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Abstract

Rationale: For multiple brain metastases complicated by Non-Small Cell Lung Cancer (NSCLC), Whole Brain Irradiation Therapy (WBRT) is the first choice for
treatment. But little is known about the explosive progression of brain metastases caused by radiotherapy and the reversal of hydrogen gas inhalation.

Patient concerns: A 51-year-old female patient was diagnosed with NSCLC with multiple brain metastases. After receiving Gefitinib and Osimertinib without
clinical response, she received 28 days of WBRT.

Diagnosis: One week after the end of WBRT, the patient's general condition suddenly worsened, with severe headache, vomiting, confusion, and incontinence.
MRI showed that the number and size of brain metastases increased explosively.

Interventions and outcomes: In the absence of any special "anti-cancer" treatment available, the patient only receives hydrogen gas inhalation therapy, inhaling a
mixture of hydrogen and oxygen (66% H, and 34% O,), 3000 ml/min, at least 6 hours a day. The patient's condition began to improve after a week, and markedly
improved after one month. A reexamination of MRI showed that more than 90% of brain metastases disappeared.

Lessons: Radiotherapy is a double-edged sword. Doctors should pay attention to the adverse effects of radiotherapy, especially for brain metastases complicated
by lung cancer. Molecular hydrogen is a therapeutic gas that can selectively scavenge toxic free radicals, its role in cancer treatment is worthy of attention and
further research.
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Introduction the effect on brain metastasis is limited. Surgical resection, Stereotactic
Radio Surgery (SRS) and Whole Brain Radiation Therapy (WBRT)

Non Small Cell Lung Cancer (NSCLC) is the one of leading causes ) .
are still the main treatments for BMs caused by lung cancer [2].

of cancer-related death in the China. Adenocarcinoma is the most
common subtype of NSCLC. Up to 50% of pulmonary carcinoma But for NSCLC, radiation therapy is a double-edged sword.
patients would develop brain metastases throughout their clinical  In some cases, radiation therapy can promote and exacerbate
courses, and 10% to 25% of them have Brain Metastases (BMs) at the  metastasis [3]. Here, we introduce a female patient with advanced
time of initial diagnosis [1]. With the discovery of targetable molecular  Jung adenocarcinoma with multiple brain metastases confirmed
drivers and the development of an astonishing number of Tyrosine  pathologically, after receiving WBRT, her brain lesions progressed
Kinase Inhibitors (TKI), the treatments for NSCLC, especially lung  explosively and were miraculously reversed after inhalation of
adenocarcinoma have significant advancement. Unfortunately, most  hydrogen.

of these drugs are difficult to penetrate the blood-brain barrier, so that Case Presentation

A 51-year-old woman was admitted to one hospital in Beijing,
Citation: Xu K, ShiJ, Kong X, Zhen J, Lu T, Qian W. Explosive Progres-  China in October 2019 due to left arm pain for one month, and the
sion of Brain Metastases from Lung Adenocarcinoma after Radiotherapy ~ chest Computed Tomography (CT) showed irregular solid mass
and Significant Reversal after Inhalation of Hydrogen-Oxygen Gas: A lesions in the left lower lung, with small cavities, multiple small
Case Report. Ann Med Case Rep. 2022;4(1):1032. lesions in both lungs, with mediastinal lymph node metastasis and
Copyright: © 2022 Kecheng Xu rib bone metastasis (Figure 1), which was pathologically confirmed
by the percutaneous lung biopsy as lung adenocarcinoma. Then head
Magnetic Resonance Imaging (MRI) showed multiple abnormal
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Cancer Hospital, Jinan University, Guangzhou, 510665, Guangdong The tumor was classified as stage IV-B (cT4NIMI) lung
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with mediastinal lymph node metastasis.

Figure 1: Chest Computed Tomography (CT) showed irregular solid mass lesions in the left lower lung, with small cavities, multiple small lesions in both lungs,

P e

Figure 2: Head Magnetic Resonance Imaging (MRI) showed multiple abnormal nodular enhancements in the two cerebral hemispheres.

mutation. The patient began taking Gefitinib (250 mg/d) since
December 25, 2019. In April 2020, nearly three-month treatment
later, the patient complained of worsening headaches, reevaluation
showed progression in both lung and brain lesions. Repeated genetic
sequencing of tumors performed twice in different centers showed
that the original EGFR exon 21 L858R mutations turned negative.
From April 23, the patient stopped taking Gefitinib, changed to take
Osimertinib. From May 2 until May 29, the patient received WBRT
with an intensity of Dt50Gy/25f, at a frequency of 5 days per week.
One week after the radiotherapy, the patient suddenly had difficulty
walking, severe headache, vomiting followed by confusion and
incontinence. Re-examination of MRI on June 3 showed that the
number and size of metastases in the brain increased explosively,
covering the entire brain (Figure 3). In the following month, the
patient did not receive any special "anti-cancer" therapy except for
symptomatic and supportive treatment. On July 16, the patient began
to receive hydrogen inhalation therapy by using a hydrogen-oxygen
nebulizer (AMS-H-01, Asclepius, Shanghai, China, SFDA registration
No. 20203080066) and inhaling a mixture of hydrogen and oxygen
(66% H, and 34% O,) with a gas flow rate of 3,000 ml/ml through
a nasal cannula for a total of at least 6 hours per day, intermittently
or continuously inhaling. After half a month inhalation, the patient's
self-feeling began to improve. One month later, the patient's headache
disappeared; she was able to walk on the ground, and her eating,
consciousness, urination and bowel movement return to normal.
Re-examination of MRI showed that more than 90% of the brain
metastases disappeared (Figure 4).

Since then, the patient successfully received treatments such as
Sintilimab (PD-1 inhibitor), Carboplatin, and Bevacizumab. On
October 22, 2021, 15 months after the start of hydrogen inhalation,
the follow-up found that the patient felt good about herself and was
able to perform light physical labor, the lung lesions were further
improved, and the brain metastases were still stable and in further
improvement (Figure 5).

Discussion

The NSCLC patient stated above has very special and thought-
provoking clinical features. First, in view of the EGFR mutation, the
patient first received the first-generation TKI Gefitinib treatment, but
there was no clinical response and the recheck genetic sequencing
showed that the original EGFR exon 21 L858R mutations disappeared.
The patient changed to receive the third-generation TKI Osimertinib,
which did not show clinical effects, but progressed to lung lesion and
brain metastasis. Secondly, after receiving whole brain irradiation
for BMs, the whole body condition deteriorated sharply, life was in a
critical state, and brain metastases, both in number and size, showed
an explosive increase. Third, given that no special treatment was
available, the patient received hydrogen (mixed hydrogen and oxygen)
inhalation. The magic is that only relying on this simple therapy, the
patient's general state and brain metastasis have been significantly
improved and reversed. It has been 15 months since hydrogen
inhalation, and the patient’s lung damage and brain metastasis are still
stable and in further improvement.

BMs are the main complication of EGFR-positive NSCLC.
Chemotherapy-based treatment is generally not used to treat BM,
mainly because the blood-brain barrier prevents the penetration
of chemotherapy drugs into the brain, resulting in limited efficacy
[5]. The first-generation TKI has a low brain penetration rate and
a low response rate to the treatment of BMs. Compared with the
first-generation TKI, Osimertinib has become the first-line TKI of
choice for the treatment of NSCLC with BMs due to its tolerability,
prolonged Progression-Free Survival (PFS) and higher brain
penetration [6]. A group of multi-center clinical trials showed that
the clinical response rate and disease control rate of Osimertinib in
the treatment of NSCLC with BMs reached 91% and 95%, respectively
[7]. Unfortunately, in the patient reported now, neither the Gefitinib
nor the Osimertinib have been able to prevent disease progression.
This may be related to the heterogeneity of lung cancer and genetic
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Figure 5: Follow-up 15 months after the start of hydrogen inhalation, the patient’s brain metastases are still stable.

instability [8,9]. The original EGFR mutation of this patient turned
negative during the reexamination, indicating that the genotype of
the tumor has changed, which may be the cause of the failure of the
above-mentioned TKI treatment.

The patient's systemic state and brain metastasis progression
showed a direct correlation in time with WBRT. As mentioned earlier,
for cancer treatment, radiation therapy is a double-edged sword. On
the one hand, radiotherapy is an important local control method
for many cancers. On the other hand, radiation can promote the
growth and invasion of cancer cells, especially metastasis [10]. A large
amount of evidence from in vivo and in vitro experiments indicates
that ionizing radiation applied to cancer cells or host cells, tumors,
the entire host, or putative tumor development sites may stimulate
the metastasis process.

More than 60 years ago, Kaplan and Murphy [11] showed the local
roentgen irradiation increased frequency of pulmonary metastasis in
a transplantable mouse carcinoma. In 1988, Milas et al. [12] reported
that most tumors growing in irradiated tissues have an increased
propensity to metastasize, which is linked to their manifestation of
Tumor Bed Effect (TBE). Some randomized and non-randomized

clinical studies have reported that radiotherapy promotes metastasis
in hepatocellular carcinoma or head and neck cancer [13-17]. Martin
et al. [18] identified increased Circulating Tumor Cells (CTC)
numbers singly and in clumps in large numbers in patients treated
with palliative or curative-intent radiotherapy.

The mechanisms of pro-metastatic effect of radiation are not fully
understood, Cui et al. [19] showed that radiation up-regulate the
expression of Granulocyte-Colony-Stimulating Factor (G-CSF) and
transducing its intracellular signal transduction JAK/STAT3 (Janus
kinase/signal transduction), trigger the Epithelial-Mesenchymal Cell
Transformation (EMT) of NSCLC. Cancer cells that undergo EMT
have been shown to acquire stemness and undergo metabolic changes,
promoting metastasis and invasion [20-22]. Further research shows
that radiation can increase the production of Reactive Oxygen Specie
(ROS), which can mediate most of the biological effects of radiation
itself, and is closely related to tumorigenesis and tumor progression
[23-25]. There is evidence that ROS have been implicated in radiation-
induced EMT, via activation of several EMT transcription factors [26].

Based on the role of ROS in promoting metastasis by radiation,
it is not difficult to understand that hydrogen inhalation can reverse
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the progression of brain metastasis in this case. In fact, the ability
of hydrogen to control cancer should be traced back to 1975, when
Dole et al. [27] reported the successful treatment of transplanted skin
squamous epithelial carcinoma in mice by inhalation of a mixture
of hydrogen and oxygen (97.5% H, and 2.5% O,) at 8 atmospheres.
But this major discovery seemed to have been forgotten until 2007,
when Oshawa et al. [28] reported that hydrogen could ameliorate
cerebral ischemia-reperfusion injury by selectively reducing cytotoxic
ROS, including hydroxyl radical («OH) and peroxynitrite (ONOO-),
provoking a worldwide attention. Now it has known that hydrogen
gas has a great value as a therapeutic agent for a variety of illnesses,
including cancer [29-31].

In 2019, our team [32], took the lead in reporting a retrospective
and prospective follow-up study of 82 patients with stage IIT and IV
cancers undergoing hydrogen inhalation therapy, including 22 cases
of NSCLC with or without brain metastases. The results showed that
inhaled hydrogen (66% H, And 34% O,) can improve the quality
of life of patients and control cancer progression. According to our
research results, hydrogen inhalation seems to have a unique effect
on NSCLC with brain metastases. There is a 44-year-old female
patient with NSCLC who has multiple intracranial metastases,
and has hydrocephalus in the third and lateral ventricles, as well
as bone, adrenal glands, and liver metastases. In the case of failure
of conventional treatment, the patient only receives hydrogen and
oxygen inhalation therapy. Four months later, the brain tumors
significantly shrunk, and the amount of hydrocephalus in the third
and lateral ventricles was significantly reduced. One year later, all
brain tumors disappeared, liver, lung and other organs metastasis
were stable. Tumor markers that were increased before treatment
returned to normal range [33].

The mechanism of hydrogen inhibiting cancer has been studied in
a series of experiments, and it has been found that hydrogen molecules
can inhibit the viability, migration and invasion of cancer cells, and
catalyzed cell apoptosis and induced cancer cells G2/M arrest [34-
36]. Liu et al. [34] suggested that H, can promote lung cancer cell
apoptosis via inhibiting the activation of STAT3/Bcl2 signaling.
Meng et al. [37] found that H, treatment resulted in a decrease in
the expression levels of CD47 and cell division control protein 42
(CDC42) in a dose-dependent manner. CD47 is a transmembrane
glycoprotein that mediates "self/don't eat me" signal by inhibiting
macrophage phagocytosis, and is frequently up-regulated in a variety
of cancers, including NSCLC. Wang et al. [38] showed that H, down-
regulates the expression of a regulator for chromosome condensation,
that is, structural maintenance of chromosomes (SMC)3, SMC, and
SMC,, and reduces the expression of cyclin D1, CDK4 and CDK6,
thereby inhibiting lung cancer progression.

In addition, the better effect of hydrogen on brain metastasis may
also be related to its physical properties. Hydrogen molecules are the
smallest and highly dispersed, which makes it easy to penetrate the
blood-brain barrier into the brain [31].

The inhibitory effect of hydrogen on NSCLC may also be related
to its immune regulation. Akagi and baba [39] have confirmed
that hydrogen gas inhalation in NSCLC patients can decrease the
abundance of exhausted terminal PD1+CD8+ T cells, increased that
of active terminal PD1+CD8+T cells, maintain the balance between
terminal PD1+ and PD1+CD8+ T cells. Our research [40], showed
that two weeks of hydrogen inhalation in 20 NSCLC patients induced
decrease of number of exhausted and aging cytotoxic T cells, and the

abnormally decreased lymphocyte subsets, including functional helper
and cytotoxic T cells, natural killer T cells, and yd T2cells, tended to
be normal. It is particularly important that we [41], observed a case
of metastatic gallbladder cancer patient who only received hydrogen
inhalation therapy. Before significant improvement was achieved, the
tumor and tumor markers not only did not improve, but "worsened",
and showed "false progress". Pseudo progression is considered to be
a special remission mode that occurs after PD-1 antibody treatment
[42], and it may be that cytotoxic T cells infiltrate the tumor and
cause edema and necrosis, suggesting immune activation. The similar
reaction of hydrogen shows that it has the effect of activating anti-
tumor immunity. Unfortunately, we did not follow up the immune
status of the NSCLC patient reported now.

In the treatment of cancer with hydrogen, there is no controlled
study as to whether it is advisable to inhale pure hydrogen or a
mixture of hydrogen and oxygen. There is no evidence that oxygen
itself inhibits cancer, but hypoxia will definitely promote the invasion
and metastasis of cancer cells. The smallest hydrogen molecules can
carry larger molecules of oxygen into the deep tissues [43]. It has
been reported that hydrogen can improve the flexibility of red blood
cells and enable them to transport oxygen into the capillaries in the
final organs, thereby improving the tumor hypoxia and reducing the
cancer promotion effect caused by hypoxia [44].

Conclusion

We report here a case of NSCLC with multiple metastases with
a very special clinical course. After whole-brain irradiation, brain
metastasis increased explosively, and miraculously improved after
inhalation of hydrogen (hydrogen and oxygen) only. Although it is
difficult to be sure that hydrogen can completely control the disease,
at least when the patient is in a critical state, it reverses the condition
and provides an opportunity for further treatment.
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