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Purpose: This systematic review aims to provide an overview of the literature on the effect of hyperbaric oxygen
therapy (HBOT) on symptoms of local late radiation toxicity (LRT) in patients treated for breast cancer.

Methods: A systematic search was performed in September 2021. All studies with a sample size of >10 patients
reporting the effect of HBOT for symptoms of LRT after radiotherapy of the breast and/or chest wall were

Pai
F?li:osis included. The ROBINS-I tool was used for critical appraisal of methodological quality. The toxicity outcomes
Lymphedema pain, fibrosis, lymphedema, necrosis/skin problems, arm and shoulder mobility, and breast and arm symptoms

were evaluated.

Results: Nine studies concerning a total of 1308 patients were included in this review. Except for one study,
sample sizes were small. Most studies had inadequate methodology with a substantial risk of bias. Post-HBOT, a
significant reduction of pain was observed in 4/5 studies, of fibrosis in 1/2 studies, and of lymphedema of the
breast and/or arm in 4/7 studies. Skin problems of the breast were significantly reduced in 1/2 studies, arm- and
shoulder mobility significantly improved in 2/2 studies, and breast- and arm symptoms were significantly
reduced in one study.

Conclusion: This systematic review indicates that HBOT might be useful for reducing symptoms of LRT in breast
cancer patients, however evidence is limited. A randomized controlled trial in a larger cohort of patients
including a combination of patient- and clinician-reported outcome measures would be valuable to assess the
effect of HBOT on symptoms of LRT.

therefore, it is important to minimize the group of breast cancer patients
with symptoms of LRT [10,12].

1. Introduction

Postoperative radiotherapy substantially reduces the risk of locore-
gional recurrence and improves survival in breast cancer patients [1-3].
However, patients receiving radiotherapy may develop both acute and
late radiation toxicity [4-6]. Acute radiation toxicity occurs within three
months after radiotherapy, whereas local late radiation toxicity (LRT)
may develop between three months and many years after exposure
[7-9]. Symptoms of LRT in patients treated for breast cancer mainly
consist of pain in the breast or chest wall, fibrosis, lymphedema of the
breast or arm, movement restriction of the arm or shoulder, chronic
wounds, telangiectasia, altered sensation of the breast or chest wall, and
poorer cosmetic outcome [5,6,10,11]. Symptoms of LRT may impair
quality of life up to many years after breast cancer treatment, and

Current treatment of LRT is mostly symptomatic and consists, among
others, of lymphedema therapy, physiotherapy, and analgesics. Curative
treatment of LRT includes surgical debridement, reconstruction, or hy-
perbaric oxygen therapy (HBOT). Depending on the indication, HBOT
can be performed after radiotherapy or perioperatively [13]. However,
high-quality evidence of the effectiveness of HBOT for reducing symp-
toms of LRT is still lacking [14,15].

HBOT involves breathing 100% oxygen in a hyperbaric chamber at a
pressure of 2.0-2.5 atm absolute (ATA) and usually consists of daily
sessions for six to eight consecutive weeks [16]. HBOT aims to cure
symptoms of LRT as it, among others, increases neovascularization,
stimulates the formation of collagen and mobilization of stem cells, and
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reduces inflammation [17,18].

Although HBOT is used as a treatment for symptoms of LRT for de-
cades, for example for radiation cystitis and proctitis, high-quality evi-
dence about its effectiveness in treating symptoms of LRT in breast
cancer patients remains scarce [14,15,19]. This systematic review aims
to provide a comprehensive overview of the literature regarding the
effect of HBOT on symptoms of LRT in patients being treated for breast
cancer.

2. Methods

This review was registered in the PROSPERO database under the
number CRD42021225300.

2.1. Systematic literature search

A systematic search of the literature was performed in PubMed, the
Cochrane Library, Embase, and Web of Science up to September 2021. A
clinical librarian assisted with the formulation of the systematic search.
Keywords, synonyms, and medical subject headings (MeSH) terms for
‘Breast’, ‘Radiotherapy’, and ‘Hyperbaric Oxygen Therapy’ were used in
the search strategy (Supplementary Table 1). The search was restricted
to title and abstract. The Preferred Reporting Items for Systematic Review
and Meta-Analyses (PRISMA) guidelines were followed for this review
[20]. Eligibility of articles was assessed independently by two reviewers
(EM, DM) according to predefined inclusion and exclusion criteria. Ti-
tles and abstracts were screened to assess eligibility for inclusion. Sub-
sequently, full text screening and cross referencing were performed.
When the full text of an article was not available, authors were con-
tacted. Disagreement was resolved through discussion and consensus.

2.2. Eligibility criteria

All studies treating symptoms of LRT after radiotherapy of the breast
and/or chest wall with HBOT were included. There were no restrictions
regarding publication year, study design, and time interval between
radiotherapy and the development of symptoms of LRT. Articles with the
following criteria were excluded: (1) studies concerning the effective-
ness of HBOT at cellular level, (2) animal studies, (3) studies concerning
LRT of other areas than the breast or chest wall, (4) studies where HBOT
was not evaluated as the main treatment for reducing symptoms of LRT,
(5) studies with a sample size of <10 patients, (6) studies of which no
full text was available despite contacting the authors, and (7) studies
written in any other language than English.

2.3. Quality assessment and risk of bias

Quality of included studies was assessed using the Cochrane’s
ROBINS-I tool [21]. This tool was developed to assess the risk of bias in
non-randomized studies of interventions, including uncontrolled
before-after intervention studies. The following seven domains were
assessed: confounding, selection, intervention classification, deviation
from intervention, missing data, measurement of outcome, and selection
of reported results. Each domain was scored as ‘low’, ‘moderate’,
‘serious’, or ‘critical’ risk according to the ROBINS-I detailed guidance
[22]. The overall risk of bias was scored as high as the highest judgment
in any bias domain [21]. The risk of bias was evaluated independently
by the two reviewers (EM, DM). Disagreement was resolved through
discussion and consensus.

2.4. Data extraction and data analysis

The following data items were extracted: (1) study characteristics
(year of publication, study design, sample size, inclusion and exclusion
criteria, and follow-up time after HBOT), (2) patient demographics and
clinical characteristics (age, sex, type of surgery, performance and type
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of axillary surgery, time interval between primary diagnosis/radio-
therapy and start of HBOT), (3) HBO treatment regimen (number of
sessions, duration per HBO session, ATA and side effects of HBOT), (4)
primary toxicity outcomes (pain of breast, chest wall, and arm, fibrosis
of breast and chest wall, lymphedema of breast, chest wall, and arm, and
necrosis), and (5) secondary toxicity outcomes (skin problems, arm- and
shoulder mobility, breast and arm symptoms). Due to the heterogeneity
of outcomes of the included articles, data pooling between studies was
judged to be inappropriate. Outcomes of the included studies were
therefore presented individually and without a meta-analysis.

3. Results
3.1. Study selection

The systematic literature search yielded a total of 177 articles after
removal of duplicates. During title and abstract review, 151 articles
were excluded (Fig. 1). After full text screening, nine articles with a total
of 1308 patients met the inclusion and exclusion criteria and were
included in the systematic review (Table 1 [23-31]).

3.2. Methodological quality

Bias due to confounding was categorized as serious or critical in 7/9
studies, as most uncontrolled studies could not control for extraneous
events (Table 2). Most studies were categorized with low risk of bias
scores for the domains selection of participants (n = 8/9 studies), clas-
sification of intervention (n = 8/9 studies), deviation from intervention
(n = 7/9 studies), missing data (n = 6/9 studies), and selection of re-
ported results (n = 6/9 studies). For the domain measurement of
outcome, seven out of nine studies were classified as having a serious
risk of bias, as most studies reported subjective outcomes and outcome
assessors were aware of the intervention received by study participants.
The overall risk of bias score was dominated by serious risk of bias (n =
5/9 studies) and critical risk of bias (n = 3/9 studies). Only one study
was classified with a low overall risk of bias.

3.3. Study and patient characteristics

Between 1995 and 2021, two randomized controlled trials, five
prospective studies, and two retrospective studies were published
(Table 1 [23-31]). The number of participants in each study varied from
10 to 1005 and age of the participants ranged from 30 to 80 years.
Except for four males with LRT of the breast/chest wall after being
treated for Hodgkin’s Lymphoma (n = 2), sarcoma (n = 1), and meta-
static prostate cancer (n = 1), all participants were women with a history
of breast cancer (n = 1304). (Type of) surgery was reported in seven
studies, in which lumpectomy was performed in 867 patients (range
40%-100% [24,26-31]). Four studies reported axillary treatment.
Sentinel node or axillary sampling was performed in 612 patients (range
12.0%-56.6%), and axillary dissection was performed in 327 patients
(range 25.5%-46.6% [26,28,30,31]). The average time interval between
primary diagnosis or radiotherapy and the start of HBOT ranged from
0 months to 14 years. Follow-up after HBOT varied from no follow-up
(follow-up until the last HBO session) to 24 months.

3.4. HBOT regimen and side effects

During HBOT, all patients breathed 100% oxygen under an ambient
pressure of 2.4 or 2.5 ATA (Table 1). The duration of an HBO session was
80-90 min in all studies. The average number of sessions varied from 20
to 47 (range 7-60). Side effects were reported in six studies. Patient-
reported reversible vision changes occurred in 643 patients (range
8%-84%), reversible fatigue occurred in 106 patients (range 5%-69%),
and barotrauma was reported in 207 patients (range 5%-20% [28-31]).
Two studies observed no side effects at all [24,27].
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Fig. 1. Flowchart of included studies to assess the effect of hyperbaric oxygen therapy on symptoms of late radiation toxicity in breast cancer patients.

3.5. Outcome measures

Pain was assessed through the Late Effects Normal Tissue - Subjec-
tive, Objective Management, Analytic (LENT-SOMA) scale, the Medical
Outcome Scale (MOS) SF-36 questionnaire, the Numeric Rating Scale
(NRS) pain score, the European Organisation for Research and Treat-
ment of Cancer (EORTC) Quality of Life Questionnaire (Breast) Cancer
(QLQ-C30 and QLQ-BR23) questionnaire and the Visual Analogue Scale
(VAS) score [32-35]. Fibrosis was evaluated through the LENT-SOMA
scale and a non-validated clinical assessment measuring the grade of
induration [26,32]. Lymphedema was measured by the LENT-SOMA
scale, optoelectronic limb volumeter (perometer) measurements, the
truncated cone formula of Casley Smith, the Lymphedema Quality of
Life Questionnaire (unpublished), and the EORTC QLQ-BR23 question-
naire [32,34,36,37]. For all symptom scales, higher scores indicate more
symptoms and/or worse outcomes. For the EORTC-BR23 scales, scores 3
and 4 were categorized as ‘severe’ pain, fibrosis, or lymphedema.

4. Pain

Four out of five studies measuring pain reported a significant
reduction in breast and arm pain after HBOT when compared to baseline
(pre-HBOT, Table 3 [24,25,29-31]). A median reduction from 3 points
at baseline to 0 points at the end of HBOT in LENT-SOMA score was seen
by Carl et al. while a score of 3 was reported for the control group for
both baseline and follow-up (p < 0.001 [24]). Teguh et al. showed a
significant reduction in overall NRS pain score from 5 points at baseline
to 2 points at the end of HBOT (p < 0.05). The NRS pain score improved
>1 point in 81% of patients (p < 0.05 [29]). Severe pain in the area of
the affected breast was reported by 66.7% of the patients at baseline and
14.5% at the end of HBOT (p < 0.05). Severe arm and shoulder pain was
reported by 46.4% of the patients at baseline and 16.6% at the end of
HBOT (p < 0.05 [29]). Spruijt et al. observed a significant reduction in
overall pain from baseline to end of HBOT, 3 months and 12 months
post-HBOT, i.e., from 2 to 1 point(s) on the LENT-SOMA scale (p <
0.001) and from 6 to 2 points on the VAS scale (p < 0.001 [30]).
Batenburg et al. reported a significant reduction in EORTC QLQ-C30
pain score from 43.4 points prior to HBOT to 30.5 at the end of HBOT
and 29.7 at 3 months post-HBOT (both p < 0.001 [31]). Pritchard et al.
reported a pain score of 41.5 at baseline and 40.8 at 12 months
post-HBOT for the HBOT group, and a pain score of 59.2 at baseline and
54.2 at 12 months follow up for the control group (significance not
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reported [25]).
5. Fibrosis

Fibrosis was evaluated in three studies (Table 4 [24,26,30]). Carl
et al. reported no fibrosis at baseline and at end of HBOT for both the
HBOT and the control group [24]. Reduction in fibrosis was reported by
Gothard et al. but significance was not reported (Table 4 [26]). Spruijt
et al. observed a significant reduction in median LENT-SOMA score for
fibrosis from 3 points at baseline to 2 points at the end of HBOT, 1 point
at 3 months, and 1 point at 12 months post-HBOT (p < 0.001 [30]).

5.1. Lymphedema breast and arm

Seven studies evaluated lymphedema of the breast and/or arm
(Table 5 [24-30]). Three out of four studies measuring lymphedema of
the breast reported a significant reduction in lymphedema in the breast
[24,29,30]. Carl et al. observed a reduction on the LENT-SOMA scale
from 3 points at baseline to 1 point at the end of HBOT (p < 0.001). No
difference in breast lymphedema was reported in the control group
during follow-up [24]. In the study of Teguh et al. severe lymphedema of
the breast was reported by 44.6% of the patients at baseline and 12.7%
at the end of HBOT (p < 0.05 [29]). Spruijt et al. observed a significant
reduction on the LENT-SOMA scale from 1 point at baseline to 0 points
at 12 months post-HBOT (p < 0.001 [30]).

Two out of six studies measuring lymphedema of the arm reported a
significant reduction in lymphedema of the arm and/or hand (Table 5
[26,29]). Gothard et al. reported a significant reduction in the median
volume of the affected arm as % of the contralateral arm from 154 at
baseline to 144 at 12 months post-HBOT (p = 0.005 [26]). In the study
of Teguh et al. severe lymphedema of the arm was reported by 14.3% of
the participants at baseline and 7.4% at the end of HBOT (p < 0.05
[29]). Three studies reported a non-significant reduction in arm lym-
phedema or significance was not reported [25,27,28].

5.2. Necrosis and skin problems

Feldmeier et al. observed that six out of eight patients (75%) had
complete healing of their soft tissue necrosis and eight out of 15 patients
(53%) had complete healing of their soft tissue- and bony necrosis after
HBOT (significance was not reported, Table 6 [23]). Teguh et al. re-
ported severe skin problems in the affected breast in 32.1% of the
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Table 1
Study characteristics.
Study Study design Participants Age'™ Type of surgery (n Time interval Radiotherapy HBOT Toxicity Follow-up
(year) (n) [%]) between primary regimen regimenz' outcomes after
diagnosis/ +6 HBOT
radiotherapy and (months)
start of HBOT
(years)“’ 7
Feldmeier Retrospective 23 30-80! Unknown 8 (0-32)* 39-70 Gy 2.4 ATA Necrosis End of
(1995) study Axillary 90 min HBOT
radiotherapy: 25 and 36
unknown sessions®
Carl (2001)  Prospective 44 Unknown  Breast conserving 1.1 (0.2-12.4)* Tangential fields 2.4 ATA Pain HBOT: 11
study surgery: 44 (100.0) up to a total dose 90 min Fibrosis Control: 7
Axillary surgery: of 50 Gy, dose per 25 (7-60) Lymphedema
NI fraction 2Gy sessions?
Axillary
radiotherapy:
unknown
Pritchard Randomized 23 40-79" Unknown 11 (1-29)* Unknown 2.4 ATA Pain HBOT: 12
(2001) controlled trial 90 min Lymphedema Control:
30 sessions 12
Gothard Non- 21 64 Breast conserving 14 (7-35)* Regimen: 2.4 ATA Fibrosis 12
(2004) randomized (53-76)> surgery: 10 (47.6) unknown 90 min Lymphedema
phase II trial Mastectomy: 11 Axillary 30 sessions
(52.4) radiotherapy: 21
(100%)
Axillary surgery:
18 (85.7)
Teas Prospective 10 56 Breast conserving 13.5 (1-27)* 32.5-126 Gy 2.4 ATA Lymphedema 1
(2004) study (52-66)> surgery: 4 (40.0) Axillary 90 min
Mastectomy: 6 radiotherapy: 20 sessions
(60.0) unknown
Axillary surgery:
NI
Gothard Randomized 58 62.1(9.8) HBOT vs. control HBOT: 11.4 (8.6) Regimen: 2.4 ATA Lymphedema HBOT: 12
(2010) controlled trial 63.2 group Control: 11.8 (9.7)°  unknown 90 min Control:
(10.2)° No surgery: 2 vs. 1 Axillary 30 sessions 12
(3.4 vs. 1.7, total radiotherapy: 33
5.1) (5 6.9%)
Wide local
excision: 18 vs. 10
(31.0vs. 17.2, total
48.2)
Mastectomy: 18 vs.
9 (31.0 vs. 15.5,
total 46.5)
Axillary surgery:
34 vs. 18 (58.6 vs
31.0, total 89,6)
Of those with
axillary surgery:
Sentinel node: 6 vs.
1(10.3vs 1.7, total
12)
Axillary dissection:
15 vs. 12 (25.9 vs.
20.7, total 46.6)
Level unknown: 13
vs. 5 (22.4 vs. 8.6,
total 31)
Teguh Prospective 57 58 Surgery: 50 (87.7) 2.75 (0.75-20.9)2 56 (19-56) Gy? 2.4 ATA, Pain End of
(2016) study (32-78)? No surgery: 6 Axillary 80 min, Lymphedema HBOT
(10.5) radiotherapy: 47
Unknown: 1 (1.8) unknown sessions®
Axillary surgery:
NI
Spruijt Prospective 67 59 Breast conserving <1->5 years’ Axillary 2.5 ATA Pain 12
(2020) study (43-79)* surgery: 50 (74.6) radiotherapy: 6 83 min Fibrosis
Mastectomy: 17 (9.0%) 44 (26-60)  Lymphedema
(25.4) sessions*
Sentinel node: 36
(53.7)
Axillary dissection:
25 (37.3)
Unknown: 6
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Study
(year)

Study design Participants

)

Age™” Type of surgery (n

[%]1)

Time interval
between primary
diagnosis/
radiotherapy and

HBOT
regimen®
4-6

Radiotherapy
regimen

Toxicity
outcomes

Follow-up
after
HBOT
(months)

start of HBOT
(years)l"" 7

1005 57.9

9.7)°

Batenburg
(2021)

Retrospective
study

Breast conserving
surgery: 731 (72.7)
Mastectomy: 180
(17.9)

Autologous breast
reconstruction: 36
(3.6)

Implant breast
reconstruction: 29
(2.9)

Breast
reconstruction,
type unknown: 17
@7

Unknown: 12 (1.2)
Sentinel node: 569
(56.6)

Axillary dissection:
257 (25.5)

Other: 10 (1.0)

No axillary
treatment/
unknown 169
(16.8)

1.8 (2.9)7

2.5 ATA
80 min
40 (20-60)

sessions

Pain 3
Breast and

arm

symptoms

6 to >26 fractions,
NI regarding dose
per fraction.
Axillary
radiotherapy: 264
(26.3%)

Table 2

Risk of bias assessment for included studies using the Risk Of Bias In Non-Randomized Studies - of Interventions (ROBINS-I) tool.

Study [Confounding [Selection Intervention |Deviation from|Missing data |Measurement [Selection of [Overall

classification [intervention of outcome reported

result

Feldmeier NI Low Low Low Serious Low
1995
Carl (2001) Low Low Low Low Serious Low
Pritchard (2001) Low Low Low Low Low Low Low Low
Gothard (2004) Serious Low Low Low Low Serious Low Serious
ITeas (2004) Serious Low Low Serious Moderate Serious Serious Serious
Gothard (2010) Serious Low Low Low Low Moderate Low Serious
Teguh (2016) Low Serious Low NI Serious Moderate
Spruijt (2020) Moderate Low Low Low Serious Serious Moderate Serious
Batenburg (2021) Serious Low Low Moderate Low Serious Low Serious

NI: no information.

patients at baseline and 11.3% at the end of HBOT (p < 0.05 [29]).
5.3. Arm and shoulder mobility

Teguh et al. reported that 44.6% of patients experienced severe
difficulty in raising their arm at baseline and 22.2% of patients at the
end of HBOT (p < 0.05 [29]). Spruijt et al. reported a significantly
increased range of motion (ROM) for abduction from 90° at baseline to
165 at the end of HBOT (p < 0.001, Table 6) and for anteflexion from
115° at baseline to 150° at the end of HBOT (p = 0.004 [30]).

5.4. Breast and arm symptoms
Batenburg et al. reported a significant reduction in breast symptom

scores from 44.6 at baseline to 29.3 at the end of HBOT and 28.9 at 3
months post-HBOT (both p < 0.001 [31]). For the arm symptom scores,
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a significant reduction was reported from 38.2 at baseline to 26.0 at the
end of HBOT and 27.4 at 3 months post-HBOT (both p < 0.001, Table 6).

6. Discussion

This systematic review provides an overview of the current literature
on the effect of HBOT on symptoms of LRT in breast cancer patients. In
four out of five studies, HBOT was associated with a significant reduc-
tion in pain [24,29-31]. A significant reduction in fibrosis after HBOT
was found in one out of three studies and four out of seven studies re-
ported a significant reduction in breast and/or arm lymphedema after
HBOT [24,26,29,30]. Skin problems of the breast were significantly
reduced in one out of two studies [29] and a significant improvement in
arm and shoulder mobility was seen in two out of two studies [29,30].
One study reported a significant reduction in breast and arm symptoms
[311.
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Table 3
Overview of the effect of hyperbaric oxygen therapy on pain.
Author (year) Toxicity outcome measure Scoring and Measure Baseline End of HBOT 3 12 months Significance
grading months
Feldmeier (1995) - - - - - - -
Carl (2001) LENT-SOMA Grade 1-4 Median HBOT: 3 HBOT: 0* - - S(p<
Control: 3 Control: 3 0.001)
Pritchard (2001) SF-36 Range 0-100 Mean HBOT: 41.5 HBOT: 46.8 (5.8) - HBOT: 40.8 NR
(SE) 4.7) Control: 60.4 (5.8) (4.6)
Control Control:
59.2 (4.9) 54.2 (5.7)
Gothard (2004) - - - — - - — -
Teas (2004) - - - - - - - -
Gothard (2010) - - - - - - - -
Teguh (2016) NRS Score 0-10 Median 5 2% - - S (p < 0.05)
>1 point improvement
in 81% of patients*
EORTC-BR23 (breast pain) Score 3-4 % 66.7 14.5% - - S (p < 0.05)
(severe
problems)
EORTC-BR23 (arm or Score 3-4 % 46.4 16.6* - - S (p < 0.05)
shoulder pain) (severe
problems)
Spruijt (2020) LENT-SOMA Grade 1-4 Median 2 1* 1* 1* S(p<
0.001)
VAS Score 1-10 Median 6 3* 2.5% 2% S(p<
0.001)
Batenburg (2021) EORTC QLQ-C30 Range 0-100 Mean 43.4 30.5* 29.7* - S(p<
0.001)
EORTC QLQ-BR23 (breast Grade 3-4 % 61.5 30.0 - - NR
pain) (severe
problems)
Reduction in EORTC QLQ- Grade 1-4 % - 58.8 - - NR
BR23 breast pain score from
grade 3-4 to 1-2
- = not applicable, * = significant when compared to baseline, NS = not significant, NR = significance not reported.
Table 4
Overview of the effect of hyperbaric oxygen therapy on fibrosis.
Author (year) Toxicity Scoring and grading Measure  Baseline End of 3 12 months Significance
assessment HBOT months
Feldmeier - - - - - - -
(1995)
Carl (2001) LENT-SOMA Grade 1-4 Median HBOT: 0 HBOT: 0 - - NS
Control: 0 Control: 0
Pritchard - - - - - - - -
(2001)
Gothard (2004)  Clinical Scale 0-3 (none-very N (%) Tissue hardness: 17 (89%) - - Improvements NR
assessment much) Breast/chest wall: 8 (42%) Breast/chest wall: 1
Pectoral fold: 16 (84%) (13%)
Supraclavicular fossa: 12 Pectoral fold: 8 (50%)
(63%) Supraclavicular fossa: 4
(33%)
Teas (2004) - — - - - — - -
Gothard (2010) - - - - - - -
Spruijt (2020) LENT-SOMA Grade 1-3 Median 2% 1* 1* S (p <0.001)
Batenburg - - - - - - - -
(2021)

- = not applicable, * = significant when compared to baseline, NS = not significant, NR = significance not reported.

As four out of five studies reported a significant reduction in pain at
the end of HBOT, both in the breast, chest wall, and arm, HBOT might be
used as a treatment for symptoms of pain after radiotherapy [24,29-31].
This is in line with a meta-analysis by Yuan et al. evaluating the effect of
HBOT on pelvic radiation-induced gastrointestinal complications in six
studies with 93 patients, where an improvement rate in pain of 0.58
(95% CI: 0.38-0.79) after HBOT was observed [38]. However, since a
control group was lacking in most studies, it remains difficult to deter-
mine whether a reduction in pain or other symptoms of LRT can be
attributed to HBOT, or to other factors such as the natural disease course
over time. For future studies, an assessment of the use of analgesics
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might also be helpful to objectify the effect of HBOT on pain.

Only one study reported a significant reduction in fibrosis after
HBOT [30]. Here, fibrosis at 3 and 12 months post-HBOT was scored
through a telephone consultation (patient-reported outcome) and not by
clinical assessments, therefore lacking standardized measurement of
fibrosis. As most studies in this review did not perform clinical assess-
ments to measure the grade of fibrosis, it might be valuable to evaluate
the effect of HBOT on fibrosis through clinical assessments. To maintain
reliability, clinical assessment should preferably be done by the same
physician(s). However, interobserver reproducibility of clinical assess-
ment of toxicity outcomes is poor, as seen in studies using the Common
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Table 5
Overview of the effect of hyperbaric oxygen therapy on lymphedema of the breast and arm.
Author Toxicity Measure of Measure  Baseline End of 1 3 6 months 9 months 12 months Significance
(year) assessment toxicity HBOT month  months
Feldmeier - - - - - - - - - - -
(1995)
Carl LENT-SOMA Grade 1-3 Median HBOT: 3 HBOT: 1* - - - - - S(p<
(2001) breast edema Control: 2 Control: 2 0.001)
Pritchard Reduction in Patient self- N (%) - 6 (18) - - - - - NR
(2001) arm reported
lymphedema
Gothard Perometer Volume (ml) Median 154 159 - - 150 144 Sp=
(2004) as % of (range) (131-213) (128-205) (114-202) (115-199)* 0.005)
contralateral
arm
Reduction arm  Mean - - - - - - 7.68 NR
volume (ml) (95% (2.65-12.72)"
CD
Teas Truncated cone Volume (ml) Mean 1007 +4.6 +41 - — - -75.3% NS
(2004) formula of arm
Casley Smith Volume (ml) % 33.4 +2.4 +3.0 - - - - NS
as % of
contralateral
arm
Gothard Perometer Volume (ml) Median HBOT: - - - — - HBOT: 133.5 NS
(2010) Perometer as % of 135.5 Control: 131.2
contralateral Control:
arm 133.5
Lymphedema Range 0-100 HBOT: HBOT: HBOT: HBOT: HBOT: 37.5 NR
Quality of Life 50.0 33.3 32.2 43.5 Control: 45.8
Questionnaire Control: Control: Control: Control:
47.9 58.3 47.9 33.3
Teguh EORTC QLQ- Score 34 % 44.6 12.7* - - - - - S(p <0.05)
(2016) BR23 swollen (severe
breast problems)
EORTC QLQ- Score 3-4 % 14.3 7.4% - - - - - S (p <0.05)
BR23 swollen (severe
arm or hand problems)
Spruijt LENT-SOMA Grade 1-3 Median 1 1 - 1 - - 0* S(p<
(2020) breast edema 0.001)
Batenburg - - - - - - - - - - -
(2021)

- = not applicable, * = significant when compared to baseline, NS = Not significant, NR = significance not reported, 12 months post-HBOT compared to baseline,
2
14.2 months.

Table 6
Overview of the effect of hyperbaric oxygen therapy on necrosis, skin problems, arm- and shoulder mobility, and breast and arm symptoms.
Study Toxicity assessment Measure of Measure  Baseline  End of HBOT 3 Significance
toxicity months
Feldmeier Late Radiation Morbidity Scoring Grade 0-5 N (%) - Soft tissue necrosis: - NR
(1995) Complete healing in 6/8 (75%) patients (4

requiring reconstructive flaps or grafts)
Soft- and bony necrosis:

Complete healing in 8/15 (53%) patients
(all requiring surgical debridement and
reconstructive flaps)

Teguh Problems in area of affected breast (itchy, Grade 3-4 % 32.1 11.3% - S (p < 0.05)
(2016) dry, flaky) (severe
problems)
EORTC-BR23: difficulty in raising arm Grade 3-4 % 44.6 22.2 % - S (p < 0.05)
(severe
problems)
Spruijt Shoulder range of motion (ROM) Abduction Degrees 90 165* - S(p<
(2020) 0.001)
Anteflexion Degrees 115 150* - S(p=
0.004)
Batenburg EORTC-BR23 breast symptoms: pain, Range 0-100 Mean 44.6 29.4* 28.9* S(p<
(2021) swelling, sensitivity, and skin problems 0.001)
EORTC-BR23 arm symptoms: pain/ Range 0-100 Mean 38.2 26.0% 27.4* S(p<
swelling in arm/shoulder, difficulty to 0.001)

move the arm up or sideways

- = not applicable, * = significant when compared to baseline, NS = not significant, NR = significance not reported.

52



E.L. Meier et al.

Terminology Criteria for Adverse Events (CTCAE) and LENT-SOMA
scale for assessing fibrosis and lymphedema of breast or chest wall
[39,40]. As patient reported outcomes concerning symptoms and
severity of LRT are important outcomes for evaluating quality of life, a
combination of patient- and clinician-reported outcomes would be most
valuable for the assessment of symptoms of LRT.

In the majority of the studies assessing the effect of HBOT on lym-
phedema of breast and arm, information about (type of) axillary treat-
ment was missing, as two studies reported no information about the
performance of axillary surgery [24,41], one study did not further
specify the type of axillary treatment [26], and one study reported exact
details of axillary surgery, but axillary clearance was not correlated with
higher lymphedema scores at 12 months post-HBOT [30]. Axillary
treatment (surgery with or without regional radiotherapy) is associated
with a greater risk of developing lymphedema, but there is no evidence
that HBOT is associated with the recovery of axillary lymph nodes or
improvement of lymphatic drainage [42,43]. As a result, the effective-
ness of HBOT in reducing lymphedema after radiotherapy might be
different for breast cancer patients having undergone various axillary
treatments (axillary node dissection vs. radiotherapy vs. axillary node
dissection in combination with radiotherapy) and patients without
axillary treatment. Moreover, as the included studies were conducted
from 1995 onwards, patients were treated with different radiotherapy
techniques, such as 2D radiotherapy, 3D conformal radiotherapy or in-
tensity modulated radiotherapy (IMRT). Therefore, it is important that
future studies evaluate to what extent patients receiving HBOT for
symptoms of lymphedema had undergone axillary treatment, to provide
clinically relevant evidence for its effectiveness.

Late radiation toxicity in breast cancer patients encompasses a wide
range of symptoms and there are few objective outcome measures to
evaluate the effectiveness of HBOT for symptoms of LRT. Providing
evidence for diagnosing and treating LRT remains challenging, as
studies are often based on a variety of patient-reported outcome mea-
sures [5,6,10]. In the included studies of this systematic review, nine
different toxicity measures were used to assess the effect of HBOT on
symptoms of LRT. As a result of this heterogeneity, comparing toxicity
outcomes is difficult. This implies the need for consensus in the litera-
ture about a definition and assessment tools for evaluating symptoms of
LRT.

In most studies, patient-reported outcome measures were used and
no blinding of outcome assessors was performed, which was seen as
serious risk of bias according to the ROBINS-I tool [22]. However,
patient-reported outcome measures are the most relevant outcomes in
studies evaluating the success of a treatment aiming to reduce symptoms
and improve quality of life, such as the use of HBOT for reducing
symptoms of LRT.

The findings of this systematic review should be interpreted in the
context of its limitations. First, as a control group was lacking in most
studies, serious risk of bias should be considered for these studies.
However, a classic randomized controlled trial assessing the effect of
HBOT on symptoms of LRT is difficult to conduct, since patients might
refuse to participate beforehand or participants allocated to the control
group may get disappointed and seek to undergo HBOT on their own
initiative [4].

Second, relevant baseline characteristics including type of radio-
therapy and axillary surgery were not reported in most studies. As a
result, it remains unclear to what extent type of breast cancer treatment,
such as type of axillary treatment and radiotherapy, is associated with
the effectiveness of HBOT in reducing symptoms of LRT. Third, sample
sizes of most included studies were small, and it is unclear whether they
were adequately powered, although the study of Batenburg et al.
included 1005 patients [31]. Fourth, different study designs were used
among all included studies resulting in heterogeneous methodology.
Due to this heterogeneity in combination with the diversity of toxicity
outcome measures in the included studies, performing a meta-analysis
was judged to be inappropriate. As a result, it remains difficult to
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provide high-quality evidence for the effect of HBOT on symptoms of
LRT with the current literature. Last, the majority of the included studies
reported relatively short follow-up periods after HBOT with a range
from the end of HBOT to 12 months post-HBOT, which makes it difficult
to assess the durability of the effectiveness of HBOT in reducing symp-
toms of LRT. A notable strength of this systematic review is that two
reviewers independently screened articles for eligibility and indepen-
dently evaluated the risk of bias of included studies. Also, this review
encompasses the effect of HBOT on a broad range of symptoms of LRT
due to its wide inclusion criteria.

Future randomized controlled trials with adequate statistical power
and longer follow-up time post-HBOT are recommended to assess the
effectiveness of HBOT for reducing symptoms of LRT in breast cancer
patients. Also, a combination of patient- and clinician-reported outcome
measures might be valuable to assess the effect of HBOT on symptoms of
LRT [32].

7. Conclusion

Evidence supporting the use of HBOT as treatment for reducing
symptoms of LRT in breast cancer patients is limited. According to the
current literature, HBOT might be effective in reducing breast, chest
wall, and arm pain. Future randomized controlled trials including a
combination of patient- and clinician-reported outcome measures are
needed to further assess the effectiveness of HBOT in reducing symp-
toms of LRT in breast cancer patients.
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