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Lung cancer is the leading cause of cancer-related death 
worldwide [1], with non-small cell lung cancer (NSCLC) 
accounting for approximately 85% of all cases [2], and lung 
adenocarcinoma and squamous cell carcinoma representing 
the most common NSCLC subtypes [3].

An increased understanding of the genomic landscape in 
NSCLC has led to the identification of targetable molecular 
pathways and the subsequent development of highly targeted 
treatments that demonstrate substantial clinical benefit com-
pared with traditional platinum-based chemotherapy [4]. In 
particular, identification of epidermal growth factor receptor 
(EGFR) activation—most commonly resulting from L858R 
point mutation or deletions within exon 19 (Del19)—as an 
oncogenic driver in NSCLC, has led to the development and 
approval of several EGFR tyrosine kinase inhibitors (TKIs) 
[5]. Among these, afatinib, an ErbB family blocker that 
irreversibly binds and inhibits the activity of EGFR, HER2 
(ErbB2), and HER4 (ErbB4), and blocks transphosphoryla-
tion of HER3 (ErbB3) [6], is approved for first-line treatment 
of NSCLC in patients with non-resistant (sensitizing) EGFR 
mutations [7, 8].

Unfortunately, acquired resistance is a key challenge in 
the use of EGFR TKIs, and almost all patients ultimately 
experience tumor progression despite high initial response 
rates [9, 10]. The predominant resistance mechanism, 
detected in 50–70% of tumors [11–13], is the secondary 
EGFR T790M mutation, which appears to result in steric 
interference of EGFR TKI binding [14], or enhanced EGFR 

affinity for ATP [15, 16]. Several third-generation EGFR 
TKIs have been developed to overcome T790M-driven 
resistance, including osimertinib, an irreversible inhibitor 
of EGFR-sensitizing and T790M-resistance mutations, with 
selectivity over wild-type EGFR [17]. However, resistance 
to osimertinib is also inevitable, occurring through heteroge-
neous mechanisms, including acquisition of tertiary EGFR 
mutations or EGFR-independent mechanisms [9].

Given the availability of several EGFR-targeted drugs, 
there is currently considerable debate regarding optimal 
treatment sequencing in EGFR mutation-positive NSCLC 
to maximize long-term clinical benefit, with little direct evi-
dence from comparative trials available to inform these deci-
sions [5, 18, 19]. Herein, we describe the case of a patient 
with pleural-disseminated EGFR mutation-positive stage 
IV lung adenocarcinoma, who achieved long-term clini-
cal benefit of more than 6 years with sequential EGFR TKI 
treatment.

A 38-year-old non-smoking Chinese male, with no fam-
ily history of tumors, presented with an intermittent cough 
in June 2009. Computed tomography (CT) scans showed a 
flaky shadow on the left lower lung; subsequent follow-up 
5 months later indicated no change in the lesion and car-
cinoembryonic antigen (CEA) level was normal (≤ 5 ng/
mL). In November 2010, however, CT scan indicated that 
the lesion had become denser, and blood CEA level was 
110 ng/mL. Subsequent positron emission tomography/
CT scan indicated stage IB lung cancer (cT2aN0M0 [7th 
edition of tumor, node, metastasis [TNM] classification]). 
The patient was followed-up until December 2010, when 
video-assisted thoracic surgery (VATS) was performed. 
During VATS, bloody pleural effusion (80 mL) was iden-
tified, and multiple widespread nodules were observed in 
the parietal pleura, pericardium, and diaphragmatic muscle. 
The parietal nodules, found accidentally and which had not 
been observed in the CT scan before surgery, were removed 
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from the left upper lung for biopsy, via wedge resection, 
and pathological examination revealed NSCLC adenocar-
cinoma of the left upper lung. The patient was then classi-
fied as having pT4N0M1a (pleura) stage IV disease. Genetic 
analysis using the amplification-refractory mutation system 
(ARMS) indicated that the tumor was positive for EGFR 
Del19 (December 2010; Fig. 1).

The patient received first-line oral afatinib 40 mg/day 
from late December 2010, as part of the LUX-Lung 6 clini-
cal trial and achieved a partial response as the best over-
all response 3 months later (Fig. 2). This was associated 
with a 67% decrease in target lesion size, as well as the 
disappearance of pleural effusions, and pleural and pericar-
dial nodules. Notable drug-related adverse reactions were 
grade 2 erythema, and grade 1 diarrhea, paronychia, and 
dry skin. The patient remained asymptomatic but developed 
enlargement of target lesions and recurrence of small pleural 
effusions and pericardial nodules in December 2013. The 
initial progression-free survival (PFS) time (PFS1) was 36 
months. He then developed cough, tachypnea, and large 
pleural effusions in the left lung. Post-initial PFS (PFS2) 
was confirmed as 4 months, for a total PFS of 40 months on 
first-line afatinib (Fig. 1). Evaluation in April 2014 showed 
significant pleural thickening in the left side, with a large 
volume of left pleural effusion that was partially enclosed, 
and multiple nodular lesions emerging in the right lung and 
mediastinal lymphadenectasis.

Pleural re-biopsy in April 2014 reconfirmed the presence 
of adenocarcinoma, which was positive for EGFR Del19 
(ARMS method) and negative for T790M and anaplastic 
lymphoma kinase (ALK) rearrangement (Ventana method). 

Polymerase chain reaction showed no MET amplification. 
The patient discontinued afatinib and, in April 2014, ini-
tiated second-line treatment with pemetrexed and cispl-
atin chemotherapy for four cycles, and achieved a PFS of 
8 months (Fig. 1). The patient had been treated with afatinib 
for a total of 40 months between December 2010 and April 
2014, with no other anti-tumor therapy given during this 
time.

Further pleural re-biopsy in January 2015 identified 
EGFR Del19-positive, T790M-negative, and MET amplifi-
cation- and ROS1 rearrangement-negative NSCLC (Fig. 1). 
At that time, next-generation sequencing (NGS) was not 
available for use in clinical practice, and the patient refused 
treatment with docetaxel. There were no further standard 
treatments for the patient, so from January 2015, the patient 
began treatment with osimertinib, which he obtained him-
self; it had not been approved in China at the time. Fortu-
nately, he received benefit from osimertinib treatment and 
had PFS of approximately 19 months. Hepatic metastasis 
was detected in August 2016, and local ablation in the liver 
was carried out in August 2016 and again in November 
2016. The patient developed aggravated cough and headache 
in November 2016, and leptomeningeal metastases were 
identified by brain magnetic resonance imaging (MRI). The 
patient received whole brain radiotherapy (30Gy/10F) in 
December 2016, which was well tolerated. In January 2017, 
a lumbar puncture was performed and a sample of cerebro-
spinal fluid (CSF) was collected. NGS testing showed that 
CSF and blood plasma samples were both positive for EGFR 
T790M/C797S (cis) and Del19 mutations (Table 1). The 
patient tried treatment with osimertinib in combination with 
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Fig. 1   Overview of medical history showing mutation types, treat-
ments administered, and PFS outcomes. ALK anaplastic lymphoma 
kinase, CT chemotherapy, Del19 deletions within exon 19, EGFR 

epidermal growth factor receptor gene, mo. months, PFS progression-
free survival, WBRT whole brain radiotherapy
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the first-generation EGFR TKIs gefitinib (250 mg daily) and 
erlotinib (150 mg daily) and received clinical benefit as his 
symptoms of cough, headache, and dizziness improved. At 
the last follow-up (May 2017), the patient was being treated 
with gefitinib, erlotinib and best supportive care; his general 
condition was still considered to be good, and symptoms of 
headache and dizziness had improved. The patient died in 
September 2017.

The case demonstrates long survival benefit from tar-
geted treatment, especially the second-generation EGFR 
TKI afatinib. Although limited by detecting technology, the 
patient received the third-generation EGFR TKI, osimerti-
nib, and also derived great benefit from the treatment.

This case demonstrates how appropriate sequencing of 
targeted therapy can result in long-term clinical benefit in 
patients with NSCLC. Initial identification of the EGFR 
Del19 mutation suggested that the cancer was driven by 

EGFR activation, which led to initiation of targeted therapy 
with afatinib. PFS1 with first-line afatinib was 36 months, 
considerably longer than that typically reported in clinical 
trials of first-line afatinib (median PFS 11.0–11.1 months) 
[7, 20, 21]. This may reflect the absence of brain metasta-
ses at diagnosis and the fact that the patient had an initial 
objective response to treatment, both of which are associ-
ated with better prognosis during first-line afatinib treatment 
[22, 23]. Likewise, EGFR Del19 is associated with improved 
progression-free and overall survival in patients treated with 
afatinib rather than chemotherapy [24].

Following tumor progression, pleural biopsy analysis did 
not reveal the molecular mechanism of resistance to afatinib; 
at this time, the patient tested positive for EGFR Del19; 
EGFR T790M substitution, MET amplification and ALK 
rearrangements were not observed. Nevertheless, uptake of 
repeated biopsies has been shown to help inform treatment 

Fig. 2   Radiological assessment (CT scan) relating to first-line afatinib at a baseline (December 2010), b best response (March 2011), c slow pro-
gression (December 2013), and d full progression (April 2014). CT computed tomography

Table 1   Summary of genetic mutations in CSF and blood plasma samples (January 2017)

CSF cerebrospinal fluid, EGFR epidermal growth factor receptor gene

Sample Gene Mutation type Mutation result Abundance (%)

CSF EGFR Non-frameshift deletion mutation NM_005228.3(EGFR):c.2235_2249delGGA​ATT​
AAG​AGA​AGC(p.Glu746_Ala750del)

3.23

EGFR Missense mutation NM_005228.3(EGFR):c.2369C>T(p.Thr790Met) 3.18
EGFR Missense mutation NM_005228.3(EGFR):c.2389T>A(p.Cys797Ser) 3.11

Blood plasma EGFR Missense mutation NM_005228.3(EGFR):c.2369C>T(p.Thr790Met) 39.10
EGFR Non-frameshift deletion mutation NM_005228.3(EGFR):c.2235_2249delGGA​ATT​

AAG​AGA​AGC(p.Glu746 Ala750del)
30.86

EGFR Missense mutation NM_005228.3(EGFR):c.2389T>A(p.Cys797Ser) 15.95
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decisions following acquired resistance to EGFR TKIs in 
other cases [25, 26]. Moreover, the continued effectiveness 
of EGFR-targeted therapies, namely osimertinib monother-
apy and combination therapy, indicate that afatinib resist-
ance may not have been EGFR-independent in this case. 
Despite the T790M-negative pleural biopsy, which could 
potentially have been caused by a false-negative EGFR test 
or an inadequate re-biopsied specimen for testing, the fail-
ure of afatinib treatment may still be attributable to T790M 
substitution, as intratumoral genetic heterogeneity, including 
T790M expression, has been documented [27–29]. A recent 
study has also suggested that primary EGFR Del19 muta-
tion, brain metastasis, and longer PFS with initial EGFR 
TKI treatment are associated with acquired T790M resist-
ance [30]. In this regard, analysis of both tissue biopsies 
and blood samples has been suggested to improve identifi-
cation of the T790M mutation [25, 31]. This approach may 
allow more patients with T790M-positive disease to receive 
subsequent osimertinib after afatinib failure and potentially 
benefit from a longer chemotherapy-free period [25].

PFS following patient-initiated treatment with osimerti-
nib was ≈ 19 months, which is longer than that reported for 
second-line use of osimertinib in clinical trials (median PFS 
of 10.1 months) [32]. This may reflect disease metastasis 
being restricted largely to the intrathoracic cavity at the time 
of onset, without extrathoracic metastasis and, specifically, 
cerebral/brain metastasis, which has been associated with 
shorter PFS with second- and third-line osimertinib treat-
ment in patients with NSCLC [33]. The total time on first- 
and second-line treatment was also longer than that observed 
in patients with Del19-positive tumors who received sequen-
tial first-line afatinib and second-line osimertinib in an 
observational, multicenter study (30.0 months) [34]. Con-
sistent with that study, our findings provide further support 
for the sequential use of afatinib followed by osimertinib, 
particularly in Del19-positive NSCLC [34, 35].

After progression during osimertinib monotherapy, 
molecular typing revealed the mechanism of osimertinib 
resistance to be acquisition of the EGFR C797S substitu-
tion. Notably, this mutation was identified on the same allele 
as the T790M mutation (in cis), which is surprising given 
that previous studies have reported efficacy of first-/third-
generation EGFR TKI combinations against T790M/C797S 
mutations in trans but not in cis [36, 37].

Whilst this case exemplifies how long-term clinical ben-
efit can be achieved through sequential use of TKIs, there is 
not yet a consensus on the optimal sequence of treatments 
[5, 18, 19]. Osimertinib was initially approved for second-
line therapy of EGFR mutation-positive NSCLC following 
resistance to first- and second-generation TKIs [38]. How-
ever, following recent clinical evidence of improved PFS, 
CNS efficacy and tolerability compared with first-generation 
EGFR TKIs as first-line therapy [39], osimertinib has now 

been approved in this setting [40]. Whether osimertinib 
should be used as first-line treatment or reserved for second-
line use remains a key question. In the absence of prospec-
tive trials specifically comparing sequential EGFR TKI regi-
mens, the outcomes from comparative trials incorporating 
treatment crossover or assessing subsequent therapies will 
be important to inform the ongoing debate.

In this case, effective treatment sequencing led to a dura-
ble clinical benefit in a patient with EGFR mutation-positive 
stage IV NSCLC. PFS of 40 months was achieved with first-
line afatinib, which was generally well tolerated, and subse-
quent osimertinib treatment afforded PFS of ≈ 19 months, 
resulting in a combined PFS time of ≈ 60 months with 
sequential afatinib and osimertinib. These findings provide 
further support for sequential use of afatinib followed by osi-
mertinib in patients with EGFR mutation-positive NSCLC.
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