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Research Advances in Hyperbaric oxygen Therapy use in cancer:
A Review
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ABSTRACT

Cancer is still an important health problem worldwide with limited effective treatment, being the second cause of death in the USA.
Hyperbaric oxygen therapy (HBOT) has long been investigated as an adjuvant treatment that could potentiate the effects of radio- and
chemotherapy during the treatment of various types of cancer. In this review, we examine the most recent studies conducted in certain
types of cancers, from the year 2012 till 2020. These suggest HBOT can be used as an adjuvant cancer treatment in combination
with other therapies, can positively influence the immune system,and can also be used as a therapy for wound care and management.
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ABBREVIATIONS: Hyperbaric oxygen therapy (HBOT), World Health Organization (WHO), glioblastoma multiforme (GBM), Reactive
Oxygen Species (ROS), Hypoxia-inducible factor 1-alpha (HIF-117), tumor necrosis factor-alpha (TNF-[1), interleukin-1 beta (IL-111),
vascular endothelial growth factor (VEGF), matrix metallopeptidase-9 (MMP-9) and nuclear factor-kappa B (NF-1B), temozolomide
(TMZ)-loaded porous silicon nanoparticles (TMZ/PSi NPs).

BACKGROUND

Cancer is defined by the World Health Organization (WHO) as HBOT used as an adjuvant modality can improve wound healing,

the uncontrolled growth and spread of cells found within any part and promote the proliferation of fibroblasts, epithelial cells, and

of the human body, which often can invade the surrounding blood vessels in the angiogenesis process (Moen & Stuhr, 2012).

tissues and metastasize (WHO, 2018). Uptodate, cancer is still an Some of the benefits of using HBOT are given because of the law

important health problem worldwide, being the second cause of of Boyle and Henry. The first one is related to the volumetric

death in the USA (Siegel et al. 2018). The hyperbaric oxygen effect of gases, where it is stated that at a constant temperature,

therapy (HBOT) consists of intermittent administration of 100 %
oxygen to an individual, with the purpose to increase the amount
of oxygen dissolved in blood at pressures greater than 1 atm

(Daruwalla et al., 2006; Yan et al., 2015; Stepien et al., 2016).
This process permits that more oxygen reaches the tissues and
oxygenate hypoxic tumor regions (Poff et al., 2015). Currently,
HBOT is used to treat several conditions like air or gas embolism,
carbon monoxide poisoning, decompression illness, burns,
necrotizing soft tissue infections among others (Fife et al., 2016).

the volume of a gas is inversely proportional to the pressure. This
principle is very useful for gas embolism treatment. The second
is related to the solubility effect of gases, which states that an
increase in the partial pressure of a gas such as oxygen, the
solubility of the gas increases as well. By augmenting the oxygen
supply available, angiogenesis is encouraged, and so is the
correction of general and local tissue hypoxia, phagocytosis of
neutrophils, bactericidal and bacteriostatic action, and elimination
of carboxyhemoglobin (Desola et al., 1998; Fernandez et al.,
2017, Iriarte et al., 2006).
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Some of the adverse effects that might arise from the use of
HBOT are related to the toxic effect of oxygen and the higher
pressures of its exposure (Fernandez et al., 2017). Though very
uncommon, HBOT can cause barotraumatic lesions, seizures, and
acute pulmonary edema (Mathieu et al., 2017). The WHO
recognizes surgery, radiotherapy or chemotherapy as possible
treatments for cancer, but the HBOT is not included within the
official information webpage of treatments available for cancer.
Nonetheless, HBOT has long been investigated as an adjuvant
treatment that could potentiate the effects of radio- and
chemotherapy during the treatment of various types of cancer
(Al-Waili et al., 2005; Huang et al., 2018; Moen & Stuhr, 2012).
HBOT can increase the cytostatic effect of certain drugs, and
therefore could render the chemotherapy more effective (Stgpien
et al., 2016). In this review, we examine the most recent studies
conducted in some types of cancers, 2012 till 2020. We will like
to propose a new possible mechanistic anticancer approach for
HBOT.

CANCER TYPE AND HBOT ROLE

Breast Cancer

Nowadays breast cancer still a major cause of death in women
worldwide (Liu et al 2015). A review published in 2012,
concluded that the effect of HBOT in breast cancer needed to be
further explored because there was only one clinical study
available (Moen & Stuhr, 2012). Sletta et al. published a study in
2017, examining the effect of HBOT on tumor growth in breast
tumors, evaluating the impact of HBOT on fluorouracil (SFU)
The results of the
study showed that HBOT considerably decreased tumor growth in

efficacy, and the progression to metastasis.

triple positive and triple-negative tumors, but there were no
differences in SFU efficacy in comparison with the control group.

Gastric Cancer

Recently, two papers were published exploring the use of
Hyperbaric oxygen treatment (HBOT) in SGC7901 cells. In
2017, Qi et al. conducted a study evaluating the effect of HBOT
alone on cell proliferation autophagy and oxidative stress, and the
results showed that after exposing SGC7901 cells to HBOT, there
was an increment in cell proliferation compared with the control
group. They concluded that HBOT use alone could boost the
proliferation and survival of these cells, and could also inhibit
apoptosis via regulating cell autophagy and oxidative stress (Qi et
al., 2017). On the other hand, in 2018, Wei et al. published a
study exploring the effects of HBOT in combination with
melatonin, using gastric cancer cell line SCG7901. The results of
the study exhibited more apoptotic cells on the group treated by
the combination of HBOT and melatonin, in comparison with the
cells treated with melatonin alone. They concluded that HBOT
used in combination with melatonin could be a hopeful treatment
in gastric cancer (Wei et al., 2018).

Brain Cancer (glioma)

Gliomas are the most prevalent type of intracranial tumor with
glioblastoma multiforme (GBM) the most commonly diagnosed
intracranial malignant tumor in adults (Huang et al., 2018; Wang
et al., 2015). Wang et al. (2015) conducted a study with
transplanted gliomas in mice. They found that hyperbaric oxygen
treatment alone promoted the growth and also inhibited apoptosis
of glioma cells. Further studies conducted in 2018 concluded the
same and showed that the pro-oncogenic effect of HBOT on
glioblastoma multiforme tumors was related to the reduction of
Reactive Oxygen Species (ROS) levels in brain and glioma cells,
the generation of T cell immunosuppression, and the promotion of
Treg cell production in the thymus (Wang et al., 2018).

On the other side, Qin et al. (2015) reported a study
evaluating the effect of HBOT on the growth of glioma in rats,
and the authors concluded that HBO alone could promote tumor
growth. Another study of gliomas in transgenic mice was
published in 2016 by Lu et al., and the authors concluded that
HBOT could inhibit glioma cell proliferation, inflammatory cell
infiltration, and could even function as an adjuvant with
Nimustine therapy. This was accomplished by an increase in
the
Hypoxia-inducible factor 1-alpha (HIF-la), tumor necrosis
factor-alpha (TNF-a), beta (IL-1P),
endothelial growth factor (VEGF), matrix metallopeptidase-9
(MMP-9) and nuclear factor-kappa B (NF-kB).

tumor  tissue oxygenation, and suppression of

interleukin-1 vascular

Further studies also suggest that the addition of HBOT to radio-
and chemotherapy may be beneficial to patients with GBM.
2-year overall survival of 46.5% and progression-free survival
rates of 35.4% was reported in a study conducted in 2017 and
concluded that radiotherapy immediately after HBOT (60 - 90
minutes at 2 ATA) could increase the sensitivity of hypoxic tumor
cells to radiotherapy (Huang et al., 2018; Yahara et al., 2017).
Most recent studies conducted by Xie et al. (2018) suggest that
the combinational treatment of temozolomide (TMZ)-loaded
porous silicon nanoparticles (TMZ/PSi NPs) and HBOT could
become a promising therapeutic strategy for glioma tumors in
rats. The results concluded that the concentration of oxygen in
the tumor was improved, and the antitumor rate was increased to
84.2% in the TMZ/PSi NPs combined with the HBOT group.

The viability of induced hypoxic glioma cells decreased, and the
cell cycle was arrested at the G2/M phase in response to TMZ/PSi
NPs treatment with HBO, causing an antitumor effect (Xie et al.,
2018). These conflicting results may arise from the angiogenesis
effect of HBOT. Increased angiogenesis can enhance tumor
growth if patients maintain a high carbohydrate intake instead of a
low carbohydrate ketogenic diet, that will favor an augmented
non oxidative glycolysis. This type of nonoxidative energy
generating system is the main source of ATP of the cancer cells
(Gonzalez et al., 2012)
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Head and Neck cancer

Paniello et al. (2014) examined the effect of hyperbaric
oxygen therapy in head and neck cancer. They conducted a study
using mouse model squamous cell carcinoma, and the results
showed that the two groups treated with HBOT presented higher
tumor volumes and faster growth rates in comparison with the
control groups. It was then reasoned and theorized that HBOT
accelerates the growth of squamous cell carcinoma (Paniello et
al., 2014).
Senstevold et al. reported to have seen no change in blood density

Moreover, in a research study published in 2017,

or morphology of the skin, muscle, salivary gland, gingiva or
periodontal membrane tissues between control and HBOT rats,
after radiation. This reinforced the suggestion that HBOT does
not affect radiation injury of the mandibular area in rats,
specifically within 12 weeks after irradiation (Senstevold et al.,
2017). Sultan et al. (2017) recommended in another study that,
since there is no conclusive evidence to support the use of HBOT
for prevention or management of osteoradionecrosis of the jaw
(ORN), a common and serious complication of radiation therapy,
then it should not be routinely used.

A study protocol for a randomized controlled trial is being
conducted this year to evaluate if ORN of the irradiated mandible
can be prevented with hyperbaric oxygen (HOPON) (Shaw et al.,
2018). On the other hand, in a more recent study, Aricigil et al.
(2017) used biochemical and histopathological methods in albino
rats to investigate the efficacy of HBOT against the inflammatory
effects of radiotherapy in blood and laryngeal tissues, when
radiotherapy and HBOT were administered on the same day.
Results showed that
interleukin-1beta,

serum tumor necrosis factor-alpha,

and tissue inflammation levels were
significantly higher in the radiotherapy-alone group, whereas
interleukin-10 was higher in the radiotherapy-HBO group
(Aricigil et al., 2017).

cytokines and tissue inflammation can be reduced in an early

They concluded that inflammatory

period of radiation injury when given HBOT and radiotherapy the
same day.

HBOT and radiation therapy can be used to increase the
efficiency of treating patients with single brain metastasis (Tao J
et al. 2019). HBOT decreases the harmful effects of radiation
therapy and thus increases the quality of life of Head and neck
cancer patients. (Teguh et al., 2009). Osteoradionecrosis of the
mandible occurs in patients with head and neck cancer
undergoing radiation therapy. HBOT is useful in the improvement
of osteoradionecrosis in such patients. (Gupta P et al., 2013).

Skin cancer

A study published in 2014 evaluating the effect of HBO on
tumor cells. The results demonstrated an increase in tumor
volume in the group treated with HBO in comparison with the
control group. They mention that HBO accelerated tumor
proliferation and advanced tumor progression in skin
carcinogenesis (Doguchi et al., 2014). Several studies of HBOT

for radiation-induced skin ulcers have been conducted.

The largest of such studies included 58 patients, and reported a
great response, with a resolution in 25% of the patients and an
improvement of 50-90% in half of the patients (Hampson et al.,
2012).
wound-healing therapy in such ulcers caused as a result of

In more recent cases reported, HBO was utilized as a

radiation in patients who were diagnosed with non-melanoma skin
cancer (Fernandez et al.,, 2017). The therapy implemented
consisted of 90-min sessions, 5 days a week at 2.4 absolute
As a

complementary treatment, HBOT showed a beneficial outcome in

atmospheres in a multiplace hyperbaric chamber.

wound healing (Fernandez et al., 2017).

Radical vulvectomy, a surgical procedure for vulvar cancer, has a
high risk of wound dehiscence (Howell et al., 2018). Because
patients who wundergo such procedures wusually receive
chemotherapy as a neoadjuvant treatment before the surgery, they
can experience improper wound healing as a complicating
secondary effect. It has been shown that HBOT before surgery
and after radiation (which is given after surgery) can decrease the
risk of poor wound healing and tissue necrosis (Howell et al.,
2018; Griffiths et al., 2018). A protocol that can be utilized
relays in daily sessions of 100% oxygen at 2.0 to 2.5 atm absolute
for 90 minutes. In all five reported cases by Griffiths et al.
(2018), patients were treated for an average of 58 HBOT sessions
(range 44-100), and the mean reduction in wound area after
completion of HBO therapy was found to be 76%, (42-95%) with

a mean follow up of five months.

Leukemia

There is limited research conducted with regard to the relationship
of leukemia with HBOT. In 2014, te Winkel et al. published a
review article in which HBOT was used as one of the five
adjuvant treatments of osteonecrosis in children and adolescents
but
inconclusive as to the real effect of each treatment used

with acute lymphoblastic leukemia, its results were
individually. A recent case report of a patient with leukemia and
an invasive rhinocerebral mucormycosis was treated with a
multimodal approach that included HBOT, and after three months
the metastasis was under control (Dworsky et al., 2018). But
again, further research is needed to assess the relationship of

HBOT with leukemia.
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Some other uses of Hyperbaric Oxygen therapy:

A study was done by Brewer AL et al., 2020 on the effect of
HBOT in the treatment of chemotherapy-induced neuropathy in
male and female rats. It was found that HBOT could effectively
decrease chemotherapy-induced neuropathy in paclitaxel treated
rats with no major side effects. HBOT can be used after
undergoing hepatectomy to reduce the need for blood transfusions
for meeting oxygen requirements. This further reduces ischemic
changes and postoperative complications. This also affects the
immune system and enhances survival after hepatic surgery in
patients with hepatocellular carcinoma (Ueno S et al., 2011).
Gastritis induced bleeding can occur following chemotherapy and
radiation therapy for esophageal cancer metastasis. HBOT is
found to be useful in controlling bleeding in such patients
(Asaumi Y et al., 2015). HBOT is effective and useful for the
treatment of persistent wounds and radiation-induced tissue injury
in patients following sarcoma treatment. (Generaal JD et al.,
2020). In a study by Lin LJ et al., 2020 HBOT was effectively
used as an adjuvant therapy to treat stage 0 medication induced
osteonecrosis of the jaw. (Lin LJ et al., 2020). HBOT, when
combined with 5-Aminolevvulinic acid photodynamic therapy,
can inhibit human squamous cell carcinoma by inducing A431
cells apoptosis (Mei LH et al., 2018)

CONCLUSIONS

Hypoxia is a critical hallmark of solid tumors and is involved in
drug resistance. HBOT is used as an adjuvant treatment for some
cancers, as discussed in this review. In summary, the effect of
HBOT in breast cancer needs to be further explored because there
are few clinical studies available; HBOT used in combination
with melatonin seems as hopeful treatment in gastric cancer (Wei
et al., 2018); HBOT promoted GBM tumor growth and influenced
the immune system by immunosuppressing T cell maturation in
the thymus (Wang et al., 2018) although this might be related to
the particular oxygen pressure applied, and the combinational
treatment of TMZ/PSi and HBOT is a potential strategy for
glioma therapy (Xie et al., 2018); there is no conclusive evidence
for the use of HBOT for prevention or management of head and
neck cancer (Sultan et al., 2017); the efficacy of advanced wound
care and HBOT utilization in the management of hypoxic wounds
was noted (Griffiths et al., 2018); and further research is
necessary to assess the effect of HBOT in leukemia. Nevertheless
we are recopilating further data on HBOT therapy that seems to
favor its use in cancer as an adjuvant therapy.

References

1. Al-Waili, N. S, Butler, G. J., Beale, J., Hamilton, R. W, Lee,
B. Y., & Lucas, P. (2005). Hyperbaric oxygen and
malignancies: a potential role in radiotherapy, chemotherapy,
tumor surgery and phototherapy. Medical science monitor,
11(9), RA279-RA289.

2. Arcigil, M., Diindar, M. A., Yiicel, A., Arbag, H., Arslan,
A., Aktan, M., ... & Kiling, 1. (2017). Anti-inflammatory
effects of hyperbaric oxygen on irradiated laryngeal tissues.
Brazilian journal of otorhinolaryngology.

3. Asaumi, Y., Miyanaga, T., Matsunaga, M. et al. Hyperbaric
oxygen therapy for bleeding due to gastritis induced by
chemoradiotherapy for regional recurrence of esophageal
cancer post-radical esophagectomy. Esophagus 12, 286289
(2015). https://doi.org/10.1007/s10388-014-0437-5

4.  Brewer AL, Shirachi DY, Quock RM, Craft RM. Effect of
hyperbaric oxygen on chemotherapy-induced neuropathy in
male and female rats. Behavioural Pharmacology. 2020
Feb;31(1):61-72. DOL: 10.1097/fbp.0000000000000497.

5. Daruwalla, J., & Christophi, C. (2006). Hyperbaric Oxygen
Therapy for Malignancy: A Review. World Journal of
Surgery,30(12), 2112-2131. doi:10.1007/s00268-006-0190-6

6. Desola, J., Crespo, A., Garcia, A., Salinas, A., Sala, J., &
Sanchez, U. (1998). Indicaciones y contraindicaciones de la
oxigenoterapia hiperbarica. Jano, 1260(61), 6.

7. Doguchi, H., Saio, M., Kuniyoshi, S., Matsuzaki, A., &
Yoshimi, N. (2014). The Enhancing Effects of Hyperbaric
Oxygen on Mouse Skin Carcinogenesis. Journal of Toxicolog
Pathology,27(1), 67-72. doi:10.1293/tox.2013-0046.

8. Dworsky, Z. D., Bradley, J. S., Brigger, M. T., Pong, A. L.,
& Kuo, D. J. (2018). Multimodal Treatment of Rhinocerebral
Mucormycosis in a Pediatric Patient With Relapsed Pre-B
Acute Lymphoblastic Leukemia. The Pediatric infectious
disease journal, 37(6), 555-558.

9. Fernandez Canedo, 1., Padilla Espaiia, L., Francisco Millan
Cayetano, J., Repiso Jiménez, J. B., Pérez Delgado, M., &
Troya Martin, M. (2017). Hyperbaric oxygen therapy: An
alternative treatment for radiation-induced cutaneous ulcers.
Australasian Journal of Dermatology.

10. Fife, C. E., Eckert, K. A., & Carter, M. J. (2016). An Update
on the Appropriate Role for Hyperbaric Oxygen. Plastic and
Reconstructive
doi:10.1097/prs.0000000000002714

Surgery,138.

www.arjonline.org




Research advances in hyperbaric oxygen therapy use in cancer: A Review

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Generaal, J.D., Lansdorp, C.A., Boonstra, O., van Leeuwen,
B.L.,Vanhauten, H.A.M., M.G.,
L.B.Hyperbaric oxygen therapy for radiation-induced tissue

Stevenson, Been,
injury following sarcoma treatment: A retrospective analysis
of a Dutch cohort (2020) PLoS ONE, 15 (6), art. no.

e0234419.
Griffiths, C., Howell, R. S., Boinpally, H., Jimenez, E.,

Chalas, E., Musa, F., & Gorenstein, S. (2018). Using
advanced wound care and hyperbaric oxygen to manage
wound complications following treatment of vulvovaginal
carcinoma. Gynecologic Oncology Reports, 24, 90-93.
Gonzalez MJ, Miranda Massari JR, Duconge J, Riordan NH,
Ichim T, Quintero-Del-Rio Al, Ortiz N. The bio-energetic
theory of carcinogenesis. Med
2012;79(4):433-439.

Hypotheses.

Gupta, P., Sahni, T., Jadhav, G.K. et al. A Retrospective
Study of Outcomes in Subjects of Head and Neck Cancer
Treated with Hyperbaric Oxygen Therapy for Radiation
Induced Osteoradionecrosis of Mandible at a Tertiary Care
Centre: An Indian Experience. Indian J Otolaryngol Head
Neck Surg 65, 140-143 (2013).
https://doi.org/10.1007/s12070-013-0640-z

Hampson, N. B., Holm, J. R., Wreford-Brown, C. E., &
Feldmeier, J. (2012). Prospective assessment of outcomes in
411 patients treated with hyperbaric oxygen for chronic
radiation tissue injury. Cancer, 118(15), 3860-3868.

Howell, R. S., Criscitelli, T., Woods, J. S., Gillette, B. M., &
(2018).
Indications, Contraindications, and Use at a Tertiary Care
Center. AORN journal, 107(4), 442-453.

Gorenstein, S. Hyperbaric Oxygen Therapy:

Huang, L., Boling, W., & Zhang, J. (2018). Hyperbaric

oxygen therapy as adjunctive strategy in treatment of
glioblastoma multiforme. Medical Gas Research,8(1), 24.
do0i:10.4103/2045-9912.229600.

Iriarte Ortabe, J. 1., Batle Vidal, J. M., Urdiain Asensio, M.,
Caubet Biayna, J., Mas, M., Collado Lopez, J., ... & Sanchez
Mayoral, J. (2006). Empleo de la oxigenoterapia mediante
camara hiperbarica en cirugia oral y maxilofacial. Revista
Espaiiola de Cirugia Oral y Maxilofacial, 28(1), 07-24.

Lin LJ, Alfonso AR, Ross FL, Chiu ES, Fleisher KE.
Management of stage 0 medication-related osteonecrosis of
the jaw with hyperbaric oxygen therapy: a case report and
review of the literature. Undersea & Hyperbaric Medicine:

Journal of the Undersea and Hyperbaric Medical Society, Inc.

2020 Second Quarter;47(2):241-251.

Liu, Z., G. L., & Zhang, H. (2015).
Hypoxia-inducible factor 1 and breast cancer metastasis .
Journal of Zhejiang University. Science. B, 16(1), 32—43.
http://doi.org/10.1631/jzus.B1400221

Semenza,

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Lu, Z., Ma, J,, Liu, B., Dai, C., Xie, T., Ma, X,, . . . Huang,
Q. (2016). Hyperbaric oxygen therapy sensitizes nimustine
treatment for glioma in mice. Cancer Medicine,5(11),
3147-3155. doi:10.1002/cam4.851

Mathieu, D., Marroni, A., & Kot, J. (2017). Tenth European
Consensus  Conference on  Hyperbaric  Medicine:
recommendations for accepted and non-accepted clinical
indications and practice of hyperbaric oxygen treatment.
Diving and hyperbaric medicine, 47(1), 24-32.

Mei LH, Yang G, Fang F. Hyperbaric Oxygen Combined
with 5-Aminolevulinic Acid Photodynamic Therapy Inhibited
Human Squamous Cell Proliferation. Biol Pharm Bull. 2019
Mar 1;42(3):394-400. doi: 10.1248/bpb.b18-00611. Epub
2018 Dec 27. PMID: 30587670.

Moen, I., & Stuhr, L. E. (2012). Hyperbaric oxygen therapy
and cancer—a review. Targeted oncology, 7(4), 233-242.

doi:10.1007/s11523-012-0233-x

Paniello, R. C., Fraley, P. L., & Obert, R. (2014). Effect of
hyperbaric oxygen therapy on a murine squamous cell
carcinoma model. Head & Neck,36(12), 1743-1746.
doi:10.1002/hed.23528.

Poff AM, Ward N, Seyfried TN, Arnold P, D’Agostino DP.
(2015). Non-Toxic Metabolic Management of Metastatic
Cancer in VM Mice: Novel Combination of Ketogenic Diet,
Ketone Supplementation, and Hyperbaric Oxygen Therapy.
PLoS ONE 10(6): e0127407.
doi:10.1371/journal.pone.0127407P

Qin, Z., Ding, J., Chen, J., & Xu, H. (2015). Effect of
Hyperbaric Oxygen on the Growth of Intracranial Glioma in
Rats. Chinese Medical Journal,128(23), 3197.
doi:10.4103/0366-6999.17027.

Qi, Y., Ruan, J., Wang, M., Dai, Y., Zhou, Q., Gui, S., . . .
Wang, Y. (2017). Effects of hyperbaric oxygen treatment on
gastric  cancer cell line SGC7901.

Reports,6(4),475-479. doi:10.3892/br.2017.869

Biomedical

Shaw, R., Butterworth, C., Tesfaye, B., Bickerstaff, M.,
Dodd, S., Smerdon, G., ... & Nixon, P. (2018). HOPON
the of
a randomised controlled trial of
hyperbaric oxygen to prevent osteoradionecrosis of the

(Hyperbaric Oxygen for Prevention

Osteoradionecrosis):

irradiated mandible: study protocol for a randomised
controlled trial. Trials, 19(1), 22.

Siegel, R. L., Miller, K. D., & Jemal, A. (2018). Cancer statistics,
2018. CA: A Cancer Journal for Clinicians,68(1), 7-30.
doi:10.3322/caac.21442

www.arjonline.org




Research advances in hyperbaric oxygen therapy use in cancer: A Review

31.

32.

33.

34.

35.

36.

37.

Sletta, K. Y., Tveitards, M. K., Lu, N., Engelsen, A. S., Reed, 33 Ueno, S., Sakoda, M., Kurahara, H. et al. Safety and efficacy

R. K., Garmann-Johnsen, A., & Stuhr, L. (2017).
Oxygen-dependent regulation of tumor growth and metastasis
in human breast cancer xenografts. Plos One,12(8).
doi:10.1371/journal.pone.0183254

Senstevold, T., Johannessen, A. C., Reed, R. K., Salvesen, G.
S., & Stuhr, L. (2017). Hyperbaric oxygen treatment did not
significantly affect radiation injury in the mandibular area of
rats. Oral surgery, oral medicine, oral pathology and oral

radiology.

Stepien, K., Ostrowski, R. P., & Matyja, E. (2016).
Hyperbaric oxygen as an adjunctive therapy in treatment of
malignancies, including  brain  tumours.  Medical

Oncology,33(9). doi:10.1007/s12032-016-0814-0

Sultan, A., Hanna, G. J., Margalit, D. N., Chau, N., Goguen,
L. A., Marty, F. M., ... & Tishler, R. B. (2017). The Use of
Hyperbaric Oxygen for the Prevention and Management of
Osteoradionecrosis of the Jaw: A Dana-Farber/Brigham and
Women's Cancer Center Multidisciplinary Guideline. The
oncologist, 22(3), 343-350.

Tao, J., Gao, Z., Huang, R., Li, H.; Therapeutic effect of
combined hyperbaric oxygen and radiation therapy for single
brain metastasis and its influence on osteopontin and MMP-9
(2019) Experimental and Therapeutic Medicine, 17 (1), pp.
465-471. DOL: 10.3892/etm.2018.6930

Te Winkel, M. L., Pieters, R., Wind, E. J. D., Bessems, J. G.,
& van den Heuvel-Eibrink, M. M. (2014). Management and
treatment of osteonecrosis in children and adolescents with
99(3),

acute lymphoblastic leukemia.

430-436.

Haematologica,

Teguh DN, Levendag PC, et al: Early hyperbaric oxygen
therapy for reducing radiotherapy side effects: early results of
a randomized trial in oropharyngeal and nasopharyngeal
cancer. Int J Radiation Oncol Biol Phys. 2009, 75 (3):
711-716. 10.1016/.1jrobp.2008.11.056.

39.

40.

41.

42.

43.

44,

45.

of early postoperative hyperbaric oxygen therapy with
restriction of transfusions in patients with HCC who have
undergone partial hepatectomy.Langenbecks Arch Surg 396,
99-106 (2011). https://doi.org/10.1007/s00423-010-0725-z
Wang, Y. G., Long, J., Shao, D. C., & Song, H. (2018).
Hyperbaric oxygen inhibits production of CD3+ T cells in the
thymus and facilitates malignant glioma cell growth. Journal
of International Medical Research, 0300060518767796.
Wang, Y., Zhan, Y., Pan, S., Wang, H., Zhang, D., Gao, K.,
Yu, C. (2015). Hyperbaric oxygen promotes malignant
glioma cell growth and inhibits cell apoptosis. Oncology
Letters,10(1), 189-195. doi:10.3892/01.2015.3244.

Wei, X., Qi, Y., Jia, N., Zhou, Q., Zhang, S., & Wang, Y.
(2018). Hyperbaric oxygen treatment sensitizes gastric cancer
cells to melatonin-induced apoptosis through multiple
pathways. Journal of Cellular Biochemistry.
doi:10.1002/jcb.26864.

WHO. (2018, February 18).
http://www.who.int/cancer/en/

Cancer. Retrived from

Xie, Y., Zeng, X., Wu, X., Hu, J., Zhu, Y., & Yang, X.
(2018). Hyperbaric oxygen as an adjuvant to temozolomide
nanoparticle inhibits glioma growth by inducing G2/M phase
arrest. Nanomedicine, 13(8), 887-898.

Yahara, K., Ohguri, T., Udono, H., Yamamoto, J., Tomura,
K., Onoda, T., ... & Korogi, Y. (2017). Radiotherapy using
IMRT boosts
chemotherapy for glioblastoma. Journal of radiation research,
58(3), 351-356.

after hyperbaric oxygen therapy with

Yan, L., Liang, T., & Cheng, O. (2015). Hyperbaric oxygen
therapy in China. Medical Gas Research,5(1), 3.
doi:10.1186/s13618-015-0024-4.

Citation: Michael J. Gonzalez, Manish KC et.al, “Research advances in hyperbaric oxygen therapy use in cancer: A
Review”. American Research Journal of Oncology , Volume 3, Issue No. 1, 2021, pp. 1-6.

Copyright © 2021 Michael J. Gonzalez, Manish KC et.al, This is an open access article distributed under the
Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

www.arjonline.org




