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Abstract

Introduction Cancer remains one of the leading causes of death worldwide, with 50-60% of patients requiring radiotherapy
during the course of treatment. Patients’ survival rate has increased significantly, with an inevitable increase in the number of
patients experiencing side effects from cancer therapy. One such effect is late radiation injuries in which hyperbaric oxygen
therapy appears as complementary treatment. With this work we intend to divulge the results of applying hyperbaric oxygen
therapy among patients presenting radiation lesions in our Hyperbaric Medicine Unit.

Materials and methods Retrospective analysis of clinical records of patients with radiation lesions treated at the Hyper-
baric Medicine Unit assessed by the scale Late Effects of Normal Tissues—Subjective, Objective, Management, Analytical
(LENT-SOMA) before and after treatment, between October 2014 and September 2019 were included. Demographic char-
acteristics, primary tumor site, subjective assessment of the LENT-SOMA scale before and after treatment were collected
and a comparative analysis (Students 7 test) was done.

Results 88 patients included: 33 with radiation cystitis, 20 with radiation proctitis, 13 with osteoradionecrosis of the man-
dible and 22 with radiation enteritis. In all groups, there was a significant decrease (p <0.005) in the subjective parameter
of the LENT-SOMA scale.

Discussion Late radiation lesions have a major influence on patients’ quality of life. In our study hyperbaric oxygen therapy
presents as an effective therapy after the failure of conventional treatments.

Conclusion Hyperbaric oxygen therapy is an effective complementary therapy in the treatment of refractory radiation lesions.
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Cancer remains one of the leading causes of death world-
wide [1]. According to GLOBOCAN, in 2020, 60467 new
cancer cases occurred in Portugal and it is estimated that
these numbers will keep increasing until 2025 [2]. Currently,
50-60% of cancer patients will have radiotherapy at some
point in the course of their disease, but it is estimated that
this percentage will increase by approximately 15% in the
upcoming years [3].

The therapeutic approach of oncological patients may
involve multimodal treatments such as surgery, radiotherapy,
chemotherapy, immunotherapy and/or target therapy.

With the emergence of these therapeutic options, survival
rates of oncological patients have been increasing signifi-
cantly, creating a high number of long-survivors. This pro-
gress led to an inevitable increase in the number of patients
experiencing side effects of the oncological therapeutic used,
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in some cases with a negative impact on their quality of life
(4]

Radiotherapy consists of applying ionizing radiation
on biological tissues, with a therapeutic goal. The use of
this ionizing radiation in clinical practice began shortly
after Wilhelm Rontgen found the X radiation in 1895. The
impressive technical progression over the last years and
the emergence of high precision treatment modalities have
allowed for a better tumor control with less toxicities. As
a therapeutic modality, radiotherapy may be administrated
either with an intention to cure (radical, neoadjuvant or adju-
vant) or as a palliative treatment (for pain relief, hemostatic,
decompressive, or in the treatment of brain, pulmonary, or
hepatic metastases, among others). It can be delivered as
monotherapy or combined with radiosensitizing chemo-
therapy. Generally, radiotherapy treatments are divided into
two groups according to how the radiation is delivered—
In External Radiotherapy, the source of radiation (linear
accelerator) is at a certain distance of the patient, whereas in
Brachytherapy radioactive sources are put inside the tumor
(e.g. prostate), directly in contact with it (e.g. skin tumors)
or in a natural cavity (e.g. esophagus, uterus).

Radiotherapy principles

DNA is the main target of ionizing radiation, whose major
goal is to induce breaks in the double-helix of nuclear DNA.
These breaks induce a cellular response (DNA damage
response) that includes the activation of cell cycle check-
points and repair mechanisms. In some cases, this response
leads directly to cell apoptosis but, in most situations, cell
death only occurs after the next attempt to enter mitosis,
when damaged or deficiently repaired DNA will originate a
mitotic catastrophe. This leads to irreversible loss of repro-
ductive capacity and eventually to cell death [5]. Although
ionizing radiation damages both normal and tumor cells, the
aim of radiotherapy is to deliver the highest possible dose
to the tumor, sparing as much as possible the surrounding
normal tissues.

To make this possible, it is important not only to use
advanced technology, but also to remember the 5 R’s rule
of thumb of radiobiology, that are crucial for treatment with
conventional fractionation (1.8-2 Gray per fraction): DNA
Repair, Redistribution, Repopulation, Reoxygenation and
Radiosensitivity.

DNA repair is one of the main reasons for radiotherapy
to be administered in multiple fractions, with curative daily
treatments ranging from 3 to 8 weeks. Fractionation treat-
ments allow for normal cells to repair sub-letal damage
induced by radiation. After the irradiation of a tumoral
population, cells will be in different stages of the cell cycle.
It is now clear that cells respond better to radiation in the
G2 and M phases of mitosis. So, by dividing the treatment
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into fractions we allow for tumor cells to redistribute their
cellular clones to the most sensitive stages of the cell cycle.

In addition, fractionation of radiotherapy makes it pos-
sible for healthy cells to repopulate the space previously
occupied by tumor cells. As the tumor mass decreases,
reoxygenation of hypoxic tumoral zones is also permitted,
making this radioinduced damage irreversible [6]. Besides
these mechanisms, the radiosensitivity of the irradiated tis-
sues will ultimately determine both the therapeutic response
and the toxicity caused by the treatment [7], with the most
radiosensitive cells/tissues being hematopoietic cells, germ
cells, gastro-intestinal mucosa, skin and vascular endothe-
lium [6].

Even with more advanced technologies, such as Inten-
sity-Modulated Radiation Therapy (IMRT) or Volumetric-
Modulated Arc Therapy (VMAT), Stereotactic Body Radia-
tion Therapy (SBRT) and Image-Guided Radiation Therapy
(IGRT) techniques, which potentially decrease the volume
of healthy tissues included in the treatment field, the risk of
early and late toxicity cannot be dismissed. Early toxicity
occurs during treatment and up to 90 days after its comple-
tion, whereas late toxicity appears after that period, some-
times months or years after the treatment. The late effects
of radiation are usually the dose limiting factor and tend to
affect slowly proliferating tissues [8].

Factors that influence the incidence and severity of late
complications are divided broadly into therapy-related or
patient-related factors.

The main therapy-related risk factor is fractionation (dose
per fraction). Hypofractionated schemes (delivering higher
dose per fraction) have become increasingly common spe-
cially among low a/p tumors such as breast and prostate
cancer. Evidence from multiple phase 3 randomized control
trials have shown similar tumor control rates and no increase
in late toxicities [9—11]. Prostate cancer trials evaluating the
role of moderate hypofractionation comparing to a conven-
tional 2 Gy/fraction regimen have shown no differences in
gastrointestinal and genitourinary late effects in both groups
with only a small increase in risk of short-term gastrointes-
tinal toxicities [9, 11]. These data form the backbone of the
international consensus supporting the use of hypofractiona-
tion in prostate cancer [12] but evidence is still limited for
late toxicities beyond 5 years posttreatment so it is crucial
for the Radiation Oncologist to ensure the implementation
of these treatments with proper technology and safety. As for
breast cancer, three week hypofractionated regimens have
shown to have similar rates of local recurrence, late normal
tissue toxicity, and breast cosmesis at 10 years compared
with conventional fractionation over 5 weeks [13, 14], so it
is now standard treatment after breast conserving surgery
[15].

Other risk factors for late toxicities include total dose
delivered, total time of treatment, irradiated volume,
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radiation technique and the combination with other treat-
ment modalities (surgery or systemic therapy) [16].

Individual risk factors for late complications include
patient age, smoking and drinking habits, anemia, colla-
gen vascular diseases, infections or pre-existence of func-
tional diseases or genetic conditions [17]. To explain late
complications of radiotherapy two mechanisms have been
proposed: the first includes the direct damage to the micro-
vascular endothelium, due its fast cellular turnover, which
results in an interruption of blood flow, a process denomi-
nated endarteritis obliterans (obliterative endarteritis) [18].
The other mechanism (fibroatrophic model) relates to the
depletion of stem and parenchymal cells in the irradiated
tissue, and its replacement by fibrotic tissue caused by the
release of fibrogenic cytokines [19]. Both mechanisms can
account for irradiated tissues becoming typically hypovas-
cular, hypoxic and hypocellular.

Hyperbaric medicine and radiation lesions

Hyperbaric Oxygen Therapy (HBOT) consists in the admin-
istration of oxygen in an inspired oxygen fraction close to
one (100% oxygen), inside a hyperbaric chamber with a
pressure 2 to 3 times higher than the atmospheric pressure
at sea level (760 mmHg/1 ATA). This pressure increase will
result in a very significant rise in blood and tissue oxygen
pressure (close to 2000 mmHg and 400 mmHg, respec-
tively). The oxygen content of arterial blood at 1 atmos-
phere absolute (ATA) is about 20 ml/dL but only 0.29 ml/
dL corresponds to dissolved oxygen, the rest is bound to
hemoglobin. By increasing the pressure up to 2 or 3 ATA
there is an exponential increase in the amount of dissolved
oxygen in the blood and tissues. Due to its diffusion capac-
ity, dissolved oxygen crosses functional capillaries to the
hypoperfused areas, allowing oxygenation of cells at risk,
which will underpin most of the physiological and therapeu-
tic effects of hyperbaric oxygen [20].

HBOT promotes mechanisms that trigger regeneration
and healing as it enhances collagen production [21, 22],
improves the function of osteoclasts and osteoblasts in bone
remodeling [23], promotes angiogenesis and induces the
release of stem cells from the bone marrow into the cir-
culation, leading to the formation of new capillaries [24].
In addition, HBOT reduces radiation-induced damage by
preventing the recruitment of neutrophils and macrophages
[25, 26] and the imbalance of calcium homeostasis [27],
by preventing the synthesis of cytokines, PGE2, Cox-2
[28], radioactive oxygen species [29], action of NO [30],
IFN-gammal8 [31] and TNF-alpha [32]. Tissue swelling
is probably improved through an osmotic effect of oxygen,
while the establishment of a steep oxygen gradient across an
irradiated tissue margin is a powerful stimulus to the growth
of new blood vessels [23].All these mechanisms support the

benefit of HBOT in the viability of irradiated tissues, play-
ing an important role in the treatment of radiation lesions.
Irradiated tissues become hypovascular and hypoxic.
With HBOT there is an improvement on neovascularization
and oxygenation, promoting remodeling and improving the
homeostasis, while diminishing inflammation.

Background

Hemorrhagic cystitis typically presents between 6 months
and 10 years after radiotherapy. It has a prevalence of
5-15%. among patients irradiated in the pelvic area [33].
It manifests as haematuria, anemia, pollakiuria, dysuria,
incontinence, or retention as a result of urethral obstruction
by a clot. Multiple studies have demonstrated the significant
effect hemorrhagic cystitis can have on patient-rated qual-
ity of life scales [34]. Different treatment methods may be
considered: bladder instillation with specific agents, laser
hemostasis through cystoscopy, specific arterial emboliza-
tion and as a last resource cystectomy with urostomy [35].
Studies of intravesical agents used in the treatment of severe
bladder hemorrhage show response rates higher than 50%
[33]. HBOT is a non-invasive treatment that has become
more prevalent in recent years, and studies have shown a
complete response rate ranging from 27 to 100% of patients
studied, with most showing more than 75% of patients with
a complete response [36].

Radiation proctitis occurs as a late complication after
pelvic radiotherapy. Its incidence was previously reported
to be as high as 30%, but with recent advances in radiation
techniques, it is estimated that only approximately 1-5%
of patients treated for pelvic malignancies will experience
symptoms related to late radiation effect [37]. It manifests as
pain, diarrhea, fecal incontinence and rectorrhagia. Chronic
radiation proctitis has a significant impact on patient’s qual-
ity of life scores, causing devastating effects on psycologi-
cal outcomes [38]. The therapeutic options include oral or
rectal steroids, but the efficacy of corticosteroids alone has
been poorly studied and anecdotal clinical experience with
this approach has been disappointing [36]. Another option
is the use of oral or rectal sucralfate, which may be used
to decrease the bleeding associated with chronic radiation-
induced proctitis, showing good response rates by 4 weeks
[39]. Mesalazine or butyrate enema may also be used with
some benefit in hastening recovery [40] and hemostatic con-
trol by endoscopy has shown to be effective in patients with
mild and moderate radiation proctitis [36, 37, 41, 42].

Mandibular osteoradionecrosis develops years after
radiotherapy for head and neck neoplasms. After the intro-
duction of IMRT its incidence has been decreasing, being
estimated at 5% [43]. It usually manifests after a local
aggression (tooth extraction, trauma), with pain, trismus,
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bone exposure, ulcer, fistula, abscess, xerostomia and dys-
phagia. Given the functional damage induced by mandibular
osteoradionecrosis, quality of life is often severely affected
[44]. In the literature, treatment includes antibiotic therapy
and reconstructive surgery [45]. HBOT has been advocated
in the prevention and treatment of osteoradionecrosis of the
jaw after head and neck radiation therapy.

Radiation enteritis develops three or more months after
radiotherapy. Late radiotoxic effects consist of a combi-
nation of submucosal fibrosis and vascular degeneration.
Intestinal obliterating endarteritis causes ischemia, result-
ing in stenosis, fibrosis, or fistula formation, with increased
intestinal permeability and bacterial growth. It is manifested
by nausea, vomiting, abdominal pain, diarrhea, weight loss,
malnutrition and melena. It is estimated that gastrointestinal
symptoms have a negative impact in the quality of life of
50% of the patients submitted to pelvic radiotherapy. Addi-
tionally, 20-40% say that this effect is moderate or severe
[46] There are many therapeutic options, as dietary modi-
fication, antidiarrheal agents, antibiotics, bile acid seques-
trants [47]. Surgical management is indicated in complicated
and/or severe cases or in cases refractory to medical treat-
ment [47]. One study showed high postoperative morbidity
and need for parenteral nutrition after surgery [48].

When managing and treating late complications of radi-
otherapy, the above-referred therapeutic options are often
of reduced effectiveness. HBOT, on the other hand, has an
important role as a complementary treatment. HBOT has
shown to be effective in reducing hematuria and its accom-
panying symptoms with total response rates of approxi-
mately 50% in the treatment of radiation cystitis [49]. As for
radiation proctitis, there is evidence suggesting that HBOT
significantly improves healing responses in patients with
refractory toxicities, generating an absolute risk reduction
of 32% [50]. HBOT has been used as a prevention before
manipulation of irradiated bone or soft tissue (for example,
dental extractions) in patients with mandibular osteoradione-
crosis [49], although its benefit has been recently challenged
with a randomized controlled trial showing no differences
in late pain or quality of life [5S1]. Recent data from two
randomized controlled trials accessing the effect of HBOT
on mandibular osteonecrosis showed that HBOT was asso-
ciated with an increased chance of healing independent of
baseline ORN grade or smoking status as well as improved
xerostomia, unstimulated whole salivary flow rate, and dys-
phagia compared to surgery alone. Despite these results, the
statistically significant improvement was not observed due
to insufficient recruitment [52].

There was a recognized need for an international scoring
system for measuring and recording radiation morbidity. In
1995 the Late Effects Normal Tissues—Subjective, Objec-
tive, Management, Analytical (LENT-SOMA) scale was
published. It was an attempt to produce a universal system
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for measuring and recording the late effects of radiotherapy
[53]. The published system incorporated four separate ele-
ments comprising subjective (a record of the patients’ symp-
toms), objective (obtained by a clinician during a clinical
examination), management (medical steps taken to amelio-
rate patients’ symptoms), and analytical (an objective assess-
ment of tissue effects) data [54]. The SOMA scales have
been devised to monitor the response of all the individual
organs or tissues known to be included in the target volume,
and hence at risk of being damaged. For any treatment site
a combination of different organ-specific scales would be
selected. There are four degrees of injury within each cat-
egory. The scores increase to reflect either the increasing
intensity or frequency of the effect under observation, for
example, increasing stool frequency [55]. An interesting
point is that the scale takes into account the patient’s point
of view. It provides valuable data on the patient view and
focus attention on symptoms that can be alleviated but may
have not received sufficiently serious attention otherwise.

Objectives

With this work we intend to present the results of treatment
with HBOT of patients with radiation lesions in the Hyper-
baric Medicine Unit (UMH) at Hospital Pedro Hispano
(HPH) between October 2014 and August 2019.

Our main goal is to analyze if there is an improvement in
the subjective parameter of the scale Late Effects of Normal
Tissues—Subjective, Objective, Management, Analytical
(LENT-SOMA) after HBOT.

Materials and methods

All files of patients diagnosed with radiation lesions referred
for Hyperbaric Oxygen Therapy (HBOT) at the HBOT
Unit of Hospital Pedro Hispano between October 2014
and August 2019 were analyzed. Patients diagnosed with
radiation cystitis, radiation proctitis, mandibular osteoradi-
onecrosis and radiation enteritis, refractory to other treat-
ments were included. During the defined period 112 patients
were treated: 42 with radiation cystitis, 28 with radiation
proctitis, 18 with mandibular osteoradionecrosis and 24
with radiation enteritis. Of these, 24 patients were lost to
follow-up. The remaining 88 patients answered a question-
naire in the presence of a clinician to document the severity
of symptoms before and after treatment with HBOT, using
the subjective parameter of the scale Late Effects Normal
Tissues—Subjective, Objective, Management, Analytical
(LENT-SOMA)—Table 1.
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Table 1 Subjetive evaluation of the LENT-SOMA scale

Parameter Grade 1 Grade 11 Grade I1I Grade IV
Subjective evaluation of the LENT-SOMA scale for radiation cystitis
Haematuria Occasional Intermittent Persistent with clots Refractory

Dysuria Occasional and minimal ~ Intermittent and tolerable Persistent and intense Refractory and excruciating
Frequency 3—4 h intervals 2-3 h intervals 1-2 h intervals Hourly

Incontinence Weekly episodes Daily episodes 2 pads / day Refractory

Decreased stream  Occasionally weak Intermittent Persistent but incomplete obstruction Complete obstruction

Subjective evaluation of the LENT-SOMA scale for radiation proctitis

Tenesmus Occasional urgency Intermittent urgency
Mucosal loss Occasional Intermittent
Sphincter control ~ Occasional Intermittent
Stool frequency ~ 2—4 per day 4-8 per day

Pain Occasional and minimal

Intermittent and tolerable

Persistent urgency Refractory
Persistent Refractory
Persistent Refractory
> 8 per day Uncontrolled diarrhea

Persistent and intense Refractory and excruciating

Subjective evaluation of the LENT-SOMA scale for mandibular osteoradionecrosis

Pain Occasional and minimal

Mastication - Difficulty with solids

Denture use - Loose denture

Intermittent and tolerable Persistent and intense

Refractory and excruciating
Difficulty with soft foods -

Inability to use dentures -

Trismus Present but unmeasurable Preventing normal eating Difficulty eating Inadequate oral intake
Subjective evaluation of the LENT-SOMA scale for radiation enteritis

Stool frequency 24 per day 4-8 per day > 8 per day Uncontrolled diarrhea

Stool consistency Bulky Loose Mucous, dark, watery -

Pain Occasional and minimal  Intermittent and tolerable Persistent and intense Refractory /Rebound

Constipation 3—4 per week 2 per week Once per week No stool in 10 days

LENT-SOMA late effects of normal tissues-subjective, objective, management, analytical

Patients’ demographics, primary location of the neo-
plasm, time interval between radiotherapy and the first
symptoms and number of sessions of HBOT were reviewed.

HBOT treatments were performed in a 16-multi-place
chamber with one daily session (Monday through Friday)
at a pressure of 2.4 ATA for 90 min.

Using the SPSS Statistics program from IBM version 20,
descriptive analysis of the data was performed. For continu-
ous variables, after applying normality tests, the mean and
standard deviation were found and ¢ Student test of paired
samples was applied for the subjective parameter of the
LENT-SOMA scale before and after treatment with HBOT.
Statistical significance was considered when p <0.005.

Results
Radiation cystitis

Thirty-three patients were included in the study, of which
13 were women and 20 men, with a mean age of 69 years
[45-82 years]. Regarding the primary location of the neo-
plasm that motivated treatment with radiotherapy, eight
patients had cervical cancer, four endometrial carcinoma,
20 prostate cancer and one rectal carcinoma. The mean time

interval between radiotherapy and first episodes of haema-
turia was 62 [1-251 months]. The mean number of sessions
was 42 [18—114 sessions].

Regarding the subjective parameter of the LENT-SOMA
scale, there was an average decrease of 4 points+2.6
(»<0.001) after HBOT, with a mean score of 9 + 3.3 before
HBOT and 5+2.8 after HBOT. In 29 patients an improve-
ment (score drop) was observed, three patients maintained
the same score and one patient worsened (despite improve-
ment in hematuria, the frequency of urination per day has
increased) (Fig. 1).

Radiation proctitis

Twenty patients were included in the study, 10 women and
10 men, with a mean age of 65 years [35-81 years]. Regard-
ing the primary location of the neoplasm that motivated
treatment with radiotherapy, three patients had rectal car-
cinoma, seven cervical cancer and 10 prostate cancer. The
mean time interval between radiotherapy and first symptoms
was 36 [1-168 months]. The mean number of sessions was
55 [25-89 sessions].

When analyzing the subjective parameter of the LENT-
SOMA scale, there was an average decrease of 2 points +2.2
(p<0.001) after HBOT, with an average score of 7+ 3.2
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42 patients treated at HMU
33 patients included in the study
\
29 patients with a score drop in LENT-SOMA

3 maintained same LENT-SOMA score

1 patient increased +1 point LENT-SOMA

Fig. 1 Results of patients with radiation cystitis treated at HMU.
LENT-SOMA late effects of normal tissues-subjective, objective,
management, analytical, HMU hyperbaric medicine unit

before HBOT and 5+3.1 after HBOT. In 14 patients an
improvement (score drop) was observed, three patients
maintained the same score and three worsened (one patient
had resolution of pain but increased stool frequency and
decreased sphincter control, another patient despite improve-
ment in pain had worsening of mucosal loss, and a third
patient experienced aggravated tenesmus and increased fre-
quency of stools) (Fig. 2).

Jaw/mandibular osteoradionecrosis

Thirteen patients were included in the study, 4 women and 9
men, with a mean age of 56 years [45-79 years]. Regarding
the location of the neoplasm that motivated treatment with
radiotherapy, nine patients had carcinoma of the oral cavity,
two carcinoma of the nasopharynx and two carcinoma of the
oropharynx. The mean time interval between radiotherapy
and first symptoms was 36 [7-84 months]. The mean num-
ber of sessions was 57 [40-80 sessions].

Regarding the subjective parameter of the LENT-SOMA
scale, there was an average decrease of 2.6 points +2.2

28 patients treated at HMU
20 patients included in the study

\
14 patients with a score drop in LENT-SOMA

3 maintained same LENT-SOMA score
3 patient increased LENT-SOMA score

Fig.2 Results of patients with radiation proctitis treated at HMU.
LENT-SOMA late effects of normal tissues-subjective, objective,
management, analytical, HMU hyperbaric medicine unit
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18 patients treated at HMU

13 patients included in the study

11 patients with a score drop in LENT-
SOMA

3 patient increased LENT-SOMA score

Fig.3 Results of patients with jaw/mandibular osteoradionecrosis
treated at HMU. LENT-SOMA late effects of normal tissues-subjec-
tive, objective, management, analytical, HMU hyperbaric medicine
unit

(p<0.001) after HBOT, with an average score of 5.7+2.9
before HBOT and 3.1+2.1 after HBOT. In 11 patients
an improvement (score drop) was observed, whereas two
patients maintained the same score (Fig. 3).

Radiation enteritis

Twenty-two patients were included in the study, of which
16 were women and 6 men, with a mean age of 64 years
[40-81 years]. Regarding the primary location of the neo-
plasm that motivated treatment with radiotherapy, nine had
cervical cancer, seven rectal carcinoma, two prostate can-
cer, two retroperitoneal sarcoma, one gastric carcinoma, one
colon carcinoma. The mean time interval between radio-
therapy and first symptoms was 68 [5—-168 months]. The
mean number of sessions was 52 [18-70 sessions].

When analyzing the subjective parameter of the
LENT-SOMA scale, there was an average decrease of 1.4
points + 1.8 (p <0.005) after HBOT, with a mean score of
6.5 +3.6 before HBOT and of 5 +2.0 after HBOT. Fifteen
patients had an improvement (score drop), five patients
maintained the same score and two worsened (one patient
had worsening constipation and one patient had worsening
of pain) (Fig. 4).

Discussion and conclusion

The multimodal approach of cancer patients has allowed
for a significant increase in survival rates, with an inevita-
ble increase in patients (long-survivors) who present side
effects of the therapy performed. The use of advanced
radiotherapy techniques allows for some dose-escalation
approaches in the target volume while decreasing the dose
in adjacent organs, which potentially reduces radiother-
apy-related side effects. Late toxicities resulting from
radiotherapy have a variable incidence but a known impact
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24 patients treated at HMU
22 patients included in the study

15 patients with a score drop in LENT-
SOMA
5 maintained same LENT-SOMA score
2 patient increased LENT-SOMA score

Fig.4 Results of patients with radiation enteritis treated at HMU.
LENT-SOMA late effects of normal tissues-subjective, objective,
management, analytical, HMU hyperbaric medicine unit

on patients' quality of life. In the context of late lesions,
Hyperbaric Oxygen Therapy appears as a complementary
therapy to other therapeutic measures in the treatment of
refractory radioinduced lesions. By increasing the pressure
in the chamber to 2 or 3 absolute atmospheres (ATA) and
inhaling 100% oxygen, there is an exponential increase
in the amount of dissolved oxygen in the blood and tis-
sues, allowing oxygenation of cells at risk. In addition to
complementary symptomatic treatment, HBOT appears as
the only treatment capable of promoting mechanisms that
trigger tissue regeneration and healing.

According to the recommendations of the European
Committee of Hyperbaric Medicine (ECHM), published in
2016, radiation cystitis, radiation proctitis and mandibular/
jaw osteoradionecrosis are type 1 indications (with level
of evidence B) for the performance of Hyperbaric Oxy-
gen Therapy and radiation enteritis is an indication type 2
(with level of evidence B) [56].

The 2016 Cochrane review [23] included 14 trials
on the use of HBOT to improve radio-induced lesions.
There was some evidence of moderate quality that HBOT
improved outcome in late radiation tissue injury affecting
bone and soft tissues of the head and neck, for radiation
proctitis and to prevent the development of osteoradione-
crosis following tooth extraction in an irradiated field.

The data herein presented point to a significant
improvement in the subjective parameters (reported by
patients) of the various radiation lesions studied, and sug-
gest that patients with late radiotherapy-related lesions
could potentially benefit from treatment with Hyperbaric
Oxygen Therapy. The present findings are consistent with
previous trials [23] suggesting HBOT is an effective inter-
vention for improving symptomatology in patients with
radioinduced lesions. A recent study [57] documented an
improvement in the LENT SOMA score of 3.7 in patients
submitted to pelvic radiation, which is comparable with
our results.

We acknowledge the existence of limitations in our
study. The major limitation was the retrospective nature
of its design accounting for the lack of detailed clinical
information in several patients (radiation dose, previous
treatments before referring to HBOT unit) as the patients
were referred to our HBOT unit from other hospitals.
Other limitations were the subjectivity of answers to the
scale applied and the number of patients analyzed.

Notwithstanding these limitations, our results revealed
a significant improvement in the clinical status of patients,
which warrant further confirmatory studies.

Acknowledgements To all professionals who work in the Hyperbaric
Medicine Unit of Hospital Pedro Hispano.

Declarations

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research commitee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

Consent to participate Not applicable.

Consent for publication The authors, jointly and severally, give the
Publisher the permission to publish the work.

References

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal
A. Global cancer statistics 2018: GLOBOCAN estimates of inci-
dence and mortality worldwide for 36 cancers in 185 countries.
CA Cancer J Clin. 2018;68(6):394—424. https://doi.org/10.3322/
caac.21492.

2. WHO, Portugal Population Fact Sheets, In: The Globo Cancer
Observatory. 2021. https://gco.iarc.fr/today/data/factsheets/popul
ations/620-portugal-fact-sheets.pdf. Accessed 27 July 2022.

3. Borras JM, Lievens Y, Barton M, Corral J, Ferlay J, Bray F, Grau
C. How many new cancer patients in Europe will require radio-
therapy by 2025? An ESTRO-HERO analysis Radiother Oncol.
2016;119(1):5-11. https://doi.org/10.1016/j.radonc.2016.02.016.

4. Yucel B, Akkasg EA, Okur Y, Eren AA, Eren MF, Karapinar H,
Babacan NA, Kilickap S. The impact of radiotherapy on quality of
life for cancer patients: a longitudinal study. Support Care Cancer.
2014;22(9):2479-87. https://doi.org/10.1007/s00520-014-2235-y.

5. Joiner MC, van der Kogel A. Basic clinical radiobiology. 4th ed.
CRC Press; 2009. https://doi.org/10.1201/b15450.

6. Halperin EC, Wazer DE, Perez CA, Brady LW. Perez & Brady’s
principles and practice of radiation oncology. 7th ed. Wolters Klu-
wer Health; 2019.

7. Szumiel L. Intrinsic radiation sensitivity: cellular signaling is the
key. Radiat Res. 2008;169(3):249-58. https://doi.org/10.1667/
RR1239.1.

8. Gunderson T. Clinical radiation oncology. 3rd ed. Philadelphia:
Elsevier; 2012.

@ Springer


https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://gco.iarc.fr/today/data/factsheets/populations/620-portugal-fact-sheets.pdf
https://gco.iarc.fr/today/data/factsheets/populations/620-portugal-fact-sheets.pdf
https://doi.org/10.1016/j.radonc.2016.02.016
https://doi.org/10.1007/s00520-014-2235-y
https://doi.org/10.1201/b15450
https://doi.org/10.1667/RR1239.1
https://doi.org/10.1667/RR1239.1

Clinical and Translational Oncology

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Dearnaley D, Syndikus I, Mossop H, Khoo V, Birtle A, Bloom-
field D, Graham J, Kirkbride P, Logue J, Malik Z, Money-Kyrle J,
O’Sullivan JM, Panades M, Parker C, Patterson H, Scrase C, Staf-
furth J, Stockdale A, Tremlett J, Bidmead M, Mayles H, Naismith
O, South C, Gao A, Cruickshank C, Hassan S, Pugh J, Griffin
C, Hall E, CHHiP Investigators. Conventional versus hypofrac-
tionated high-dose intensity-modulated radiotherapy for prostate
cancer: 5-year outcomes of the randomised, non-inferiority, phase
3 CHHIP trial. Lancet Oncol. 2016;17(8):1047-60. https://doi.org/
10.1016/S1470-2045(16)30102-4.

Catton CN, Lukka H, Julian JA, Gu C-S, Martin J, Supiot S,
Chung PWM, Bauman G, Bahary J-P, Ahmed S, Cheung P, Tai
KH, Wu J, Parliament M, Levine MN. A randomized trial of a
shorter radiation fractionation schedule for the treatment of local-
ized prostate cancer. J Clin Oncol. 2016;34(15):5003. https://doi.
org/10.1200/JC0.2016.34.15_suppl.5003.

Incrocci L, Wortel RC, Alemayehu WG, Aluwini S, Schimmel E,
Krol S, van der Toorn PP, Jager H, Heemsbergen W, Heijmen B,
Pos F. Hypofractionated versus conventionally fractionated radio-
therapy for patients with localised prostate cancer (HYPRO): final
efficacy results from a randomised, multicentre, open-label, phase
3 trial. Lancet Oncol. 2016;17(8):1061-9. https://doi.org/10.1016/
S1470-2045(16)30070-5.

Morgan SC, Hoffman K, Loblaw DA, Buyyounouski MK, Pat-
ton C, Barocas D, Bentzen S, Chang M, Efstathiou J, Greany P,
Halvorsen P, Koontz BF, Lawton C, Leyrer CM, Lin D, Ray M,
Sandler H. Hypofractionated radiation therapy for localized pros-
tate cancer: executive summary of an ASTRO, ASCO and AUA
evidence-based guideline. J Urol. 2019;201(3):528-34. https://
doi.org/10.1097/JU.0000000000000071.

Haviland JS, Owen JR, Dewar JA, et al. The UK Standardisation
of Breast Radiotherapy (START) trials of radiotherapy hypof-
ractionation for treatment of early breast cancer: 10-year follow-
up results of two randomised controlled trials. Lancet Oncol.
2013;14:1086-94.

Whelan TJ, Pignol JP, Levine MN, Julian JA, MacKenzie R,
Parpia S, Shelley W, Grimard L, Bowen J, Lukka H, Perera F,
Fyles A, Schneider K, Gulavita S, Freeman C. Long-term results
of hypofractionated radiation therapy for breast cancer. N Engl J
Med. 2010;362(6):513-20. https://doi.org/10.1056/NEJM0a0906
260.

Smith BD, Bellon JR, Blitzblau R, Freedman G, Haffty B, Hahn
C, Halberg F, Hoffman K, Horst K, Moran J, Patton C, Perlmutter
J, Warren L, Whelan T, Wright JL, Jagsi R. Radiation therapy for
the whole breast: Executive summary of an American Society for
Radiation Oncology (ASTRO) evidence-based guideline. Pract
Radiat Oncol. 2018;8(3):145-52. https://doi.org/10.1016/j.prro.
2018.01.012.

Joiner MC, Kogel A. Basic clinical radiobiology. 5th ed. Taylor
& Francis; 2016.

Pasquier D, Hoelscher T, Schmutz J, Dische S, Mathieu D, Bau-
mann M, Lartigau E. Hyperbaric oxygen therapy in the treatment
of radio-induced lesions in normal tissues: a literature review.
Radiother Oncol. 2004;72(1):1-13. https://doi.org/10.1016/j.
radonc.2004.04.005.

Delanian S, Lefaix JL. Current management for late normal tis-
sue injury: radiation-induced fibrosis and necrosis. Semin Radiat
Oncol. 2007;17(2):99-107. https://doi.org/10.1016/j.semradonc.
2006.11.006.

Fleckenstein K, Gauter-Fleckenstein B, Jackson IL, Rabbani Z,
Anscher M, Vujaskovic Z. Using biological markers to predict
risk of radiation injury. Semin Radiat Oncol. 2007;17(2):89-98.
https://doi.org/10.1016/j.semradonc.2006.11.004.

Fernandes TDF. Medicina hiperbarica. Acta Med Port.
2009;22(4):323-34.

@ Springer

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Kang TS, Gorti GK, Quan SY, Ho M, Koch RJ. Effect of hyper-
baric oxygen on the growth factor profile of fibroblasts. Arch
Facial Plast Surg. 2004;6(1):31-5. https://doi.org/10.1001/archf
aci.6.1.31.

Oscarsson N, Ny L, Molne J, Lind F, Ricksten SE, Seeman-Lod-
ding H, Giglio D. Hyperbaric oxygen treatment reverses radiation
induced pro-fibrotic and oxidative stress responses in a rat model.
Free Radic Biol Med. 2017;103:248-55. https://doi.org/10.1016/j.
freeradbiomed.2016.12.036.

Bennett MH, Feldmeier J, Hampson NB, Smee R, Milross
C. Hyperbaric oxygen therapy for late radiation tissue injury.
Cochrane Database Syst Rev. 2016;4(4):CD005005. https://doi.
org/10.1002/14651858.CD005005.pub4.

Thom SR, Bhopale VM, Velazquez OC, Goldstein LJ, Thom LH,
Buerk DG. Stem cell mobilization by hyperbaric oxygen. Am J
Physiol Heart Circ Physiol. 2006;290(4):H1378-86. https://doi.
org/10.1152/ajpheart.00888.2005.

Bennett MH, Feldmeier J, Hampson N, Smee R, Milross C.
Hyperbaric oxygen therapy for late radiation tissue injury.
Cochrane Database Syst Rev. 2005;20(3):CD005005. https://doi.
0rg/10.1002/14651858.CD005005.pub2.

Giinther A, Kiippers-Tiedt L, Schneider PM, Kunert I, Berrous-
chot J, Schneider D, Rossner S. Reduced infarct volume and dif-
ferential effects on glial cell activation after hyperbaric oxygen
treatment in rat permanent focal cerebral ischaemia. Eur J Neuro-
sci. 2005;21(11):3189-94. https://doi.org/10.1111/j.1460-9568.
2005.04151.x.

Morabito C, Bosco G, Pilla R, Corona C, Mancinelli R, Yang Z,
Camporesi EM, Fano G, Mariggio MA. Effect of pre-breathing
oxygen at different depth on oxidative status and calcium con-
centration in lymphocytes of scuba divers. Acta Physiol (Oxf).
2011;202(1):69-78. https://doi.org/10.1111/j.1748-1716.2010.
02247 x.

Al-Waili NS, Butler GJ. Effects of hyperbaric oxygen on inflam-
matory response to wound and trauma: possible mechanism of
action. ScientificWorldJournal. 2006;3(6):425-41. https://doi.
org/10.1100/tsw.2006.78.

Ercin CN, Yesilova Z, Korkmaz A, Ozcan A, Oktenli C,
Uygun A. The effect of iNOS inhibitors and hyperbaric oxygen
treatment in a rat model of experimental colitis. Dig Dis Sci.
2009;54(1):75-9. https://doi.org/10.1007/s10620-008-0498-1.
Kendall AC, Whatmore JL, Harries LW, Winyard PG, Smer-
don GR, Eggleton P. Changes in inflammatory gene expression
induced by hyperbaric oxygen treatment in human endothe-
lial cells under chronic wound conditions. Exp Cell Res.
2012;318(3):207-16. https://doi.org/10.1016/j.yexcr.2011.10.
014.

Granowitz EV, Skulsky EJ, Benson RM, Wright J, Garb JL, Cohen
ER, Smithline EC, Brown RB. Exposure to increased pressure
or hyperbaric oxygen suppresses interferon-gamma secretion in
whole blood cultures of healthy humans. Undersea Hyperb Med.
2002;29(3):216-25.

Moon YJ, Lee JY, Oh MS, Pak YK, Park KS, Oh TH, Yune TY.
Inhibition of inflammation and oxidative stress by Angelica dahu-
ricae radix extract decreases apoptotic cell death and improves
functional recovery after spinal cord injury. J Neurosci Res.
2012;90(1):243-56. https://doi.org/10.1002/jnr.22734.

Smit SG, Heyns CF. Management of radiation cystitis. Nat Rev
Urol. 2010;7(4):206-14. https://doi.org/10.1038/nrurol.2010.23.
Droupy S. The therapeutic approach to different forms of cystitis:
impact on public health. Urologia. 2017;84(Suppl 1):8-15. https://
doi.org/10.5301/uj.5000262.

Oliai C, Fisher B, Jani A, Wong M, Poli J, Brady LW, Komarnicky
LT. Hyperbaric oxygen therapy for radiation-induced cystitis
and proctitis. Int J Radiat Oncol Biol Phys. 2012;84(3):733-40.
https://doi.org/10.1016/j.ijrobp.2011.12.056.


https://doi.org/10.1016/S1470-2045(16)30102-4
https://doi.org/10.1016/S1470-2045(16)30102-4
https://doi.org/10.1200/JCO.2016.34.15_suppl.5003
https://doi.org/10.1200/JCO.2016.34.15_suppl.5003
https://doi.org/10.1016/S1470-2045(16)30070-5
https://doi.org/10.1016/S1470-2045(16)30070-5
https://doi.org/10.1097/JU.0000000000000071
https://doi.org/10.1097/JU.0000000000000071
https://doi.org/10.1056/NEJMoa0906260
https://doi.org/10.1056/NEJMoa0906260
https://doi.org/10.1016/j.prro.2018.01.012
https://doi.org/10.1016/j.prro.2018.01.012
https://doi.org/10.1016/j.radonc.2004.04.005
https://doi.org/10.1016/j.radonc.2004.04.005
https://doi.org/10.1016/j.semradonc.2006.11.006
https://doi.org/10.1016/j.semradonc.2006.11.006
https://doi.org/10.1016/j.semradonc.2006.11.004
https://doi.org/10.1001/archfaci.6.1.31
https://doi.org/10.1001/archfaci.6.1.31
https://doi.org/10.1016/j.freeradbiomed.2016.12.036
https://doi.org/10.1016/j.freeradbiomed.2016.12.036
https://doi.org/10.1002/14651858.CD005005.pub4
https://doi.org/10.1002/14651858.CD005005.pub4
https://doi.org/10.1152/ajpheart.00888.2005
https://doi.org/10.1152/ajpheart.00888.2005
https://doi.org/10.1002/14651858.CD005005.pub2
https://doi.org/10.1002/14651858.CD005005.pub2
https://doi.org/10.1111/j.1460-9568.2005.04151.x
https://doi.org/10.1111/j.1460-9568.2005.04151.x
https://doi.org/10.1111/j.1748-1716.2010.02247.x
https://doi.org/10.1111/j.1748-1716.2010.02247.x
https://doi.org/10.1100/tsw.2006.78
https://doi.org/10.1100/tsw.2006.78
https://doi.org/10.1007/s10620-008-0498-1
https://doi.org/10.1016/j.yexcr.2011.10.014
https://doi.org/10.1016/j.yexcr.2011.10.014
https://doi.org/10.1002/jnr.22734
https://doi.org/10.1038/nrurol.2010.23
https://doi.org/10.5301/uj.5000262
https://doi.org/10.5301/uj.5000262
https://doi.org/10.1016/j.ijrobp.2011.12.056

Clinical and Translational Oncology

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Horan N, Cooper JS. Radiation cystitis and hyperbaric manage-
ment. 2022 Jan. In: StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2022. Available from: https://www.ncbi.
nlm.nih.gov/books/NBK430685/.

Zhong QH, Liu ZZ, Yuan ZX, Ma TH, Huang XY, Wang HM,
Chen DC, Wang JP, Wang L. Efficacy and complications of argon
plasma coagulation for hemorrhagic chronic radiation proctitis.
World J Gastroenterol. 2019;25(13):1618-27. https://doi.org/10.
3748/wjg.v25.113.1618.

Denton A, Forbes A, Andreyev J, Maher EJ. Non surgical inter-
ventions for late radiation proctitis in patients who have received
radical radiotherapy to the pelvis. Cochrane Database Syst Rev.
2002;1:CD003455. https://doi.org/10.1002/14651858.CD003455.
pub2.

Kochhar R, Sriram PV, Sharma SC, Goel RC, Patel F. Natural
history of late radiation proctosigmoiditis treated with topical
sucralfate suspension. Dig Dis Sci. 1999;44(5):973-8. https://
doi.org/10.1023/a:1026612731210.

Vernia P, Fracasso PL, Casale V, Villotti G, Marcheggiano A,
Stigliano V, Pinnaro P, Bagnardi V, Caprilli R. Topical butyrate
for acute radiation proctitis: randomised, crossover trial. Lancet.
2000;356(9237):1232-5. https://doi.org/10.1016/s0140-6736(00)
02787-2.

Karamanolis G, Psatha P, Triantafyllou K. Endoscopic treat-
ments for chronic radiation proctitis. World J Gastrointest Endosc.
2013;5(7):308-12. https://doi.org/10.4253/wjge.v5.17.308.
Sarin A, Safar B. Management of radiation proctitis. Gastroen-
terol Clin N Am. 2013;42(4):913-25. https://doi.org/10.1016/j.
gtc.2013.08.004.

Aarup-Kristensen S, Hansen CR, Forner L, Brink C, Eriksen JG,
Johansen J. Osteoradionecrosis of the mandible after radiotherapy
for head and neck cancer: risk factors and dose-volume correla-
tions. Acta Oncol. 2019;58(10):1373-7. https://doi.org/10.1080/
0284186X.2019.1643037.

Rogers SN, D’Souza JJ, Lowe D, Kanatas A. Longitudinal evalua-
tion of health-related quality of life after osteoradionecrosis of the
mandible. Br J Oral Maxillofac Surg. 2015;53(9):854-7. https://
doi.org/10.1016/j.bjoms.2015.07.008.

Chronopoulos A, Zarra T, Ehrenfeld M, Otto S. Osteoradi-
onecrosis of the jaws: definition, epidemiology, staging and
clinical and radiological findings. A concise review. Int Dent J.
2018;68(1):22-30. https://doi.org/10.1111/idj.12318.

Dalsania R, Shah K, Stotsky-Himelfarb E, Hoffe S, Willingham
F. American Society of Clinical Oncology Educational Book 41.
2021; p. 147-157.

Girvent M, Carlson GL, Anderson I, Shaffer J, Irving M, Scott
NA. Intestinal failure after surgery for complicated radiation
enteritis. Ann R Coll Surg Engl. 2000;82(3):198-201.

Lefevre JH, Amiot A, Joly F, Bretagnol F, Panis Y. Risk of recur-
rence after surgery for chronic radiation enteritis. Br J Surg.
2011;98(12):1792-7. https://doi.org/10.1002/bjs.7655.

Alés M, Salvador M. Coste efectividad de la Terapia Hiperbérica
en pacientes afectos de osteoradionecrosis de mandibula y em
los pacientes afectos de cistopatia hemorragica y/o proctopatia
hemorragica radioinducidas. ISCIII: Informes de Evaluacién de
Tecnologias Sanitarias; 2009.

Clarke RE, Tenorio LM, Hussey JR, Toklu AS, Cone DL, Hino-
josa JG, Desai SP, Dominguez Parra L, Rodrigues SD, Long RJ,

51.

52.

53.

54.

55.

56.

57.

Walker MB. Hyperbaric oxygen treatment of chronic refractory
radiation proctitis: a randomized and controlled double-blind
crossover trial with long-term follow-up. Int J Radiat Oncol Biol
Phys. 2008;72(1):134-43. https://doi.org/10.1016/j.ijrobp.2007.
12.048.

Shaw RJ, Butterworth CJ, Silcocks P, Tesfaye BT, Bickerstaff
M, Jackson R, Kanatas A, Nixon P, McCaul J, Praveen P, Lowe
T, Blanco-Guzman M, Forner L, Brennan P, Fardy M, Parkin R,
Smerdon G, Stephenson R, Cope T, Glover M. HOPON (Hyper-
baric Oxygen for the Prevention of Osteoradionecrosis): a rand-
omized controlled trial of hyperbaric oxygen to prevent osteora-
dionecrosis of the irradiated mandible after dentoalveolar surgery.
Int J Radiat Oncol Biol Phys. 2019;104(3):530-9. https://doi.org/
10.1016/j.ijrobp.2019.02.044.

Forner LE, Dieleman FJ, Shaw RJ, Kanatas A, Butterworth CJ,
Kjeller G, Alsner J, Overgaard J, Hillerup S, Hyldegaard O,
Arnell P, von Buchwald C, Kaanders JHAM, Smeele LE, Specht
L, Johansen J, Witjes MJH, Merkx MAW, Jansen EC. Hyperbaric
oxygen treatment of mandibular osteoradionecrosis: combined
data from the two randomized clinical trials DAHANCA-21 and
NWHHT2009-1. Radiother Oncol. 2022;166:137-44. https://doi.
org/10.1016/j.radonc.2021.11.021.

Rubin P, Constine LS, Fajardo LF, Phillips TL, Wasserman TH,
RTOG Late Effects Working Group. Overview. Late effects of
normal tissues (LENT) scoring system. Int J Radiat Oncol Biol
Phys. 1995;31(5):1041-2. https://doi.org/10.1016/0360-3016(95)
00057-6.

Routledge JA, Burns MP, Swindell R, Khoo VS, West CM, David-
son SE. Evaluation of the LENT-SOMA scales for the prospective
assessment of treatment morbidity in cervical carcinoma. Int J
Radiat Oncol Biol Phys. 2003;56(2):502—10. https://doi.org/10.
1016/50360-3016(02)04578-9.

avy JJ, Denekamp J, Letschert J, Littbrand B, Mornex F, Bernier J,
Gonzales-Gonzales D, Horiot JC, Bolla M, Bartelink H, EORTC
Late Effects Working Group. Late effects toxicity scoring: the
SOMA scale. Radiother Oncol. 1995;35(1):11-5. https://doi.org/
10.1016/0167-8140(95)97448-m.

Mathieu D, Marroni A, Kot J. Tenth European Consensus Con-
ference on Hyperbaric Medicine: recommendations for accepted
and non-accepted clinical indications and practice of hyperbaric
oxygen treatment. Diving Hyperb Med. 2017;47(2):131-2. https://
doi.org/10.28920/dhm47.1.24-32.

Andren J, Bennett MH. An observational trial to establish the
effect of hyperbaric oxygen treatment on pelvic late radia-
tion tissue injury due to radiotherapy. Diving Hyperb Med.
2020;50(3):250-5. https://doi.org/10.28920/dhm50.3.250-255.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement and
applicable law.

@ Springer


https://www.ncbi.nlm.nih.gov/books/NBK430685/
https://www.ncbi.nlm.nih.gov/books/NBK430685/
https://doi.org/10.3748/wjg.v25.i13.1618
https://doi.org/10.3748/wjg.v25.i13.1618
https://doi.org/10.1002/14651858.CD003455.pub2
https://doi.org/10.1002/14651858.CD003455.pub2
https://doi.org/10.1023/a:1026612731210
https://doi.org/10.1023/a:1026612731210
https://doi.org/10.1016/s0140-6736(00)02787-2
https://doi.org/10.1016/s0140-6736(00)02787-2
https://doi.org/10.4253/wjge.v5.i7.308
https://doi.org/10.1016/j.gtc.2013.08.004
https://doi.org/10.1016/j.gtc.2013.08.004
https://doi.org/10.1080/0284186X.2019.1643037
https://doi.org/10.1080/0284186X.2019.1643037
https://doi.org/10.1016/j.bjoms.2015.07.008
https://doi.org/10.1016/j.bjoms.2015.07.008
https://doi.org/10.1111/idj.12318
https://doi.org/10.1002/bjs.7655
https://doi.org/10.1016/j.ijrobp.2007.12.048
https://doi.org/10.1016/j.ijrobp.2007.12.048
https://doi.org/10.1016/j.ijrobp.2019.02.044
https://doi.org/10.1016/j.ijrobp.2019.02.044
https://doi.org/10.1016/j.radonc.2021.11.021
https://doi.org/10.1016/j.radonc.2021.11.021
https://doi.org/10.1016/0360-3016(95)00057-6
https://doi.org/10.1016/0360-3016(95)00057-6
https://doi.org/10.1016/s0360-3016(02)04578-9
https://doi.org/10.1016/s0360-3016(02)04578-9
https://doi.org/10.1016/0167-8140(95)97448-m
https://doi.org/10.1016/0167-8140(95)97448-m
https://doi.org/10.28920/dhm47.1.24-32
https://doi.org/10.28920/dhm47.1.24-32
https://doi.org/10.28920/dhm50.3.250-255

	The role of hyperbaric oxygen therapy in the treatment of radiation lesions
	Abstract
	Introduction 
	Materials and methods 
	Results 
	Discussion 
	Conclusion 

	Introduction
	Radiotherapy principles
	Hyperbaric medicine and radiation lesions

	Background
	Objectives
	Materials and methods
	Results
	Radiation cystitis
	Radiation proctitis
	Jawmandibular osteoradionecrosis
	Radiation enteritis

	Discussion and conclusion
	Acknowledgements 
	References




