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Radiation-Induced Soft Tissue Injuries
Hyperbaric Oxygen as Standard of Care?

Primary Training in Hyperbaric Medicine
Columbia, South Carolina

3IM™ Wound Measuing Guide
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Radiation Tissue Injury: “Non-Target” Tissues

Acute effects: mucosa, other rapidly proliferating cells
usually benign +/- RT pause

Late effects:  chronic oxidative stress
dose-dependent

complex wounds/organ loss
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HYPERBARIC OXYGEN AND WOUND HEALING IN 5
POST-IRRADIATION HEAD AND NECK SURGERY ;

Regulation of wound-healing ® 040-02/
angiogenesis—Effect of oxygen gradients
and inspired oxygen concentration

BEAM PROFILE
The dose variation across the field at a specified
depth.
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Evolution of radiation-induced soft tissue injuries

Some minor symptoms resolve spontaneously
others with conservative care

Remitting-relapsing characteristics

Other seemingly minor symptoms prove refractory
disease progression despite “standard” care

New forms of injury may evolve > advanced care
leading in some cases to loss of organ or death
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Rectal RT injury complex

Trialdesign

Microscopic hemorrhage

Macroscopic hemorhage

Mucosal loss

Pain/tenesmus

Frequent

Loss of sphincter control
e

d for elighilty

160 enrolledrandomized (1:1)
% ratio

120 evaluable

64HB0 20ATA 02

56 Sham 1.3 > 10 ATA @i
Objective & subjective rteria
HBO higher response rates

SOMA p=0.0019

clnical assessiment p=0.0009

bows bother

bowl functon

Clarke RE, et al. Int. J Rad Oncol Biol Phys 2008;72

Elimination o remiting/relapsing sequence
“disease modifcation’
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LENT score reduction; clinical implications

Pre-treatment LENT score of 13
deep ulceration; intermittent pain; bleeding (>2 weekly); treated with regular non-narcotic, occasional
transfusions & steroids

Post-treatment LENT score of 7

occasional pain, occult bleeding; occasional urgency; treated with anti-diarrheals; occasional non-
narcotics, stool softeners, diet modification

1 year follow-up LENT score of 5

occasional pain, treated with occasional non-narcotic; stool softener; diet modification & iron therapy

Patient beliefs (blinding)

72 pts. asked what they thought their randomization was

HBO Sham Don't Know
HBO Group (33) 20 1 12
Sham Group (39) 23 2 14

Chi-square test detects no relationship (p =0.9058)

Ignoring those who did not know, Kappa statistic p=0.0299




Harms

Ear barotrauma

19 pts (15.8%) complained of ear pain/discomfort
11 unremarkable exam
7 TM changes only
1 TM change & middle ear eflusion

decongestans...& ventiation tubes...7 notx...4
Sinus barotrauma

1pt. (0.08%), . with decongestants
Transient myopia

4pts. (3.3%)
Confinement anxiety

2pts. (1.7%) sedative...1 reassurance...1

Trial design

241 screened for eligbilty

84 enrolledirandomized (2:1)

Reported
40HBO 2.4ATA 02per mask
25Sham 1.3ATA air per mask

Subjective primary endpoint
change in IBD questionnaire score
1BDQ rectal bleeing score at 1 yr

“This trial is VERY upsetting!

We have seen such consistently good results in the patients treated off trial, in terms of healing ulceration
& treating bleeding - in fact, there is no one in 10 years who has not responded well to HBO.

I'must have sent 4 or 5 a year - and it is very difficult to understand our trial results™
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Treatment failure

Local recurrence vs. residual tumor as failed clinical response/relapse risk

45% (3) of those who failed to respond per SOMA dx with cancer

SOMA scores in pts who either failed to respond or improved then relapsed
> by average of 9 (4-7) at flu when CAdx.
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The Effect of Hyperbaric Oxygen
Therapy on Rectal Ulcers after Argon
Plasma Coagulation

10 mm ulcer at site of APC
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Healed after HBO x 50
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Gibson RJ, et al. Supportive Cale Cancer 2013;21

Bowen JM, et al. Supportive Care Cancer 2019;27
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The American Society of Colon and Rectal Surgeons
Clinical Practice Guidelines for the Treatment of
Chronic Radiation Proctitis
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“HBO is an effective tx to reduce bleeding.”

“Grade of Recommendation is Strong.”
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Current management of radiation cystitis: a
review and practical guide to clinical
management
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Injury complex

Dysurafincontinence
R

|nmm
Vascular telangiectasis
Bullous erythema
Microscopic hemorthage
Macroscopic hemorthage
Clot retention/obstruction
Reduced bladder capacity
Hemortagic ulceration

oot ety Loss of mucosal integity
Methods Kepwords Urethral strictureffbrosis
i g o o i o Bladder neck contracture:
Tissue necrosis
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Trial design
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87 enrolledirandomized (1:1)
39% ratio

42HBO 24ATAO2+SC
458C

No sham or binding
79 evaluable ITT analysis
Objective & subjective crteria
Treatment effect:

64% HBO pts improved symptom grades
vs. 18% SC
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for Acute and Chronic Radiation Urethritis
and Cystitis
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Current management of radiation cystitis
after pelvic radiotherapy: a systematic review

MarchlénoM etal Minerva Urol Nephrol 2022;74

Figure 2.—Different treatment approaches, systematically
classified
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The treatment of pelvic soft tissuc radiation necrosis with
hyperbaric oxygen
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Williams, JA, et al. Am J Obstel Gynocol 1992 8

Injury complex

Dyspareunia

ess
Hemorage
Stenosis
Mucositis
Ukeration/necrosis
Atrophy
Necrosis
Rectovaginal fstula
Vesicovaginal fistula

= Radiation Oncology

210028

Hyperbaric oxygen treatment for late
radiation-induced tissue toxicity in treated
gynaecological cancer patients: a systematic
eview

K BMC =
Geldof NI, et al. Radiation Oncology 2022;17:164

*HBO therapy has a postive effect gynecological LRTI"

“Benefited most when localized in the vaginal, vulva and rectovaginal areas”

“Important limitation of this review is the low quality of included studies”
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'UNDERSEA & HYPERBARIC MEDICINE {" &r\
Controlled CMS Data Demonstrates a Cost and
Clinical Advantage for Hyperbaric Oxygen for
Radiation Cystitis

‘ ==

Feldmeier J, et al. Undersea Hyperbaric Medicine 2024;51(2)

Studied MIC fee for service radiation cystis ciaims 2014-2019
"HBO vs.no HBO claim submissions
Compared to ‘controls", HBO provided”
36% reduction in urinary bleeding
78% reduced frequency blood transfusion for hematuria
31% reduction in endoscopic procedures

“Tewer’ hospialzatons

When at least 40 i provided:
(Cost savings per pt $11,548.00; 37% reduction MIC spending

Better linical utcomes than those with fewer t's
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for late radiation tissue injury
in gynecologic malignancies
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LARYNGEAL RADIONECROSIS AND HYPERBARIC OXYGEN
‘THERAPY: REPOKT OF I8 CASES AND REVIEW OF THE LITERATURE.
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Injury complex

Pain
Hoarseness

Dyspnea

Edema

Airway obstruction

Loss of mucosal inegrty
Ulceration

Necrosis

Weight loss
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e 212040 WiLey 29 (4.3%) of 678 iadiated laryngeal SCC pts dx LCRN
— 210215
Sasti bt e gy o byl s primary management (59%) tracheostomy; iv steroids, antbiotics
alter chemordiotherapy for mesopharyngel cancer: as report single-center experience of which only 4 (14%) improved
and literature review
e e e L el S pomaiad P Y TL performed in 6 (21%) pts (HBO unavalable for 5)
- Aron Popetaer D™ | i amzany MO
SO— 10 (34.5%) pis received HBO therapy (median 45 txs)
e 9 (90%) improved | undenwent TL > 80 HBO txs
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HBO vs non-HBO pis (0.005)
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e 1 s M, e o e T ®
-
¥
£
. - e o Witk
M, et al. Jpn J Radiol 2012;30(4) [ e
= =
S S
Hyperbaric dosing
Treatment pressure...2.0 ATA oxygen
may require a multiplace (mask) pressure of 2.36 ATA
Treatment duration...90 minutes at tx pressure
typically requires up to 120 minutes in-chamber time
Treatment frequency...once daily, five times weekly
Treatment course...30-40 exposures
titrated o clinical response
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Hyperbaric Oxygen: Does it promote growth
or recurrence of malignancy?
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FeldmeierJ-et-al: UHM 2003;30(1)

Hyperbaric oxygen therapy and cancer—a review




Five-Year Recurrence Rates for SCC

SCC Stage Non-HBO

Recurred

HBO

Recurred

| 29
I 58
n 50

v 23

6(21%)
14 (24%)
16 (32%)

9(38%)

6 (16%)
17 (18%)
19 (21%)

6(28%)

n gl

Radiation-Induced Increase in Cell Migration
and Metastatic Potential of Cervical Cancer
Cells Operates Via the K-Ras Pathway
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‘The Therapeutic Effect of Photon Irradiation on Viable
Glioblastoma Cells Is Reinforced by Hyperbaric Oxygen
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Buhler H, et al. Anlicano:r-Research 2015;35 -

Colanies

Cell colony survival

A0Sy Re2Gy oi0ey 0120y

Cell colony migration

#p<001  **p<0.001
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s p<0.0001




