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"BS TP ACT
Background

Cancer is a significant global health problem. Radic... ~vis treatment for many cancers and about 50% of people having radiotherapy
will be long-term survivors. Some will experier  'ate radiation tissue injury (LRTI) developing months or years later. Hyperbaric
oxygen therapy (HBOT) has been suggested 1s a cearment for LRTT based upon the ability to improve the blood supply to these
tissues. It is postulated that HBOT may recult - voth ' ealing of tissues and the prevention of problems following surgery.

Objectives
To assess the benefits and harms Jf HBv T for i :ating or preventing LRTT.
Search methods

We updated the searches of the Cochra.  Central Register of Controlled Trials (CENTRAL; 2015, Issue 11), MEDLINE, EMBASE,
DORCTIHM and referen’ - lists of articles in December 2015. We also searched for ongoing trials at clinicaltrials.gov.

Selection criteria
Randomised contre” ed tria. (RCTs) comparing the effect of HBOT versus no HBOT on LRTT prevention or healing.
Data collec’ on ana  -alvs’,

Three re” =w aur’ ors independently evaluated the quality of the relevant trials using the guidelines of the Cochrane Handbook for
Systematic ho* vs of Interventions and extracted the data from the included trials.

Main results

Fourteen trials contributed to this review (753 participants). There was some moderate quality evidence that HBOT was more likely
to achieve mucosal coverage with osteoradionecrosis (ORN) (risk ratio (RR) 1.3; 95% confidence interval (CI) 1.1 to 1.6, P value =
0.003, number needed to treat for an additional beneficial outcome (NNTB) 5; 246 participants, 3 studies). There was also moderate
quality evidence of a significantly improved chance of wound breakdown without HBOT following operative treatment for ORN (RR
4.2;95% CI 1.1 to 16.8, P value = 0.04, NNTB 4; 264 participants, 2 studies). From single studies there was a significantly increased
chance of improvement or cure following HBOT for radiation proctitis (RR 1.72; 95% CI 1.0 to 2.9, P value = 0.04, NNTB 5), and
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following both surgical flaps (RR 8.7; 95% CI 2.7 to 27.5, P value = 0.0002, NNTB 4) and hemimandibulectomy (RR 1.4; 95% CI
1.1 to 1.8, P value = 0.001, NNTB 5). There was also a significantly improved probability of healing irradiated tooth sockets following
dental extraction (RR 1.4; 95% CI 1.1 to 1.7, P value = 0.009, NNTB 4).

There was no evidence of benefit in clinical outcomes with established radiation injury to neural tissue, and no randomised data reported
on the use of HBOT to treat other manifestations of LRTI. These trials did not report adverse events.

Authors’ conclusions

These small trials suggest that for people with LRTT affecting tissues of the head, neck, ai s an.=n  HBOT is associated with
improved outcome. HBOT also appears to reduce the chance of ORN following tooth extractic in an irra. ‘ated field. There was no
such evidence of any important clinical effect on neurological tissues. The application of *77OT 1. <lecte . participants and tissues
may be justified. Further research is required to establish the optimum participant selecti»n ana "ming of any therapy. An economic
evaluation should be undertaken.

PLAIN LANGUAGE SUMMARY
Hyperbaric oxygen therapy for the treatment of the late effects of radiotherapy
The issue

There is a risk of serious complications developing after radiation trc »tnic. = radiotherapy) for cancer (late radiation tissue injury
(LRT)). These problems can be very difficult to resolve and the:. "~ son. - doubt as to the best approaches to treatment. Hyperbaric
oxygen therapy (HBOT) involves breathing oxygen in a speciall= " <ignea _iamber. It is used as a treatment to improve oxygen supply
to damaged tissue (cells within the body) and support healin' .

The aim of the review

We searched medical databases for clinical studies aime. to fin. +he evidence for or against the ability of HBOT, compared to either
no treatment or alternative treatments, to improve these cc nplications. The evidence was current to December 2015.

‘What were the main findings?

There was some evidence that HBOT impro' »d « utcor e in LRTT affecting bone and soft tissues of the head and neck, for radiation
proctitis (inflammation of the lower part ' [ the  -oe “itestine caused by radiotherapy treatment) and to prevent the development of
osteoradionecrosis (bone death caused by diotherapy treatment) following tooth extraction in an irradiated field. There was no such

evidence of any important clinice’ cic on ti. =s in the nervous system.
Quality of the evidence

The evidence was generally of mode. = quality and limited by small numbers of participants, poor reporting of methods and results,
and uncertainty as to the exact degree ot improvement with HBOT.

‘What are the conclusion.

The application of HLU . 2 selc_ted participants and tissues may be justified. Studies of radiation injury suggest that other tissues are
also likely to respor 1 (e.g. by dder). Further research is required to establish which people may respond and the best timing of such
therapy. A st dy of cc =~ wor .d also be useful.

Hyperbaric oxygen therapy for late radiation tissue injury (Review) 2
Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



'y ‘suos 3 AS|IM uyof Aq paysi|gnd ‘uoiyeI0qe||0D SuBIYI0D Y| 90T @ IYS1ikdo)

(m31A3Y) Aanful anssi3 uoijeiped aje| 40) Adeaay3 uadAxo sreqiadiHy

SUMMARY OF FINDINGS FOR THE MAIN COMPARISON [Explanation]

Hyperbaric oxygen therapy versus standard approack ‘~r pe. nle with osteoradionecrosis

Patient or population: late radiation tissue injury
Setting: hospital

Intervention: hyperbaric oxygen therapy
Comparison: standard treatment options

Outcomes Anticipated absoiu.. = ects* (95% Cl) Relative effect No of participants Quality of the evidence Comments
(95%Cl) (studies) (GRADE)
Risk witi. <t~ .dard Risk with hyperbaric
treaw. nt options oxygen therapy
Complete muco’ 4l Stur y population RR1.30 246 SDBO 1 trial enrolled people
coverin people withv. = (1.09to 1.55) (3 RCTs) Moderate! with relatively milder
teoradionecrosis (mu- v * per 1000 846 per 1000 disease and 2 trials en-
cosal cover) (709 to 1000) rolled people with ad-
assessed with: ni ysical vanced disease
examination Low
follow-up: 12-1¢
months 250 per 1000 325 per 1000
(273 to 388)
High
900 per 1000 1000 per 1000
(981 to 1000)
Wound dehiscence fol- Study population RR4.23 264 SDDO Relatively  short-term
lowing complex head (1.06t0 16.83) (2 RCTs) Moderate? outcome

and neck  surgery
(wound healing)
assessed with: clinical
examination

follow-up: 3 months
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280 per 1000 1000 p + .70
(297 to 1.10)

Low ' 7 .

100 per 1000 4.~ ,1000
106 to 1000)

High

500 per 1 00 1000 per 1000

(530 to 1000)

*The risk in the interve ... grou, ‘and its 95%confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its
95%Cl).
Cl: confidence interv. " RR* sk ratio; OR: odds ratio

GRADE Working Group grade. of evidence

High quality: We ire very confident that the true effect lies close to that of the estimate of the effect

Moderate quality. 'Ve are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantial’, . “~ren.

Low quali’ 1: Our c. ©fidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Ver fow q. ‘ity: V' ¢ have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

" ligh ri- . of bias in some areas due to poor reporting.
2lmy  :ision in estimate.



BACKGROUND

Description of the condition

Cancer is a significant global health problem. According to World
Health Organization (WHO) statistics, in 2012 more than 14 mil-
lion people were diagnosed with cancer, and cancer caused more
than eight million deaths the same year IARC 2013). Radiother-
apy is a well-established treatment of suitable malignancies in a
wide variety of anatomical areas. Of the approximately 1.2 mil-
lion new cases of invasive cancer diagnosed annually in the USA,
for example, about 50% will receive radiotherapy (Jemal 2002),
and of these about 50% will be long-term survivors. While radio-
therapy may acutely injure any normal tissue in the path of the
radiation, this acute injury generally heals spontaneously follow-
ing completion of the treatment course. Serious radiation-related
complications developing months or years after radiation treat-
ment, collectively known as late radiation tissue injury (LRTTI),
are relatively rare and will affect between 5% and 15% of those
long-term survivors who received radiotherapy, although the inci-
dence varies widely with dose, age and site (Flannigan 2014; Stone
2003; Thompson 1999; Waddell 1999). Although any tissue o~ ,
be affected, LRTT is in practice most common in the head ind
neck, chest wall, breast and pelvis - reflecting the anato.nical a1
most commonly irradiated and the likelihood of survival fo. ~eo-
ple treated for cancer at these anatomical sites.

When LRTTIs occur, tissues undergo a progressive deteric ~tion
characterised by a reduction in the density of small bloou . sels
(reduced vascularity) and the replacement of iorm 1 tissue cells
with dense fibrous tissue (fibrosis), until there it ns .ficie toxygen
supplied to sustain normal function. Thic¢ situai. — * requently
exacerbated by secondary damage due to . ‘ection or surgery in
the affected area (Rubin 1984). 7.us | »gressi. and delayed ra-
diation damage may reach a ¢r” ical poi t where the tissue breaks
down to form an ulcer or area of c. “ ¢ _ch (radiation necrosis or ra-
dionecrosis). LRTT can affect any orga. vstem, although some tis-
sues are more sensitive to raiation effects than others (Thompson
1999; Trott 1984; Wadde" 1999).

Historically, the managemen.  Cthese injuries has been unsatisfac-
tory. LRTT may be ".e th. reni.g and may significantly reduce
quality of life (QoL  Conser 1tive treatment is usually restricted
to symptom’ nanagen. v ile definitive treatment traditionally
entails su’ _ery to emove the affected part and extensive repair
(Stone 20u. " S rgical intervention in an irradiated field is often
disfiguring ana . ~ociated with an increased incidence of delayed
healing, breakdown of a surgical wound or infection. Hyperbaric
oxygen therapy (HBOT) has been widely reported to improve
LRTT in a wide range of tissues (Feldmeier 2002; Hampson 2012).

Description of the intervention

HBOT has been proposed to improve tissue quality, promote heal-
ing and prevent breakdown of irradiated tissue fields. It may be
defined as the therapeutic administration of 100% oxygen at en-
vironmental pressures greater than 1 atmosphere absolute (ATA).
Administration involves placing the person in an airtight vessel,
increasing the pressure within that vessel, and giving 100% oxy-
gen for respiration. In this way, 1 is possible to deliver a greatly
increased partial pressure of axvgen -o the lungs, blood and tis-
sues. Typically, treatmesr. involve . -urisation to between 2.0
and 2.5 ATA for periods be. ~en 60 @ d 120 minutes once or
twice daily to a total “ « 3u ~ 60 scssions of treatment.

How tt : interve Ytion might work

The intei hittent app cation of HBOT is the only intervention
that has bec. b~

irradiated tissue. This has been demonstrated by Marx in a rabbit

. to increase the number of blood vessels in

mana. ular (jaw bone) model and further confirmed by serial tis-
s axyg. » level measurements using electrodes placed on the over-
lyr. » sku._ranscutaneous oximetry (PtcO,)) in humans undergo-
~a ¢ urse of therapy for radiation necrosis of the mandible (Marx
1988; Marx 1990). In the rabbit study, the jaw and surrounding
s¢ - tissues were heavily irradiated and one group ’rescued’ with
F 30T six months later. The two control groups showed no im-
provement while a series of 20 sessions at 2.4 ATA on 100% oxy-
gen returned the density of blood vessels to 80% of normal. In the
human study, a progressive recovery of low PtcO, readings into
the normal range was achieved in a group of people receiving ther-
apy for underlying osteoradionecrosis (ORN) (radiation necrosis
of bone).
HBOT seems most likely to achieve such improvements through
a complex series of changes in affected tissues. 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 (Davis 1988; Hills 1999). In addition, improving oxygen
levels will improve white cell and fibroblast function, further en-
hancing wound healing (Mandell 1974). Improved tissue quality
has been demonstrated in a model of radiation small bowel injury

(Feldmeier 1995; Feldmeier 1998).

Why it is important to do this review

While HBOT has been used for LRTTsince at least 1975 (Mainous
1975), most clinical studies have been limited to relatively small
case series or individual case reports. There have been relatively
few comparative studies published, and no previous quantitative
systematic reviews of which we are aware. In one semi-quantita-
tive review, Feldmeier and Hampson located 71 such reports in-
volving 1193 participants across eight different tissues (Feldmeier
2002). In these participants, for whom conservative treatment

Hyperbaric oxygen therapy for late radiation tissue injury (Review)
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had failed to improve symptoms, there were clinically significant
improvements in the majority of people. Results varied between
tissue types, with neurological tissue appearing the most resis-
tant to improvement. Only 7 of 71 reports indicated a generally
poor response to HBOT. More recently, Hoggan 2014 systemat-
ically reviewed the literature and found 11 studies of HBOT for
LRTI, concluding there was support for the use of HBOT in se-
lected tissues. The present review complements Feldmeier 2002
and Hoggan 2014 by using explicit Cochrane methodology to lo-
cate, quantitatively appraise and summarise the comparative data,
while not discussing in any detail the non-comparative series sum-
marised in those reviews.

HBOT is associated with some risk of adverse events including
damage to the ears, sinuses and lungs from the effects of pressure;
temporary worsening of short sightedness (myopia); claustropho-
biaand oxygen poisoning. Although serious adverse events are rare,
HBOT cannot be regarded as an entirely benign intervention. It
has further been suggested that HBOT may increase the incidence
and rate, or both, of growth of tumours in people with a history
of malignancy. One comprehensive review did not support these
concerns (Feldmeier 2003).

OBJECTIVES

To assess the benefits and harms of HBOT for treating or _reven.
ing LRTI

METHODS

Criteria for considering .tudi s for tais review

Types of studies

Randomised controlled tric s (RCTs) and pseudo-RCTs that com-
pared the effect of a regin. ~ including HBOT on any form of
LRTTI, with any treatr regii. 1 not including HBOT.

Types of p rticipa. -
Any pers: «with T {IT (including necrosis) of whatever tissue. We

also accepte. > ple treated with large-dose radiotherapy likely to
induce relatively = -ly necrosis (e.g. radiosurgery to a brain lesion).

Types of interventions

We accepted trials comparing regimens that included HBOT with
similar regimens that excluded HBOT. Where co-interventions
differed significantly between studies, we clearly stated this and
discussed the implications.

The intervention under examination was HBOT administered in
a compression chamber between pressures of 1.5 and 4.0 ATA and
treatment times between 30 and 120 minutes daily or twice daily.
These parameters excluded trivial treatments and highly toxic ex-
posures. The comparator groups were diverse, and we accepted
any standard treatment regimen designed to promote tissue heal-
ing or prevent further deterioratic .

Types of outcome mea. ves

Appropriate outcom  mec. re acpended on the nature of the
LRTT and the anat¢ ‘cal location. Studies were eligible for inclu-

sion if they r=  “=d an, ~fthe following outcome measures.

All anatc ~ical arear

Prima 7 outcomes

N

Lol

2. Complete resolution of necrosis or tissue damage.

5.7 .mplete resolution or substantial improvement of necrosis
or tissue damage.

. Improvement in LENT-SOMA (Late Effects Normal
L1ssues - Subjective, Objective, Management, Analytic) scale
(The European Organization for Research and Treatment of
Cancer (EORTC) and the Radiation Therapy Oncology Group
(RTOG) jointly developed the LENT-SOMA scales in 1995 to
standardise assessment of LRTT (Pavy 1995). Scales are location
specific and are summarised in a number of forms for each loca-
tion. We discussed the implications for pooling as required. Table
1 shows the scale dimensions.)

Secondary outcomes

1. Resolution of pain.

2. Resolution of swelling.

3. Improvement in QoL, function or both (we will consider
any measures of these outcomes, both general and organ specific,

e.g. SF46 or bowel bother scale).

Osteoradionecrosis

Primary outcomes

1. Healing with complete soft tissue coverage over bone.

2. Resolution of sinus tract between bone and skin or mucosa.

3. Resolution of fracture or re-establishment of bony
continuity.

4. Development of ORN in tooth socket following extraction
or following implant.

Hyperbaric oxygen therapy for late radiation tissue injury (Review)
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Secondary outcome

1. Improvement in X-ray appearance.

Head and neck soft tissues

Primary outcomes

1. Wound dehiscence (breakdown of a surgical wound).

2. Surgical removal of larynx.

3. Major vessel bleeding.

4. Loss of dental implant into irradiated tissue (outcome
added at second update as it is an emerging outcome of clinical
relevance)

Secondary outcomes

1. Speed of wound healing.

2. Improvement in swelling or "'woodiness’ of tissue.

3. Reversal of tracheostomy (surgical breathing hole in the
trachea).

Urinary bladder

Primary outcomes

1. Resolution of bleeding.
2. Removal of bladder and urine diversion p oo res.

Secondary outcomes

1. Improved cystoscopic appear ..
2. Frequency.
3. Dysuria (pain on passage . “wuin .

Chest wall

1. Nil additional to thosc “sted under ’All anatomical areas’.

Bowel

Primary ou.  aes

1. Resolution o: leeding.
2. Operations on the bowel such as colostomy, ileostomy or
bowel resection.

Secondary outcome

1. Improvement in pain score

Neurological tissue

Primary outcomes

1. Improvement in objective motor function.
2. Improvement in visual acuity.

Secondary outcomes

1. Improvement in senso._function.

2. Improvement in” .. <iona: bility or activities of daily
living (ADL).

3. Improvement in . ~uropsychiatric testing.
4. Imprs ement
5. Red ction in ste id dose.

X-ra, or scan appearance.

Extremities

1. Til additional to those listed under ’All anatomical areas’.

Aa -~rse crents of hyperbaric oxygen therapy

1

+." currence of tumour (locally or remote).
2. Visual disturbance (short and long term).
. Damage from pressure (aural, sinus or pulmonary
"arotrauma, in the short and long term).
4. Oxygen toxicity (short term).
5. Withdrawal from treatment for any reason.
6. Any other recorded adverse event.

Search methods for identification of studies

Electronic searches

We intended to capture both published and unpublished studies.
We initially searched in November 2004 and repeated the search
in August 2008, March 2011 and December 2015.
We searched the following (from inception) in November 2004
and then repeated the searches in August 2008, March 2011 and
December 2015:

1. the Cochrane Central Register of Controlled Trials
(CENTRAL 2015, Issue 11);

2. MEDLINE (1966 to week 3, November 2015);

3. EMBASE (1980 to week 47, 2015);

4. EBSCO CINAHL (1982 to December 2015);

5. an additional database developed in our Hyperbaric facility,
DORCTIHM (The Database of Randomised Trials in
Hyperbaric Medicine (Bennett 2011) searched December 2015).
The search strategies for other databases were broad; Appendix
1, Appendix 2, Appendix 3, and Appendix 4, show the search
strategies. The DORCTIHM search was by keywords as shown
in Appendix 5.

Hyperbaric oxygen therapy for late radiation tissue injury (Review)
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Searching other resources

1. For the original review, we consulted experts in the field
and leading hyperbaric therapy centres (as identified by personal
communication and searching the Internet) and asked them for
additional relevant data in terms of published or unpublished
RCTs.

2. Handsearched relevant hyperbaric textbooks (Jain 2009;
Kindwall 2008; Mathieu 2006; Neuman 2008), journals
(Undersea and Hyperbaric Medicine, Hyperbaric Medicine Review,
Diving and Hyperbaric Medicine, Space and Environmental
Medicine Journal) and conference proceedings (Undersea and
Hyperbaric Medical Society, SPUMS, European Undersea and
Baromedical Society, International Congress of Hyperbaric
Medicine) published since 1980.

3. Contacted authors of relevant studies to request details of
unpublished or ongoing investigations.

4. Examined the reference list of all trials for inclusion in this
review.

We applied no language restrictions. We contacted the study au-
thors if there was any ambiguity about the published data.

Data collection and analysis

Selection of studies

One review author (MB) was responsible for 1an sear 1ing and
identification of appropriate studies for cor .idei. “an < .d entered
all possibly relevant studies into a bibliog. ~hic software package
Reference Manager (Refman). Th ¢ ic ‘ew au. “ors (MB, JF and
NH) examined the electronic - arch re ilts and identified com-
parative studies that may have  n 17 evant. We retained studies
when one or more review authors ia. -ified them as appropriate.
We retrieved retained studies in full. Th.ee review authors inde-
pendently reviewed the st ies. There review authors all had con-
tent expertise in HBOT, o1, had content expertise in radiation
oncology (JF) and or = .. ™) hac expertise in clinical epidemiol-

ogy.

Data extr.. © on and management

Each review author .ndependently extracted the relevant data. We
contacted primary authors to request information when missing
data were encountered or if necessary data, such as adverse events,
were not clearly stated. We resolved all differences by discussion
and no disputed trials required referral to the Review Group con-
tact editor for appraisal. Review authors recorded data using the
data extraction form developed for this review.

Assessment of risk of bias in included studies

We appraised each included study to assess the risk of bias as out-
lined in Section 8.5 of the Cochrane Handbook for Systematic Re-
views of Interventions (Higgins 2011). We presented our assess-
ment of the risk of seven possible sources of bias in the risk of bias
tables for each study, namely:

1. Random sequence generatior. ‘selection bias). How were
the participants randomised = arouy +?

2. Allocation concealn. ¢ (selectior. bias). Was the group
allocation of participanrs unki. vn to t : recruiting trialist?

3. Blinding (perfo manc. »nd aetection bias). Was a reliable
method of blinding

4. Blindir_

Can we b’ confident articipants and trial personnel were

erapy employed?
_orticty ~ts and personnel (performance bias).

unaware f allocation:

5. Blinc o of our sme assessors (detection bias). Were those
measuring outce..ues unaware of allocation?

6. “ncomplete outcome data (attrition bias). Were missing
data a; ~tential source of bias?

‘. Crlec ive reporting (reporting bias). Were planned
outc mes missing in the trial report?

M rasures of treatment effect
¥ ¢ used CATmaker to calculate between-group comparisons for
single trials when the report authors did not do so (CEBM 2004).
For all other measures of treatment effect, we used Review Man-
ager 5 (RevMan 2014). It was our intention where possible to
analyse the data from different anatomical sites together (see out-
comes listed under ’all anatomical areas’). However, many out-
comes are specific to a particular anatomical site, and we analysed
these outcomes separately. We used an intention-to-treat (ITT)
analysis where possible and comparisons reflect efficacy in the con-
text of randomised trialling, rather than true effectiveness in any
particular clinical context. While we planned to compare survival
over time using the log hazard ratio and variance (Parmar 1998),
we found no suitable data. For dichotomous outcomes, we used
risk ratios (RRs). For continuous data, we used the mean differ-
ence (MD) between treatment and control groups in each trial
and aggregated MDs using inverse variance weights to estimate an
overall MD and its 95% confidence interval (CI). We used a fixed-
effect model where there was no evidence of significant clinical
heterogeneity between studies (see below), and employed a ran-
dom-effects model when such heterogeneity was likely. We used
Review Manager 5 for all statistical analysis (RevMan 2014).
Where co-interventions differed significantly between studies, we
clearly stated this and discussed the implications.

Overall primary outcomes (all anatomic areas)

1. Survival. For each trial, we calculated the RR for survival in
the HBOT group compared to the control group. We pooled

these RRs in a meta-analysis to estimate an overall RR and its
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95% CI. As an estimate of the clinical relevance of any difference
between experimental intervention and control intervention, we
calculated the number needed to treat for an additional
beneficial outcome (NNTB) and number needed to treat for an
additional harmful outcome (NNTH) with 95% CI as
appropriate, using the formula NNTB = 1/risk difference (RD)
with 95% CI calculated from the 95% CI of the RR, following
the method recommended in Altman 2001.

2. Complete resolution of necrosis or tissue damage. We
calculated the RR for complete resolution of necrosis or tissue
damage with and without HBOT using the methods described
in (1) above.

3. Improvement in LENT-SOMA scales. For each trial, we
planned to calculate the MD between HBOT and control
groups and combined them in a meta-analysis to estimate an
overall MD and its 95% CI. No trials reported improvement in
LENT-SOMA scales.

Overall secondary outcomes

1. Radiological improvement. Statistical analysis would
depend on the nature of the data, but would have followed the
methods outlined above (Overall primary outcomes (all
anatomic areas)’. No trials reported radiological improvemer .
We planned to approach the outcomes for each anatou..ical sit
an analogous manner to that outlined above.

1. Adverse events. For each trial, we planned to calcu: ¢ the
RR for each adverse event in the HBOT compared to the ¢ ntrol
group. We planned to pool these RRs in a meta-analysis .
estimate an overall RR and its 95% CI. No tri s re’ orted

adverse events.

Dealing with missing data

We employed sensitivity analy s using different approaches to
imputing missing data. The be. ~ase < -enario assumed that none
of the originally enrolled participa..  missing from the primary
analysis in the treatment group had the iegative outcome of in-
terest while all participant. missing from the control group did.

The worst-case scenario wa. “he reverse.

Assessment of h teroge eity

We assessec ieterogenc. | ing the I? statistic and gave consider-
ation to e apprr riateness of pooling and meta-analysis.

Subgroup analy. 's and investigation of heterogeneity

We considered subgroup analysis based on:

1. anatomical location;

2. dose of oxygen received (pressure, time and length of
treatment course);

3. nature of the comparative treatment modalities;

4. severity of injury.

Sensitivity analysis

We intended to perform sensitivity analyses for missing data and
study quality based on the presence or absence of a reliable ran-
dom allocation method, concealment of allocation and blinding
of participants or outcome assessors where appropriate.

RESULTS

Descripti~ € stu “es

Followin' our update search in August 2008, we had identified
116 pub. -ations app: ently dealing with the use of HBOT for
the treatmc of IT 1. On the basis of screening the titles and
abstracts, we excluded 98 records and retrieved the remaining 18
repor - in full text. After appraisal of the full reports we further
ecludec five reports with non-random controls (Carl 2001; Gal
20135 O strom 1999; Maier 20005 Niimi 1997), two system-
~ric , views with no further randomised data (Coulthard 2002;
Dento.: 2002), and one randomised trial with no quantitative data
(Thbey 1979). See Characteristics of excluded studies table. The
te iew included the remaining 10 records describing eight studies
(Annane 2004; Clarke 2008; Hulshof 2002; Marx 1985; Marx
1999a; Marx 1999b; Pritchard 2001; Sidik 2007). Marx 1999a
and Marx 1999b were trials reported for the first time in a text-
book. The recruitment period for these studies was not known. As
of August 2008, we had not been able to obtain a full-text copy
of Sidik 2007, but we have moved this study from Characteris-
tics of studies awaiting classification to Characteristics of included
studies after the full report was obtained.

Our searches in March 2011 retrieved 180 records. After removal
of duplicates, 145 records remained. On the basis of screening
the titles and abstracts, we excluded 132 records and obtained the
remaining 13 papers in full text. Of these reports, we included four
(two studies, two secondary reports with new data) and added the
nine excluded reports to the Characteristics of excluded studies
table.

Our most recent searches in December 2015 retrieved 186 records.
After removal of duplicates, 128 additional records remained. On
the basis of screening the titles and abstracts, we excluded 121
records and retrieved the remaining seven papers in full text. Of
these reports, we included four (three studies, one secondary report
with new data) and added three excluded reports Characteristics
of excluded studies table.

Figure 1 shows the results of all four searches combined and sum-
marised. In total, we included 17 reports of 14 trials (Annane 2004;
Clarke 2008; Gothard 2010; Hulshof 2002; Marx 1985; Marx
1999a; Marx 1999b; Oton Sanchez 2013; Pritchard 2001; Schoen
2007; Shao 2011; Sidik 2007; Svalestad 2014; Teguh 2009). Dur-

ing the search, we also discovered six trials registered on Clini-
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calTrials.gov. We contacted the authors of each and included the
remaining trials in the Characteristics of ongoing studies table.

Figure 1. Study flow diagram.

482 recards 0 additional
identified through records identified
database thraugh other
searching sOUrces

!

384 recards after duplicates

remaoved
384 recards [348 recards
screened — le:-:cluded
19 full-text articles
| excluded, with
| reasons
(6 reviews with no
new data, 8
non-random
camparative
b studies, 2 letters,
36 full-text articles 2 non-relevant
assessed for RCTsand 1
eligibility editorial)

14 (17 reports)
studies included
in qualitative
synthesis

3 studies included
in quantitative
synthesis
(meta-analysis)
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The included trials were published between 1985 and 2015 and,
in total, the included trials had data on 753 participants, 390
(52%) receiving HBOT and 363 (48%) receiving control (see
Characteristics of included studies table).

Four trials enrolled more females than males (Pritchard 2001 en-
rolled 34 participants and Gothard 2010 enrolled 58 participants,
all female; Hulshof 2002 six females and one male; Clarke 2008
106 females and 13 males). Four trials enrolled more males than
females (Annane 2004 59 males and 49 females; Schoen 2007
17 males and nine females; Teguh 2009 103 males, 32 females;
Svalestad 2014 15 males and nine females). Oton Sanchez 2013;
Sidik 2007 and Shao 2011 did not specify gender.

All trials required radiotherapy to have been given prior to enrol-
ment, but the dose and any accompanying chemotherapy varied
considerably between studies. Marx required a prior exposure to a
minimum of 64 Gy in the area under investigation (Marx 1999a;
Marx 1999b), Teguh 2009 accepted people with 46 to 70 Gy, and
Shao 2011 and Svalestad 2014 required at least 50 Gy. None of
the other studies specified a minimum dose.

Annane 2004 excluded people with more advanced disease. Clarke
2008 entered participants with radiation proctitis; Marx 19¢ sa,
Marx 1999b and Annane 2004 people with established ORI of
the mandible; Hulshof 2002 people with cognitive deficit: “llov.
ing brain irradiation with at least 30 Gy, and Pritchard 2001 ~-
rolled people with radiation-induced brachial plexus lesi s ana
Gothard 2010 enrolled people with arm lymphoec. hot. fol-
lowing irradiation of the breast. Oton Sanchez 2277 =nrolled peo-
ple with cervical fibrosis in the neck, Shao 2017 peor .e w'th haem-
orrhagic cystitis, Sidik 2007 people with stzoe s ™".8 car inoma of
the cervix and Svalestad 2014 people wi'h a clinica: diagnosis of
LRTT of the head and neck tissues

participants without radiation ti* ue nec sis: Ma.x 1985 enrolled

T~ oti, three trials treated
participants requiring tooth ex. ~tion i  an irradiated field, Teguh
2009 treated irradiated participan..  vith head and neck lesions
before they developed LRTT and Schoei. 7907 treated participants
having dental implants in | a irradiated area (see ’Characteristics
of included studies’).

Both the dose of oxye
course of treatment varied . tween studies. The lowest pressure
administered sas 2. ATA (C arke 2008) and the highest was 3.0
ATA (Huls" 5£2002), wi..__ all other trials utilised 2.4 or 2.5 ATA.

ner .. ~tment session and for the total

The duration of all treatments was 80 to 90 minutes. All trials
administered a total of 28 to 30 treatments, except Annane 2004
and Clarke 2008, where some people received 40 treatments and
Oton Sanchez 2013 who adminis ‘red 25 sessions. Annane 2004
used a twice-daily treatment schedu. .
There were no active cc >narator .. mens administered to the
control groups but withhela . ~m the } BOT group of these tri-
als. Three trials adm .usc. ~d a ciinded sham therapy (Annane
2004; Clarke 200 Pritcharc 2001). Details are given in the

~finclu. A studies table.

Characteristics
The follo” -up per. s vaited from immediately after therapy
(Clarke Z 108; Sidik 2 7), to three weeks following the treatment
course (N rx 1999b" six months (Hulshof 2002; Marx 1985;
Oton Sanchc. °7 J; Svalestad 2014), one year (Annane 2004;
Gothard 2010; Pritchard 2001; Schoen 2007; Teguh 2009), and
18 mc ths (Shao 2011). Marx 1999a did not specify the time at
v .I'h ol ~ome was measured. All included studies except Oton
Sai. hez 2u13 and Svalestad 2014 reported at least one clinical
o. 2 e of interest. Of the outcomes identified above, these tri-
als reported data on primary outcomes (resolution of problem,
bc 1y continuity established, mucosal cover, wound dehiscence
- .d LENT-SOMA scale) and secondary outcomes (oedema reso-
lution, pain scores, QoL, physical functioning, sensory function
and neuropsychiatric testing).

Other outcomes (including non-clinical) reported included: radi-
ological changes (Annane 2004), self rated memory and dexterity
(Hulshof 2002), sensory action potentials (Pritchard 2001), post-
surgical complication rate (Marx 1999a), wound infection rate
(Marx 1999b), assessment of lymphoedema (lymphoscintigraphy
and dielectric constant) (Gothard 2010), implant loss (Schoen
2007), and PtcO,, laser Doppler flowmetry (LDF), microvascular
density (MVD) and proliferation index (Svalestad 2014).

Risk of bias in included studies

The Characteristics of included studies table provides details of the
quality assessment. Study quality varied widely; however, because
very few analyses could be pooled, study quality was not used as
a basis for sensitivity analysis. Figure 2 shows the risk of bias for
each study presented graphically in, which suggests that blinding
may be the greatest source of bias across these studies.
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Figure 2. Summary of risk of bias in eight domains in the included studies
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Allocation

Six studies adequately described allocation concealment (Annar

2004; Clarke 2008; Gothard 2010; Hulshof 2002; Pritchard 2/ J1;
Svalestad 2014), all except Svalestad 2014 used a reme _ly loce »

randomisation officer. There was no clear indication for 1. ~e o1
the remaining studies that the investigators were unable . prea.

the prospective group to which a participant would be allc ated.
Six studies described randomisation procedures (Anua.  04;
Clarke 2008; Gothard 2010; Pritchard 2001; SF .0 2« 1; Svalestad
2014), all employing a computer-generated ra1 lor nun ser table.
The remaining studies did not describe ran¢ smis. *an = ocedures.

Blinding

Three studies utilised a sham the 0y i order to mask participants
and outcome assessors to HBOT . ~nane 2004; Clarke 2008;
Pritchard 2001), while the remaining .1 studies employed no
sham. Only Clarke 2008 fo. mally tested the success of the blinding
strategy.

Incompletr outc meda a

Ten studic reporr 1 no 1osses to follow-up or violation of the
study prc -ol / .nnane 2004; Gothard 2010; Hulshof 2002;

Marx 1985; .. x 1999a; Marx 1999b; Pritchard 2001; Shao

2011; Svalestad 2u i; Teguh 2009). Clarke 2008 did not include
19 control participants and 11 HBOT group participants in the
analysis because they did not complete the therapy protocol, and
there was one further participant lost to follow-up at the end of
treatment. Oton Sanchez 2013 lost 11 of 37 (30%) of subjects
randomised because of "failure to complete the study’, and these

-ere. ot reported. Sidik 2007 reported significant losses to follow-
up at s:x months due to death from the primary diagnosis. Schoen
207 reported that six participants were lost to final follow-up at
o' ¢ year. Sensitivity analysis using best- and worse-case scenarios
were performed where this study contributed data to the analysis.
Only Pritchard 2001 specifically detailed an ITT analysis (two
subjects in the HBOT group did not complete therapy, but were
included in analysis). Ten of the remaining 14 studies reported full
follow-up and did not report any protocol violation (see above).

Selective reporting

None of the 14 trials gave any information to suggest there were
unreported outcomes. None had trial registration data with which

to compare the outcomes reported.

Other potential sources of bias

Participant baseline characteristics

Given the variation in pathology outlined in Description of
studies, it is not surprising there is considerable variation in par-
ticipant baseline characteristics. Most trials were small and may
be subject to bias arising from unbalanced allocation to groups
for unknown confounders. See Characteristics of included studies
table for details of participants enrolled.

Hyperbaric oxygen therapy for late radiation tissue injury (Review)
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Effects of interventions

See: Summary of findings for the main comparison Hyperbaric
oxygen therapy versus standard approach for people with
osteoradionecrosis

We first present the results for comparisons across combined
anatomical areas and then proceed to individual anatomical areas
that have been studied. Throughout this section, we have added
data in the relevant analyses wherever available, even if there are
only single studies, in anticipation of the possibility of pooling data
in the future. However, in the text, we have reported the results
as given by individual trial authors where pooling of data was not
possible. Only six of the 14 trials reported were able to contribute
to pooled data analyses, the remaining eight studies contributed
to qualitative analysis only.

All anatomical areas

Primary outcomes

Death (Comparison 1, outcome 1)

Annane 2004 reported two deaths in each group at one year, two
from cancer re-growth and two from other causes not related to
their ORN (P value = 0.99) Analysis 1.1). Clarke 2008 reported
five deaths at one year, but this cross-over study did not identify
the original treatment allocation, vhile Schoen 2007 reported that
two enrolled participants died du. ng the study, but their group
allocation was not specified '~ noo. d analysis was possible.

Complete resolutior or. -rosis or tissue damage
(Comparison 2, o' * “omes 2.. and 2.2)

Complet. vesolution  fclinical problem

Five trials rep - complete resolution of clinical problem, in-
volving 362 participants, with 184 (51%) randomised to HBOT
and 1, ? (49%) to control (Annane 2004; Clarke 2008; Marx
1 2~ P. <chard 2001; Shao 2011). Each of these individual trials
ent. 'led participants with LRTT in different anatomical locations

a. '~ did not consider pooling of data to be appropriate. See
Analysis 2.1 and Figure 3.
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Figure 3. Forest plot of comparison: 2 Complete resolution of problem, outcome: 2.1 Complete resolution
of clinical problem at end of therapy to three months.

HBOT Control Risk Ratio Risk Ratio
Study or Subgroup  Bvents Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% C1
2.1.1 Proctitis
Clarke 2008 A f4 a 56 100.0% 9.645[0.55, 170.66] —t
Subtotal (95% CI) 64 56 100.0% 9.65 [0.55, 170.66]
Total events i i}

Heterogeneity: Mot applicable
Testfor overall effect Z=1.55(F=012)

2.1.2 Hemimandibular reconstruction

Mar: 19593 48 52 34 52 100.0%
Subtotal (95% CI) 52 52 100.0%
Total events 48 34

Heterogeneity: Mot applicable

Testfor overall effect Z= 318 (F =0.001)

2.1.3 Brachial plexus radiation neuropathy

Fritchard 2001 a 17 a 17
Subtotal (95% CI) 17 17

Total events 1} i}

Heterogeneity: Mot applicable

Test for overall effect: Mot applicable

2.1.4 Osteoradionecrosis

Annane 2004 G 31 12 37 100.0%
Subtotal (95% CI) 31 37 1000
Total events 1] 12

Heterogeneity: Mot applicable

Testfor overall effect Z=118 (F=0.24)

2.1.5 Cystitis

Shao 2011 10 20 12 R0 "%
Subtotal (95% CI) 20 1o T
Total events 10 P

Heterogeneity: Mot applicable
Testfor overall effect Z=1.52 (F=013

14101 14,1.75] !
1.41[1.14, 1.75]

160 (UL
v 50[0.25, 1.40]

0.67 [0.40,1.17]
0.67 [0.40, 1.12]

Mot estimable
Not estimable

1.40]

|

0.005 0.1 10 200
Favours control Favours HBOT

Testfor subgroup differenc: o Chi®s 1162, 6, 2 3 (P=0009), F=742%

Annane 2004 reported six of 31 | © o) participants with minor
grades of ORN in the HBOT arm wc. resolved versus 12 of 37
(32%) in the control arm 2 one year (RR of healing with HBOT
0.60; 95% CI, 0.25 to 1. > P value = 0.23).

Clarke 2008 reported th=nrop. +ion of participants with radiation
proctitis who were sy aptor. “ee at the end of the course of HBOT
as five of 64 (?%) v -sus nor . of 56 (0%) participants who had
,.0009).

Marx 19 arepor 2d 48 of 52 (92%) participants requiring hemi-

were not trr .ced (P vai.

mandibulac. ~ for ORN were completely successful and healed
compared to 34 . ~54 (65%) controls who received the usual sur-
gical treatment without HBOT (P value = 0.02).

Pritchard 2001 reported no cases of complete resolution of brachial
plexopathy in either arm of a study enrolling 34 participants.
Shao 2011 reported nine of 20 (45%) participants with radiation
cystitis were completely symptom free at 18 months after treat-

ment versus eight of 16 (50%) participants who had a course of
hyaluronic acid instillation into the bladder (P value = 0.63).

Development of osteoradionecrosis following dental implants

Schoen 2007 reported on development of ORN following den-
tal implants in 26 previously irradiated participants deemed suit-
able for the placement of dental implants. One participant in the
HBOT group developed ORN versus no participants in the con-
trol group (P value = 0.49) (Analysis 2.2).

Complete resolution or substantial improvement of necrosis
or tissue damage (Comparison 3, outcome 3.1)

Two trials reported complete resolution or significant improve-
ment of necrosis or tissue damage (Clarke 2008; Shao 2011). These
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two trials were clinically heterogeneous and we did not consider
pooling of data was appropriate (Analysis 3.1).

Clarke 2008 reported this combined outcome immediately after
completion of therapy. This trial enrolled 119 participants, with
64 randomised to HBOT and 56 to control. Twenty-nine (46%)
participants in the HBOT group achieved complete resolution or
significant improvement versus 15 (27%) in the control group,
giving an absolute difference of 19% in favour of HBOT (P value
= 0.04, NNTB 5).

Shao 2011 reported 15 of 20 (75%) participants with radiation
cystitis were significantly better or symptom free at 18 months after
treatment versus 12 of 16 (75%) participants who had a course of
hyaluronic acid instillation into the bladder (P value > 0.99).

Improvement of LENT-SOMA scale (Comparison 4,

outcome 4.1)

Improvement in LENT-SOMA score at completion of therapy

Only one trial reported improvement in LENT-SOMA score at
completion of therapy, involving 150 participants, with 75 r .-
domised to both HBOT and control (Clarke 2008). The r =an
improvement in LENT-SOMA score was greater in tne HBC
group (5.0 with HBOT versus 2.6 with control, P valur = v. 12)
(Analysis 4.1).

Secondary outcomes

Resolution of pain (Comparison 5, ou. mes 5.1, 5.2 and

5.3)

Change in pain score (0 to 100 scale) ;. om baseline to six
months after treatment

Two trials reported change -~ pain score from baseline to six
months involving 7¢ parc. “ant with 37 randomised to HBOT
and 33 to control ( 'ritchara 2001; Shao 2011). Pritchard 2001
used a sham .yperbai. ~xpe are as control, while for Shao 2011,
the comp ator w . the installation of hyaluronidase (HA) into
the urinai, “lad er.

For Pritchard = ™1, pain scores increased over this time period in
both groups, but n.ore so with HBOT (5.3 points with HBOT
versus 1.2 points with control). The study did not report standard
deviations (SD) around these means, precluding further analysis
(Analysis 5.1).

For Shao 2011, pelvic pain improved in both groups (9 points
(SD 7.9) with HBOT, P value < 0.01 versus 8.8 points (SD 1.4)
with HA, P value < 0.05). A direct comparison between groups

was not reported but comparison using CATmaker suggested this
MD of 2.8 points in favour of HBOT was imprecise (95% CI -
8.3 t0 13.9).

Change in pain score (0 to 100 s. “le) from baseline to 12
montbhs after treatme *

Two trials reported change -~ pain sc re from baseline to 12
months involving 70 a:. ants with b7 randomised to HBOT
and 33 to control /F itchara . 201; Shao 2011). Pritchard 2001
used a sham hvrerbaric vposure as control, while for Shao 2011,
the comps tor was e ins.allation of HA into the urinary blad-
der.

For Pritct +d 2001, p .n scores decreased over this time period in

ore so with HBOT (5.0 points with HBOT

versus 0.7 points with control). SDs were not reported around

both groups, =+

these . eans, precluding further analysis.

I Shao Y011, pelvic pain improved in both groups (9 points (SD
10.7) wiu. HBOT, P value < 0.05 versus 13.1 points (SD 13.0)
. *h LTA, P value < 0.05). A direct comparison between groups
was not reported by the authors but comparison using CATmaker
su gested this MD of 1.6 points in favour of HA was imprecise
(* 3% CI-9.8 to 13.0).

Change in pain score (0 to 100 scale) from baseline to 18
months after treatment

Only Shao 2011 reported change in pain score from baseline to
18 months, involving 36 participants (20 allocated to HBOT and
16 to installation of HA into the urinary bladder). Pelvic pain
improved in both groups (11.5 points (SD 12.2) with HBOT, P
value < 0.01 versus 15.0 points (SD 12.1) with HA, P value <
0.01). A direct comparison between groups was not reported but
comparison using CATmaker suggested this MD of 1.0 points in
favour of HA was imprecise (95% CI -10.1 to 12.1).

Resolution of swelling (Comparison 6, outcomes 6.1 and 6.2)

Resolution of lymphoedema in arm at six months

Only one trial reported resolution of lymphoedema in arm at six
months, involving 34 participants with 17 randomised to both
HBOT and control (Pritchard 2001). Two (12%) participants in
the HBOT group achieved resolution, while none in the control

group did so (P value = 0.29) (Analysis 6.1).
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Relative reduction in arm volume at 12 months

Only one trial reported relative reduction in arm volume at 12
months, involving 46 participants (58 enrolled but 12 missing at
12 months), with 30 randomised to HBOT and 16 to control.
There was no significantly greater reduction in the relative volume
of the affected arm after treatment with HBOT (2.6% reduction
in volume) compared with the control group (0.3% reduction)
(MD in reduction 2.6%, P value = 0.86) (Analysis 6.2).

These authors also reported the proportion of participants achiev-
ing a greater than 8% reduction in volume of the arm (9/30 (30%)
did so in the HBOT group versus 3/16 (19%) in the control group
P value = 0.5) (Analysis 6.3).

Improvement in quality of life, function or both
(Comparison 7, outcomes 7.1 to 7.6)

Short Form (SF)-36 score for general health at 12 months

Only one trial reported SF-36 score for general health at 12
months, involving 34 participants with 17 randomised to | »th
HBOT and control (Pritchard 2001). The mean score for ~ene.
He YT
versus 61.1 with control). Using the standard errors give: o cal-
culate SD gave a P value = 0.79) (Analysis 7.1).

health self rating was similar in both groups (58.8 wi

SF-36 score for physical functioning a. ~ > months

Only one trial reported SF-36 ¢ ore t. physic ! functioning at
12 months, involving 34 partic >ants w' n 17 randomised to both
HBOT and control (Pritchard 2v ") rhe mean score for self rat-
ing of physical functioning was simila. "~ both groups (53.5 with
HBOT versus 57.5 with co trol). Using the standard errors given
to calculate SD, this diff< ~ace was not statistically significant (P
value = 0.61) (Analysis 7.2). < ~thard 2010 also reported no sig-
nificant differences " etwec. the allocated groups at 12 months,
but did not renort t = data.

Bowel bother su.. le at completion of therapy

Only one trial reported bowel bother subscale at completion of
therapy, involving 150 participants with 75 randomised to each
of HBOT and sham therapy (Clarke 2008). This trial reported a
mean improvement of 14.1% (P value = 0.0007) in this subscale
following HBOT compared with a mean improvement of 5.8%
(P value = 0.15) in the sham group (Analysis 7.3).

Lymphoedema-specific questionnaire at 12 months

Only one trial reported ymphoedema at 12 months, involving 58
participants, with 38 randomised to HBOT and 20 to control
(Gothard 2010). This was a self assessment subscale of functional
effect and was rated from 0 (no effect on life) to 100 (maximum
effect on life). There was no si¢ nificant difference between the
groups at 12 months’ estimation \ TBOT median score 37.5; in-
terquartile range (IQR* 20.7 =~ 52.. control 45.8; IQR 13.0 to
62.5, P value not given) . nalysis /.4;.

head and neck cancers

Quality of life scores .

Teguh 20, enrolle. 19 participants, eight (42%) randomised to
HBOTa d11(58%) )ano treatment control. The trial reported
QoL in t. » form of ~ ems relating to xerostomia and dysphagia
from EORTC " .and Neck cancer module (H&N35) at several
time noints. They also determined a visual analogue scale (VAS)
for dr, mouth’ and ’pain in the mouth’. We reported the results at
»ont. - here, but the P values are calculated from “regression
ana rsis based on maximum likelihood estimation and incorpo-
1o o he longitudinal character of the data.” At 12 months, the
H&N35 sticky saliva score (0 = nil, 100 = maximum) was 25 for
pe ticipants who received HBOT versus 62 for controls (P value
+0.01), the H&N35 scores for dry mouth (same scale) were 28
for participants receiving HBOT versus 92 for controls (P value =
0.009), the H&N35 scores for difficulty swallowing (same scale)
were 7 for participants receiving HBOT versus 40 for controls (P
value = 0.011); the VAS for dry mouth’ (0 = nil, 10 = maximum)
were 3.4 for participants receiving HBOT versus 7.2 for controls
(P value not given) and the VAS for ’pain in the mouth’ (same
scale) were 0.8 for participants receiving HBOT versus 6.6 for
controls (P value < 0.0001) (Analysis 7.5).
Quality of life scores following dental implants into an irradiated area
Schoen 2007 enrolled 26 participants, 13 randomised to HBOT
plus antimicrobial therapy, and 13 to receive antimicrobial therapy
alone. This trial reported on both global QoL estimates using the
30 question ’core questionnaire’ of the EORTC H&N35 (0 to
100 scale, higher scores indicate better QoL) and the individual
elements of that questionnaire. At 12 months, the global score was
66.7 (SD 13.6) in the HBOT group versus 84.3 (SD 19.7) in the
control group (Analysis 7.6). The authors analysed the changes
from baseline in each and found no significant differences between
groups because entry scores were lower in the HBOT group.

Osteoradionecrosis (Comparison 8, outcomes 8.1 to 8.5)

Primary outcome: achievement of complete mucosal cover

Three trials reported achievement of complete mucosal cover, in-
volving 246 participants, with 120 randomised to HBOT and 126

Hyperbaric oxygen therapy for late radiation tissue injury (Review)

16

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



to control (Annane 2004; Marx 1985; Marx 1999a). A total of 101
(84%) participants in the HBOT group achieved mucosal cover
versus 82 (65%) in the control group. Heterogeneity was moderate
(I? = 27%), and explained by the addition of data from Annane
2004 (I? = 0% without Annane 2004). Overall, there was a signif-
icantly improved probability of attaining mucosal cover with the
administration of HBOT (RR 1.3; 95% CI 1.1 to 1.6, P value =
0.003 (Analysis 8.1). The NNTB to achieve one further case with
mucosal cover with the application of HBOT was 5 (95% CI 3 to
12) (Figure 4).

Figure 4. Forest plot of comparison: 8 Osteoradionecrosis, outcon.

8.1 Complete mucosal cover.

HBOT Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 9! - Cl M-H, Random, 95% CI
Annane 2004 18 Kyl 22 7T 16.5% 0.98 [0.65, 1 9] I
hiar: 19845 35 ar 26 At 405% 1.35[1.08, 1.be, ——
Mar: 195993 48 52 34 52 431% 1.41[1.14,1.79] ——
Total (95% CI) 120 126 100.0% 1301 1.55] <
Total events 101 a2
Heterogeneity: Tau®=0.01; Chi*= 278, df=2 (P=0.25); F=2T% 'D.E DTS ﬁ 5|

Testfor overall effect: £= 2.97 (P =0.003)

Primary outcome: establishment of bony conr” v

Only one trial reported establishment of bony cor .nui  involv-
ing 104 participants, 52 randomised to bo s hh. YT a* d control.
Forty-eight (92%) participants in the HE ™ T group achieved con-
tinuity versus 34 (65%) in the ¢ ... " grou, ‘P value = 0.002
using Chi? method) (Analysis < .2). Tt NNTB to achieve one
further case with bony continu. ~ wit" the application of HBOT

was 4 (95% CI 2 to 8).

Primary outcome: restion. €sinus tract

No studies reported data for =solution of sinus tract.

Primary o.. ~a .e: healing of tooth sockets following
extraction in v iated field at six months

Only one trial contributed results to healing of tooth sockets fol-
lowing extraction in irradiated field at six months, involving 74
participants, 37 randomised to both HBOT and control (Marx
1985). There was an increased chance of successful healing with
HBOT with 35 (95%) participants in the HBOT group achieved
healing of all sockets versus 26 (70%) in the control group (P
value = 0.02 using Chi? method, Analysis 8.4). The NNTB with

Favours control  Favours HBEOT

HBOT to achieve one further case with all tooth sockets healed
was 4 (95% CI 2 to 13).

Secondary outcome: improvement in X-ray appearance

Schoen 2007 reported the radiological evidence of bone loss at
12 months from implant. The loss was 0.6 mm (SD 0.6) in the
HBOT group versus 0.7 mm (SD 0.7) in the control group (P
value = 0.73) (Analysis 8.5).

Head and neck soft tissues (Comparison 9, outcome 9.1 to

9.2)

Primary outcome: wound dehiscence

Two trials reported wound dehiscence, involving 368 participants,
with 184 randomised to both HBOT and control groups (Marx
1999a; Marx 1999b). Overall, eight (6%) people in the HBOT
group experienced wound breakdown versus 37 (28%) in the con-
trol group. Analysis for heterogeneity suggested a high proportion
of variability between trials was not due to sampling variability (I
2 = 70%), and so this comparison was made using a random-ef-
fects model. There was a significantly improved chance of wound
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breakdown with control (RR 4.2; 95% CI 1.1 to 16.8, P value
= 0.04) (Analysis 9.1). Stratification by tissue type involved con-
firmed the direction of effect was the same for both studies, but
it remained significant only for soft tissue flaps and grafts (RR
following hemimandibulectomy 2.2; 95% CI 0.8 to 5.9, P value
= 0.12 (Marx 1999a); RR following soft tissue flap or graft 8.7;
95% CI 2.7 to 27.5, P value = 0.0002 (Marx 1999b)). The NNTB
with HBOT to avoid one wound dehiscence overall was 5 (95%
CI 1 to0 59), and for soft tissue repairs alone was 4 (95% CI 3 to
6). See Figure 5.

Figure 5. Forest plot of comparison: 1| Head and Neck, outcor.

> 11.1 Wound dehiscence.

Control HBOT Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 9! Cl M-H, Random, 95% CI
9.1.1 Hemimandibular reconstruction (bone and soft tissue)
Mar: 195993 11 52 ] 52 52.4% 2.20[0.82, 5.8, ——
Subtotal (95% CI) 52 52 524% 2.20[0.82, 5.89] et
Total events 11 g
Heterageneity: Mot applicable
Testfor overall effect Z=187 (F=012
9.1.2 Complex soft-tissue graftsflaps
tdarx 19590 26 a0 3 80 47E% by, 7o 2744 ——
Subtotal (95% CI) 80 80  47.6% °7[2.73,27.49] el ——
Total events 26 3
Heterogeneity: Mot applicable
Test far overall effect: £= 3.67 (F=0.0002)
Total (95% CI) 132 132 7 0% 4.23[1.06, 16.83] e
Total events ar g
Heterogeneity: Tau®=0.70; Chi®= 3.32, df=1 (P - _. 2= 0% 'D.D1 DH 110 1DD'

Testfor overall effect: £= 2.04 (F=0.04)

Favours control  Favours HBEOT

Testfor subgroup differences: Chi*=3.14,¢ =1 (F -0.08), F=68.1%

Primary outcome: surgical removar ._“larynx

No studies reported surgic: removal of larynx.

Primary outcome: ajor ve. el bleeding

No studies ported ma, . essel bleeding.

Primary outcome: loss of dental implant

Schoen 2007 reported on the number of people with lost implants
following implant into an irradiated mandible in 26 participants.
Eight implants were lost in the HBOT group (five participants)
versus three implants (two participants) in the control group (P
value = 0.38 comparing participant numbers) (Analysis 9.2).

No studies reported data for the following outcomes:

Surgical removal of the larynx
Major bleeding
Speed of wound healing

Improvements in tissue quality

RANESE i .

Reversal of tracheostomy

Urinary bladder (comparison 10, outcomes 10.1 to 10.3)

Primary outcome: complete resolution of bleeding

One trial reported complete resolution of bleeding, including 36
participants with a clinical diagnosis of radiation cystitis follow-
ing radiotherapy for an intra-pelvic malignancy (prostate, uterine
cervix or bowel) (Shao 2011). Twenty (56%) participants were
allocated to receive HBOT and 16 (44%) to installation of HA
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into the urinary bladder. The authors reported differences be-
tween groups for complete resolution of macroscopic haematuria
at six months after treatment (15/20 (75%) participants in HBOT
group versus 14/16 (88%) in HA group, P value > 0.05 Fisher’s
exact test), at 12 months (10/20 (50%) in HBOT group versus
12/16 (75%) in HA group, P value > 0.05), and at 18 months
(9/20 (45%) in HBOT group versus 8/16 (50%) in HA group, P
value > 0.05) (Analysis 10.1).

Primary outcome: removal of bladder and urine diversion
Ty
procedures

No studies reported removal of bladder or urinary diversion.

Secondary outcome: daily voiding frequency change

One trial reported daily voiding frequency change, including 36
participants with a clinical diagnosis of radiation cystitis follow-
ing radiotherapy for an intra-pelvic malignancy (prostate, ute .ne
cervix or bowel) (Shao 2011). Twenty (56%) partici~ants \ =t
allocated to receive HBOT and 16 (44%) to installatios. ~f H._
into the urinary bladder. The authors reported the rest s o1 =
Wilcoxon Signed Rank test of significance, although they a} eared
to have given the group estimates as mean and SD. = e | cat-
ment, the mean voids each day were 9.8 (SD 1.7 . " "BOT group
and 10.4 (SD 1.8) in HA group (Analysis 0.3} Tk authors
of the study six
months following treatment, but did ne' - ompare e two arms
head-to-head (HBOT 8.6 (SD 1.7, ~wvaluc 0.01 and HA 7.5
(SD 0.9), P value < 0.01), but < .ly the 1A group at 12 months
(HBOT 1.7 (SD 2.0), P valu. - 0.05 and HA 8.9 (SD 1.4), P
value < 0.01) and for neither grou, 't 18 months (HBOT 10.0
(SD 2.0), P value > 0.05 and HA 10.3 \ D 1.5), P value > 0.05)
(Analysis 10.3).

No studies reported data 1c +he following outcomes:

reported a reduction in frequency in both art

e Improved cystos | "~ app. ance

e Dysuria

o Chestw ul chai =s

e Bowe' oleedir;, coivsiomy, ileostomy or bowel resection

and pain

Neurological tissu. (Comparison 13, outcome 13.1 to 13.4)

Primary outcome: improvement in objective motor function

No studies reported improvement in objective motor function.

Primary outcome: improvement in visual acuity

No studies reported improvement in visual acuity.

Secondary outcome: warm sensory threshold at one week after

therapy

Only one trial reported war?~ <ensor_ threshold at one week after
therapy, involving 34 pa ‘cipants w.. 17 randomised to both
HBOT and control (Pritchaic 2001). " 1e mean threshold tem-
perature for reporting a wa ~ sensation (lower figure indicates an
improvement in fu:  fon) at ov.c week after therapy (compared to
pre-treatmer” " line) . s reduced in the HBOT group, but not
in the cor ol group 9.1°C with HBOT versus 1°C higher with
control, . ID 1.1°C; 9 % CI -2.0 to 4.1, P value = 0.47) (Analysis

13.1).

& ~anda v outcome: warm sensory threshold at one year after
th. -apy

. ne trial reported warm sensory threshold at one year after
cherapy, involving 34 participants with 17 randomised to both
H OT and control (Pritchard 2001). The mean threshold for
+ porting a warm sensation was increased in both groups, but less
so in controls (0.5°C with HBOT versus 1.4°C with control, MD
-0.9°C; 95% CI -4.0 to 2.2, P value = 0.58) (Analysis 13.2).

Secondary outcome: functional ability or activities of daily
living

No studies reported functional ability or activities of daily living.

Secondary outcome: net number of neuropsychological tests
(maximum 25 tests) improved at three months

Only one trial reported net number of neuropsychological tests
(maximum 25 tests) improved at three months, involving seven
participants with four randomised to HBOT and three to control
(Hulshof 2002). The mean net number of improved tests was
greater in the HBOT group (3.3 with HBOT versus 1.3 with
control, MD 2.0; 95% CI 1.6 to 5.6, P value = 0.28) (Analysis
13.3).

Secondary outcome: net number of neuropsychological tests
(maximum 25 tests) improved at six months

Only one trial reported net number of neuropsychological tests
(maximum 25 tests) improved at six months, involving seven par-
ticipants with four randomised to HBOT and three to control
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(Hulshof 2002). The mean net number of improved tests was
greater in the HBOT group (3 with HBOT versus 2 with control,
MD 1.0; 95% CI -3.6 to 5.6, P value = 0.67) (Analysis 13.4).

No studies reported on the outcome functional ability scores and

ADL.

Adverse events

Only Annane 2004 reported comparative data on adverse event
outcomes, three participants had some ear pain during treatment
(two sham, one HBOT) and seven participants had a treatment
session discontinued (five in the sham arm and two in HBOT.
Reasons were 4 barotrauma, 1 seizure and two ’technical’). Clarke
2008 and Gothard 2010 gave overall figures for adverse events in all
participants completing treatment. Nineteen (16%) participants
reported of ear pain (Clarke 2008), while two (5%) were offered
tympanostomy tubes in Gothard 2010. Four (3%) (Clarke 2008)
and three (8%) (Gothard 2010) experienced transient myopia in
these two studies, and two (1.7%) of confinement anxiety in
Clarke 2008. Schoen 2007 and Teguh 2009 reported that the
treatment was “well tolerated’ in their participants and Svalestad
2014 similarly reported no complications in either arm from the
treatment given. Oton Sanchez 2013 reported “treatment was sell
tolerated and only two patients suspended by drug inte’»rance i
was not clear if these two participants were also receiving . "8O 1.
The other four trials made no comment on adverse effc .

Summary of studies not reporting our ' __ “ified
outcomes

The Svalestad 2014 trial was reported in t' 0 pa; = - . in 2014
and one in 2015.

This trial enrolled 22 participan® wie clinic.” LRTT who were
referred for consideration of H” OT. Fo' :teen participants (64%)
were allocated to HBOT and ¢._"r ( 0%) to delayed treatment
for a minimum of six months. The . -t report included all par-
ticipants and reported on LDF and PtcO; results before and after
treatment. The later reper. added histopathological data on the
20 participants who consenc. ' to tissue biopsies in the irradiated
gingival mucosa (see svarc ~d Zuv14). It reported all outcomes as
changes from baseli e in eact group rather than a direct compar-
ison betwee’ groups.

This trial - cported an increase in LDF (measured as blood flow
expressed . ’ne’ usion units’) in the HBOT group at six months
after treatment, 't not the controls (HBOT: baseline cheek blood
flow 104 (SD 64) und at six months 306 (SD 237), P value <
0.05; control baseline 142 (SD 67) and six months 143 (SD 79),
P value > 0.05). Similarly, there was an increase in PtcO; during
the course of the study in the HBOT group, but not the control
(HBOT baseline 14.0 mm Hg (SD 5.8) and six months 19.8 mm
Hg (SD 6.5), P value < 0.05; control 14.0 mm Hg (SD 5.0) and
12.7 mm Hg (SD 4.6), P value > 0.05).

In the second report, both MVD and area were (similarly) sig-
nificantly increased in the subepithelial tissue following HBOT,
but not in the control group participants. For MVD, the HBOT
group at baseline was 1.5 vessels/ mm? (SD 0.6) and this increased
at six months to 4.4 vesselsymm? (SD 1.9) (P value = 0.003) and
the control group baseline was 1.5 vessels/mm? (SD 0.6) and at
six months was 1.6 vessels/mm? \ D 0.5)(P value > 0.05). There
were similar results for the trtal area f the microvasculature. The
authors also reported the ~roliterauc. ‘ndex’, which is a measure
of the rate at which cells prow.” -atein tb  tissue under study. The
rate was unaffected b* f1. T in \nis study.

DISCUSSICN

Summary < ..iain results

This ~view was updated in December 2015 and included three
pow stu “es. In total, we included data from 14 trials including
752 pa - pants. However, the final conclusions have not been
~mbsu ntially altered.

In gencral, these trials suggest a benefit from HBOT for non-
ne wological radiation tissue injury. There was moderate quality
e dence from three trials that complete mucosal cover of exposed
pone was more likely to be achieved in people with ORN when
HBOT was administered (RR 1.30, 95% CI 1.09 to 1.55) and
from two trials that wound dehiscence was less likely following
operations to repair mandibular ORN with the addition of HBOT
(RR 4.23, 95% CI 1.06 to 16.83).

Other main results are taken from individual studies. Marx 1985
reported an increased chance of successful healing with HBOT
compared to antibiotic cover for tooth extraction in an irradiated
field (absolute risk reduction (ARR) 25%, P value = 0.02). Clarke
2008 reported some evidence that HBOT improved the probabil-
ity of healing in radiation proctitis (ARR 8%) and a greater mean
improvement in the severity of symptoms (LENT-SOMA score
improvement: 5 points with HBOT and 2.6 points with control).
Shao 2011 reported a reduction in pelvic pain following both
HBOT and installation of HA into the urinary bladder for people
with radiation cystitis, while Pritchard 2001 showed no improve-
ments in pain associated with radiation brachial plexopathy with
HBOT compared to control. Teguh 2009 reported improvements
in xerostomia (P value = 0.009), dysphagia (P value = 0.011) and
mouth pain (P value < 0.001) in people with radiation injury to
the head and neck compared to untreated controls. Finally, Schoen
2007 reported no evidence that HBOT improved the chance of
healing for dental implants into an irradiated field.

Several trials reported different measures of QoL and functional
outcome following HBOT for radiation injury in the head and
neck, bowel and axilla. Pooling was not appropriate for these out-
comes. In general, these trials presented positive improvements
with the head and neck and bowel, but not the neurological injury
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or lymphoedema associated with axillary radiation injury. One
factor that may have influenced this was the well-established na-
ture of the axillary injury in Pritchard 2001 and Gothard 2010
(88% had a time from radiotherapy to HBOT of 10 years or more
in Pritchard 2001, mean time from radiotherapy to HBOT was
more than 11 years in Gothard 2010).

Overall completeness and applicability of
evidence

This review identified 14 trials investigating the use of HBOT for
tissue damaged by LRTT, and we believe these represent all ran-
domised trials in humans in this area, both published and unpub-
lished, at the time of searching the listed databases.

These trials were published over a 25-year period up to 2014, and
from a large geographical area. The trials studied a wide variety of
people with LRTT and HBOT seems to have been generally well
tolerated and safe. Clinical heterogeneity and differences in the
outcomes measured meant that we performed few pooled analyses
with these data and consequently our conclusions were limited
We had planned to perform subgroup analyses with respec to
anatomical location, dose of oxygen received (pressui., time .
length of treatment course), nature of the comparative rre« ~ent
modalities and the severity of injury. However, the pauc. 7 of e..
gible trials and poor reporting of some trials suggesred tha these
analyses would not be informative. The oxygen dosc «. ' was
reasonably standard over most trials. Participar - inc: sion criteria
were not standard, and poorly reported in s me crial: Specific
comparator therapies were generally not e iploy

The studies included in this review did 1. systematically report
the incidence of adverse events. T! _rea. anuw. -r of minor com-
plications that may occur com- .only. V sual disturbance, usually
reduction in visual acuity secone. ~ t« conformational changes in
the lens, is very commonly reportec

of people having a course of 30 treatments (Khan 2003). While

nerhaps as many as 50%

the great majority of peo~i  recover spontaneously over a period
of days to weeks, a small p. »ortion of people continue to re-
quire correction to r,wo1c ‘oht vu pre-treatment levels. The sec-
ond most common  dverse e 2nt associated with HBOT is mid-
dle-ear baro* auma. L ~trar ina can affect any air-filled cavity in
the body / .icludir | the middle ear, lungs and respiratory sinuses)
and occur. ~a < rect result of compression. Ear barotrauma is by
far the most cc. mon as the middle ear air space is small, largely
surrounded by bonc and the sensitive tympanic membrane, and
usually requires active effort by the person in order to inflate the
middle ear through the Eustachian tube on each side. Barotrauma
is thus not a consequence of HBOT directly, but rather of the
physical conditions required to administer it. Most episodes of
barotrauma are mild, easily treated or recover spontaneously and
do not require the therapy to be abandoned.

Quality of the evidence

Many of the trials enrolled modest numbers of participants, par-
ticularly the trial investigating cerebral radiation injury, which re-
ported only seven participants (Hulshof 2002). Our confidence
in the two pooled estimates was downgraded due to poor report-
ing of potential biases in two ti »ls and imprecision in the esti-
mated improvements with HBO1 ‘Summary of findings for the
main comparison). Ot =t p. .~ " <1 r this review were the poor
methodological quality o1 me of the  trials (particularly Marx
1999a; Marx 1999b), = ~iabili;, ‘n ent criteria, and the nature
and timing of outco nes, a.. ' poor reporting of both outcomes
and methodology. 1. _~rticular, there is a possibility of bias due to
different ar s 'locac s and extent of tissue damage on en-
try to the : trials, as v Il as from non-blinded management deci-
sionsint -eeofthetri s(Marx 1985; Marx 1999a; Marx 1999b).
Further, it. ot cler when the participants for Marx 1999a and
Marx 1999b were recruited - these trials may represent work from

some rears earlier.

Pot. ntial biases in the review process

‘While we have made every effort to locate further unpublished
dc 3, it remains possible this review is subject to a positive publi-
- .don bias, with generally favourable trials more likely to achieve
reporting. With regard to long-term outcomes following HBOT
and any effect on the QoL for these people, we have located few
relevant data. Encouragingly, we have identified six ongoing tri-
als that seem likely eligible for inclusion in future updates of this
review (Forner 2011; Gesell 2004; HOPON 2011; Kuhnt 2008;
Oscarsson 2012; Yarnold 2010).

Agreements and disagreements with other
studies or reviews

Odur review is broadly consistent with recent systematic reviews in
this area. Hoggan 2014 found 11 articles comparing HBOT with
no HBOT for the treatment of LRTT and concluded that “HBOT
is a safe intervention which may offer clinical benefits to patients
suffering from radiation proctitis and non-neurological STRI [soft
tissue radiation-related injuries] of the head and neck”. They called
for further high-quality trials to determine more precisely the role
of HBOT in this area. In a review of HBOT for gynaecological
malignancies, Craighead 2011 suggested that HBOT is “likely
effective for late radiation tissue injury of the pelvis” in otherwise
refractory injury and may reduce postoperative complications in
people with LRTT requiring operative surgery.

Any benefit from HBOT for the treatment of ORN is not re-
flected in the results of Annane 2004. There are several reasons
why this might be so. First, this trial did not test the usual treat-
ment regimen employed for the management of ORN and may
not therefore be directly comparable with the other trials in this
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review. Case series data from the 1980s suggest that HBOT in iso-
lation is not associated with a high resolution rate for established
ORN and most centres now employ a combination of operative
therapy, antibiotics and HBOT, as described by Marx (the Wilford
Hall Protocol) (Marx 1983). One automatic definition of poor
outcome for Annane 2004 was the requirement for operative ther-
apy in cases presenting with less-extensive disease, whether or not
full recovery was eventually achieved. However, these cases would
be reported as successes in the other included trials. Second, 66
of the 134 (49%) participants presenting with ORN during the
study period were ineligible for inclusion, making generalisation
of the findings of this trial to more advanced cases of ORN (such
as those presented in Marx 1999a and Marx 1999b) problematic.
The first author has subsequently confirmed that “...one cannot
use the findings of our study to decide the optimal treatment of
severe forms of mandibular necrosis” (personal communication,
April 2008). Third, of the 50 participants in this trial that did not
have a good outcome at one year, 34 were described as experienc-
ing previous treatment failure, which may have biased the result
against superiority for either group. Finally, this trial was stopped
(according to pre-defined rules) with only 68 participants included
and before a statistically significant result had been achieved. Any
of these factors may have influenced the outcome of this tria’ 1t
is also possible that advances in care have taken place over t ne

such that HBOT no longer carries a therapeutic benehit.

AUTHORS’ CONCLUSI(2AS

Implications for practice

There is some evidence of mo :rate qu lity that hyperbaric oxy-
«c me in late radiation tissue

injury (LRTT) affecting bone and soft . -nes of the head and neck,

gen therapy (HBOT) improves .

for radiation proctitis and t~ prevent the development of osteora-
dionecrosis following too*™ -xtraction in an irradiated field. There
was no such evidence of any ~portant clinical effect on neuro-
logical tissues, either perip. ral or central. Thus, the application
of HBOT to select ! people nd tissues may be justified. While
the small ni aber of sc 'ee the modest numbers of participants,
and the r cthode’ gical and reporting inadequacies of some of
the primar, *u< es included in this review demand a cautious in-
terpretation, the ~thology of radiation injury suggests that other

tissues are also likely to respond. Further research is required to es-

tablish the optimum participant selection and timing of any such
therapy. An economic evaluation should also be undertaken.

Implications for research

There is a strong case for further large randomised trials of high
methodological rigour in order ¢ define the true extent of benefit
from the administration of HBO'1 “or people with LRTT. Specif-
ically, more informatic is i, “~4 o the subset of disease sever-
ity and tissue type affectec. “at is most ‘kely to benefit from this
therapy, the time for v' *~h we »n exp ct any benefits to persist
and the oxygen dos¢c most . oropriate. Any future trials would

need to consider in | ticular:

1. app: spriate sam, 'e sizes with power to detect expected
differenc  generated | 7 this review;

2. careful « © " un and selection of target participants;

3. opropriate oxygen dose per treatment session (pressure and
time);

4 applupriate supportive therapy to which HBOT would be
« ~donct;

S. use of an effective sham therapy;
o. effective and explicit blinding of outcome assessors;

7. appropriate outcome measures including all those listed in
this review;

8. careful elucidation of any adverse events;

9. the cost-utility of the therapy.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies /[ordered by study ID]

Annane 2004

Methods Multicentre RCT with central computerisea . 'ocativ.. = ~alment and participant/
outcome assessor blinding

Participants People with overt ORN for at least 2 me~ hs desp.. antibiotics, local irrigation and
surgery

Interventions Control: 9% oxygen breathing 2.4 ATA fc 90 minutes 30 times over 3 weeks. If an
operation was required, a furthe, "0 treatme _ts were given postoperatively
HBOT: 100% oxygen on the same .. ' e

Outcomes Resolution of the problem, es blishment of mucosal cover

Notes This trial did not tes+ the st ndard therapeutic approach because most participants were
deemed to have failed 1t u. - :quired operative therapy

Risk of bias

Bias Authors’ ) dgen. ~t Support for judgement

Random sequence generation (selection Low risk Clear description. “The random allocation

bias) sequence (1:1) was generated by the statis-

tician ...using a computer-generated list
equilibrated every four patients”

Allocation concealment (selectic . bra.

L vrisk “Patients were assigned to their treatment
group by the pharmacist, and the alloca-
tion sequence remained concealed for all
investigators, patients, nursing staff, and
the members of the SEMB [safety and ef-
ficacy monitoring board] throughout the
study period”

Blinding (perform 1ce bias nd detection Low risk Described as double blind, and there was

bias)

All outcr aes

a convincing description of the sham pro-
cedure: “HBO [hyperbaric oxygen] was
performed using a multiplace chamber
(CXPRO; COMEX, Marseilles, France)
pressurized with compressed air, and, at
plateau, the patients received, via a tight-
fitting oronasal mask, either 100% oxygen
without oxygen pauses (active treatment)
or a gas containing 9% oxygen and 91% ni-
trogen (the placebo), which yielded similar
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Annane 2004 (Continued)

arterial oxygenation than breathing room
air at 1 ATA”

Blinding of participants and personnel Low risk
(performance bias)
All outcomes

Described .  double blind, and there was
a convincing = =scription of the sham pro-
¢ vrer i.o " hyperbaric oxygen] was
perfor. »d using 12 multiplace chamber
.. "RO; SOM.X, Marseilles, France)
pressuri. 1 with compressed air, and, at
¢ teau, the patients received, via a tight-
fittin, oronasal mask, either 100% oxygen

ithout oxygen pauses (active treatment)
ragas containing 9% oxygen and 91% ni-
trogen (the placebo), which yielded similar
arterial oxygenation than breathing room
air at 1 ATA”

Blinding of outcome assessment (detection Low risk
bias)

All outcomes

“All study outcomes were blindly assessed

by the same surgeon (PA.)”

Incomplete outcome data (attrition bias) ~ Low risk
All outcomes

All randomised participants were included
in final outcome. “Among the 68 randomly
assigned patients, at 1 year there were six
(19.3%) of 31 patients who had recovered
in the HBO [hyperbaric oxygen] arm and
12 (32.4%) of 37 in the placebo arm.”

Selective reporting (reporting bias) Lo. ' All outcomes indicated were reported in
this paper

Other bias High risk The nature of the primary outcome was
very unusual. The issue is discussed in the
text

Clarke 2008

Methods Multicentre RCT with central computerised allocation concealment and participant/

outcome assessor blinding
Participa. - 150 people with a 3-month history of radiation proctitis unresponsive to therapy
Interventions Control: air breathing at 1.1 ATA for 90 minutes 30 times over 6 weeks. Sham compres-

sion to trivial pressure and return

HBOT: 100% oxygen at 2.0 ATA for 30 or 40 sessions over 6-8 weeks

Outcomes Healing or significant improvement
LENT-SOMA Scores

QoL assessment
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Clarke 2008 (Continued)

Notes Full report of the proctitis group of this study
Risk of bias
Bias Authors’ judgement { "ooru.. (- vement

Random sequence generation (selection Low risk

bias)

Allocation concealment (selection bias) Low risk

“o. atistic ans a. the University of South
Carolini. jenerated the randomization se-
\, ~nce, which was uploaded into, and con-
cealce. within, the study database software.

he patients were randomly assigned (1:

) to receive HBO [hyperbaric oxygen] or
normobaric air, using a "blocking® process.
The block size was four and was equally
stratified with two of each treatment op-
tions (A or B)”

Apparent from the following descrip-
tion. “The randomization sequence be-
came available to the unblinded local prin-
cipal investigator only on irretrievable en-
try of each patient’s demographic informa-
tion, medical history, and clinical charac-
teristics”

Blinding (performance bias and detection Towr «
bias)

All outcomes

There was a good description of the sham
treatment. “For patient blinding purposes,
Group 2 patients underwent a brief com-
pression to 1.34 ATA at the beginning
of each treatment. The chamber was then
slowly decompressed from 1.34 to 1.1
ATA.” “Reassessment, after 30 treatment
sessions, was undertaken by the referring
physician, who remained unaware of the
allocation”

Blinding of partic’pani. »nd personnel Low risk
(performance bias)
All outcorr

There was a good description of the sham
treatment. “For patient blinding purposes,
Group 2 patients underwent a brief com-
pression to 1.34 ATA at the beginning
of each treatment. The chamber was then
slowly decompressed from 1.34 to 1.1
ATA”

Blinding of outcome assessment (detection Low risk
bias)

All outcomes

“Reassessment, after 30 treatment sessions,
was undertaken by the referring physician,
who remained unaware of the allocation”
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Clarke 2008 (Continued)

Incomplete outcome data (attrition bias) ~ Low risk
All outcomes

Full follow-up at the end of treatment. Rea-
sonable rate of attrition and equal across
groups. “C € the 150 patients, 120 com-
pleted the pr. ocol (Fig. 2). At 1 year, 5 pa-
¢ oats . hac died and 9 (8%) had been

lost . follow-up

Selective reporting (reporting bias) Low risk No mu. ‘g outcomes
Other bias Unclear risk Ranc smised data were not available for
atcomes beyond the end of therapy be-
se the study was then unblinded and
cross-over offered to those not in the active
treatment group
Gothard 2010
Methods Multicentre RCT - 2:1 rauc allocation to study vs. control group
Participants 58 peop - with ~ .aters arm lymphoedema of a > 15% increase in arm volume and

persisting fo. «leas. . months with good treatment for lymphoedema

Interventions All participa. s in both groups received ’good standard care’ for lymphoedema and in
the active - = the participants also received HBOT at 2.4 ATA with 90 minutes of
" JU% xygen breathing for a total of 30 treatment sessions over 6 weeks

Outcomes Ci. =~ aarm volume and QoL assessment at 1 year

Notes 1. | prompted by non-random observation and the results of Pritchard 2001
Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence = -ratio. (selection Low risk

bias)

Randomisation run from central alloca-
tion body: “Research volunteers were ran-
domised with a ratio of 2:1 (treatment:con-
trol) ...by a telephone call to the randomi-
sation service of The Institute of Cancer
Research Clinical Trials & Statistics Unit”

Allocation concealment (selection bias) Low risk

Randomisation made after consent: “Re-
search volunteers were randomised with a
ratio of 2:1 (treatment:control) after con-
firmation of eligibility and consent proce-
dure...”
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Gothard 2010 (Continued)

Blinding (performance bias and detection
bias)

All outcomes

High risk No blinding and 1 of the main outcomes
was QoL. Bias less likely for arm volume
and other « Yjective outcomes: “Volunteers
in the treatm 1t group were compressed to
7 Aat.. _“ere absolute (ATA) (243 kPa)
in a . merbaric ¢ amber ........ Volunteers
i~ he co. ol gre up continued best stan-
dard ¢. - for lymphoedema”

Blinding of participants and personnel High risk See . ove

(performance bias)

All outcomes

Blinding of outcome assessment (detection Low risk Low risk of arm volume, quantitative lym-

bias)

All outcomes

phoscintigraphy and dielectric constant
meter measurements to determine ongoing

lymphoedema

Incomplete outcome data (attrition bias)
All outcomes

Low risk Full account and most participants were
followed up at 1 year: “Of the 58 pa-
tients randomised, baseline assessments
were done in 53 (91.4%): 17 control and
36 HBO. Of the 53 patients with baseline
assessments, 46 had 12-month assessments
(86.8%): 16 control and 30 HBO. Reasons
why patients did not have assessments at
baseline and 12 months are shown in Fig.

1
Selective reporting (reporting bi- , . wrisk No evidence for this

Other bias Low risk No indication of other bias
Hulshof 2002

Methods RCT using random number table with allocation concealment but no blinding. Ran-

domised in matched pairs

Participar .

7 people with cognitive deficits present at least 1.5 years after irradiation of the brain
with at least 3000 cGy

Interventions Control: nil specific
HBOT: 100% oxygen at 3 ATA for 115 minutes for 30 sessions over 6 weeks (5 days
out of 7 each week)
Outcomes Neuropsychiatric testing
Notes Very low power study with many outcomes
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Hulshof 2002  (Continued)

Risk: of bias

Bias

Authors’ judgement

Support f - judgement

Random sequence generation (selection

bias)

Unclear risk

.+ 2actue. >t od used was unclear. “Pa-
tients  ~re randoi ly assigned to an exper-
tal g1 p wio were treated immedi-
ate (im. ~diate group) and a control group
‘th delayed treatment (delayed group).
The ndomization was blinded and per-
rmed by an independent employee at the
curology department”

Allocation concealment (selection bias)

Unclear risk

Implied but not clearly described. “Patients
were randomly assigned to an experimental
group who were treated immediate (imme-
diate group) and a control group with de-
layed treatment (delayed group). The ran-
domization was blinded and performed by
an independent employee at the neurology

department”

Blinding (performance bias and detection High risk No attempt at blinding

bias)

All outcomes

Blinding of participants and personnel  Tis". risk No attempt at blinding

(performance bias)

All outcomes

Blinding of outcome assessme ¢ (detec on High risk No attempt at blinding

bias)

All outcomes

Incomplete outcome dar~ attrition bias) ~ Low risk No losses at reporting. “All seven eligible

All outcomes patients completed the full period of 30
HBO [hyperbaric oxygen] sessions as well
as the three neuropsychological tests”

Selective eportir | (reporting bias) Low risk No missing outcomes

Other bias

Unclear risk

Very small trial with very low power. “The
immediate group consisted of four patients
and the delayed group of three patients”
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Marx 1985

Methods Multicentre randomised trial. No details of methodology for randomisation, allocation
concealment or blinding
Participants 74 people requiring tooth extraction in a field irradiated w h atleast 6000 cGy > 6 months
and < 15 years previously. Also excluded with penicillin « - HBOT contraindications,
active tumour present, recent chemotherapy  conc.. - 'isease (e.g. diabetes) that
might affect wound healing
Interventions Control: teeth extracted in standard way v.-h penic. “n 1 million units pre-extraction
and 500 mg 4 times each day for 10 davs po. ~traction
HBOT: 20 preoperative treatmer session.  t 2.4 _(TA for 90 minutes daily 5 or 6 days
each week, followed by 10 furth r sessions pu toperatively
Outcomes Development of clinical ORN wit. = ' _aling at 6 months
Notes
Risk of bias
Bias Authors’ judge .em Support for judgement
Random sequence generation (selection Unclear ris! No information apart from use of the word
bias) “randomized”
Allocation concealment (selection bias) Uncic. 7l No information given
Blinding (performance bias and detection ~ Jncl arr" k No information given
bias)
All outcomes
Blinding of participants and persor 1el Unclear risk No information given
(performance bias)
All outcomes
Blinding of outcome asses nent (detection Unclear risk No information given
bias)
All outcomes
Incomplete r atcon data (a rition bias)  Unclear risk No information given
All outcor s
Selective re, ~ .ng (reporting bias) Unclear risk No information given
Other bias Unclear risk No information given
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Marx 1999a

Methods Described as randomised. No details concerning blinding or allocation concealment

Participants 104 people requiring hemimandibular jaw reconstruction in tissue beds exposed to at
least 6400 cGy radiotherapy. No other specific exclusio

Interventions Control: not state
HBOT: 20 preoperative treatment sessions at 2.4 z. “A for 90 1. inutes daily 5 days each
week, followed by 10 further sessions postop .. =ly

Outcomes “Success” defined as achievement of ~ontin. . restoration of alveolar bone height,
restoration of osseous bulk, resto’ .caon ot . -h foi.n, maintenance of bone form for 18
months and restoration of facial :ontours
Complication rate (infection or  -hiscence)

Notes Sketchy account within a textbook chapter written by the author

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Unclear -isk No information apart from use of the word

bias)

“randomized”

Allocation concealment (selection bias)

Unclear risk No information given

Blinding (performance bias and detection
bias)

All outcomes

risk

No information given

| RIS

Blinding of participants and - .. “nel
(performance bias)

All outcomes

Tclear risk No information given

Blinding of outcome assessment (detecw. .n
bias)

All outcomes

Unclear risk No information given

Incomplete outcor ¢ data (. ‘rition bias)
All outcome

Unclear risk No information given

Selectiv. eporti 2 (reporting bias)

Unclear risk No information given

Other bias

Unclear risk No information given
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Marx 1999b

Methods Described as randomised. No details concerning blinding or allocation concealment

Participants 160 people requiring major soft tissue surgery or flaps into an irradiated area (> 6400
cGy). No other specific exclusions

Interventions Control: not stated
HBOT: 20 preoperative treatment sessions at 2.4 . "A for 90 1. inutes daily 5 days each
week, followed by 10 further sessions postof .a. =ly

Outcomes Wound infection, dehiscence, delayed healing

Notes Sketchy account within a textbc k chapter w 'tten by the author

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk No information apart from use of the word

“randomized”

Allocation concealment (selection bias) Unclear sk No information given
Blinding (performance bias and detection Unclear r. - No information given
bias)

All outcomes

Blinding of participants and personnel = Tnc' arr k No information given

(performance bias)
All outcomes

Blinding of outcome assessmer  (detec on
bias)

All outcomes

Unclear risk No information given

Incomplete outcome data attrition bias)
All outcomes

Unclear risk No information given

Selective reporting reportr. - bias)

Unclear risk No information given

Other bia

Unclear risk No information given

Oton Sanchez 2. ?

Methods Unblinded, randomised controlled study

Participants 37 people with cervical fibrosis following irradiation for tumours in the head and neck.
26 completed trial (13 in each arm)
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Oton Sanchez 2013  (Continued)

Interventions Both arms received both pentoxifylline 400 mg and tocopherol 400 mg twice daily for
6 months. 1 group also received HBOT - 100% oxygen at 2.4 ATA for 90 minutes, 5
times a week from week 3 to week 9 of the drug treatm nt (total 25 treatments)

Outcomes Improvement in fibrosis at 3 and 6 months

Notes Abstract only

Risk of bias

Bias Authors’ judgement S pport for judgement

Random sequence generation (selection

bias)

Unclear risk

Method unclear - “An open, controlled, ran-
domized clinical trial”

Allocation concealment (selection bias)

Unclear risk

No details given

Blinding (performance bias and detection High risk No sham attempted

bias)

All outcomes

Blinding of participants and personnel High risk No blinding reported

(performance bias)

All outcomes

Blinding of outcome assessment (detection  tigh sk “An open, controlled, randomized clinical
bias) trial”

All outcomes

Incomplete outcome data (attri” on b ) ki hrisk “37 patients were randomised and 26 com-

All outcomes

pleted the trial”. None of the missing pa-
tients were included in analysis

Selective reporting (report g bias)

Unclear risk

No information given

Other bias

High risk

This trial report is an abstract only and may

not have been subject to peer review

Pritchar” 2001

Methods

Randomised, allocation concealed with blinding of outcome assessors and participants

Participants

34 people with established radiation-related brachial plexopathy, median duration 3

years. People with active tumour or contraindications to HBOT excluded

Interventions

Control: 100 minutes at 2.4 ATA breathing 41% oxygen to simulate 100% oxygen at 1
ATA, daily 5 days per week to a total of 30 sessions
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Pritchard 2001 (Continued)

HBOT: 100% oxygen breathing on the same schedule

Outcomes Sensory thresholds, QoL scores, McGill Pain Score, lymohoedema resolution

Notes Many other outcomes reported

Risk of bias

Bias Authors’ judgement Support ror judgement

Random sequence generation (selection Low risk Research volunteers were randomized on

bias)

te first day of treatment by a telephone
call to the Clinical Trials & Statistics Unit,
Institute of Cancer Research, using a 1:1
randomization to HBO; or control group”

Allocation concealment (selection bias)

Low risk “Research volunteers were randomized on
the first day of treatment by a telephone
call to the Clinical Trials & Statistics Unit,
Institute of Cancer Research, using a 1:1
randomization to HBO; or control group.

»

Blinding (performance bias and detection
bias)

All outcomes

Blinding of participants and personi.
(performance bias)
All outcomes

Low risk “Individuals allocated to the control group
accompanied the HBO, group patients
and experienced the same number and type
of pressure exposures”

Low risk “Individuals allocated to the control group
accompanied the HBO, group patients
and experienced the same number and type

of pressure exposures.”

Blinding of outcome assessment (detection
bias)

All outcomes

Low risk “All investigators (except the operators of
the hyperbaric chamber and the trial statis-
tician) remained blind to treatment assign-
ments until the final analysis.”

Incomplets sutcome = =/ ctrition bias)

All outcr aes

Low risk “Only 1/72 assessments over 12 months of
planned follow up was missed.”

Selective repor.. ~ (reporting bias)

Low risk No evidecne of selective reporting

Other bias

Low risk No other significnat bias detected.
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Schoen 2007

Methods Unblinded RCT

Participants 26 people with a history of irradiation for a primary tumour of the head and neck who
were suitable for dental implants in the lower jaw

Interventions All received perioperative antibiotics and the F. 701 . == -ived 20 sessions on 100%
oxygen at 2.5 ATA for 80 minutes daily before opc. “ion and fc * 10 days after operation

Outcomes Postoperative complications, implant survival at 1, -r, periodontal health indicators,
functional assessment and QoL

Notes

Risk of bias

Bias Authors’ judgement  Sup, >rt for judgement

Random sequence generation (selection Low risk

bias)

+. computer program was used for randomization of the pa-

“t

Allocation concealment (selection bias) Low risk

1 ot specifically stated, but the implication is clear that alloca-
won only took place after consent: “Patients who agreed with

treatment were randomized in two groups”

Blinding (performance bias and detection High ™
bias)

All outcomes

No blinding and some outcomes are subjective (e.g. QoL):
“These patients either received peri-operative antibiotics or an-
tibiotics in combination with HBO treatment”

Blinding of participants and personre  Higi. _.ox
(performance bias)
All outcomes

There was no attempt to blind participants or those delivering
care. Some outcomes are subjective (e.g. QoL): “These patients
either received peri-operative antibiotics or antibiotics in com-
bination with HBO treatment”

Blinding of outcome assessment (dete. ~n  Low risk
bias)

All outcomes

Outcome assessor may have been unaware of allocation: “All
clinical assessments were performed by the investigator (PJS)

who was not involved in treatment of the patients”

Incomplete outcon : data \ trition bias)

High risk

All outcome-

Significant losses to follow-up. “Two patients past (sic) away dur-
ing the osseointegration because of medical complications not
related to the implant surgery. In 23 patients implant-retained
overdentures were fabricated, while in one patient no prosthesis
could be made because of loss of all implants related to devel-
opment of osteoradionecrosis. At the 1 year evaluation, six pa-
tients were lost to follow-up due to serious illness not related to
implant surgery”

Selective reporting (reporting bias) Unclear risk

No indication that outcome measures have not been reported

Other bias

Low risk

No indication of other bias
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Shao 2011

Methods Unblinded RCT

Participants 36 people with haemorrhagic radiation cystitis developing after irradiation for pelvic
cancers

Interventions HBOT: 100% oxygen administered at 2.5 ATA £0 72 mu. utes daily to a total of 30
treatments
Comparator: instillation of HA 40 mg into the “!adde. -=ekly f r4 weeks then monthly
for 2 months

Outcomes Complete response to treatment de” - - reso. “on of all symptoms up to 18 months
Partial response defined as resolv .on of clov but not macroscopic haematuria
Individual measures reported fc pain (VAS = -10 scale); haematuria (graded 1 (micro-
scopic) to IV (life-threatening bl 'ing); fre uency of voiding

Notes

Risk of bias

Bias Authors’ judgem~~+  Sup, .rt for judgement

Random sequence generation (selection

bias)

Low risl. “ Xe used computer-generated random numbers to perform the

randomisation.”

Allocation concealment (selection bias)

Unclear risk No mention of allocation concealement.

Blinding (performance bias and detection F.gh = sk No attempt at sham treatment

bias)

All outcomes

Blinding of participants and = cisc nel . ohrisk No attempt at any blinding
(performance bias)

All outcomes

Blinding of outcome assessment (detection  High risk No evidence of blinding

bias)

All outcomes

Incomplete outcor ¢ data (a rition bias)  Low risk All participants reached final follow-up
All outcomr

Selective -port’ g (reporting bias) Low risk No evidence of selective reporting
Other bias Low risk No other major source of bias identified
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Sidik 2007

Methods Unblinded RCT designed to evaluate the effect of HBOT on QoL after pelvic irradiation

Participants People with stage I-IIIB carcinoma of the cervix who had undergone irradiation

Interventions There was no sham intervention. Those randomised to br *OT received 20 treatments
but the exact protocol is not given

Outcomes Symptom severity scale (LENT-SOMA) and na. ofsky JoL assessment

Notes Poorly reported trial with no contro! +' ~-apy « hlinding

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk

Little information: “The block randomisa-

tion was performed”

Allocation concealment (selection bias)

Unclear risk

Blinding (performance bias and detection
bias)

All outcomes

High ric -

No information on this

No attempt at blinding

Blinding of participants and personnel
(performance bias)
All outcomes

High ris..

Blinding of outcome assessment (detect. -
bias)

All outcomes

No attempt at blinding

High risk

No attempt at blinding

Incomplete outcome data (attritio. ~ias)
All outcomes

Unclear risk

Significant loss to follow-up at 6 months
with several participants dying of their pri-
mary problem

Selective reporting (- . “ngu. 3)

Unclear risk

Insufficient information is given to be cer-
tain

Other bia

Unclear risk

Poor reporting makes an assessment diffi-
cult
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Svalestad 2014

Methods Unblinded RCT

Participants 22 people with soft tissue radiation injury or ORN affecting the oral mucosa. Minimum
50 Gy exposure and a clinical indication for HBOT

Interventions 100% oxygen at 2.5 ATA for 90 minutes daily - 2u- . == 29) sessions over 6 weeks
Control

Outcomes Laser Doppler flowmetry, transcutaneous ox metry, . ‘crovascular density and vessel area

Notes 2 participants refused tissue biops™_s so « not ¢ atribute data to tissue microvascular
measures

Risk of bias

Bias Authors’ judgement  Sup, ort for judgement

Random sequence generation (selection Low risk “Uroup . signment was made after enrolment using a predeter-

bias) ~in. { randomized allocation sequence”

Allocation concealment (selection bias) Low risk “ Sroup assignment was made after enrolment using a predeter-

ained randomized allocation sequence”.

Blinding (performance bias and detection High risk No sham treatment
bias)

All outcomes

Blinding of participants and personnel . Tis', risk No attempt at blinding
(performance bias)
All outcomes

Blinding of outcome assessme ¢ (detec on  Unclear risk No suggestion this was attempted
bias)

All outcomes

Incomplete outcome dar- attrition bias) ~ Low risk No suggestion there were any missing data
All outcomes

Selective reporting teportin  bias) Unclear risk No trial registration indicated
Other bi Low risk No other source of bias detected
Teguh 2009
Methods Unblinded RCT
Participants 19 people with a diagnosis of nasopharyngeal or oropharyngeal carcinoma and treated

with radiotherapy (47-70 Gy) with or without chemotherapy. HBOT given 2 days after
completion of radiotherapy/chemotherapy
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Teguh 2009  (Continued)

Interventions 100% oxygen at 2.5 ATA for 90 minutes daily for 30 sessions over 6 weeks
Control

Outcomes QoL estimates, dryness of mouth

Notes Trial stopped early because of slow recruitment

Risk of bias

Bias Authors’ judgement  Support 7 .« juay nent

Random sequence generation (selection Low risk Seems rc ‘able from 1 .e description. “Patients were randomized

bias) by the tria. %~ ... by use of a block of several randomized
sizes. Patients were stratified by tumor site (i.e., oropharynx or
naso, harynx) and treatment modality (i.e., IMRT [intensity-

~dula -d radiation therapy] or Cyberknife/Brachytherapy or

p« “topea. tve radiotherapy)”

Allocation concealment (selection bias) Low risk “This randomization took place directly after inclusion of the
[ tients in the study”

Blinding (performance bias and detection High risk Subjective outcome and no attempt at blinding

bias)

All outcomes

Blinding of participants and personnel 1igh sk All participants and treating staff aware of allocation

(performance bias)

All outcomes

Blinding of outcome assessmenr detec on  ka_h risk No mention that outcome assessor was blinding and this seems

bias) unlikely

All outcomes

Incomplete outcome data ‘attrition bias)  Low risk No losses to follow-up

All outcomes

Selective reporting / ¢po:. g bias) Low risk No evidence for missing outcomes

Other bias Low risk No evidence of other biases, but relatively poor methodological

reporting

ATA: atmospheres absolute; brachial plexopathy: poor functioning of the nerves going through the armpit to supply the arm and

resulting in loss of sensation, muscle power and function in the arm; ¢Gy: Centi-Gray; HA: hyaluronidase;

HBOT: hyperbaric oxygen therapy;

LENT-SOMA: Late Effects Normal Tissues - Subjective, Objective, Management, Analytic;

ORN: osteoradionecrosis;

QoL: quality of life;
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RCT: randomised controlled trial.

Characteristics of excluded studies /ordered by study ID]

Study Reason for exclusion

Carl 2001 Case series only, no randomised comparator
Coulthard 2002 Systematic review - no new data

Craighead 2011 Not an RCT

Denton 2002

Systematic review - no new data

Gal 2003

Retrospective cohort study

Granstrom 1999

Case control study - not randomly allocated

Maier 2000 Retrospective cohort study

Marson 2014 Not an RCT

Niimi 1997 Cohort study

Rajaganapathy 2014  Not about HBOT

Tobey 1979 RCT but no quanrita. - data tven. Both groups received some HBOT (1.2 ATA versus 2.0 ATA)

ATA: atmospheres absolute;

HBOT: hyperbaric oxygen th' ~oy;

RCT: randomised controlled triai.

Characteristics of . 7oing studies [ordered by study ID]

Forner 2011

Trial nar _ or tit

Hyperbaric Oxygen Treatment of Mandibular Osteoradionecrosis. NCT00760682

Methods

RCT

Participants

Established mandibular ORN

Interventions

HBOT

Outcomes

Complete resolution or radiographic evidence only
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Forner 2011  (Continued)

Starting date

June 2008

Contact information

Forner L; lone.forner@rh.regionh.dk

Notes

ClinicalTrials.gov Last verified 2012. Confirmed by author 9 Decc. her 2u.

Gesell 2004

Trial name or title

Hyperbaric Oxygen Therapy in Treating Patients with P ... = Neo ssis of the Brain

Methods RCT

Participants People with radionecrosis of brain tissue
Interventions HBOT, dexamethasone

Outcomes Quality of life, lesion volume, oedema vc™ me

Starting date

September 2003

Contact information

Gesell L; laurie.gesell@gmail.com

Notes

Continuing trial not conf —ed

HOPON 2011

Trial name or title

Hyperbaric Oxy, - for the Prevention of Osteoradionecrosis

Methods RCT -

Participants People requ. ~g surgery in an irradiated mandible

Interventions HAOT

Outcomes .+ venti.n of ORN, mucosal healing at 6 months following surgery

Starting da” .

I

Contact .. *r Jtion

Binyam. Tesfaye@liverpool.ac.uk

Notes

Still recruiting. Confirmed by author 9 December 2015
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Kuhnt 2008

Trial name or title

Hyperbaric Oxygen for the Treatment of a Dry Mouth Which Occurred After Radiotherapy

Methods RCT

Participants People with xerostomia

Interventions HBOT N
Outcomes Change in saliva volume and xerostomia score

Starting date

May 2008

Contact information

Kuhnt T.; thomas.kuhnt@medizin.uni-halle.de

Notes

Not confirmed still recruiting

Oscarsson 2012

Trial name or title

Radiation Induced Ciystitis Treated Wi<" Tvperva. ¢ Oxygen - a Randomized Controlled Trial (RICH-ART)

Methods RCT A

Participants People with radiation cystitis

Interventions HBOT

Outcomes Expanded Prostate C ncr - Ind x Composite, 36-item Short Form, EORTC score

Starting date

August 2012

Contact information

Oscar .on Nj - Acklas.oscarsson@vgregion.se

Notes

Confirmed b, 1thor 9 December 2015

Yarnold 2010

Trial name or title

Ran. >mized Double-Blind Controlled Phase IIT Trial of Hyperbaric Oxygen Therapy in Patients Suffering
Lor -Term Adverse Effects of Radiotherapy for Pelvic Cancer (HOT 1II)

Methods RCT

Participants Pelvic LRTI

Interventions HBOT

Outcomes Gastrointestinal symptoms score using the IBDQ quality-of-life questionnaire, LENT-SOMA

Starting date

January 2009
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Yarnold 2010 (Continued)

Contact information  John R. Yarnold, MD, FRCR, Royal Marsden Hospital

Notes Not confirmed

EORTC: European Organization for Research and Treatment of Cancer; HBOT: hyperbaric  ~vgen therc »y; IBDQ: Inflammatory
Bowel Disease Questionnaire; LENT-SOMA: Late Effects Normal Tissues - Subjective. Object. ~ Man: jement, Analytic; LRTT:
late radiation tissue injury; ORN: osteoradionecrosis;

RCT: randomised controlled trial.
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DATA AND ANALYSES

Comparison 1. Death

No. of No. of

Outcome or subgroup title studies participants Statistical merhod Effect size
1 Death at 1 year 1 68 Risk Ratio (M-H, Fixed, 95~ CI) 0.84 [0.13, 5.61]
Comparison 2. Complete resolution of problem
No. of No. of
Outcome or subgroup title studies participants . “atistical method Effect size
1 Resolution of clinical problem at 5 Risk 1. "~ 4-H, Fixed, 95% CI) Subtotals only
1 year
1.1 Proctitis 1 120 Ri' < Ra o (M-H, Fixed, 95% CI) 9.65 [0.55, 170.66]
1.2 Hemimandibular 1 104 + P o (M-H, Fixed, 95% CI) 1.41 [1.14, 1.75]
reconstruction
1.3 Brachial plexus radiation 1 34 Rusk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
neuropathy
1.4 Osteoradionecrosis 1 A8 Risk Ratio (M-H, Fixed, 95% CI) 0.60 [0.25, 1.40]
1.5 Cystitis 1 36 Risk Ratio (M-H, Fixed, 95% CI) 0.67 [0.40, 1.12]
2 Development of 1 2¢ Risk Ratio (M-H, Fixed, 95% CI) 3.0 [0.13, 67.51]

osteoradionecrosis following
dental implant

Comparison 3. Con., -<te resolution or significant improvement of problem

No. of No. of

Outcome ¢ subgrow, il studies participants Statistical method Effect size

1 Complew. v gnificant 2 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
improvemer.

2 Sensitivity analysis for missing 1 150 Risk Ratio (M-H, Fixed, 95% CI) 2.73 [1.66, 4.49]
data in proctitis - best case

3 Sensitivity analysis for missing 1 150 Risk Ratio (M-H, Fixed, 95% CI) 0.66 [0.47, 0.93]
data proctitis - worst case
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Comparison 4. Improvement in mean LENT-SOMA score

No. of No. of

Outcome or subgroup title studies participants

Statistical method

Effect size

1 Mean LENT-SOMA score at 3 1 150
months

Mean Difference (IV, Fixed, 95% CI)

Comparison 5. Resolution of pain

No. of No. of

2.39 [0.89, 3.89]

Outcome or subgroup title studies participants S tistical m .hod Effect size

1 Pain score change at end of 1 34 Mean Diff rence (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]
treatment

2 Pain score change at 12 months 1 34 Mean . .7 ==nc > (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

3 Pain score change at 18 months 1 36 Mean Du ™rence (IV, Fixed, 95% CI) 3.5 [-4.48, 11.48]

Comparison 6. Resolution of swelling

No. of No. v

Outcome or subgroup title studies /Partipants

Statistical method

Effect size

1 Improvement of lymphoedema 1 3/

2 Relative reduction in arm volume . 46
(affected vs. non-affected)

3 Proportion with more than & o 1 46
reduction in arm volume

Risk Ratio (M-H, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)

Odds Ratio (M-H, Fixed, 95% CI)

5.0 [0.26, 97.00]
2.6 [-25.79, 30.99]

1.86 [0.42, 8.15]

Comparison 7. Qunality . “life and functional outcomes

No. of No. of

Outcome sr subs oup title studies participants

Statistical method

Effect size

1 SF-36 genera: ~alth at 1 year 1 34

2 Physical functioning score at 1 1 34
year

3 Improvements in mean bowel 1 150
bother score

4 Lymphoedema score at 12 1 58
months

Mean Difference (IV, Fixed, 95% CI)

Mean Difference (IV, Fixed, 95% CI)

Mean Difference (IV, Fixed, 95% CI)

Mean Difference (IV, Fixed, 95% CI)

-2.30 [-18.95, 14.
35]

-4.0 [-19.40, 11.40]
0.0 [0.0, 0.0]

0.0 [0.0, 0.0]
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5 Quality of life (EORTC Head 1 19 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]
and Neck Module) at 12

months

6 Quality of Life (EORTC Head 1 26 Mean Difference (IV, Fixed, 95% CI) -17.60 [-30.61, -4.
and Neck Module) at 12 59]
months

Comparison 8. Osteoradionecrosis

No. of No. of

Outcome or subgroup title studies participants Stz suca. cetho Effect size
1 Complete mucosal cover 3 246 Risk Ratio (M- T, Random 5% CI) 1.30 [1.09, 1.55]
2 Establishment of bony 1 104 Risk Ratio (M-h1, “=4 - 5% CI) 1.41 [1.14, 1.75]
continuity
3 Resolution of sinus tract 0 0 Odds Ratic ‘M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
4 Successful healing of tooth 1 74 Risk B "~ (M ™, Fixed, 95% CI) 1.35 [1.08, 1.68]
sockets after tooth extraction
5 Bone loss around implant site 1 20 Mear. e ~nce (IV, Fixed, 95% CI) -0.10 [-0.67, 0.47]
Comparison 9. Head and neck soft tissues
No. of No. o1
Outcome or subgroup title studies  parr _ipants Statistical method Effect size
1 Wound dehiscence 2 - 7; Risk Ratio (M-H, Random, 95% CI) 4.23 [1.06, 16.83]
1.1 Hemimandibular 1 104 Risk Ratio (M-H, Random, 95% CI) 2.2 [0.82, 5.89]
reconstruction (bone and soft
tissue)
1.2 Complex soft-tissue 1 160 Risk Ratio (M-H, Random, 95% CI) 8.67 [2.73, 27.49]
grafts/flaps
2 Loss of dental implant 1 26 Risk Ratio (M-H, Fixed, 95% CI) 2.5 [0.59, 10.64]
Comparison 10. Urinax - bladder
No. of No. of
Outcome or . ~group title studies participants Statistical method Effect size
1 Complete resolution of clinical 1 36 Risk Ratio (M-H, Fixed, 95% CI) 0.90 [0.45, 1.79]
problem
2 Removal of bladder or urinary 0 0 Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
diversion
3 Daily voiding frequency change 1 Mean Difference (IV, Fixed, 95% CI) Subtotals only

at 18 months
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Comparison 13. Neurological tissue

No. of No. of

Outcome or subgroup title studies participants Statistical method Effect size

1 Warm sensory threshold 1 week 1 34 Mean Difference (IV, Fixed, 95% CI) 1.12 [-1.90, 4.14]
after treatment (°C change
from baseline)

2 Warm sensory threshold at 1 1 34 Mean Difference (IV, Fixed, 95% « ™ -0.87 [-3.97, 2.23]
year

3 Net number of significantly 1 7 Mean Difference (IV, Fixt = 95% C., 2.00 [-1.60, 5.60]
improved neuropsychological
tests at 3 months (25 tests total)

4 Net number of significantly 1 7 Mean Differer. = (IV, Fixed, 75% CI) 1.0 [-3.55, 5.55]

improved neuropsychiatric tests
at 6 months

Analysis I.1.

Review: Hyperbaric oxygen therapy for late radiation tissue injury

Compari. nl o

_ch, Outcome | Death at | year.

Comparison: | Death
Outcome: | Death at | year
Study or subgroup Control HBOT Risk Ratio Weight Risk Ratio
n/N_ ~/N M-HFixed,95% ClI M-H Fixed,95% ClI
Annane 2004 o7 2/31 100.0 % 0.84[0.13,561]
100.0 % 0.84 [ 0.13,5.61 ]

Total (95% CI) 3, 31
Total events: 2 (Control), 2 (HBOT)

Heterogeneity: not applicable

1 =086)

licable

Test for overall effect: Z = 0.1¢

Test for subgroup differences: Not o,

00l 0.1 | 10 100

Favours control Favours HBOT
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Analysis 2.1. Comparison 2 Complete resolution of problem, Outcome | Resolution

of clinical problem at |

year.
Review: Hyperbaric oxygen therapy for late radiation tissue injury
Comparison: 2 Complete resolution of problem
Outcome: | Resolution of clinical problem at | year
Study or subgroup HBOT Control Risk Ratio Welg .o Risk Ratio
n/N n/N M-H Fixed,95% CI M-H Fixed,95% CI
| Proctitis
Clarke 2008 S/64 0156 —— 1000 % 9.65 [ 055, 170,66 ]
Subtotal (95% CI) 64 56 —— v 0% 9.65 [ 0.55, 170.66 ]
Total events: 5 (HBOT), 0 (Control)
Heterogeneity: not applicable
Test for overall effect: Z = 1.55 (P = 0.12)
2 Hemimandibular reconstruction
Marx 199%9a 48/52 34/52 F 100.0 % 141 [ 1.14,1.75]
Subtotal (95% CI) 52 52 ( 100.0 % 1.41[1.14,1.75]
Total events: 48 (HBOT), 34 (Control) ‘
Heterogeneity: not applicable
Test for overall effect: Z = 3.18 (P = 0.0015) ‘
3 Brachial plexus radiation neuropathy
Pritchard 2001 o7 0/17 Not estimable
Subtotal (95% CI) 17 17 Not estimable
Total events: 0 (HBOT), O (Control)
Heterogeneity: not applicable
Test for overall effect: not applicable
4 Osteoradionecrosis
Annane 2004 6/31 [P : 3 100.0 % 0.60[025, 140]
Subtotal (95% CI) 3] 37 - 100.0 % 0.60 [ 0.25, 1.40 ]
Total events: 6 (HBOT), 12 (Control)
Heterogeneity: not applicable
Test for overall effect: Z = 1.18 (P = 0.2 .,
5 Cystitis
Shao 2011 10120 12/16 H 100.0 % 0.67[040, 1.12]
Subtotal (95% CI) 20 16 * 100.0 % 0.67 [ 0.40, 1.12 ]
Total events: 10 (HBOT) _ ntrol,
Heterogeneity: not apj cable
Test for overa" “ffect: 2 ' 52 (P~ - 0.13)
Test for suboup diffr :nces: Chiz = 11.62, df = 3 (P = 001), > =74%
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Analysis 2.2. Comparison 2 Complete resolution of problem, Outcome 2 Development of

osteoradionecrosis following dental implant.

Review: Hyperbaric oxygen therapy for late radiation tissue injury
Comparison: 2 Complete resolution of problem

Outcome: 2 Development of osteoradionecrosis following dental implant

Study or subgroup HBOT Control Risk Ratio Vv, Risk Ratio
n/N n/N M-H,Fixed,95% Cl M-HFixed,95% Cl
Schoen 2007 1713 0/13 H 0.0 % 300[0.13,6751]
Total (95% CI) 13 13 T 100.0 o 3.00 [ 0.13, 67.51 ]
Total events: | (HBOT), O (Control)
Heterogeneity: not applicable
Test for overall effect: Z = 0.69 (P = 0.49)
Test for subgroup differences: Not applicable
0.0l 0.1 | 10 100
Favours HBOT Fav rs control

Analysis 3.1.
C mp’ :te or significant improvement.

ini

Review: Hyperbaric oxygen therapy for late radic on tis. S
Comparison: 3 Complete resolution or " “icant . ~ovement of problem

Outcome: | Complete or significar  improve ent

Comparison 3 Comr!~te resu.Jtion or significant improvement of problem, Outcome |

Study or subgroup HBOT Control Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% ClI M-H Fixed,95% ClI
Clarke 2008 29/63 15/56 — 1.72[1.03,2.86]
Shao 2011 15/2¢ 12/16 T .00 [0.68, 146 ]
Test for subgr up differer =~ No* .pplicable
0.0l 0.1 | 10 100
Favours control Favours HBOT
52

Hyperbaric oxygen therapy for late radiation tissue injury (Review)
Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 3.2. Comparison 3 Complete resolution or significant improvement of problem, Outcome 2
Sensitivity analysis for missing data in proctitis - best case.

Review: Hyperbaric oxygen therapy for late radiation tissue injury

Comparison:

Outcome:

3 Complete resolution or significant improvement of problem

2 Sensitivity analysis for missing data in proctitis - best case

Study or subgroup HBOT Control Risk Ratio Vvi Risk Ratio
n/N n/N M-H Fixed,95% ClI M-H Fixed,95% ClI
Clarke 2008 41775 15/75 || 100.0 /. 273 [ 1.66,449 ]
Total (95% CI) 75 75 - 100.0 % 2.73 [ 1.66, 4.49 ]
Total events: 4| (HBOT), 15 (Control)
Heterogeneity: not applicable
Test for overall effect: Z = 3.96 (P = 0.000074)
Test for subgroup differences: Not applicable
0.0l 0.1 | 10 100
Favours control Fe urs HBOT

Analysis 3.3. Comparison 3 Cor ic.

resolution or significant improvement of problem, Outcome 3

Sensitivity na’ sis or missing data proctitis - worst case.

Review: Hyperbaric oxygen therapy for late rac'a ion tissue wjury

Comparison:

Outcome: 3 Sensitivity analysis fc.

3 Complete resolution « sigru

ant imp.

=ment of problem

vissing d a proctitis - worst case

Study or subgroup HBOT Control Risk Ratio Weight Risk Ratio

n/N n/N M-H Fixed,95% ClI M-H Fixed,95% ClI

Clarke 2008 .75 44/75 . 100.0 % 0.66 [ 047,093 ]

Total (95% CI) 75 75 * 100.0 % 0.66 [ 0.47, 0.93 ]
Total events: 2 HBO1 44 (Cont »l)

Heterogene’ ,: not aprlicabic
Test for ¢ wrall effec Z =239 (P =0017)

Test for subgre uifferences: Not applicable

00l 0.1 10

Favours control

100
Favours HBOT

Hyperbaric oxygen therapy for late radiation tissue injury (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

53



Analysis 4.1.

score at 3 months.

Review: Hyperbaric oxygen therapy for late radiation tissue injury

Comparison 4 Improvement in mean LENT-SOMA score, Outcome | Mean LENT-SOMA

Comparison: 4 Improvement in mean LENT-SOMA score
Outcome: | Mean LENT-SOMA score at 3 months
Mean Mean
Study or subgroup HBOT Control Difference Vvei, Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% Cl IV/Fixed,95% CI
Clarke 2008 75 5(4.55) 75 261 (4.82) : 3 100.0 % 239089, 389]
Total (95% CI) 75 75 — 100.0 %  2.39[0.89, 3.89 ]
Heterogeneity: not applicable
Test for overall effect: Z = 3.12 (P = 0.0018)
Test for subgroup differences: Not applicable
-10 -5 0 5 10
Favour. ontrol Favours HBOT

Analysis 5.1. Comparison 5 Resolutio.. -~ 1in, Outcome | Pain score change at end of treatment.

Review: Hyperbaric oxygen therapy for late radiation issue jury

Comparison: 5 Resolution of pain
Outcome: | Pain score change at end *ment
Mean Mean
Study or subgroup HBOT Control Difference Weight Difference
N Mear..D) N Mean(SD) IV,Fixed,95% Cl IV,Fixed,95% Cl
Pritchard 2001 N 53 (0) 17 1.2 (0) Not estimable
Total (95% CI) 17 17 Not estimable
Heterogeneity: not app cable
Test for overall” fect: ri applicabl
Test for subs oup difference. _( applicable
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Analysis 5.2. Comparison 5 Resolution of pain, Outcome 2 Pain score change at 12 months.

Review: Hyperbaric oxygen therapy for late radiation tissue injury

Comparison: 5 Resolution of pain

Outcome:

2 Pain score change at |2 months

Mean Mean
Study or subgroup HBOT Control Differe == Veight Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% IV,Fixed 95% Cl
Pritchard 2001 17 -0.7 (0) 17 -5(0) Not estimable
| .
Total (95% CI) 17 17 Not estimable

Heterogeneity: not applicable

Test for overall effect: not applicable

Test for subgroup differences: Not applicable

)

-10 =5 0 5 10

Favours HBOT Favours control

Analysis 5.3. Comparison 5 Re~~lutio. of pain, Outcome 3 Pain score change at 18 months.

Review: Hyperbaric oxygen therapy for late radiation " sue . ry

Comparison:

Outcome:

5 Resolution of pain

3 Pain score change at |18 months

Mean Mean
Study or subgroup HBOT Control Difference Weight Difference
N Mea. ™D) N Mean(SD) IV,Fixed,95% Cl IV,Fixed,95% Cl
Shao 201 | 20 -11.5(122) 16 =15 (12.1) 100.0 % 350[-448, 11.48]
Total (95% CI) 2y 16 100.0 %  3.50 [ -4.48, 11.48 |
Heterogeneity: not applic-
Test for overall effect: = = 0.86 (F  0.39)

Test for subgre’ p differc -es: Not pplicable
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Analysis 6.1. Comparison 6 Resolution of swelling, Outcome | Improvement of lymphoedema.

Review: Hyperbaric oxygen therapy for late radiation tissue injury

Comparison: 6 Resolution of swelling

Outcome: | Improvement of lymphoedema
Study or subgroup HBOT Control Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% CI M-H Fixed,95% Cl
Pritchard 2001 217 0/17 —— e 2% 5.00[ 026, 97.00]
Total (95% CI) 17 17 T — 10¢ "% 5.00 [ 0.26, 97.00 ]
Total events: 2 (HBOT), O (Control)
Heterogeneity: not applicable
Test for overall effect: Z = 1.06 (P = 0.29)
Test for subgroup differences: Not applicable
00l 0.1 | 10 10V
Favours control vours HBOT
Analysis 6.2. Comparison 6 Resolution o: .. ' ng, Outcome 2 Relative reduction in arm volume (affected
vs. non-affected).
Review: Hyperbaric oxygen therapy for late radia*ion « e injur
Comparison: 6 Resolution of swelling
Outcome: 2 Relative reduction in a « volume affected vs. non-affected)
Mean Mean
Study or subgroup HBOT Control Difference Weight Difference
N Mean(SD)[%] N Mean(SD)[%] IVFixed,95% Cl IVFixed,95% Cl
Gothard 2010 30 29 (18.2) 16 0.3 (56.4) { 100.0 % 2.60 [ -25.79,3099 ]
Total (95% CI) 30 16 ——— 100.0 % 2.60 [ -25.79, 30.99 ]
Heterogeneity: ot app able
Test for over effect: 7 =v. . =086)
Test for s group di’ _rences: Not applicable
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Analysis 6.3. Comparison 6 Resolution of swelling, Outcome 3 Proportion with more than 8% reduction in
arm volume.

Review: Hyperbaric oxygen therapy for late radiation tissue injury
Comparison: 6 Resolution of swelling

Outcome: 3 Proportion with more than 8% reduction in arm volume

Study or subgroup HBOT Control Odds Ratio e Odds Ratio
n/N n/N M-H Fixed,95% CI M-H Fixed,95% CI

Gothard 2010 9/30 316 * 100.u 1.86 042, 8.15]
Total (95% CI) 30 16 —— 100.v % 1.86 [ 0.42, 8.15 ]

Total events: 9 (HBOT), 3 (Control)
Heterogeneity: not applicable

Test for overall effect: Z = 0.82 (P = 0.41)
Test for subgroup differences: Not applicable

0.0l 0.1 | 10 100

Favours HBOT t ours control

Analysis 7.1. Comparison 7 Quality of lite a.. * .unctional outcomes, Outcome | SF-36 general health at |

year.
Review: Hyperbaric oxygen therapy for late radic on 1. = injur
Comparison: 7 Quality of life and functional outcc ~s
Outcome: | SF-36 general health a* | year
Mean Mean
Study or subgroup HBOT Control Difference Weight Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% Cl IV Fixed,95% ClI
Pritchard 2001 17 58.8 (23.9) 17 61.1 (25.6) 100.0 % -230[-1895, 1435 ]

Total (95% CI) 17 17 100.0 % -2.30 [ -18.95, 14.35 ]
Heterogeneity: ot app. “ble
Test for ove .l effect: 7 =0U... v =0.79)

Test for ¢ aroup d* erences: Not applicable
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Analysis 7.2. Comparison 7 Quality of life and functional outcomes, Outcome 2 Physical functioning score

Mean
Difference

IV Fixed,95% ClI

at | year.
Review: Hyperbaric oxygen therapy for late radiation tissue injury
Comparison: 7 Quality of life and functional outcomes
Outcome: 2 Physical functioning score at | year
Mean
Study or subgroup HBOT Control Difference Weight
N Mean(SD) N Mean(SD) IVFixed,95% Cl

Pritchard 2001 17 535 (23.5) 17 57.5(22.3) 0.0 %

Total (95% CI) 17 17 100.0 %

Heterogeneity: not applicable

Test for overall effect: Z =051 (P = 0.61)
Test for subgroup differences: Not applicable

. . !

-400 [-19.40, 1140 ]

-4.00 [ -19.40, 11.40 |
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Analysis 7.3. Comparison 7 Quality ~f life a.._. functional outcomes, Outcome 3 Improvements in mean
bowel bother score.

Review: Hyperbaric oxygen therapy for late radic ‘on 1. = injur
Comparison: 7 Quality of life and functional outce =
Outcome: 3 Improvements in mear bowel bc er score
Mean Mean
Study or subgroup HBOT Sham Difference Weight Difference
\ Mean(SD) N Mean(SD) IV,Fixed,95% Cl IVFixed,95% Cl
Clarke 2008 75 14.1 (0) 75 5.8 (0) Not estimable
Total (95% CI) 7. 75 Not estimable

Heterogeneity: ot app. ~ble
Test for ove .l effect: » ot app.cwole

Test for <

sroup d” zrences: Not applicable
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Analysis 7.4. Comparison 7 Quality of life and functional outcomes, Outcome 4 Lymphoedema score at 12

months.
Review: Hyperbaric oxygen therapy for late radiation tissue injury
Comparison: 7 Quality of life and functional outcomes
Outcome: 4 Lymphoedema score at 12 months
Mo
Study or subgroup HBOT Control Difference
N Mean(SD) N Mean(SD) IV,Fixed 95% Cl
Gothard 2010 38 0 (0) 20 0 (0) | I
Total (95% CI) 38 20 |

Heterogeneity: not applicable
Test for overall effect: not applicable

Test for subgroup differences: Not applicable

v oight

Mean
Difference

IVFixed,95% ClI

Not estimable

Not estimable

Analysis 7.5. Comparison 7 Quality of Inc .

-100  -50

“avours HBOT

50 100

Favours control

Hr «d 2 .d Neck Module) at 12 months.

Review: Hyperbaric oxygen therapy for late radie ‘on t

Comparison: 7 Quality of life and functional outcc

Outcome:

= injun

5 Quality of life (EORTC Head anc Neck Module) at 12 months

. functional outcomes, Outcome 5 Quality of life (EORTC

Mean Mean
Study or subgroup HBOT Control Difference Weight Difference
{ Mean(SD) N Mean(SD) IV,Fixed,95% Cl IV Fixed,95% ClI
Teguh 2009 ) 25 (0) I 62 (0) Not estimable
Total (95% CI) < 11 Not estimable
Heterogeneity: ot app. ~ble
Test for ove' I effect: not ap.. _wole
Test for s eroup d” crences: Not applicable
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Analysis 7.6. Comparison 7 Quality of life and functional outcomes, Outcome 6 Quality of Life (EORTC
Head and Neck Module) at 12 months.

Review: Hyperbaric oxygen therapy for late radiation tissue injury

Comparison:

Outcome:

7 Quality of life and functional outcomes

6 Quality of Life (EORTC Head and Neck Module) at 12 months

Mean
Difference

IV Fixed,95% ClI

Mean
Study or subgroup HBOT Control Difference Weight
N Mean(SD) N Mean(SD) IV,Fixed,95% Cl
Schoen 2007 13 66.7 (13.6) 13 84.3 (19.7) ] 0%
Total (95% CI) 13 13 - 100.0 %

Heterogeneity: not applicable

Test for overall effect: Z = 2.65 (P = 0.0080)
Test for subgroup differences: Not applicable

-17.60 [ -30.61,-4.59 ]

-17.60 [ -30.61, -4.59 ]

Analysis 8.1. Compai son

-100 A 0

Favours HBC

50 100

Favours control

O« 2oradionecrosis, Outcome | Complete mucosal cover.

Review: Hyperbaric oxygen therapy fo: ~diatic. ~sue injury
Comparison: 8 Osteoradionecros’
Outcome: | Complete mucosal cover
Study or subgroup HBOT Control Risk Ratio Weight Risk Ratio
M- M-
H,Random,95% H,Random,95%
n/I n/N Cl Cl
Annane 2004 [IE] 22/37 - 165 % 098065, 1.46]
Marx 19¢ 35/37 26/37 Ll 405 % .35 1.08, 1.68]
Marx 1. "a 48/52 34/52 Ll 43.1 % 141 [ 1.14,1.75]
Total (95% C., 120 126 - 100.0 % 1.30 [ 1.09, 1.55 ]
Total events: 101 (HBOT), 82 (Control)
Heterogeneity: Tau? = 0.01; Chi? = .75, df = 2 (P = 0.25); I> =27%
Test for overall effect: Z = 2.97 (P = 0.0030)
Test for subgroup differences: Not applicable
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Analysis 8.2. Comparison 8 Osteoradionecrosis, Outcome 2 Esta} 'ish:

Review: Hyperbaric oxygen therapy for late radiation tissue injury

Comparison: 8 Osteoradionecrosis

Outcome: 2 Establishment of bony continuity

=t 0. Yony continuity.

Study or subgroup HBOT Control Risk Rat Weight Risk Ratio
n/N n/N M-H Fixed,95% « M-H Fixed,95% Cl
Marx 199%9a 48/52 34/52 3 100.0 % 141 [ 1.14,1.75]
Total (95% CI) 52 52 ~ 100.0 % 1.41[1.14,1.75]
Total events: 48 (HBOT), 34 (Control) ‘
Heterogeneity: not applicable
Test for overall effect: Z = 3.18 (P = 0.0015)
Test for subgroup differences: Not applicable
L _— L L
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Analysis 8.4. Comparison 8 Osteoradionecrosis, Outcome 4 Successful healing of tooth sockets after tooth

extraction.
Review: Hyperbaric oxygen therapy for late radiation tissue injury
Comparison: 8 Osteoradionecrosis
Outcome: 4 Successful healing of tooth sockets after tooth extraction
Study or subgroup HBOT Control Risk Ratio e Risk Ratio
n/N n/N M-HFixed,95% C M-H Fixed,95% ClI
Marx 1985 35/37 26/37 [ | 100.U .35 1.08, 1.68]
Total (95% CI) 37 37 - 100.v % 1.35 [ 1.08, 1.68 |
Total events: 35 (HBOT), 26 (Control)
Heterogeneity: not applicable
Test for overall effect: Z = 2.61 (P = 0.0091)
Test for subgroup differences: Not applicable
01 02 05 1.2 5 10
Favours control Fav s HBOT

Analysis 8.5. Comparison 8 Osteora.’ .1ecrosis, Outcome 5 Bone loss around implant site.

Review: Hyperbaric oxygen therapy for late radiatior issue njury
Comparison: 8 Osteoradionecrosis

Outcome: 5 Bone loss around implant .

Mean Mean
Study or subgroup HBOT Control Difference Weight Difference
N Mean(SD)[ri.n] N Mean(SD)[mm] IV,Fixed 95% Cl IV,Fixed,95% Cl
Schoen 2007 10 0.6 (0.6) 10 07 (0.7) 100.0 % -0.10[-0.67,047 ]
Total (95% CI) T 10 100.0 % -0.10 [ -0.67, 0.47 ]
Heterogeneity: not app cable
Test for overal' fect: 2 034 (P~ 0.73)
Test for sub~ oup diffe =nces. . .ot applicable
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Analysis 9.1. Comparison 9 Head and neck soft tissues, Outcome | Wound dehiscence.

Review: Hyperbaric oxygen therapy for late radiation tissue injury

Comparison: 9 Head and neck soft tissues

Outcome: | Wound dehiscence
Study or subgroup Control HBOT Risk Ratio Weight Risk Ratio
M- M-
H,Random,95% HRandom,95%
n/N n/N Cl
| Hemimandibular reconstruction (bone and soft tissue)

Marx 1999a 11/52 5/52 - 5.0 % 220[082 589]
Subtotal (95% CI) 52 52 - S2.4 % 2.20[0.82,5.89 ]
Total events: || (Control), 5 (HBOT)

Heterogeneity: not applicable
Test for overall effect: Z = 1.57 (P = 0.12)
2 Complex soft-tissue grafts/flaps

Marx 1999b 26/80 3/80 —— 47.6 % 8.67[273,2749]
Subtotal (95% CI) 80 80 « 47.6 % 8.67 [2.73,27.49 ]
Total events: 26 (Control), 3 (HBOT) ‘

Heterogeneity: not applicable \
Test for overall effect: Z = 3.67 (P = 0.00025)
Total (95% CI) 132 132 — 100.0 % 4.23 [ 1.06, 16.83 ]
Total events: 37 (Control), 8 (HBOT)
Heterogeneity: Tau? = 0.70; Chi? = 3.32, df = | (P = 0.07); > =70%
Test for overall effect: Z = 2.04 (P = 0.041)
Test for subgroup differences: Chi? = 3.14, df = | (P = 0.08), 12 =68%
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Analysis 9.2. Comparison 9 Head and neck soft tissues, Outcome 2 Loss of dental implant.

Review: Hyperbaric oxygen therapy for late radiation tissue injury
Comparison: 9 Head and neck soft tissues

Outcome: 2 Loss of dental implant

Study or subgroup HBOT Control Risk Ratio Weight Risk Ratio
N N M-H Fixed.95% Cl M-H Fixed,95% Cl

Schoen 2007 513 213 - % 250 [ 059, 10.64 ]
Total (95% CI) 13 13 T—_— 100 "% 2.50 [ 0.59, 10.64 ]

Total events: 5 (HBOT), 2 (Control)
Heterogeneity: not applicable

Test for overall effect: Z = 1.24 (P = 022)
Test for subgroup differences: Not applicable

00l 0.1 | 10 10V

Favours HBOT avours control

Analysis 10.1. Comparison 10 Urin..  “'ac 'er, Outcome | Complete resolution of clinical problem.

Review: Hyperbaric oxygen therapy for late radiation’ ssue i jury
Comparison: 10 Urinary bladder

Outcome: | Complete resolution of clinical prob.

Study or subgroup HBC ~ Hyaluronidase Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% Cl M-H Fixed,95% Cl
Shao 2011 9120 8/16 ' 100.0 % 090045, 1.79]
Total (95% CI) 20 16 - 100.0 % 0.90 [ 0.45, 1.79 ]
Total events: 9 (HBOT), 8 (Hyalurc. 'ase)
Heterogeneity: not app! .able
Test for overall ~ffect: 2 =030 (P~ 0.76)
Test for subg up differenc. ' applicable
00l 0.1 | 10 100
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Analysis 10.3. Comparison 10 Urinary bladder, Outcome 3 Daily voiding frequency change at 18 months.

Review: Hyperbaric oxygen therapy for late radiation tissue injury
Comparison: 10 Urinary bladder

Outcome: 3 Daily voiding frequency change at |8 months

Mean Mean
Study or subgroup HBOT Hyaluronidase Differ e Neight Difference
N Mean(SD)[voids/day] N Mean(SD)[voids/day] IV,Fixed,95% IV Fixed,95% ClI
Shao 2011 20 0.2 (0.83) 16 -0.18 (0.54) 4” N 0.38[-0.07,083]
1 ] Il 1 1
-1 -0.5 : [V |
F ours HBOT Favours hyaluronidase

Analysis 13.1. Comparison 13 Neurolc zical \ < 4e, € utcome | Warm sensory threshol
treatment \ ~ ch...ge from baseline).

Review: Hyperbaric oxygen therapy for late radiation tissue injury
Comparison: 13 Neurological tissue

Outcome: | Warm sensory threshold | week aftert atme (7 change from baseline)

d | week after

Mean Mean
Study or subgroup Control HBOT Difference Weight Difference
N Mean( D) N Mean(SD) IV Fixed,95% ClI IV Fixed,95% ClI
Pritchard 2001 17 1°592) 17 -0.12 (5.01) B 100.0 % [.12[-190,4.14]
Total (95% CI) 17 17 —— 100.0 %  1.12[-1.90, 4.14 ]
Heterogeneity: not applicable
Test for overall effect: Z = 0.7. ** = 047)
Test for subgroup differences: Not «, ‘icable
-10 -5 0 5 10
Favours control Favours HBOT

Hyperbaric oxygen therapy for late radiation tissue injury (Review)
Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

65



Analysis 13.2. Comparison |13 Neurological tissue, Outcome 2 Warm sensory threshold at | year.

Review: Hyperbaric oxygen therapy for late radiation tissue injury

Comparison: 13 Neurological tissue

Outcome: 2 Warm sensory threshold at | year

Mean Mean

Study or subgroup Control HBOT Difference MMlaig, Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% Cl IV/Fixed,95% Cl

Pritchard 2001 17 053 (343) 17 1.4 (5.54) . 0% -087[-397,223]
Total (95% CI) 17 17 150.0 %  -0.87 [-3.97,2.23 ]

Heterogeneity: not applicable
Test for overall effect: Z = 0.55 (P = 0.58)
Test for subgroup differences: Not applicable
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Analysis 13.3. Comparison 13 Neur~logic. ' tissue, Outcome 3 Net number of significantly improved
neuropsychologica. - .ts at 3 months (25 tests total).

Review: Hyperbaric oxygen therapy for late radiatior
Comparison: 13 Neurological tissue

Outcome: 3 Net number of significant’ ..., ved nc

ISSUE jury

~psychological tests at 3 months (25 tests total)

Mean Mean
Study or subgroup HBOT Control Difference Weight Difference
N Mean(SL, N Mean(SD) IV Fixed,95% C IV Fixed,95% ClI
Hulshof 2002 4 33 (34) 3 13(12) —— 1000 % 2,00 [ -1.60, 560 ]
Total (95% CI) 4 3 —— 100.0 % 2.00 [ -1.60, 5.60 ]
Heterogeneity: not app cable
Test for overal fect: 2 = 1.09 (P~ 028)
Test for sub™ oup diffe =nces. . .ot applicable
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Analysis 13.4. Comparison 13 Neurological tissue, Outcome 4 Net number of significantly improved

neuropsychiatric tests at 6 months.

Review: Hyperbaric oxygen therapy for late radiation tissue injury

Comparison: 13 Neurological tissue

Outcome:

4 Net number of significantly improved neuropsychiatric tests at 6 months

Mean Mean
Study or subgroup HBOT Control Difference Weight Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% Cl IV,Fixed,95% Cl
Hulshof 2002 4 3(45) 3 2(1 1 1000 % 1.00 [ -3.55, 555 ]
Total (95% CI) 4 3 100.0 %  1.00 [ -3.55, 5.55 ]
Heterogeneity: not applicable
Test for overall effect: Z = 043 (P = 0.67)
Test for subgroup differences: Not applicable
-10 -5 0 5 10
Favours ¢ ntrol Favours HBOT
ADDITIONAL TABLES
Table 1. The LENT-SOMA Scales - conceptua’ ~~ma. -
(S)ubjective (O)bjective (M)edical management (A)nalytic

The injury from the person’s
point of view. May involve in-
terview, diary or questionna’
depending on the system to be
used

ami’ .tion

M--bidi, assessed objectively The active steps that have been
by cl. ician a.ring physical ex- taken in order to ameliorate the

symptoms

Diagnostic and imaging tools
used to further objectively de-
fine the level of injury
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APPENDICES

Appendix |. CENTRAL search strategy

#1  MeSH descriptor Hyperbaric Oxygenation, this term only
#2  hyperbaric and oxygen*

#3  hbo and hbot

#4  high near/3 (pressure or tension)

#5  (multiplace or monoplace) and chamber*

#6  (#1 OR #2 OR #3 OR #4 OR #5)

#7  MeSH descriptor Radiotherapy explode all trees
#8  radiotherap*

#9  radiation

#10 irradiat®

#11 Any MeSH descriptor with qualifier: RT

#12 (#7 OR #8 OR #9 OR #10 OR #11)

#13 (#6 AND #12)

Appendix 2. MEDLINE search strategy (via Ovid)

Hyperbaric Oxygenation/

(hyperbaric and oxygen*).mp.

(hbo or hbot).mp.

(high adj3 (pressure or tension)).mp.
((multiplace or monoplace) and chamber*).mp.
lor2or3or4or5

exp Radiotherapy/

0 N QNN W N

radiotherap*.mp.

9 radiation.mp.

10 irradiat®.mp.

11 radiotherapy.fs.

127 o0r8or9or10or11

13 randomized controlled trial.pt.

14 controlled clinical trial.pt.

15 randomized.ab.

16 placebo.ab.

17 clinical trials as topic.sh.

18 randomly.ab.

19 trial.ti.

2013 0r14o0r150r 27 =17 ¢ 18o0r19
21 6.and 12 and 20

key:

mp = prote ol supp'emei..uy concept, rare disease supplementary concept, title, original title, abstract, name of substance word, subject
heading < ~rd, ur que identifier

pt = publicar.  type

ab = abstract

sh = subject heading

ti = title
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Appendix 3. EMBASE search strategy

hyperbaric oxygen/

(hyperbaric and oxygen*).mp.

(hbo or hbot).mp.

(high adj3 (pressure or tension)).mp.
((multiplace or monoplace) and chamber*).mp.
lor2or3or4dor5

cancer radiotherapy/

O N O\ N W N =

exp radiotherapy/

9 radiotherap*.mp.

10 radiation.mp.

11 irradiat®.mp.

12 re.fs.

137 o0or8o0r9or10or1lorl12
14 crossover procedure/

15 randomized controlled trial/
16 single blind procedure/

17 random™*.mp.

18 factorial*.mp.

19 (crossover™ or cross over® or cross-over*).mp.
20 placebo*.mp.

21 (doubl* adj blind*).mp.

22 (singl* adj blind*).mp.

23 assign*.mp.

24 allocat®.mp.

25 volunteer*.mp.

26 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or . * or 24 or 25
27 6.and 13 and 26

key:

mp = title, abstract, subject headings, heading wor ., di g trade name, original title, device manufacturer, drug manufacturer

Appendix 4. CINAHL se- .cn traw ~v

1. exp radiation injuries/

2. RADIOTHERAPY/ae

3. (radiation or radiother®).mp.

4. (damage™* or injur® of w und* or destruction or oedema or edema or fracture*).mp.
5.4 and 3

6.lor2or5

7. exp hyperbaric or /genatic »/

8. (high adj3 ressu. \.mp.

9. (high ad”  tension).1..,

10. (hyp: oaric a* 1 oxygen$).mp.

11. (HBO ¢. ™ 30T).mp.

12. (multiplace ¢. mber$ or multiplace hyperbaric chamber$).mp.
13. (monoplace chamber$ or monoplace hyperbaric chamber$).mp.
14.8 0or 11 or 7or 13 or 10 or 9 or 12

15. 6 and 14

16. exp Clinical Trials/

17. (randomized or controlled).mp.

18. 16 and 17

19. randomized controlled trial.mp.
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20. controlled clinical trial.mp.

21. randomized.ti,ab.

22. randomly.t,ab.

23. trial.ti,ab.

24. groups.ti,ab.

25.22 or 21 or 18 or 24 or 23 or 19 or 20
26. Animals/

27. (man or woman or human being).mp.
28. 26 not (26 and 27)

29. 25 not 28

30. 29 and 15

Appendix 5. DORCTIHM search strategy

1. Radiotherapy OR radiation tissue injury OR late radiation effect

WHAT’S NEW

Last assessed as up-to-date: 4 December 2015.

Date Event

9 March 2016  New search has been performed

Description

The review has been update. Specifically we have:
Added three further trials.

Amended text of abstract, results and discussion to reflect
the new material.

Updated discussion to include more contemporary ref-
erences.

Updated the study flow diagram.

Re-formatted and updated the summary of findings ta-
ble.

Re-formatted the results section, removed text references
to single trial analyses and replaced with results from the
original papers. We deleted the sensitivity analyses for
single trials

9 March 2016 Ner “tion. quired but conclusions have not changed

The current update includes substantial changes in pre-

sentation and content, but the conclusions are unchanged
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HISTORY
Protocol first published: Issue 2, 2004
Review first published: Issue 3, 2005

Date Event Description

29 March 2012 New citation required but conclusions have notchanged = Searches re-runMa. % 2011 ar. ' three new studies iden-

tified.

11 January 2012 New search has been performed ‘Risk of bias  ~d ’Summary of findings’ tables added.
§ .ay flo. Agurc added. No major change to conclu-
1ons

23 August 2008  New search has been performed Tv. new als identified and added to review when

searches were re-run in August 2008

26 April 2008 Amended “onverted to new review format.

23 May 2005 New citation required and conclusions have cna. _~d Substantive amendment

CONTRIBUTIONS OF AUT 'O S

Michael Bennett: principal author, conception, sear~h stratc_vand execution, data extraction and critical appraisal, hyperbaric medicine

content expert, statistical analysis.

John Feldmeier: co-author, data extraction an  crir cal < »praisal, radiation oncology and hyperbaric medicine content expert.
Neil Hampson: co-author, editorial advice data - == uon and critical appraisal, hyperbaric medicine content expert.

Robert Smee: editorial advice, rad’ > once hay content expert.

Chris Milross: co-author, back .ound, - diation oncology content expert.

DECLARATIONS OF INTEREST

None known. Bennett ana - "~mpson are hyperbaric physicians who regularly treat people with LRTI, while Feldmeier has previous
hyperbaric experienc: v, ass, » idmeier and Smee are radiation oncologists who refer people with LRTT for HBOT.
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SOURCES OF SUPPORT
Internal sources

e No source of support, Other.

External sources

e No external source of support, Other.

DIFFERENCES BETWEEN PROTOCOL AND REVIEW

We amended the secondary outcome of quality of life to include any scale desi ied to n. sure uality of life or functional ability.
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