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Brain Metastases Completely Disappear in
Non-Small Cell Lung Cancer Using Hydrogen Gas
Inhalation: A Case Report
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Abstract: Lung cancer is the most common type of tumor, prone to contralateral lung, bone
and brain metastasis. We report a 44-year-old woman diagnosed with lung cancer with
multiple metastases in November 2015. Oral targeted drugs were initiated after the removal

of brain metastases, and most lesions remained stable for 28 months. In March 2018,
intracranial multiple metastases, as well as hydrocephalus accumulation in the third ventricle
and lateral ventricles, and metastases in bone, adrenal gland, liver were noted. Hydrogen-gas
monotherapy was started to control the tumor a month later. After 4 months, the size of

multiple brain tumors was reduced signi� cantly, and the amount of hydrocephalus in the
third ventricle and lateral ventricles reduced signi� cantly. After 1 year, all brain tumors had
disappeared, and there were no signi� cant changes in metastases in the liver and lung. These

data show that, after standard treatments had failed, hydrogen-gas monotherapy elicited
signi� cant effective control of tumors (especially those in the brain), and survival time
was lengthened.
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Introduction
Non-small-cell lung cancer (NSCLC) is the second most frequently diagnosed tumor
worldwide, and is the leading cause of cancer-related deaths.1 With respect to metas-
tasis of NSCLC, there are some preferential sites (bone, 34.3%; lung, 32.1%; brain,
28.4%; adrenal glands, 16.7%; liver, 13.4%).2 NSCLC metastasizes to the brain in
10–25% of all cases. This type of spread can lead to signi� cant morbidity and mortality,
and 5-year survival has been reported to be 3.6%.3 No signi� cant changes in 5-year
survival for patients with NSCLC metastases to the brain have been observed in the last
three decades.1,4 The short-term survival of NSCLC patients with brain metastases is
due to the lack of ef� cacious therapies. Standard chemotherapy is ineffective because
of the blood–brain barrier. Radiotherapy and neurosurgery are recognized as locore-
gional methods;5 molecularly targeted therapies and immunotherapies are recognized
as systemic treatments.6

In 2018, Wang et al7 reported on delivery of different concentrations of hydro-
gen gas into two culture systems for lung cancer cells (A549 and H1975). They
found that the ability of cells to divide, migrate and in� ltrate into tissue was
inhibited signi� cantly, and that apoptosis was accelerated. Also, lung cancer
tumor-bearing mice were treated with hydrogen gas for 4 weeks, and the tumor
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volume was reduced by 25%. The reason for these phe-
nomena was that hydrogen can reduce the expression of
structural maintenance of chromosomes 3 (SMC3), SMC5,
SMC6 in lung cancer cells.

Also in 2018, Akagi and Baba8 reported the results of
hydrogen gas monotherapy for patients with stage-IV
colon cancer. They found that the proportion of pro-
grammed death (PD)-1+CD8+ T-cell subsets in the blood
of patients was reduced upon continuous inhalation of
hydrogen, and was reduced by ~60% after several months.
After 3 years of follow-up, progression-free survival and
overall survival were prolonged signi� cantly.

Here, we report a 44-year-old woman diagnosed with
NSCLC and multiple metastases. After resection of an
intracranial metastasis and targeted drug therapy, the out-
come was good, but NSCLC metastasized (brain, cerebel-
lum, lung, liver, bones and adrenal glands) after 28 months
of treatment. In view of the literature stated above, she
underwent hydrogen inhalation, and brain metastases dis-
appeared after 4 months. Intracranial recurrence was not
found after 1 year of treatment, and other metastatic sites
remained stable.

Case Presentation
In November 2015, a 44-year-old woman was admitted to
our hospital complaining of dizziness and instability upon
standing. Through chest computed tomography (CT) and
cranial magnetic resonance imaging (MRI) examination,
we found multiple tumors in the left cranial cavity and
right lung. After resection of an intracranial tumor, pathol-
ogy studies suggested metastatic lung adenocarcinoma.
Genetic testing suggested mutation of the epidermal
growth factor receptor (EGFR) gene at exon 19. She
started taking ge� tinib tablets (Iressa™, 250 mg, once
daily). The intracranial and lung tumors were controlled
well until June 2017 (Figure 1).

When a review was conducted in September 2017, the
disease had progressed. A combination of pemetrexed and
erlotinib was initiated, and the tumors were controlled again.
The intracranial and lung tumors progressed again in March
2018, and the targeted treatment regimen was adjusted to
icotinib hydrochloride (125 mg, t.d.s.). After 2 weeks, the
patient suddenly complained of dyspnea, and dif� culties in
speaking. Enhanced MR imaging of the head revealed multi-
ple nodular metastases in the left cranial cavity; the third
ventricle and lateral ventricles accumulated hydrocephalus,
and the largest lesion was in the frontal lobe (1.9 × 1.4 cm)
(Figure 2A). Computed tomography showed that the lesion on

the upper lobe of the right lung was enlarged (1.2 × 0.6 cm),
and new metastases were found at the lower lobe of the right
lung, mediastinum, lung hilum (1.7 × 1 cm), seventh thoracic
spine and left adrenal gland. The patient refused radiotherapy
and surgery of brain, signed informed consent of hydrogen
therapy and agreed on the publication of the case.

From April 2018, the patient began hydrogen inhala-
tion and received no other treatments during the time
period. The hydrogen oxygen nebulizer (AMS-H-03,
Asclepius Meditec, Shanghai, China) generates 3 L/min
hydrogen gas by hydrocephalus electrolysis. As measured
by gas chromatography, the gas generated consisted of
67% hydrogen and 33% oxygen. Using a special mask,
the patient continued to inhale hydrogen for 3–6 hrs a day
at rest, with no interruption even after the obvious relief of
symptoms. After 4 months, most brain metastases disap-
peared and the amount of hydrocephalus in the third ven-
tricle and lateral ventricles were both reduced (Figure 2B).
After 1 year, all visible brain tumors had disappeared, and
there were no obvious changes in metastases in the liver
and lung (Figure 2C).

There were increased levels of carcinoembryonic anti-
gen (CEA, 29.44 ng/mL), carbohydrate antigen-125
(CA125, 153 U/mL) and cytokeratin fragment antigen21-
1 (CYFRA21-1, 12.1 ng/mL) before the patient started
hydrogen monotherapy. Serum levels of these three mar-
kers continued to decrease after 4 months of treatment
(21.6 ng/mL, 83 U/mL and 8.5 ng/mL, respectively), and
were close to (but remained above) the reference range
after 1 year of treatment (12.3 ng/mL, 61 U/mL and 5.9
ng/mL, respectively) (Figure 3).

Discussion
In general, NSCLC cells tend to metastasize to the brain,
bones and adrenal glands, adenocarcinomas metastasize to
the brain, and squamous cell carcinomas metastasize to
bones. The exact homing mechanisms and how cancer
cells communicate with this new stroma are not known.

Brain metastasis of NSCLCcells is closely related to
various signaling pathways, several of which involve the
participation of hydrogen gas. In 2013, Bleckmann et al9

reported that, within the Wnt pathway, T-cell factor (TCF)/
lymphoid enhancer factor (LEF-1) act independently of�-
catenin in human lung adenocarcinomas that metastasize to
the cerebrum. In 2014, Kafka et al10 reported altered expres-
sion of dishevelled (DVL)-1, DVL-3, E-cadherin, and�-cate-
nin in brain metastases of adenocarcinomas, which again
suggested the importance of Wnt signaling. Lin et al11 were
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