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Abstract
Introduction: It has been well reported that non-small-cell lung cancer (NSCLC) patients with single epithelial growth factor
receptor (EGFR) activating mutation have high objective response rate when treated with EGFR-TKIs. However, due to rarity of
cases, the response of patients with EGFR double or multiple mutations is not yet well understood. Patient-derived organoid
technology has become to a powerful tool in cancer personalized medicine.

Patient concerns: A 60-year-old nonsmoking female was admitted to hospital for lung cancer after Chest CT.

Diagnoses: The patient had no obvious clinical symptoms. Postoperative pathology confirmed a stage I of NSCLC. An EGFR
double mutation 19Del/L643V was detected in the sequence of patient’s cancer specimen.

Interventions: The patient was in good condition after surgical resection, with no sign of lung cancer recurrence. The patient has
not yet started on targeted medicine.

Outcomes: A lung cancer organoid culture was established from the cancer tissue of the patient, which recapitulated the
morphological and molecular characteristics of cancer tissue. The drug sensitivity test showed that the cancer organoids that
retained original mutations were sensitive to anticancer agents osimertinib and gefitinib, while resistant to erlotinib and icotinib.

Conclusion: The uncommon EGFR double mutation exhibits distinctive sensitivities towards different target drugs of EGFR-TKIs.
Our findings provide a better understanding of EGFR-TKIs’ effects on patient-derived cancer organoids harboring uncommon EGFR
double mutation(s).

Abbreviations: EGFR = epithelial growth factor receptor, NSCLC = non-small-cell lung cancer, TKI = tyrosine kinase inhibitor.
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1. Introduction

Lung cancer is the most commonly diagnosed cancer and leading
cause of cancer death in China. Non-small-cell lung cancer
(NSCLC) accounts for more than 85%.[1] Primary NSCLC
patients who have double mutations in epithelial growth factor
receptor (EGFR) are less common.[2] It has been well acknowl-
edged that NSCLCs containing EGFR kinase domain mutations
are especially sensitive to EGFR tyrosine kinase inhibitors (EGFR
TKIs).[3] However, it is not clear how NSCLC patients harboring
an EGFR double mutation respond to EGFR TKIs.
Organoid technology has been remarkably improvedover the last

decade. Cancer organoid is generated from cancer tissues derived
from patients by three-dimensional culture with a reasonably high
success rate.[4] It has been reported that cancer organoids can reflect
faithfully the drug response of the corresponding patient.[5] Lung
cancer organoid cultures closely recapitulate themorphological and
genetic features of clinical samples, therefore, it is useful for
predicting patient-specific drug response.[6,7]
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Figure 1. Computed tomography (CT) scan revealed a tumor mass in the upper lobe of left lung (arrow).
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Here, we present a case of early-stage lung adenocarcinoma
harboring an EGFR double mutation. A cancer organoid model
was subsequently established from the patient’s biopsy specimen
to evaluate the drug response to EGFR-TKIs.
2. Case report

A 60-year-old non-smoking female was admitted to hospital for
nodules found in her left lung. She had no obvious clinical
symptoms. Chest CT (computed tomography scan) scan revealed
a mass in the left upper lobe in the left lung (Fig. 1). The patient
was admitted for surgery after clinical assessment. In April 2019,
the mass (1.7�1.1�0.9cm) was removed by thoracoscopic
lobectomy. Postoperative pathology confirmed a stage I
(pT1N0M0), moderately differentiated adenocarcinoma of
NSCLC. Due to the early stage of the lung cancer, the patient
has not taken the targeted medicine. The patient was followed up
regularly. So far, the patient has been in good condition after
surgical resection.
To select an effective targeted therapy, DNA sequencing study

of patient’s cancer tissue was carried out and examined using a
panel of all exons of 16 genes. An EGFR double mutation 19Del
(p.L747_S752delinsQH)/L643V was detected (Fig. 2a). The
abundance of the detected EGFR 19Del and L643V mutations
were 9.3% and 7.2%, respectively. EGFR exon 19 deletion is a
well-known hotspot mutation and highly sensitive to EGFR-TKIs
(Fig. 2b). However, L643V, a single point mutation C to G in
exon 16 (transcript: Human NM_201284), appeared a new
mutation located within transmembrane domain (Fig. 2c). This
cancer related mutation is not recorded in most of databases
including cosmic, TCGA, ClinVar, EXAC or 1000 Genomes. An
organoid model (Fig. 3) was established by culturing the patient’s
cancer tissue from surgical resection and used for drug screening
as described by Sachs.[6] The DNA sequencing result revealed an
identical EGFR double mutation 19Del (p.L747_S752de-
linsQH)/L643V was detected in corresponding cancer organoids
(Fig. 2a).
Subsequently, we evaluated the drug response of the lung

cancer organoid to EGFR-TKIs. Four first-line drugs for NSCLC
treatment, osimertinib, gefitinib, erlotinib, and icotinib, were
selected according to the NCCN guideline [8] and CSCO
guideline.[9] The dose-response curve study demonstrated that
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the EGFR double mutation in cancer organoids was clearly dose
responsive to osimertinib and gefitinib with IC50 values of 1.66
mM and 1.26 mM, respectively; but not sensitive to erlotinib or
icotinib (Fig. 4).

3. Discussion

Targeted therapy is becoming a mainstream in the treatment of
advanced NSCLC with oncogenic driver events nowadays. More
and more drugs were approved as first-line and subsequent
systemic therapy in patients with oncogenic genemutations.[10,11]

And clinicians are now working on developing more targeted
therapies. In addition, early-stage NSCLCs are at risk of
recurrence even after complete surgical resection. Thus, trials
for adjuvant targeted therapy have been conducted to improve
survival.[12] It is also important to prospectively predict the
treatment response for personalized precision medicine.
In this paper, we presented a case of a female NSCLC patient

whose pathological stage was T1N0M0. To learn what gene
mutation(s) she possesses and whether she can benefit from
targeted therapy, we conducted the DNA sequencing analysis.
A double mutation of EGFR (19Del and L643V) was identified
in her cancer tissue. So far, the patient has been in her good
condition after surgical resection, and yet, no sign of lung
cancer recurrence. It suggests that the EGFR double mutation
may have a good prognosis.[13] Deletions in exon 19 are the
most commonly found EGFR kinase domain mutation in
NSCLC, and the predictive effects of this drug-sensitive EGFR
mutation is well defined.[14] However, the combination of
EGFR 2 mutations may have an effect on its drug response to
EGFR TKIs.[15] The incidence rate of double mutation of EGFR
has been reported in several studies, however, the clinical
significance of EGFR double mutation has not been completely
confirmed.[2]

Traditional two-dimensional cancer cell lines have long been
employed as tumor models to test drug sensitivity. However,
many drawbacks hamper the 2D model for clinical use, such as,
cell line cultures show their inability in simulating organ-specific
functions and are lack of genetic heterogeneity. Cancer organoids
are developed from cancer tissues and exert potential imple-
mentations in evaluation of drug efficacy.[5,16] Vlachogiannis et al
[5] reported that patient-derived organoids (PDOs) can recapitu-



Figure 2. Next-generation sequencing of the organoid and matched tissue. (A). Mutations detected in organoid and matched tissue based on 16 lung cancer
genes. (B). Position of in-frame deletion in EGFR exon 19 and comparison with normal EGFR sequence. The deletion sequences/amino acids were shown in green;
The insertion sequences/amino acids were shown in red. (C). The schema of nucleotide and amino acid changes of EGFR L643V.
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late patient responses in the clinic, they found 100% sensitivity
and 93% specificity in forecasting response to targeted agents or
chemotherapy in patients. The study with lung cancer organoids
showed that there was high correlation between drug screening
with PDOs and patients’ mutation profiles.[7] Using lung cancer
organoid model, we demonstrated that the lung cancer organoids
retained the EGFR double mutation found in original cancer
tissue, which suggests that lung cancer organoid may be utilized
to predict the clinical response of the patient to targeted therapy
as well as for clinical drug selection. EGFR 19DEL and L858R
are considered to confer a favorable treatment response to first-
generation and third-generation TKI therapy. Based on EGFR
3

19Del, we may suggest that all EGFR-TKIs are effective for the
patient. Kim et al [7] assessed the in vitro patient-specific drug
sensitivity with lung cancer organoids (LCO), 2 LCOs had EGFR
L858R mutations showed different responses to erlotinib. LCO-
43 displayed high sensitivity to erlotinib, while LCO-51 was
resistant to erlotinib. This different response to erlotinib could be
associated with an intrinsic resistance mechanism, amplification
of MET. In our study, EGFR-TKIs sensitivity assessment
illustrated that the lung cancer organoids respond to osimertinib
and gefitinib notably, while icotinib and erlotinib have partial or
little effect on the cancer organoids harboring the uncommon
EGFR double mutation. It indicates that the differential response
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Figure 4. Dose-response curves of the 4 anticancer agents tested in lung cancer organoid culture.

Figure 3. Lung cancer organoid in culture (passage 8).
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of the lung cancer organoids to different EGFR-TKIs may be
associated with the uncommon EGFR double mutation. Further
verification are required in future large-scale study.
In summary, the uncommon EGFR double mutation may

possess distinctive sensitivities toward different target drugs of
EGFR-TKIs. Our findings provide a better understanding of
EGFR-TKIs in patients with an EGFR double mutation.
4

4. Conclusion

A patient-derived lung cancer organoid model was established
and utilized in anticancer drug screening. The results indicated
that the NSCLC organoid line with EGFR double mutations of
19Del and L634V is significantly sensitive to osimertinib and
gefitinib.



Bie et al. Medicine (2021) 100:11 www.md-journal.com
Author contributions

Conceptualization: Yanan Bie, Hang Lin.
Data curation: Yanan Bie, Dong Wang, Jing Liao.
Investigation: Yanan Bie, Linmin Xiong, Yelin Zhang.
Methodology: Dong Wang.
Validation: Jin Wang.
Writing – original draft: Yanan Bie.
Writing – review & editing: Hang Lin.
References

[1] ChenZ, Fillmore CM,Hammerman PS, et al. Non-small-cell lung cancers:
a heterogeneous set of diseases. Nat Rev Cancer 2014;14:535–46.

[2] Kobayashi S, Canepa HM, Bailey AS, et al. Compound EGFR mutations
and response to EGFR tyrosine kinase inhibitors. J Thorac Oncol
2013;8:118–22.

[3] TokumoM,ToyookaS,KiuraK, et al.The relationship between epidermal
growth factor receptor mutations and clinicopathologic features in non–
small cell lung cancers. Clin Cancer Res 2005;11:1167–73.

[4] Drost J, Clevers H. Organoids in cancer research. Nat Rev Cancer
2018;18:407–18.

[5] Vlachogiannis G, Hedayat S, Vatsiou A, et al. Patient-derived organoids
model treatment response of metastatic gastrointestinal cancers. Science
2018;359:920–6.
5

[6] Sachs N, Papaspyropoulos A, Zomer-van Ommen DD, et al. Long-term
expanding human airway organoids for disease modeling. EMBO J
2019;38:e100300.

[7] KimM,MunH, Sung CO, et al. Patient-derived lung cancer organoids as
in vitro cancer models for therapeutic screening. Nat Commun
2019;10:1–5.

[8] National Comprehensive Cancer Network Clinical Practice Guidelines in
Oncology: Non-Small Cell Lung Cancer. XXXX.

[9] Guidelines of Chinese Society of Clinical Oncology (CSCO): Primary
Lung Cancer

[10] Hirsch FR, Scagliotti GV, Mulshine JL, et al. Lung cancer: current
therapies and new targeted treatments. Lancet 2017;389:299–311.

[11] Chen R,Manochakian R, James L, et al. Emerging therapeutic agents for
advanced non-small cell lung cancer. J Hematol Oncol 2020;13:58.

[12] Nagasaka M, Gadgeel SM. Role of chemotherapy and targeted therapy
in early-stage non-small cell lung cancer. Expert Rev Anticancer Ther
2018;18:63–70.

[13] Tsao MS, Sakurada A, Cutz JC, et al. Erlotinib in lung cancer—
molecular and clinical predictors of outcome. New Engl J Med
2005;353:133–44.

[14] Sharma SV, Bell DW, Settleman J, et al. Epidermal growth factor receptor
mutations in lung cancer. Nat Rev Cancer 2007;7:169–81.

[15] Qin J, Wang J, Lin X, et al. Erlotinib Resistance with EGFR L858R/
Y891DDoubleMutation in a Patient with Non–Small Cell Lung Cancer.
J Thorac Oncol 2019;14:e65–8.

[16] Xu HX, Lyu XD, Yi M, et al. Organoid technology and applications in
cancer research. J Hematol Oncol 2018;11:116.

http://www.md-journal.com

	Lung adenocarcinoma organoids harboring EGFR 19Del and L643V double mutations respond to osimertinib and gefitinib
	1 Introduction
	2 Case report
	3 Discussion
	4 Conclusion
	Author contributions
	References


