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Two case reports of non-small cell lung cancer patients harboring
acquired EGFR T790M-cis-C797S benefit from immune checkpoint
inhibitor combined with platinum-based doublet chemotherapy
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Background: Acquired resistance is inevitable in non-small cell lung cancer (NSCLC) patients treated
with epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs). The emergence of EGFR
exon 20 C797S is one of the major resistance mechanisms to osimertinib as a third-generation EGFR-TKI.
To date, there is no standard of care for NSCLC patients after acquiring EGFR C797S. Immune checkpoint
inhibitors (ICIs) have revolutionized the treatment of various types of cancers in the last decade. Whether
NSCLC patients with acquired EGFR C797S could benefit from ICIs remains elusive.

Case Description: Herein, we reported two cases of EGFR-mutant NSCLC patients who acquired a
tertiary EGFR mutation C797S benefited from ICIs. A 28-year-old woman presented with anepithymia
and nausea. Chest computed tomography (CT) revealed a mass in the right lung. She was diagnosed with
stage IV lung adenocarcinoma (LUAD) with EGFR exon 19 deletion (19del) based on imaging and next-
generation sequencing (NGS) findings. She received icotinib followed by osimertinib, then acquired EGFR
T790M-cis-C797S. She had low tumor mutation burden (TMB) and achieved partial response (PR) to a
programmed cell death-1 (PD-1) inhibitor sintilimab combined with platinum-based doublet chemotherapy
as late-line treatment lasting more than 5 months. A 66-year-old man complained with chest tightness,
hemoptysis, and back pain. CT scans revealed a mass in the right lung and metastases to the bilateral lungs,
liver, adrenal gland, mediastinal lymph nodes, and bone. He was also diagnosed with EGFR 19del-positive
LUAD and treated with icotinib followed by osimertinib. He also acquired EGFR T790M-cis-C797S. The
patient had low TMB also and benefited from a PD-1 inhibitor camrelizumab combined with platinum-
based doublet chemotherapy as late-line treatment with a progression-free survival (PFS) of 8 months. Two
cases had no treatment-related adverse events leading to discontinuation of PD-1 inhibitors.

Conclusions: Our study provides the first clinical evidence that ICIs combined with platinum-based
doublet chemotherapy may be effective treatment options for overcoming resistance mediated by EGFR
T790M-cis-C797S. Clinical trials are needed to evaluate the efficacy and safety of PD-1 inhibitors in the
treatment of NSCLC patients harboring EGFR T790M-cis-C797S.
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Introduction

Lung cancer is a leading cause of malignancy-related death
worldwide. Non-small cell lung cancer (NSCLC) accounts
for approximately 85% of primary lung tumors. The
development of tyrosine kinase inhibitors (TKIs), such as
first-generation epidermal growth factor receptor (EGFR)-
TKI gefitinib against EGFR 19del/L858R and third-
generation EGFR-TKI osimertinib against primary or
acquired EGFR 'T790M, has revolutionized the treatment of
NSCLC (1). However, resistance to EGFR-TKI inevitably
develops. About 30% of EGFR T790M-positive NSCLC
patients acquire tertiary EGFR C797S mutation after
receiving osimertinib treatment (2). At present, there are
no established agents for EGFR-C797S-positive NSCLCs.
Immune checkpoint inhibitors (ICIs) display promising
efficacy and manageable safety in a variety of malignancies.
The efficacy of ICIs in NSCLC patients with EGFR C797S
has not been documented. Herein, we reported two cases
of EGFR-mutant NSCLC patients harboring a tertiary
EGFR mutation C797S who benefited from programmed
cell death-1 (PD-1) inhibitors combined with platinum-
based doublet chemotherapy. Our data might pave the way
for the potential clinical utilization of PD-1 inhibitors in
NSCLC patients harboring EGFR T790M-¢is-C797S. We
present the following article in accordance with the CARE
reporting checklist (available at https://atm.amegroups.
com/article/view/10.21037/atm-22-2436/rc).

Case presentation
Case 1

A 28-year-old woman without smoking history presented
with headache, anepithymia, and nausea for 2 weeks on
October 18, 2015. Chest computed tomography (CT)
revealed a mass (3.1 cm x 3.1 cm) in the right upper lung
and an enlarged mediastinal lymph node (3.1 cm x 3.0 cm).
Emission CT (ECT) revealed high metabolic activity in
the left 3" rib and sacral bone and ultrasound revealed
enlargement of the bilateral cervical lymph nodes (1.0 cm
x 0.9 cm and 2.5 cm x 1.7 cm). Moreover, brain magnetic
resonance imaging (MRI) indicated several masses in the
brain (largest mass: 3.0 cm x 2.1 cm). Also, the specific tumor
marker carcinoembryonic antigen (CEA) was 58.06 ng/mL
(Figure 1A4). Transbronchial biopsy of the primary lung
lesion revealed lung adenocarcinoma (LUAD). The patient
was diagnosed with stage IV right LUAD and an Eastern
Cooperative Oncology Group Performance Status (ECOG
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PS) of 2 in October 2015.

Real-time polymerase chain reaction (RT-PCR) on
lung biopsy showed EGFR 19del (p.E746_A750del)
(Figure 1A4). The patient received first-line icotinib plus
whole-brain radiotherapy (WBRT) in November 2015.
After 9 months of icotinib treatment, local progression of
the primary right lung lesion was observed. Continuing
icotinib and CT-guided radioactive iodine-125 (125I) seed
implantation was subsequently administered until March
2017 due to progressive disease (PD), with an enlarged
primary lung lesion and new metastases to the liver and
adrenal gland (Figure 1B). The patient benefited from
icotinib treatment, achieving a progression-free survival
(PFS) of 17 months. Plasma-based next-generation
sequencing (NGS) indicated the presence of a new
alteration, EGFR T790M, with an allele frequency (AF) of
17.14% (Figure 1A).

Second-line osimertinib was given in April 2017,
which resulted in a partial response (PR) after 1 month
of treatment, with decreased primary lung and adrenal
gland lesions (Figure 1B). However, she experienced PD
after 18 months of osimertinib treatment, with enlarged
primary lung and metastatic brain lesions (Figure 1B).
Meanwhile, plasma-based NGS showed a new alteration
cis-EGFR C797S with an AF of 0.61% as well as a blood
tumor mutational burden (TMB) of 5.91 mutations/Mb
(Figure 14). EGFR 'T790M with an AF of 0.94% and EGFR
19del with an AF of 2.86% were also detected. The patient
and her family members refused chemotherapy, so she
was given anlotinib as third-line treatment, and achieved
a PFS of 10 months. In March 2019, the patient received
a PD-1 inhibitor (sintilimab) combined with platinum-
based doublet chemotherapy. The treatment response was
assessed as PR. At the last follow-up visit, she was assessed
as having obtained benefit from this fourth-line treatment
for more than 5 months. There was no treatment-related
adverse events leading to discontinuation.

Case 2

A 66-year-old man without smoking history presented
with chest tightness, hemoptysis, and back pain. CT scans
revealed a mass in the right lower lung and metastases to
the bilateral lungs, liver, adrenal gland, mediastinal lymph
nodes, and bone. Biopsy from the lung lesion indicated a
moderately differential adenocarcinoma. He was diagnosed
with stage IV right LUAD and an ECOG PS of 3 in April
2017. RT-PCR, immunohistochemistry (IHC) staining, and
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Figure 1 The treatment milestones of Case 1. (A) The entire treatment procedure of Case 1; (B) CT and MRI scans at treatment

milestones. CT, computed tomography; MRI, magnetic resonance imaging; NGS, next-generation sequencing; EGFR, epidermal growth

factor receptor; PD, progressive disease; TMB, tumor mutational burden; CEA, carcinoembryonic antigen; LUAD, lung adenocarcinoma;

WBRT, whole-brain radiotherapy. Blue arrows indicated tumors.

fluorescence in situ hybridization (FISH) on lung biopsy
showed EGFR 19del without anaplastic lymphoma kinase
(ALK) fusion and hepatocyte growth factor receptor gene
(MET) amplification (Figure 2A4).

The patient received icotinib as first-line treatment in
April 2017. The best response to icotinib was PR. After
15 months of icotinib treatment, he experienced PD with
an enlarged primary lung tumor and a high CEA level of
335.6 ng/mL (Figure 2A4,2B). Plasma-based NGS was
performed and revealed the presence of EGFR T790M
with an AF of 10.8% and EGFR 19del with an AF of
43.9% (Figure 2A). The patient was subsequently treated
with osimertinib as second-line treatment. His ECOG
PS decreased to 1 after 10 days of osimertinib treatment,
and the treatment assessment was PR. He had PD after
14 months of osimertinib treatment in September 2019
(Figure 2B).
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Next, capture-based targeted sequencing on lung biopsy
using a panel comprising 520 cancer-related genes (Burning
Rock Biotech, Guangzhou, China) was performed and
indicated a microsatellite stability (MSS) tumor with a TMB
level of 5.6 mutations/Mb as well as the presence of EGFR
19del with an AF of 49.81%. Plasma-based NGS using a
panel consisting of 168 cancer-related genes (Burning Rock
Biotech, Guangzhou, China) indicated the presence of
EGFR T790M-cis-C797S with an AF of 18.87% and EGFR
T790M with an AF of 18.07% (Figure 2A4). Moreover, IHC
staining [programmed cell death ligand-1 (PD-L1) IHC
22C3 pharmDx, Agilent Technologies Inc., Santa Clara,
CA, USA] on lung biopsy revealed a tumor negative for
PD-L1 expression (0%) (Figure 24). The patient received
a PD-1 inhibitor (camrelizumab) combined with platinum-
based doublet chemotherapy as a third-line treatment in
October 2019 and obtained benefit, with a PFS of 8 months
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Figure 2 The treatment milestones of Case 2. (A) The entire treatment procedure of Case 2; (B) CT scans of the primary lung tumor at

the treatment milestones. CT, computed tomography; NGS, next-generation sequencing; EGFR, epidermal growth factor receptor; PD,

progressive disease; TMB, tumor mutational burden; PD-L1, programmed cell death ligand-1; CEA, carcinoembryonic antigen; LUAD,

lung adenocarcinoma. Blue arrows indicated tumors.

as of June 2020 (Figure 2B). He subsequently received
camrelizumab combined with bevacizumab and docetaxel
as a fourth-line treatment, and achieved a PFS of 4 months
following fifth-line treatment with PD-L1 inhibitor
durvalumab combined with anlotinib. He had grade I
pneumonitis during treatment. The patient succumbed to
his disease in December 2020 (Figure 2A).

Ethical consideration

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 Declaration
of Helsinki (as revised in 2013). Written informed consent
was obtained from the patients for publication of this case
report and accompanying images. Copies of the written
consent are available for review by the editorial office of this
journal.

Discussion

EGFR C797S is the most common tertiary EGFR mutation,
which occurs in exon 20 and accounts for 10-26%
of cases that develop resistance to second-line third-
generation EGFR-TKI osimertinib (via weakening of the
covalent binding between the cysteine residue at position
797 of EGFR and osimertinib) (3). The occurrence of EGFR
C797S has promoted the development of fourth-generation
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EGEFR inhibitors. At present, several fourth-generation
EGFR-TKIs against C797S are in development, such as
EAT045, TREA-0236, ZINC20531199, CH7233163, and
LS-106 (4). However, fully effective drugs have not yet been
approved for the treatment of NSCLC patients bearing
C797S, and thus, there is currently no standard of care for
NSCLC patients after acquiring EGFR C797S.

There is a pressing need to develop efficacious treatment
options for patients harboring EGFR C797S. Previous case
reports have revealed that NSCLC patients who acquired
EGFR T790M-cis-C797S could benefit from several
treatment strategies, including osimertinib combined with
anlotinib, osimertinib plus bevacizumab and brigatinib,
and cetuximab combined with brigatinib (5-7). In addition,
previous reports have also indicated that patients with
T790M-trans-C797S might respond to first- combined with
third-generation EGFR-TKIs (8,9).

ICIs targeting the PD-1/PD-L1 axis have emerged as
a pillar in the management of advanced malignancies (10).
The National Comprehensive Cancer Network guidelines
recommend immunotherapy, radiotherapy, continuing
osimertinib, anti-angiogenesis therapy, and chemotherapy
as palliative treatment options for NSCLC patients who
experienced disease progression with osimertinib treatment.
However, whether patients harboring T790M-cis-C797S
could benefit from late-line ICI treatment remains unclear.

In the present study, two cases of NSCLC patients
harboring EGFR 19del/T790M/C797S in cis achieved a
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durable response to PD-1 inhibitors. Case 1, who had a
low TMB, benefited from fourth-line treatment with a
PD-1 inhibitor (sintilimab) combined with chemotherapy,
which lasted for more than 5 months. Additionally, case 2,
who had negative PD-L1 expression, achieved a durable
response with a PD-1 inhibitor (camrelizumab) combined
with chemotherapy as a third/fourth-line treatment, which
lasted for 12 months.

There are several limitations associated with our study
that should be noted. Only two patients were involved in
the study to preliminarily explore the efficacy of ICIs in
NSCLC patients who acquired EGFR T790M-¢is-C797S.
We cannot conclude that NSCLC patients harboring EGFR
T790M-cis-C797S benefit from ICIs as late-line treatment.
Therefore, more evidence/clinical trials are needed to
evaluate the efficacy and safety of PD-1 inhibitors in the
treatment of NSCLC patients harboring EGFR T790M-cis-
C7978.

Our work provides clinical evidence that NSCLC
patients harboring EGFR T790M-cis-C797S might obtain
a durable response with ICI treatment. Our study suggests
that ICIs might be an effective treatment option for
NSCLC patients harboring EGFR T790M-cis-C797S. A
large, prospective, multi-cancer study are warranted to
investigate whether NSCLC patients with EGFR C797S
could benefit from IClIs.
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