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Abstract: CNS metastases are common in patients with non-small-cell lung cancer (NSCLC) 

and is associated with poor prognosis. In NSCLC patients with EGFR mutations, and ALK fusion 

oncogene, chemotherapy is ineffective; however, targeted and pulse therapies may be used as 

alternative treatment options. Elemene can cross the blood–brain barrier and enter the brain tissue. 

In this paper, treatment consisting of elemene injections in a case of NSCLC with brain metas-

tases, spinal metastases and a possible complication of leptomeningeal metastases is reported, 

and the efficacy of elemene in treating NSCLC with CNS metastases was investigated.
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Introduction
The incidence of brain metastases in non-small-cell lung cancer (NSCLC) is as high as 

50%,1,2 whereas the incidence of spinal cord metastases is 0.4%,3 and the incidence of 

leptomeningeal metastases (LM) is 2%.4 Once central nervous system (CNS) metastases 

occurs, the prognosis of a patient is very poor. According to 1 study, with no treatment, the 

median survival of NSCLC patients with brain metastases was only 1–3 months4, and only 

4–6 weeks in cases with LM.3 In NSCLC patients with EGFR mutations and ALK fusion 

oncogene, chemotherapy is ineffective; however, targeted and pulse therapies may be used 

as alternative treatment options.5–8 Elemene is a type of oil, with high volatility, that can 

cross the blood–brain barrier and enter the brain tissue. Previous studies suggested that 

elemene was effective in the treatment of brain metastases and that it could prolong the 

survival of patients.9,10 However, the treatment efficacy of elemene in cases of spinal 

metastasis with LM has rarely been reported. In this paper, treatment consisting of elemene 

injections in a case of NSCLC with brain metastases, spinal metastases and a possible 

complication of LM is reported, and the application value of elemene in the treatment of 

NSCLC with CNS metastases was investigated. Written informed consent was provided 

by the patient to have their case details, and any accompanying images, published. The 

patient’s family was informed of this report and they provided their consent. This report 

was also approved by the First Affiliated Hospital of Dalian Medical University.

Case report
A 45-year-old female patient (surface area:1.72) sought treatment on November 5, 2012 

due to gradually aggravated dizziness and headaches for 1 week. A brain MRI revealed 

multiple cerebral metastases, of which the large lesions measured ~2.1×1.9 cm. A lung 

CT revealed space-occupying lesions in the tip of the right upper pulmonary lobe and 

hilum, multiple metastases in both lungs, and enlarged mediastinal lymph nodes. The 

bronchoscopic examination with bronchial brush and lavage liquid base inspection 
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showed poorly differentiated cancer cells that resembled 

adenocarcinoma. The pathology results revealed NSCLC, 

and a diagnosis of adenocarcinoma was considered. The diag-

nosis was stage IV cancer of the right lung, with metastases 

observed in both lungs, in the mediastinal lymph nodes and 

in the brain. One course of whole-brain radiotherapy was 

performed, dose tissue (DT) 40 Gy, with a local dosage as 

high as 56 Gy. At the same time, oral chemotherapy consist-

ing of temozolomide was given, and the primary symptoms 

were relieved after the radiotherapy. After that, 3D conformal 

radiotherapy for the mediastinal tumor was performed at a 

DT of 56 Gy. Simultaneously, gefitinib targeted drug therapy 

was provided, even though the EGFR mutation status was 

unknown. In February 2013, the follow-up lung CT scan 

showed the progression of pulmonary metastases. Subse-

quently, gefitinib treatment was discontinued, and 2 courses 

of chemotherapy (docetaxel: 75 mg/m2 + cisplatin: 75 mg/m2) 

were administered, with the efficacy evaluated as progressive 

disease. The chemotherapy was then changed to 2 cycles of 

the gemcitabine regimen (gemcitabine: 1 g/m2 + cisplatin: 

75 mg/m2), and the efficacy, with respect to the lung lesions, 

was evaluated as stable disease. However, the patient devel-

oped a headache during the third course of chemotherapy 

with the gemcitabine regimen. A brain MRI (Figure 1A 

and B) revealed a cerebellar tentorial lesion and progres-

sion of the brain metastases. Temozolomide treatment was 

administered again for 3 months, but the patient’s headache 

was not relieved. Glycopeptide fructose and dexamethasone 

(10 mg/d) were given to reduce the intracranial pressure, 

and the headache was slightly relieved. On September 13, 

2013, 4 courses of pemetrexed combined with erlotinib 

were given, and the last dose of chemotherapy treatment 

Figure 1 Brain MRI showing brain metastasis.
Notes: Cerebellar tentorial lesion (A) horizontal position; (B) sagittal position. The signal of cervical and thoracic medulla is uneven spinal metastases-white arrows indicate 
metastatic lesions of the spinal cord (C, D); cerebellum and occipital lobe metastasis (E, F).
Abbreviations: A, anterior; F, foot side; H, head side; L, left; P, posterior; R, right.
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was administered on December 12, 2013. The headache was 

slightly relieved during the treatment. On January 14, 2014, 

the headache worsened and was accompanied by projectile 

vomiting, numbness, and pain in the right limb and shoulder. 

An emergency head CT scan revealed multiple metastases 

in the bilateral cerebellar hemispheres, cerebellar vermis, 

right frontal lobe, temporal lobe and the brain midline, 

which were aggravated in comparison to the lesions seen on 

December 2013. The enhanced head and spinal MRI (Figure 

1C–F) revealed uneven signals in the cervical and thoracic 

spinal cord, as well as patchy high signals and nodular shadow 

in the posterior cerebellum and occipital lobe. When review-

ing the patient’s medical history cerebellar and occipital 

tumor metastases as well as cervical and thymic metastases 

were also considered. The diagnosis of spinal metastasis was 

clear; the patient had a performance status 3 and was, there-

fore, not suitable for chemotherapy. EGFR and ALK genes 

were detected and no mutation was found. From January 25 

to January 30, 2014, elemene (120 mL, intravenously guttae 

[IVGTT], quaque die [QD]) and dexamethasone (10 mg/d) 

were administered, which relieved the dizziness and head-

ache. On January 30, the patient was discharged, and oral 

elemene was administered at home. On February 7, 2014, the 

numbness in both legs had gradually become worse. From 

February 7, 2014, to February 20, 2014, elemene (120 mL, 

IVGTT, QD) was continuously administered, which gradu-

ally alleviated both the headache, and numbness in both legs. 

From February 20, 2014, to March 15, 2014, the medication 

was withdrawn, and the patient experienced intermittent 

simple epileptic seizures and frequent headache episodes. 

From March 15, 2014, to March 21, 2014, elemene (120 mL, 

IVGTT, QD) was continued, and the patient’s headache was 

relieved. However, the patient experienced type 1 respiratory 

failure, and her general condition was poor. Nutritional sup-

port and symptomatic treatment were provided. The patient 

died on April 17, 2014, and the cause of death was lung 

cancer with brain metastases, respiratory function failure and 

possible brain hernia.

Discussion
CNS metastases, including brain metastases, LM, spinal 

metastases and spinal membrane metastasis affects patient 

survival and quality of life. In 1 study, even after treatment, 

the median survival time of lung cancer patients with brain 

metastases was only 3–6 months,11 and the prognosis was 

even worse if the patient also had spinal cord metastases and 

LM. The blood–brain barrier is the major factor that affects 

treatment efficacy. The blood–brain barrier prevents entry 

of harmful substances into the brain from the blood, but it 

also inhibits the entry of chemotherapy drugs into the brain, 

which affects the efficacy of chemotherapy in cancer patients 

with brain metastases. Patients who are diagnosed with brain 

and spinal cord metastases most likely also have LM. The 

diagnosis of LM is difficult, and LM often cannot be revealed 

by conventional imaging. Enhanced MRI scans have a false-

negative rate of 65% and a false-positive rate of 10% in the 

diagnosis of LM,12 while a plain CT scan has a limited value 

in the diagnosis of LM.13 For the patient in this case study, 

the diagnosis of spinal metastasis was clear. The MRI of this 

patient revealed uneven cervical spinal cord signal, multiple 

spots of high signal shadow in the enhanced posterior spinal 

cord and patchy high signal shadow and nodule shadow in 

the posterior cerebellum and occipital lobe. The MRI also 

showed uneven thoracic spinal cord signal, multiple spots 

of high signal shadow in the enhanced thoracic spinal cord, 

as well as patchy and round-like abnormal signal shadow in 

the bilateral cerebellar hemispheres, cerebellar vermis, right 

forehead, temporal lobe and brain midline. According to the 

imaging findings, the spinal cord metastasis may have been 

caused by dissemination and seeding via the cerebrospinal 

fluid.14–16 This combined with arterial hematogenous metasta-

ses and intracranial metastasis leads to invasion of the spinal 

pia mater and the spread to the spinal cord parenchyma. 

Considering the patient’s symptoms including epileptic 

seizures, numbness in both legs, numbness in the right limbs, 

shoulders and back, as well as pain, headache and nausea 

with projectile vomiting, the patient was strongly believed 

to have LM. In 1 study, the prognosis of patients with LM 

was very poor, the chemotherapy and targeted treatment were 

ineffective, and the median survival of the untreated patients 

was only 4–6 weeks.3

Tyrosine kinase inhibitors (TKIs) play an important role 

in the treatment of brain metastases and LM. Togashi et al 

found that 8 days after the administration of erlotinib in 

NSCLC patients with CNS metastasis, the cerebrospinal fluid 

permeability rates of erlotinib and its major active metabo-

lites were 5.1% and 5.8%, respectively, which confirms that 

EGFR-TKIs can indeed cross the blood–brain barrier and 

exert an anti-tumor effect.17 Lee et al18 explored the impact 

of targeted therapies for the treatment of NSCLC-LM. All 

patients underwent chemotherapy by intrathecal injection, 

and 4 cases received whole brain radiation therapy. Among 

them, 14 patients received erlotinib (150 mg/day), and 

11 patients received gefitinib (250 mg/day). The negative 

rate of CSF cytology in the erlotinib group was relatively 

high (64.3% vs 9.1%, P=0.012). The overall survival was 
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9.5 months and 4.4 months for the erlotinib group and the 

gefitinib group, respectively.18 Umemura et al19 analyzed 

51 patients with a cytological diagnosis of NSCLC-LM, 

and of these, the EGFR mutation status was determined in 

30 patients. The results showed no EGFR gene mutation 

in 7 cases, mutations in exon 21 in 10  cases and muta-

tions in exon 19 in 13 cases. After treatment with erlo-

tinib (150 mg/day) or gefitinib (250 mg/day), the median 

survival time was 1.4, 7.1 and 11.0 months, respectively, 

and the median progression-free survival was 0.9, 2.0 and 

7.8 months, respectively. Grommes et al treated 9 patients 

with LM and brain metastases using intermittent high-

dose pulsed erlotinib (1,000–1,500 mg/week), and the 

average median progression-free survival was 2.7 months 

(0.8–14.5 months), while the clinical symptoms, CSF and 

imaging findings were significantly improved.5–7 Kuribayashi 

et al20 reported a case of ALK-positive lung adenocarcinoma. 

In patients that presented with LM and spinal cord metastases 

and were resistance to treatment using the first generation 

of crizotinib, treatment with second generation ALK TKI 

alectinib proved to be effective. Moreover, the MRI showed 

that the numbers of LM and spinal cord metastatic lesions 

were significantly reduced. Wang et al21 reported that a small 

molecule TKI was used in 4 NSCLC patients with spinal 

cord metastases and that these patients had an Med O Sur of 

5.8 months (95% CI, range 1.9–9.6 months). According to the 

literature, for spinal cord metastases, in addition to targeted 

therapies, surgical treatment and radiotherapy may be used 

to alleviate the symptoms of the patients.22–24 Chemotherapy 

drugs that can cross the blood–brain barrier and play a cer-

tain anti-tumor role include temozolomide, vinorelbine and 

pemetrexed.25–27 However, both chemotherapy and surgical 

treatment have a high requirement in terms of the Karnofsky 

Performance Score. The patient in this study had end-stage 

disease with long-term bed rest and poor physical condi-

tion, and the symptoms of CNS metastases were obvious: 

Karnofsky Performance Score of 40 and no indications for 

chemoradiotherapy or surgery. In the early period, progres-

sion occurred during treatment with an EGFR-TKI targeting 

drug. Due to the lack of an EGFR mutation, only treatment 

with traditional Chinese medicine in addition to the best sup-

portive treatment could be considered, but it is difficult to 

select the most appropriate traditional Chinese medicine.

Capillary endothelial cells are a key part of the blood–

brain barrier, as they have a good lipophilicity that can 

facilitate the passage of small molecule TKIs and lipophilic 

substances.28 Elemene is a type of volatile oil that has a strong 

lipid solubility. After intravenous administration, a portion of 

elemene can cross the blood–brain barrier and enter the brain 

tissue. Fundamental research29–33 has confirmed that elemene 

injection exerts a killing effect on the brain metastases of 

lung cancer and liver cancer as well as those of glioblastoma. 

Elemene can induce the apoptosis and differentiation of these 

tumor cells. Elemene was applied to lung cancer cell lines 

Anip-937, SPC-Al and A549, and the results showed that it 

had strong growth inhibition, and killing effect, on all 3 lung 

cancer cells.29–34 This effect was quantifiable and the IC50 

levels measured in the cell lines at 48 hours, were 38.2 µg/mL, 

29.3 µg/mL, and 32.4 µg/mL, respectively. Jusheng et al31 

applied carotid artery infusion, and intravenous and topical 

treatment in 30 cases of primary and metastatic brain tumors 

for the first time in 1990. An effective rate as high as 63.3% 

and minor toxic reactions were observed. Jiang et al35 indicated 

that elemene could enhance the sensitivity of lung cancer with 

brain metastases to radiotherapy via the induction of apoptosis, 

the upregulation of p53 expression and the downregulation of 

bcl-2 expression. Ailing et al36 conducted a meta-analysis of 

1,075 lung cancer patients with brain metastases and found 

that, compared with radiotherapy alone, elemene treatment 

combined with radiotherapy could significantly inhibit tumor 

growth, reduce the side effects of radiotherapy and improve 

patient quality of life. However, experience guiding the treat-

ment of spinal cord and meningeal metastases is lacking.

At the end stage of the patient’s life, after family members 

agreed to try traditional Chinese medicine, the symptoms 

of this patient were noticeably relieved with elemene. The 

frequency and degree of nausea, vomiting and headache were 

also relieved. Sleep and eating habits improved, the patient’s 

mental state was healthier, and quality of life was improved. 

However, the patient’s symptoms worsened again during the 

period when the medication was withdrawn by the patient, 

which indicates that elemene played a positive role in the 

treatment of the disease. The patient had a total treatment 

duration of 1 year and 5 months, and the survival time after 

the application of elemene was 83 days; therefore, elemene 

achieved its purpose as a soothing medicine. However, the 

patient ultimately did not survive and died of respiratory 

failure due to brain metastases. Whether elemene can play a 

positive role in the treatment of CNS metastases still requires 

further investigation and an analysis of more cases. The 

purpose of the present study was to report this case, and to 

garner the attention of clinicians.
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