and obviously thickened pleura on both

sides (Figure 2A). The patient was diagnosed with progressed

disease (PD) according to RECIST 1.1 (Eisenhauer et al.,

2009). For personal reasons, he refused to undergo

additional tissue biopsy or a liquid biopsy to assess

circulating tumor DNA (ctDNA). Amivantamab and

mobocertinib were not available on the Chinese market.

The patient was then treated with furmonertinib (160 mg/

day) with informed consent. This treatment was approved by

the Ethics Committee of Henan Cancer Hospital. Two months

later, a CT scan showed a significant reduction in the right
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lung lower lobe mass, while the pleural effusion on both sides

increased. Because the patient had low albuminemia, no tumor

cells were detected in the pleural effusion combined with

pleural effusion routine and biochemical examination

results tended to transudate, we speculated that the nature

of pleural effusion was transudate. Therefore, the efficacy

evaluation was partial response (PR) according to RECIST

1.1 (Eisenhauer et al., 2009) (Figure 2A). MRI indicated that

the patient’s brain metastases (BMSs) were constantly stable

(Figure 2B). Disease developed again, as shown by a CT scan

(Figure 2A) in December 2021. The PFS was 10.0 months, and

the DOR was 8.0 months. Subsequently, the patient was

treated with chemotherapy regimens. The last follow-up

was 30 June 2022. The OS was 22.0 months (not yet

achieved). During furmonertinib treatment, no severe

adverse effects (AEs) were observed in this process except

for transaminase elevation and low albuminemia (grade II).

Discussion

Many studies have reported the clinical efficacy of

different first-line treatment regimens in patients with

exon 20 insertion mutation. There is no doubt that

platinum and pemetrexed-based chemotherapy is

currently the most effective first-line treatment for EGFR

exon 20 insertion patients (Lund-Iversen et al., 2012;

Naidoo et al., 2015; Yang et al., 2015; Burnett et al.,

2021). However, there are still no satisfactory drugs for

subsequent treatment routes in China. Here, we adopted

FIGURE 1
Baseline data. (A) Computed tomography (CT) images. (B) Magnetic resonance imaging (MRI). (C) Positron emission tomography-computed
tomography (PET-CT) image. (D) Representative histopathological image of the tumor (H&E staining). (E) Next-generation sequencing showed a
p.N771-P772insH (c.2311-2312insACC) mutation in EGFR exon 20.
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furmonertinib (160 mg qd po) targeted treatment after the

patient’s first-line progression. The patient achieved

10.0 months of PFS, 8.0 months of DOR and

22.0 months or more of OS, constituting an exciting result.

It is important to note that patients with exon 20 insertion

mutation have a poorer prognosis than those with typical or

wild-type EGFR mutations in a variety of standard therapies

(Xu et al., 2016; Burnett et al., 2021). In almost all studies, the

FIGURE 2
Tumor progression of the patient before and after treatment. (A) Representative computed tomography images at various points. CT images
revealed lesions in the lower right lung. (B) Magnetic resonance images at various points. PFS, progression-free survival. The timeline of therapies,
therapeutic regimens and tumor progression are indicated (top). The tumor is indicated by red arrows. SD, stable disease; PD, progressive disease;
PR, partial response.

FIGURE 3
Exon 20 insertion mutations. (A) The insertion site of the EGFR exon 20-ins mutation and the insertion mutation frequency of EGFR exon 20 at
different locations based on the COSMIC database (https://cancer.sanger.ac.u1c/cosmic). (B) Nucleotide sequence of our case (EGFR exon 20-ins:
p.N771-P772insH c.2311-2312insACC).
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median OS time of patients with classical mutations was twice

that of those with exon 20 insertion mutations

(17.3–31.6 months vs. 4.8–16.8 months) (Burnett et al.,

2021). Epidemiological analysis showed that the clinical

and pathological characteristics of EGFR exon 20 insertion

mutation patients were similar to those of classical EGFR

mutation patients, and most of these patients were Asian,

female, nonsmoking, and elderly and had adenocarcinoma

(Burnett et al., 2021). However, the patient in our case was a

smoker and male, which could be related to molecular

heterogeneity. A multicenter, observational study showed

that smokers had a worse prognosis than nonsmokers (OS:

12 months versus 21 months; HR: 0.27; 95% CI: 0.08–0.87; p =

0.03) (Beau-Faller et al., 2014).

EGFR exon 20 insertion mutation can promote the activation

of the EGFR kinase domain, affecting ATP and leading to

carcinogenesis (Lai et al., 2013). EGFR exon 20 contains

nucleotides translated into amino acids at positions 762–823.

They include an α C-helix (G762-M766) and a loop following the

α C-helix (A767-C775) (Yasuda et al., 2012; Yasuda et al., 2013)

(Figure 3). Based on the COSMIC database (https://cancer.

sanger.ac.uk/cosmic), we calculated the insertion mutation

frequency of EGFR exon 20 at different locations (Figure 3).

Exon 20 insertion is preferentially located behind the C-helix

(A767 to C775) and promotes the activation of the EGFR kinase

domain, leading to tumorigenesis, but it does not increase affinity

for EGFR tyrosine kinase inhibitors (Yasuda et al., 2012; Lai et al.,

2013). Notably, our case showed that exon 20 insertion was

located behind the C-helix (N771-P772) but still exhibited a good

affinity for EGFR-TKIs (Figure 3). The associated bypass

pathways (EGFR ECD mutations, PIK3CA mutations and so

on) activated by EGFR exon 20 insertion mutation are closely

associated with primary resistance to first-generation TKIs (Lai

et al., 2013).

Except for EGFR A763_Y764insFQEA and a few other

subtypes (Yasuda et al., 2013; Naidoo et al., 2015), most

EGFR exon 20 insertion mutations can affect the affinity of

the EGFR receptor for reversible inhibitors, resulting in

resistance to first-generation EGFR-TKIs with poor efficacy

(Yasuda et al., 2012; Yasuda et al., 2013; Lei et al., 2020).

First-generation EGFR-TKIs (erlotinib, gefitinib and icotinib)

therapy is less effective in patients with EGFR exon 20 insertion

mutation (mPFS: 2.00 months [95% CI, 0.00–5.41 months]) (Xu

et al., 2016). Many studies have shown that some second- or

third-generation EGFR-TKIs have moderate effects on patients

with EGFR exon 20 insertion mutation. The clinical benefit of

afatinib was lower in patients with exon 20 insertion mutation

[mPFS: 2.7 months (range: 1.8–4.2); mOS: 9.2 months (range:

4.1–14.2)] (Yang et al., 2015). A phase I/II study revealed that

osimertinib (80 mg qd po) had limited efficacy in NSCLC

patients with EGFR exon 20 insertion mutation (mPFS:

3.8 months; mOS: 15.8 months). Of the twelve evaluated

patients, none experienced CR/PR, 7 experienced SD (58.3%),

and 5 experienced PD (41.7%) (Yasuda et al., 2021), while the

higher dose of osimertinib might have potential efficacy.

Recently, Floc’h et al. have showed significant antitumor

activity of both osimertinib and its circulating metabolite

AZ5104 against NSCLC harboring an EGFR exon 20 insertion

mutation using CRISPR-Cas 9 engineered cell lines. Osimertinib

and AZ5104 inhibit signal pathways and cellular growth in EGFR

exon 20 insertion mutant cell lines in vitro (Floc’h et al., 2018).

These information support clinical testing the higher dose of

osimertinib in patients with EGFR exon 20 insertion mutant

NSCLC.

The FDA recently approved two targeted breakthrough

therapies, amivantamab [JNJ-372] and mobocertinib [TAK-

788], which were designated for the treatment of metastatic

NSCLC patients with EGFR exon 20 insertion mutation who

have progressed during or after platinum chemotherapy

(Markham, 2021; Syed, 2021). In the CHRYSALIS phase I

study (NCT02609776), forty NSCLC patients with EGFR exon

20 insertion mutation were treated with amivantamab, an EGFR-

MET bispecific antibody. The median progression-free survival

was 8.3 months (95% CI, 6.5–10.9) (Park et al., 2021). The phase

I/II open-label nonrandomized clinical trial (NCT02716116)

evaluated the treatment outcomes of mobocertinib in patients

with previously treated EGFR exon 20 insertion NSCLC. The

platinum-pretreated patients (PPP) cohort confirmed a median

duration of response of 17.5 months (95% CI, 7.4–20.3), a

median progression-free survival of 7.3 months (95% CI,

5.5–9.2) and a median overall survival of 24.0 months (95%

CI, 14.6–28.8) (Zhou et al., 2021). The ZENITH20-2 trial

(NCT03318939.) demonstrated antitumor activity of

poziotinib in previously treated patients with EGFR exon

20 insertion mutation advanced NSCLC [mPFS: 5.5 months

(95% CI, 3.9 to 5.8); mDOR: 5.1 months (95% CI, 4.2 to 5.5)]

(Le et al., 2022). For advanced NSCLC patients with EGFR exon

20 insertion mutations, CLN-081 (TAS6417) had a controlled

safety profile and positive antitumor activity in the experimental

dose range at European Society for Medical Oncology (ESMO)

2020 and American Society of Clinical Oncology (ASCO) 2022

(Piotrowska1 et al., 2020; Yu et al., 2022). Two ongoing phase 1/

2 studies (WK-KONG1, NCT03974022 and WU-KONG2,

CTR20192097) indicate that sunvozertinib has comparable

efficacy and safety profiles in platinum-pretreated patients

with EGFR exon 20 insertion mutations, irrespective of prior

anti-PD(L)1 treatment at ASCO 2022 (Pasi et al., 2022). These

compounds are emerging drugs for NSCLC patients with EGFR

exon 20 insertion mutations.

Furmonertinib (alflutinib, AST2818), a structural analog of

osimertinib, is a new third-generation irreversible and selective

EGFR-TKI developed by Shanghai Allist Pharmaceuticals Co.,

Ltd. (Deeks, 2021; Meng et al., 2022). Furmonertinib was

approved in China on 3 March 2021, for the treatment of

NSCLC patients with EGFR T790M mutation who have

progressed during or after EGFR-TKIs therapy (Deeks, 2021).
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Furmonertinib has a wider safety window than osimertinib due

to the introduction of a unique trifluoroetoxypyridine structure,

which is highly hydrophobic. The hollow hydrophobic pocket,

composed of hydrophobic amino acids L792 and M793, has a

high affinity for the binding region of EGFR ATP (Shi et al.,

2020). Furmonertinib is metabolized primarily by cytochrome

P450 3A4 (CYP3A4), and it is a potent inducer of CYP3A4 (Wu

et al., 2022). Over 95% of furmonertinib and its metabolites are

covalently bound to plasma proteins, and the main forms of free

drugs are the parent drug and AST5902, both of which have

similar pharmacological activities in vivo (Meng et al., 2022).

Both furmonertinib and its main metabolite, AST5902, have high

antitumor activity and are highly selective, and both can

penetrate the blood‒brain barrier (Shi et al., 2020; Meng

et al., 2022; Wu et al., 2022). Furmonertinib is mainly

distributed in the lung within 4 h after administration.

Therefore, furmonertinib might increase lung cancer

treatment efficacy (Meng et al., 2022).

The phase III FURLONG trial reported that advanced

NSCLC patients with EGFR-sensitive mutations treated with

furmonertinib had a significantly longer median progression-

free survival than those treated with gefitinib [mPFS: 20.8 vs.

11.1 months, HR: 0.44 (95% CI: 0.34–0.58), p < 0.0001], and the

extension was 9.7 months at European Lung Cancer Congress

(ELCC) 2022 (Shi1 et al., 2022). The FAVOUR 1 study (Phase Ib

study, NCT04858958) demonstrated that furmonertinib

effectively inhibited the expression of EGFR 20 insertion

mutation in BaF3 cells in a preclinical evaluation (Han et al.,

2021). The preliminary results of the FAVOUR study showed

that all 10 EGFR exon 20 insertion mutant advanced NSCLC

patients in Group 1 who were initially treated with furmonertinib

240 mg qd showed tumor shrinkage in target lesions (median

best percent change, -43.0% [-72.3%, -3.0%]) (Han et al., 2021).

Groups 2 and 3 received furmonertinib (240 mg qd and 160 mg

qd, respectively) as a second-line treatment, and the major results

are pending (Han et al., 2021). The common AEs during

treatment were diarrhea, paronychia, skin fissures etc. No

grade≥3 AEs were observed. A study reported at ASCO

2022 showed that furmonertinib at twice the conventional

dose achieved a good curative effect in 15 NSCLC patients

with EGFR exon 20 insertion mutations (ORR: 53.5%; DCR:

100%) (XiaoyueZhou et al., 2022). A phase I, multicenter clinical

study (NCT04958967) is exploring the efficacy and safety of

furmonertinib at different doses (160 mg/day and 240 mg/day) in

locally advanced or metastatic NSCLC patients with EGFR exon

20 insertion mutations (ClinicalTrials.gov, 2021). The primary

endpoint was the overall response rate in this study. As a novel

third-generation EGFR-TKI, furmonertinib has shown

promising antitumor activity in EGFR exon 20 insertion

NSCLC patients, bringing new light to targeted therapies for

EGFR exon 20 insertion NSCLC patients. Furmonertinib is a

good choice for improving the prognosis and curative effects in

EGFR exon 20 insertion patients with lung adenocarcinoma.

The limitations of this case are obvious. The lack of biopsies

prevented further biomarker analysis after first-line treatment

progression.

Conclusion

In this case report, the patient received furmonertinib as a

second-line therapy and achieved a PFS of 10.0 months, a DOR of

8.0 months, and an OS of 22.0 months (not yet achieved). The

sites, sequences and lengths of EGFR exon 20 insertion are

diverse. The treatment of the N771-P772insH variant of the

EGFR exon 20 insertion mutation has not been previously

reported, and this report is the first clinically significant case

of treatment of the related subtype, with encouraging results.

Successful treatment with furmonertinib could provide a new

treatment option for this subtype of exon 20 insertion mutation,

especially for patients with first-line chemotherapy progression.

Further studies are required to validate the efficacy of

furmonertinib in these patients, although data from case

reports such as this one provided some supportive evidence.

Data availability statement

The original contributions presented in the study are

included in the article/supplementary material, further

inquiries can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and

approved by the Ethics Committee of Henan Cancer Hospital.

The patients/participants provided their written informed

consent to participate in this study. Written informed consent

was obtained from the individual(s) for the publication of any

potentially identifiable images or data included in this article.

Author contributions

XZ and HH integrated all information and wrote the main

manuscript. HT, JZ, and XL contributed to the conception of the

study. RS, JZ, SL, and BL provided critical guidance. HZ supervised

the writing process. SJ and XL collected the data. All authors

contributed to the article and approved the submitted version.

Funding

This work was funded by the Medical Science and

Technology Project of Henan Province (No. 202002019) and

Frontiers in Pharmacology frontiersin.org06

Zhang et al. 10.3389/fphar.2022.964606

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.964606


the Natural Science Foundation of Henan Province (No.

212300410400).

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their

affiliated organizations, or those of the publisher, the

editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

References

Beau-Faller, M., Prim, N., Ruppert, A. M., Nanni-Metellus, I., Lacave, R., Lacroix,
L., et al. (2014). Rare EGFR exon 18 and exon 20 mutations in non-small-cell lung
cancer on 10 117 patients: A multicentre observational study by the French
ERMETIC-IFCT network. Ann. Oncol. 25 (1), 126–131. doi:10.1093/annonc/
mdt418

Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A., and Jemal, A.
(2018). Global cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. Ca. Cancer J. Clin. 68 (6),
394–424. doi:10.3322/caac.21492

Burnett, H., Emich, H., Carroll, C., Stapleton, N., Mahadevia, P., and Li, T. (2021).
Epidemiological and clinical burden of EGFR exon 20 insertion in advanced non-
small cell lung cancer: A systematic literature review. PLoS One 16 (3), e0247620.
doi:10.1371/journal.pone.0247620

ClinicalTrials.gov (2021). Phase Ib study of FURMONERTINIB in patients with
NSCLC having exon 20 Insertion Mutation [Online]. Available: https://
clinicaltrials.gov/ct2/show/NCT04958967?term=NCT04958967&draw=2&rank=1
[Accessed October 25 2021].

Deeks, E. D. (2021). Furmonertinib: First approval. Drugs 81 (15), 1775–1780.
doi:10.1007/s40265-021-01588-w

Eisenhauer, E. A., Therasse, P., Bogaerts, J., Schwartz, L. H., Sargent, D., Ford, R.,
et al. (2009). New response evaluation criteria in solid tumours: Revised RECIST
guideline (version 1.1). Eur. J. Cancer 45 (2), 228–247. doi:10.1016/j.ejca.2008.
10.026

Floc’h, N., Martin, M. J., Riess, J. W., Orme, J. P., Staniszewska, A. D., Menard,
L., et al. (2018). Antitumor activity of osimertinib, an irreversible mutant-
selective EGFR tyrosine kinase inhibitor, in NSCLC harboring EGFR exon
20 insertions. Mol. Cancer Ther. 17 (5), 885–896. doi:10.1158/1535-7163.
MCT-17-0758

Han, B., Zhou, C., Wu, L., Yu, X., Li, Q., Liu, F., et al. (2021). 1210P Preclinical
and preliminary clinical investigations of furmonertinib in NSCLC with EGFR
exon 20 insertions (20ins). Ann. Oncol. 32, S964. doi:10.1016/j.annonc.2021.08.
1815

Lai, Y., Zhang, Z., Li, J., Sun, D., Zhou, Y., Jiang, T., et al. (2013). EGFR mutations
in surgically resected fresh specimens from 697 consecutive Chinese patients with
non-small cell lung cancer and their relationships with clinical features. Int. J. Mol.
Sci. 14 (12), 24549–24559. doi:10.3390/ijms141224549

Le, X., Cornelissen, R., Garassino, M., Clarke, J. M., Tchekmedyian, N., Goldman,
J. W., et al. (2022). Poziotinib in non-small-cell lung cancer harboring HER2 exon
20 insertion mutations after prior therapies: ZENITH20-2 trial. J. Clin. Oncol. 40
(7), 710–718. doi:10.1200/JCO.21.01323

Lei, L., Wang, W. X., Zhu, Y. C., Li, J. L., Fang, Y., Wang, H., et al. (2020).
Potential mechanism of primary resistance to icotinib in patients with
advanced non-small cell lung cancer harboring uncommon mutant
epidermal growth factor receptor: A multi-center study. Cancer Sci. 111 (2),
679–686. doi:10.1111/cas.14277

Lund-Iversen, M., Kleinberg, L., Fjellbirkeland, L., Helland, A., and Brustugun, O.
T. (2012). Clinicopathological characteristics of 11 NSCLC patients with EGFR-
exon 20 mutations. J. Thorac. Oncol. 7 (9), 1471–1473. doi:10.1097/JTO.
0b013e3182614a9d

Markham, A. (2021). Mobocertinib: First approval. Drugs 81 (17), 2069–2074.
doi:10.1007/s40265-021-01632-9

Meng, J., Zhang, H., Bao, J. J., Chen, Z. D., Liu, X. Y., Zhang, Y. F., et al.
(2022). Metabolic disposition of the EGFR covalent inhibitor furmonertinib in
humans. Acta Pharmacol. Sin. 43 (2), 494–503. doi:10.1038/s41401-021-
00667-8

Midha, A., Dearden, S., and McCormack, R. (2015). EGFR mutation incidence in
non-small-cell lung cancer of adenocarcinoma histology: A systematic review and
global map by ethnicity (mutMapII). Am. J. Cancer Res. 5 (9), 2892–2911.

Naidoo, J., Sima, C. S., Rodriguez, K., Busby, N., Nafa, K., Ladanyi, M., et al.
(2015). Epidermal growth factor receptor exon 20 insertions in advanced lung
adenocarcinomas: Clinical outcomes and response to erlotinib. Cancer 121 (18),
3212–3220. doi:10.1002/cncr.29493

Park, K., Haura, E. B., Leighl, N. B., Mitchell, P., Shu, C. A., Girard, N., et al.
(2021). Amivantamab in EGFR exon 20 insertion-mutated non-small-cell lung
cancer progressing on platinum chemotherapy: Initial results from the CHRYSALIS
phase I study. J. Clin. Oncol. 39 (30), 3391–3402. doi:10.1200/JCO.21.00662

Pasi, A., Janne, M., RossCamidge, D., PaulMitchell, J. F., WeiqiNian, C-H. C.,
JianyingZhou, Y. Z., et al. (2022). 9015 Antitumor activity of sunvozertinibin
NSCLCpatientswith EGFR Exon20 insertion mutations after platinum and anti-
PD(L)1 treatment failures. Am. Clin. 40, abstr 9015. doi:10.1200/JCO.2022.40.
16_suppl.9015

Piotrowska1, Z., Koczywas3, M., Tchekmedyian4, N., Clancy5, M. S., Witter6, D.,
Page7, A., et al. (2020). 1345P - preliminary safety and activity of CLN-081 in
NSCLC with EGFR exon 20 insertion mutations (Ins20). Ann. Oncol. 31,
S862–S863. doi:10.1016/j.annonc.2020.08.1659

Prelaj, A., Bottiglieri, A., Proto, C., Lo Russo, G., Signorelli, D., Ferrara, R., et al.
(2021). Poziotinib for EGFR and HER2 exon 20 insertion mutation in advanced
NSCLC: Results from the expanded access program. Eur. J. Cancer 149, 235–248.
doi:10.1016/j.ejca.2021.02.038

Sasaki, H., Endo, K., Takada, M., Kawahara, M., Kitahara, N., Tanaka, H., et al.
(2007). EGFR exon 20 insertion mutation in Japanese lung cancer. Lung Cancer 58
(3), 324–328. doi:10.1016/j.lungcan.2007.06.024

Shah, M. P., Aredo, J. V., Padda, S. K., Ramchandran, K. J., Wakelee, H. A.,
Das, M. S., et al. (2022). EGFR exon 20 insertion NSCLC and response to
platinum-based chemotherapy. Clin. Lung Cancer 23 (2), e148–e153. doi:10.
1016/j.cllc.2021.07.001

Shi, Y., Zhang, S., Hu, X., Feng, J., Ma, Z., Zhou, J., et al. (2020). Safety, clinical
activity, and pharmacokinetics of alflutinib (AST2818) in patients with advanced
NSCLC with EGFR T790M mutation. J. Thorac. Oncol. 15 (6), 1015–1026. doi:10.
1016/j.jtho.2020.01.010

Shi1, Y., Wang3, X., Liu4, Y., Wu5, L., Hao6, Y., Liu7, C., et al. (2022). 1O -
furmonertinib versus gefitinib in treatment-naïve EGFR mutated non-small cell
lung cancer: A randomized, double-blind, multi-center, phase III study
(FURLONG). Ann. Oncol. 33, S27–S70. doi:10.1016/j.annonc.2022.02.010

Syed, Y. Y. (2021). Amivantamab: First approval. Drugs 81 (11), 1349–1353.
doi:10.1007/s40265-021-01561-7

Thai, A. A., Solomon, B. J., Sequist, L. V., Gainor, J. F., and Heist, R. S. (2021).
Lung cancer. Lancet 398 (10299), 535–554. doi:10.1016/S0140-6736(21)00312-3

Wu, J. Y., Yu, C. J., and Shih, J. Y. (2019). Effectiveness of treatments for advanced
non-small-cell lung cancer with exon 20 insertion epidermal growth factor receptor
mutations. Clin. Lung Cancer 20 (6), e620–e630. doi:10.1016/j.cllc.2019.06.018

Wu, Y. L., Xue, Y. R., Guo, Z. T., Chen, Z. D., Ge, X. Y., Zhong, D. F., et al. (2022).
Furmonertinib (Alflutinib, AST2818) is a potential positive control drug
comparable to rifampin for evaluation of CYP3A4 induction in sandwich-
cultured primary human hepatocytes. Acta Pharmacol. Sin. 43 (3), 747–756.
doi:10.1038/s41401-021-00692-7

XiaoyueZhou, H., PengLi, C. W., HongjunLu, M. X., and Tong, Z. (2022).
e21063 Short-term efficacyof furmonertinib in treatmentof NSCLCpatientswith
EGFRexon20insertion. Am. Soc. Clin. Oncol. 40, e21063. abstr. doi:10.1200/JCO.
2022.40.16_suppl.e21063

Frontiers in Pharmacology frontiersin.org07

Zhang et al. 10.3389/fphar.2022.964606

https://doi.org/10.1093/annonc/mdt418
https://doi.org/10.1093/annonc/mdt418
https://doi.org/10.3322/caac.21492
https://doi.org/10.1371/journal.pone.0247620
https://clinicaltrials.gov/ct2/show/NCT04958967?term=NCT04958967&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04958967?term=NCT04958967&draw=2&rank=1
https://doi.org/10.1007/s40265-021-01588-w
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1158/1535-7163.MCT-17-0758
https://doi.org/10.1158/1535-7163.MCT-17-0758
https://doi.org/10.1016/j.annonc.2021.08.1815
https://doi.org/10.1016/j.annonc.2021.08.1815
https://doi.org/10.3390/ijms141224549
https://doi.org/10.1200/JCO.21.01323
https://doi.org/10.1111/cas.14277
https://doi.org/10.1097/JTO.0b013e3182614a9d
https://doi.org/10.1097/JTO.0b013e3182614a9d
https://doi.org/10.1007/s40265-021-01632-9
https://doi.org/10.1038/s41401-021-00667-8
https://doi.org/10.1038/s41401-021-00667-8
https://doi.org/10.1002/cncr.29493
https://doi.org/10.1200/JCO.21.00662
https://doi.org/10.1200/JCO.2022.40.16_suppl.9015
https://doi.org/10.1200/JCO.2022.40.16_suppl.9015
https://doi.org/10.1016/j.annonc.2020.08.1659
https://doi.org/10.1016/j.ejca.2021.02.038
https://doi.org/10.1016/j.lungcan.2007.06.024
https://doi.org/10.1016/j.cllc.2021.07.001
https://doi.org/10.1016/j.cllc.2021.07.001
https://doi.org/10.1016/j.jtho.2020.01.010
https://doi.org/10.1016/j.jtho.2020.01.010
https://doi.org/10.1016/j.annonc.2022.02.010
https://doi.org/10.1007/s40265-021-01561-7
https://doi.org/10.1016/S0140-6736(21)00312-3
https://doi.org/10.1016/j.cllc.2019.06.018
https://doi.org/10.1038/s41401-021-00692-7
https://doi.org/10.1200/JCO.2022.40.16_suppl.e21063
https://doi.org/10.1200/JCO.2022.40.16_suppl.e21063
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.964606


Xu, J., Jin, B., Chu, T., Dong, X., Yang, H., Zhang, Y., et al. (2016). EGFR tyrosine
kinase inhibitor (tki) in patients with advanced non-small cell lung cancer (NSCLC)
harboring uncommon EGFR mutations: A real-world study in China. Lung Cancer
96, 87–92. doi:10.1016/j.lungcan.2016.01.018

Yang, G., Li, J., Xu, H., Yang, Y., Yang, L., Xu, F., et al. (2020). EGFR exon
20 insertion mutations in Chinese advanced non-small cell lung cancer patients:
Molecular heterogeneity and treatment outcome from nationwide real-world study.
Lung Cancer 145, 186–194. doi:10.1016/j.lungcan.2020.03.014

Yang, J. C., Sequist, L. V., Geater, S. L., Tsai, C. M., Mok, T. S., Schuler, M., et al.
(2015). Clinical activity of afatinib in patients with advanced non-small-cell lung
cancer harbouring uncommon EGFR mutations: A combined post-hoc analysis of
LUX-lung 2, LUX-lung 3, and LUX-lung 6. Lancet. Oncol. 16 (7), 830–838. doi:10.
1016/S1470-2045(15)00026-1

Yasuda, H., Ichihara, E., Sakakibara-Konishi, J., Zenke, Y., Takeuchi, S., Morise,
M., et al. (2021). A phase I/II study of osimertinib in EGFR exon 20 insertion
mutation-positive non-small cell lung cancer. Lung Cancer 162, 140–146. doi:10.
1016/j.lungcan.2021.10.006

Yasuda, H., Kobayashi, S., and Costa, D. B. (2012). EGFR exon 20 insertion
mutations in non-small-cell lung cancer: Preclinical data and clinical implications.
Lancet. Oncol. 13 (1), e23–31. doi:10.1016/S1470-2045(11)70129-2

Yasuda, H., Park, E., Yun, C. H., Sng, N. J., Lucena-Araujo, A. R., Yeo, W.
L., et al. (2013). Structural, biochemical, and clinical characterization of
epidermal growth factor receptor (EGFR) exon 20 insertion mutations in
lung cancer. Sci. Transl. Med. 5 (216), 216ra177. doi:10.1126/scitranslmed.
3007205

Yu, H. A., Shao Weng Tan, D., Smit, E. F., Spira, A. I., Soo, R. A., DannyNguyen,
VictorHo-FunLee, et al. (2022). 9007 Phase (Ph) 1/2a study of CLN-081in
patients(pts) with NSCLCwith EGFR exon 20insertionmutations(Ins20). Am.
Clin. 40, abstr 9007. doi:10.1200/JCO.2022.40.16_suppl.9007

Zhou, C., Ramalingam, S. S., Kim, T. M., Kim, S. W., Yang, J. C., Riely, G. J., et al.
(2021). Treatment outcomes and safety of mobocertinib in platinum-pretreated
patients with EGFR exon 20 insertion-positive metastatic non-small cell lung
cancer: A phase 1/2 open-label nonrandomized clinical trial. JAMA Oncol. 7
(12), e214761. doi:10.1001/jamaoncol.2021.4761

Frontiers in Pharmacology frontiersin.org08

Zhang et al. 10.3389/fphar.2022.964606

https://doi.org/10.1016/j.lungcan.2016.01.018
https://doi.org/10.1016/j.lungcan.2020.03.014
https://doi.org/10.1016/S1470-2045(15)00026-1
https://doi.org/10.1016/S1470-2045(15)00026-1
https://doi.org/10.1016/j.lungcan.2021.10.006
https://doi.org/10.1016/j.lungcan.2021.10.006
https://doi.org/10.1016/S1470-2045(11)70129-2
https://doi.org/10.1126/scitranslmed.3007205
https://doi.org/10.1126/scitranslmed.3007205
https://doi.org/10.1200/JCO.2022.40.16_suppl.9007
https://doi.org/10.1001/jamaoncol.2021.4761
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.964606

	Case Report: A good response to furmonertinib second-line treatment of an advanced lung adenocarcinoma patient with a rare  ...
	Introduction
	Case report
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


