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Hypoxia on tumors

• Hypoxia is reported to result in cellular 
responses which improve oxygenation 
and viability through induction of 
angiogenesis, an alteration in 
metabolism by increased glycolysis and 
upregulation of genes involved in cell 
survival/apoptosis 

• Hypoxia is a critical hallmark of solid 
tumors and involves enhanced cell 
survival, angiogenesis, glycolytic 
metabolism, and metastasis. 

I Moen et al. Targ Oncol 7, 233–242 (2012)



Hyperbaric oxygen(HBO) therapy and cancer

• Hyperbaric oxygen can be used to overcome hypoxia. 

• As in normal tissue, the pO2 in cancer tissue increases 
significantly during HBO exposure. 

• Elevation of the tumor oxygen pressure has been 
shown to be preserved clinically for approximately 30 
min after HBO exposure. 

I Moen et al. Targ Oncol 7, 233–242 (2012).



Hyperbaric oxygen therapy and cancer

• Hypoxia has proven to be a causative factor in many 
pathophysiological events, including cancer 
progression. 

• Decreased oxygen tension selects for more malignant 
cells and induces multiple cellular adaptations, which 
again sustains cancer progression and cancer growth.

• Today, angiogenesis is proposed to be a key factor for 
cancer growth and metastasis.

UHM 2003, vol.30 No.1 -hyperbaric oxygen and cancer growth
I Moen et al. Targ Oncol 7, 233–242 (2012).



NK cell activity vs cancer cells

활성도가높은 NK세포 활성도가낮은 NK세포



NK cell activity vs cancer cells



Hypoxia-CD73 signaling on NK cells

• Hypoxia is a powerful mediator 
of NK cell function and 
metabolism, as well as tumor 
progression.

Chambers AM, Matosevic S. Front Mol Biosci. 2019;6:60 



Effects of hypoxia on NK cell function and 
metabolism

Chambers AM, Matosevic S. Front Mol Biosci. 2019;6:60



Effects of CD73 on NK cell function and 
metabolism

Chambers AM, Matosevic S. Front Mol Biosci. 2019;6:60



Methods

• A total 70 cancer patients who treated HBOT at the PARK 
Hospital

• Between April and October in 2020

• The concentration of interferon-γ (IFN-γ) was measured and 
considered to represent NKA (Natural Killer cell Activity). 

• Comparison of NKA level before and after HBOT



Methods-Natural Killer cell Activity

• Sampling of 1ml of whole blood 

• Using special tubes for analysis 
with NK Vue® Gold kit

• Measuring the amount of IFN-γ 
using sandwich ELISA



Methods-HBOT protocol

• Over 10 hyperbaric sessions

• 3~6 days a week

• 60~100 minutes each session

• 100% oxygen with air breaks at 2.4 ATA

• The hyperbaric multiplace chamber used was PVHO-1 (I-BEX, 
Korea).

• Oxygen was delivered by tight masks.

• Acceptable compression and decompression rates of 2.8 meter 
per minute were employed. 



Methods-HBOT protocol



Hyperbaric chamber center



Result
Table 1. Baseline characteristics of patients

Patients (n=70)

Age (yr) 52.4 + 9.0

Sex (male : female) 6 : 64

Solid Cancer 

Breast cancer 32 (45.7%)

Ovary cancer 8    (11.4%)

Non-Small cell Lung cancer 7    (10.0%)

Uterine Cervical cancer 4    (5.7%)

Thyroid cancer 4    (5.7%)

Pancreas cancer 3     (4.3%)

etc. 9    (14.2%)

Hematologic malignancy 3    (4.3%)

Stage

I 10  (14.2%)

II 12  (17.2%)

III 10  (14.2%)

IV 38  (54.2%)



Result
• Combined anti cancer drug

- 5-Fu, Capecitabine, Paclitaxel, Cisplatin, Carboplatin, 

Doxorubicin, Liposomal-Doxorubicin, Gemcitabine, 

Irrinitecan, Ifosfamide, Leucovorin

Albumin-bounded paclitaxel, Docetaxel, Etoposide

- Tamoxifen, Leuprorerin, Letrozole, Fulvestrant

- Pertuzumab, Trastuzumab, Bevacizumab, Laptinib

- Pembrolozumab,

- Pabociclib, Osimertinib, Crizotinib, Everolimus, 

Alectinib, Abemaciclib, Erlotinib

• All patients are alive.



Result
Table 2. Levels of first step NK cell activity according to the clinical characteristics 

Clinical Characteristics
NK cell activity

(pg/mL)
P-value

Sex 0.026

Male 391.17 (4 ~ 2061)

Female 1182.70 (3 ~ 4000)

Disease 0.150

Breast cancer 1363.44 (19 ~ 4000)

Ovary cancer 1358.50 (7 ~ 4000)

Non-Small cell Lung cancer 1071.14 (3 ~ 2061)

Uterine Cervical cancer 110.25 (6 ~ 253)

Thyroid cancer 1748.75 (24 ~ 4000)

Pancreas cancer 83.00 (26 ~188)

Stage 0.009

I 940.10 (19 ~ 3183)

II 2181.25 (90 ~ 4000)

III 440.60 (4 ~ 1807)

IV 920.49 (3 ~ 4000)



Result

Table 3.  Levels of NK cell activity according to the Hyperbaric oxygen (HBO) treatment 

NK cell activity

(pg/mL)
P-value

HBO 0.000

Before 1114.86 (3 ~ 4000)

After 2293.64 (82 ~ 4000)



Result

Figure 1. Comparison of natural killer (NK) cell activity, according to the Hyperbaric oxygen (HBO) treatment 

P=0.000



Result

Table 4.  Levels of NK cell activity according to HBOT in Breast cancer patients. (n=32, 45.7%)

NK cell activity

(pg/mL)
P-value

HBO 0.000

Before 1363.44 (19 ~ 4000)

After 2472.78 (151 ~ 4000)

Table 5.  Levels of NK cell activity according to HBOT in Stage IV patients. (n=37, 54.2%)

NK cell activity

(pg/mL)
P-value

HBO 0.000

Before 920.49 (3 ~ 4000)

After 2382.43 (82 ~ 4000)



Conclusion
• HBOT stimulates immunity by promoting NKA in 

cancer patients.

• Further studies need for the application of HBOT for 
the stimulation of immunity in cancer patients.



In future
: Aspect of oncology and immunologic stimulation 

• OS vs DFS

• Stage?

• Cancer type?

• How many session?

• Other marker? (ex. Neutrophil/Lymphocyte ratio)

• Other Oncology Pt. effect 

(Nutritional support, Post OP. nerve inj…)



Thank you for attention!


