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Abstract: Brain metastases (BMs) and bone metastases
seriously affect the prognosis of lung cancer patients.
How to optimize the use of existing targeted drugs is an
important way to address the clinical needs of the central
nervous system in the individualized treatment of non-
small cell lung cancer (NSCLC). In this report, we describe
an NSCLC patient with BMs who survived for 58 months,
which is the longest survival case among lung cancer
patients with BMs. The patient was initially diagnosed
with lung cancer more than 5 years ago with simultaneous
brain, bone, and lung metastases. After gefitinib resis-
tance, she received osimertinib in sequence with no pro-
gress for 58 months in total and maintained very good
quality of life.
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1 Introduction

The nervous system is the most commonmetastatic site of
lung cancer, especially in women [1]. About 50% of brain
metastases (BMs) originated from non-small cell lung
cancer (NSCLC) [2]. Compared with nervous systemmetas-
tases, bone metastases had poor survival signals [1]. His-
torically, due to the physical, chemical, and metabolic

properties of the blood–brain barrier, which prevented
drug delivery to the central nervous system, the brain
had been considered as a refuge for metastatic NSCLC
[3]. Although chemotherapy was not used to treat BMs
because of the effects of the blood–brain barrier [3], tar-
geted agents and immune checkpoint inhibitors have shown
significant benefits [4]. For patients with advanced NSCLC
without history of smoking, targeted therapy is recom-
mended first if the molecule tests positive for epidermal
growth factor receptor (EGFR) [5]. With the discovery of
targeted promoter genes and related drug research, the treat-
ments of advanced NSCLC patients with multiple metastases
have also made gratifying progress [6–8]. How to optimize
the use of existing targeted drugs is an important way to
address the clinical needs of central nervous system in the
individualized treatment of NSCLC [9]. We herein present a
patient of NSCLC with multiple metastases to the brain,
bone, and lung who survived for more than 5 years after
appropriate combination of molecular targeted therapies
while maintaining a very good quality of life. This is by far
the longest survival in patients with NSCLC complicated
with multiple metastases to the brain, bone, and lung.

2 Case report

The 63-year-old female never-smoker was admitted to
our department for the first time on December 23, 2015,
due to cough and dyspnea for over 20 days. Her chest com-
puted tomography (CT) showed space-occupying lesions
in the right hilum and enlarged lymph nodes in the med-
iastinum, atelectasis of the right lung, massive pleural
effusion in the right side, andmultiple nodules in both lungs
(Figure 1a). Magnetic resonance imaging (MRI) showed gadoli-
nium-enhanced multiple abnormal intensification foci in the
brain which were considered to be multiple metastatic tumors
(Figure 2a, c, and e). The serum concentration of the car-
cinoembryonic antigen (CEA)was 18.75 ng/mL. Right thor-
acic closed drainage and pleural biopsy were performed,
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resulting in a total of 1,500mL yellow pleural fluid drained
out (Figure 1b) and a pleural fluid CEA of 17.55 ng/mL.

The histology of the pathological changes confirmed
by both pleural biopsy (Figure 3a and b) and fiberoptic
bronchofiberscopy biopsy (Figure 3c and d) was adeno-
carcinoma of the lung. Then the EGFR mutation status
was investigated and the result showed a point mutation
at exon 21 (L858R). One month later, the patient underwent
a systemic bone imaging examination, which revealed
abnormal bone metabolism in the middle of the left femur
(Figure 4a). Bilateral femoral MRI showed bilateral femoral
shaft metastatic tumor.

The patient received gefitinib and intermittent zole-
dronic acid for bone metastases until 20 months, and
then MRI showed that BMs which had disappeared and
shrunk (Figure 2b and d) after gefitinib were progressing
again. The cancer lesions in lungs of the patient were sig-
nificantly reduced (Figure 1c) after gefitinib and did not
progress during the treatment period. Systemic bone ima-
ging showed that the metabolic activity of hypermetabolic
lesions in the middle part of the left femur was significantly
decreased after gefitinib treatment (Figure 4b) and the
patient had never been affected by lower limb discomfort.

The patient received osimertinib for 38 months which
was recommended after T790M acquisition confirmed by
liquid biopsy after brain MRI showed progression of the
disease on August 7, 2020 (Figure 2f).

No matter taking gefitinib or osimertinib, the patient
only had mild diarrhea and mild paronychia, which did
not affect the life of the patient. During the 58 months of
treatment, the patient maintained a good quality of life
and took care of her family as usual.

Until September 8, 2020, the patient developed uni-
lateral facial paralysis, and MRI examination showed a
new metastasis in the brain.

The patient was then given osimertinib for a double
dose of 1 month and revisited with brain MRI on October
7. The BMs still showed growth while the patient still had
no other intracranial symptoms.

Illumina second-generation sequencing was performed
on May 6, 2020, and 600 genes were tested, but no targeted
drug-related mutations were detected. Written informed
consent has been provided by the patient’s husband to
have the case details and any accompanying images
published.

3 Discussion

NSCLC patients with multiple organ metastases have a
high risk of death, and lung adenocarcinoma is the
most common type of metastatic lung cancer [10]. EGFR
mutation is a major drug target for lung adenocarcinoma
[11]. Patients with EGFR mutation are more likely to
develop BMs than patients with wild-type EGFR. BM
was present in about 25% of the patients with EGFR
mutations at initial diagnosis [9].

Tyrosine kinase inhibitors have been recommended
as standard therapy for asymptomatic NSCLC patients
with EGFR mutations with BMs [12]. However, resistance
to the first targeted therapy usually occurs in 9–13 months
[13]. Previous studies have shown the different mechanisms
of acquired EGFR TKI resistance [14–16], and 50–60% of
the cases were associated with T790M-resistant muta-
tions [17,18].

Although previous study had demonstrated that osimer-
tinib, as a third-generation EGFR-TKI, not only improved
median progression-free survival (PFS) in NSCLC patients
by overcoming T790m-mediated resistance [19] but also
was more effective than other EGFR-TKI as a first-line treat-
ment for metastatic NSCLC patients [20], this patient in our
case with BMs from lung adenocarcinoma with EGFR L858R
mutation also had a very good survival with well-toleration
following sequential osimertinib treatment after gefitinib
failure. For patients with BMs from lung adenocarcinoma,
continued administration of osimertinib should still be an
important option after the first-generation EGFR-TKI failure,

Figure 1: Chest CT. The arrow points to the tumor site. (a) At initial diagnosis, (b) after closed drainage of the right chest, and (c) after
targeted therapy of gefitinib.
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when T790M mutation has been confirmed by biopsy. The
regimen in our report of gefitinib as first-line treatment
followed by osimertinib after gefitinib resistance resulted
in a PFS of 58 months even longer than the reported overall

survival of osimertinib as first-line treatment, which was less
than 54 months [20].

If osimertinib was selected as the first-line treatment,
it would be more difficult after drug resistance, because

Figure 2:Multiple BMs revealed by MRI. (a and b), (c and d), and (e and f) are image comparison of the same part, respectively. (a), (c), and
(e) At initial visit, (b) and (d) after targeted therapy of gefitinib, and (f) a new metastasis was found in the right cerebellar hemisphere.
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Figure 3: Hematoxylin–eosin-stained biopsy specimens. (a) (10*10) and (b) (40*10) showed the pathology of pleural biopsy specimens:
Well-differentiated adenocarcinoma infiltration in small fibrous tissue, immunohistochemical feature: CK (+) EMA (−) Vim (−) MC (−) CR (−)
P53 (−) Ki-67 (2% +) CK7 (−) TTF-1 (−) Villin (−) CK 20 (−) CDX-2 (−) CEA (−). (c) (10*10) and (d) (40*10) showed the pathology of
bronchoscopic biopsy specimens: (right lower lobe bronchial orifice) infiltrating adenocarcinoma, tumor thrombus was found in vascular
cavity, immunohistochemical feature CK7 (+) TTF-1 (+) CEA (+) CK (+) CD31 (vascular+, tumor thrombus visible).

Figure 4: Systemic bone imaging. The metabolic activity of hypermetabolic focus in the middle part of left femur decreased significantly
after treatment. (a) At the initial visit and (b) after targeted treatment of gefitinib.
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there was no ready-made drug choice. For example, in
our case, after osimertinib resistance, we needed to choose
invasive brain radiotherapywhich required higher technical
conditions. Compared with drug treatment, this kind of
radiotherapy was obviously affected by the availability of
local radiotherapy conditions, which would increase the
patient’s body and economic burden.

Metastases to bones were frequent events in a variety
of cancers including breast cancer, prostate cancer, etc.,
especially lung cancer which had been increasing in
some areas over the years, and were associated with
poor prognosis in lung cancer patients [1,21,22]. Previous
studies have shown that metastatic bone diseases, espe-
cially metastatic tumors that disproportionately affected
the axial bone [21], often developed bone-related events
in patients, and spinal metastases were more likely to
cause pain, instability, and vertebral collapse, making
them spinal surgical emergencies with significant public
health and economic consequences [23], greatly influencing
on the quality of life of patients [24]. For the treatment
of bone metastases, chemotherapy combined with radio-
therapy, supplemented by bisphosphonates and nuclides,
had always been emphasized on the basis of palliating symp-
toms [25], and bone-targeted drugs have also been men-
tioned [24]. In our case, bone metastasis was reduced and
improved after targeted therapy combined with bisphospho-
nate therapy for primary lesion control.

4 Conclusion

In conclusion, multiple metastases, especially BMs, are
still important threats to lung cancer patients. Sequential
administration of osimertinib after gefitinib resistance
remains one of the primary options in patients with
lung adenocarcinoma with brain and bone metastases
with EGFR exon 21 mutation. The treatments are not
only very effective in disease control but also have little
impact on patients’ quality of life.
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