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LINICAL INVESTIGATION Normal Tissues

THE EFFICACY OF HYPERBARIC OXYGEN THERAPY IN THE
TREATMENT OF RADIATION-INDUCED LATE SIDE EFFECTS
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*Department of Radiation Oncology, David Geffen School of Medicine at UCLA, Los Angeles, CA;†The Gonda Hyperbaric
Wound Center, Los Angeles, CA

Purpose: We investigated the efficacy of hyperbaric oxygen therapy (HBOT) in the management of patients with
radiation-induced late side effects, the majority of whom had failed previous interventions.
Methods and Materials: Of 105 eligible subjects, 30 had either died or were not contactable, leaving 75 who
qualified for inclusion in this retrospective study. Patients answered a questionnaire documenting symptom
severity before and after treatment (using Radiation Therapy Oncology Group criteria), duration of improve-
ment, relapse incidence, and HBOT-related complications.
Results: The rate of participation was 60% (45/75). Improvement of principal presenting symptoms after HBOT
was noted in 75% of head-and-neck, 100% of pelvic, and 57% of “other” subjects (median duration of response
of 62, 72, and 68 weeks, respectively). Bone and bladder symptoms were most likely to benefit from HBOT
(response rate, 81% and 83%, respectively). Fifty percent of subjects with soft tissue necrosis/mucous membrane
side effects improved with HBOT. The low response rate of salivary (11%), neurologic (17%), laryngeal (17%),
and upper gastrointestinal symptoms (22%) indicates that these were more resistant to HBOT. Relapse incidence
was low (22%), and minor HBOT-related complications occurred in 31% of patients.
Conclusion: Hyperbaric oxygen therapy is a safe and effective treatment modality offering durable relief in the
management of radiation-induced osteoradionecrosis either alone or as an adjunctive treatment. Radiation soft
tissue necrosis, cystitis, and proctitis also seemed to benefit from HBOT, but the present study did not have
sufficient numbers to reliably predict long-term response. © 2004 Elsevier Inc.
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INTRODUCTION

adiation is a therapeutic modality commonly used in
anagement of cancer. Although most patients exper

ome acute side effects, it is a rare and serious event
evere late side effects develop(1). Acute side effect
uring or in the immediate postirradiation period are mo
elf-limiting or amenable to simple medical managem
n the other hand, late side effects, occurring after
eriod, are slower to heal and may lead to chronic deb
or example, osteoradionecrosis is one serious late
resent in the minority of head-and-neck cancer pat

reated with radiation. Although 85% of cases resolve
onservative management, the remainder become refra
nd can progress to involve a more extensive area of
nd soft tissue(2).
In recent years, our understanding of the underl
echanisms of late radiation-induced side effects ha

reased(3–7). Although cellular depletion and tissue dev

Reprint requests to: Hany Elsaleh, Department of Radi
ncology, David Geffen School of Medicine at UCLA, 200 M

cal Plaza B265, Los Angeles, CA 90095-6951. Tel: (310) 2
871
ularization were originally thought of as being the pred
nant pathologic basis for these side effects(8), they
epresent merely a histopathologic marker for a far m
omplex and clinically diverse problem(9). Both patient
nd treatment-related factors seem to contribute to
rocess. It is now known that the size of the radia

reatment field, dose per treatment, and total dose ar
ortant factors that are associated with the occurren
adiation-related side effects(10, 11). Also different tissue
ave various levels of tolerance to radiation damage,
ibly because of the structural organization of that tis
ore specifically, tissues whose functional subunits
rranged in series tend to display a lower degree of radi

olerance than those with parallel arrangement, bec
erially arranged subunits depend on the well-being o
ubunits before and after them(12). Patients’ comorbi
isease may also affect the ability to repair tissue dam
aused by therapeutic radiation. Anecdotal data sugg
ossible correlation between connective tissue disease
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ncreased radiosensitivity (13), though clinical evidence
hus far has not conclusively confirmed any such relation-
hip (14). Recent evidence suggests a role of an impaired
enomic repair capacity of radiation-induced DNA damage
n some patients with severe radiation-related late side ef-
ects (15).

Hyperbaric oxygen therapy (HBOT) has been used in the
ast to assist in the repair of radiation-induced damage (8).
esides improving temporarily the oxygenation of tissue
nd helping eradicate anaerobic bacteria, it is thought that
igh oxygen tension promotes neovascularization in dam-
ged tissues of radiation-treated patients (16). Studies have
hown that HBOT effectively treats irradiated soft tissue
ecrosis (17, 18) and has also been used empirically to treat
andibular osteoradionecrosis, radiation cystitis, radiation

roctitis, and other radiation side effects (19–28). HBOT
as also been used for the other areas of problematic wound
ealing, such as ulcers in chronic diabetes and burns, be-
ides its obvious role in the treatment of decompression
isease (29, 30).
Certain chemotherapies sensitize cells to effects of radi-

tion through various mechanisms (31–33). Combination
hemoradiotherapy plays a valuable role in tumor down-
taging, increasing surgical resectability, and potentially
mproving long-term prognosis (34, 35). However, associ-
ted with enhancing tumor response is a potentially equal
ensitization of normal tissues to radiation resulting from a
iologically more intense treatment. Recent data suggest
hat more intense therapy may prolong acute symptoms,
eading to consequential late effects (36).

In this retrospective study, we aim to evaluate the efficacy
f HBOT in the treatment of radiation-induced late side
ffects in a group of patients treated with radiation alone or
n combination with chemotherapy.

METHODS AND MATERIALS

This study was granted institutional review board ap-
roval at UCLA in accordance with the Health Insurance
ortability and Accountability Act of 1996. We recruited
atients who were treated between January 1998 and Au-
ust 2003 at the UCLA Hyperbaric Oxygen Unit for radi-
tion late effects. From these patients we received written
ermission to access their medical records. Our inclusion
riteria required that patients must have received radical
adiation for their cancers or noncancerous condition that
onsequently led to serious late side effects within the
rradiated area. In addition, the side effects needed to have
een thoroughly investigated to exclude tumor recurrence
nd to determine that they were the result solely of radiation

Table 1. Basic demogra

Total patients
(n)

Male
(n)

Female
(n)

Median a
(yea

45 28 17 64 (7
reatment. Symptoms were classified as being acute (less
han 6 months) or late (more than 6 months). Patients could
ave sought and failed medical treatments before HBOT.
he medical treatments may have included steroids (oral or
ream), nonsteroidal anti-inflammatory drugs, antidiarrheal
gents, local anesthetics, and sometimes surgery. Patients
ere then referred for HBOT with the sole intention of

elieving radiation-related symptoms. Lacking definitive ev-
dence that radiation exposure was the cause of symptom
evelopment constituted grounds for exclusion. Likewise,
aving a possible link of symptoms to tumor regrowth/
ecrosis also made subjects ineligible for our study. Age,
ender, pregnancy or childbearing potential, and racial/
thnic origin were not criteria for exclusion in this study.

One hundred five subjects were considered eligible for
his study. Twenty patients no longer resided at the same
ddress and were not contactable. Ten subjects had died,
eaving a pool of 75 subjects whom we were able to contact
or participation in the study. Basic demographics of these
atients are outlined in Table 1. Table 2 describes past
ancer diagnoses, the type of cancer treatments, and any
ast medical and/or surgical management of radiation-in-
uced side effects. The patients answered a telephone ques-
ionnaire that was designed to extract information regarding
ubjective evaluation of their progress on the HBOT deliv-
red at UCLA. The questions aimed to elicit the timing and
uration of acute and late symptom development from ra-
iation treatment, post-HBOT symptom relief, and/or re-
apse. Patient respondents were then sent an authorization
orm, which they signed to grant the research team access to
heir UCLA medical records. For 1 pediatric patient, the
arents answered questions and authorized the release of
edical records on the patient’ s behalf. Using the subjects’

ymptom description and presenting history, we determined
he severity of radiation-induced late side effects by assign-
ng each a score based on the Radiation Therapy Oncology
roup (RTOG) late effects grade (37). We recorded the site

nd duration of the symptoms experienced as well as their
everity scores. Acute complications due to HBOT were
outinely recorded during the subjects’ treatment course by
he treating staff of the Hyperbaric Unit (Table 3).

Duration of response to HBOT was defined as the time of
ymptom resolution to the time of relapse or to October
003 for subjects yet to experience any relapse. In general,
ymptom improvement denoted any decrease in symptom
cores �1 on the RTOG late radiation side effects score.
esponse of specific symptoms to HBOT was also docu-
ented to determine the HBOT differential efficacy. For

nalytical purposes, the severity of radiation-induced late
ide effects was separated into “severe” (score 3 on the 0–4

f participating patients

ge Head and neck
(n)

Pelvic
(n)

Other sites
(n)

31 7 7
phics o

ge/ran
rs)

–88)
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873Hyperbaric oxygen and radiation late side effects ● Q.-C. BUI et al.
TOG scoring scheme) and “mild” (score �3). Major re-
ponders were defined as patients who experienced a de-
rease in RTOG symptom score �2 as a result of HBOT,
nd minor responders were those with symptom improve-
ent of the RTOG score equal to 1. At presentation for
BOT, most subjects, in addition to their principal present-

ng symptom, described other radiation side effects. There-
ore, the degree of improvement of incidental symptoms
as also analyzed to maximize the patient pool for each

pecific symptom. Relapse incidence was obtained for each
atient group by comparing the number of subjects with
ost-HBOT symptom recurrence to the number of those
ith post-HBOT symptom improvement in each respective
roup.

RESULTS

From 75 eligible subjects, a total of 45 patients responded
o the questionnaire (overall response rate of 60%). Of
hese, 31 patients (69%) had irradiation for head-and-neck
H&N) cancer. We also included in this group 3 patients
ith brain irradiation for past brain cancer diagnoses who

xperienced radiation-related late effects in the head-and-
eck region (Table 1). Seven patients (16%) received radi-
tion therapy to the pelvic area (prostate n � 5, uterus n �
, and ovarian/perineum n � 1). The remaining 7 patients
eceived radiation treatment to other body areas (breast n �
, limb sarcoma n � 2, limb noncancerous dermatologic
roblem n � 1, Hodgkin’ s lymphoma of the chest n � 1,

Table 2. Past cancer treatments and non-HBO

ast cancer
treatments

Radiation alone
Radiation/chemotherapy
Radiation/surgery
Radiation/chemotherapy/surgery

ast management of
radiation-induced
late side effects

Antibiotic treatment
Pain medication
Steroid treatment
Surgery
Others

esponse to past
non-HBOT
treatments of
radiation-induced
late side effects
(n � 37)*

With improvement
Without improvement

Abbreviation: HBOT � hyperbaric oxygen therapy.
*Of all 45 subjects, 37 had received non-HBOT treatments for

Table 3. Acute side effects experienced by patients on
hyperbaric oxygen therapy

Hearing Vision Epistaxis

0/45 (22%) 3/45 (6.7%) 1/45 (2.2%)
arge-cell lymphoma of chest n � 1, malignant histiocytoma
f back n � 1). Before HBOT, all but 8 patients had
ndergone medical and/or surgical management in the past
or treatment of the radiation-induced late side effects. The
reatments included different combinations of medication,
ebridement, skin graft and/or bone graft; of these, only 9 of
he 37 patients (24%) reported minor improvement of their
ymptoms (Table 2).

No serious, life-threatening complication arose from
BOT. A small number of patients experienced minor side

ffects (Table 3). Auditory problems were most common
22%), and these ranged from hearing difficulties to ear pain
uring or shortly after HBOT. Only 1 patient had a serous
ffusion in 1 ear. No subjects in this study reported any
ersistent residual hearing problems. Three patients experi-
nced visual complications: One patient developed lens
welling, and the other 2 patients experienced accelerated
ataract formation. Lens swelling was short-lived, because
he patient received ophthalmologic clearance to continue
BOT. Patients with accelerated cataract formation subse-
uently underwent surgery without additional problems.
ne patient suffered an episode of epistaxis, which never

ecurred on subsequent HBOT sessions.
As illustrated in Table 4, 10 of 31 H&N patients (32%)

eceived HBOT in conjunction with surgical procedures
uch as debridement, bone graft, and skin graft, respec-
ively. This combination usually entails 20–30 preoperative
BOT sessions (5 sessions per week at 2.4 atmosphere

bsolute (ATA) for 100 min each), followed by surgery and
oncluded with 10–15 postoperative HBOT sessions. The
emaining patients did not receive surgery as part of the
anagement of their radiation-induced late side effects. All

atients (H&N as well as non-H&N) who were receiving
teroid, antibiotic, or pain medications before HBOT con-
inued their medications during the course of HBOT, re-
ardless of surgery plan or lack thereof. In each patient

agement of radiation-induced late side effects

ead-and-neck patients
(n � 31)

Pelvic patients
(n � 7)

Others
(n � 7)

6
4

3
0

1
1

15 3 2
6 1 3

16
5
5

2
0
0

3
1
0

13 0 2
0 2 0

6
20

0
4

3
4

mptoms.
T man

H

late sy
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roup (H&N, pelvic, and others), the percentage of subjects
ho received concurrent medical treatment (steroid, pain,

nd/or antibiotic medications) during HBOT approximately
quals that of subjects without such medications. Thirty-
ight percent of the H&N group that experienced post-
BOT improvement of their principal presenting late side

ffects received a combination of HBOT and surgery, com-
ared to 62% of the H&N group that improved on HBOT
lone. All pelvic patients and 4 of 7 patients with other past
ancer diagnoses responded favorably to HBOT alone
100% and 57%, respectively) (Table 2). The median dura-
ion of response to HBOT alone or HBOT with adjunct
urgery ranged from 62 weeks for H&N subjects to 72
eeks for pelvic subjects. Overall post-HBOT relapse (sig-
ifying the recurrence of symptoms with severity similar to
he pre-HBOT level) among all 32 subjects with post-
BOT improvement was 22% (Table 5).
Symptoms least likely to benefit from HBOT included

alivary (11%), laryngeal (17%), neurologic (17%), and
astrointestinal (GI) (22%) late side effects. GI symptoms
nclude those of the upper GI tract, mostly the result of
sophageal fibrosis, and those of the lower GI tract second-
ry to radiation proctitis. Whereas the latter responded well
o HBOT, the former were much more resistant to the same

Table 4. Overall response

Response of principal
presenting symptom of

HBOT

verall With overall improvement
Without improvement
Number of patients receiving

HBOT for prophylaxis
atients receiving
HBOT and
surgery

With overall improvement
Without improvement

atients receiving
HBOT alone

With overall improvement
Without improvement

edian number of HBOT sessions (range)

Abbreviation: HBOT � hyperbaric oxygen therapy.

Table 5. Post-HBOT inc

Head-and-neck subje

umber of subjects with
post-HBOT improvement

21

umber of subjects with
relapse post-HBOT

4

elapse incidence 19%
verall median duration of
symptom improvement

62 weeks (3–260)

edian duration of symptom
improvement among
subjects with relapse

33 weeks (8–52)

Abbreviation: HBOT � hyperbaric oxygen therapy.
* Relapse incidence was calculated from the ratio of the numbe

f patients with post-HBOT improvement in each group.
reatment with only 1 of 14 patients showing any improve-
ent at all. In contrast, 17 of 21 subjects (81%) with bone

ymptoms such as mandibular or pelvic osteoradionecrosis
enefited from HBOT with or without surgery. Seven of 17
ubjects (41%) with improvement of bone symptoms re-
eived the combined treatment of preoperative HBOT, sur-
ery, and postoperative HBOT, commonly known as the
arx protocol (38). The remaining 10 subjects (56%)

howed bone symptom improvement after HBOT alone.
imilarly, 5 of 6 subjects (83%) with radiation-induced
ystitis benefited from HBOT alone.

One subject with radiation-induced and superimposed
ungal pneumonitis improved on a combination of HBOT
nd amphotericin B treatment. About half of all subjects
ith skin, s.c., or mucous membrane late side effects no-

iced improvement of their respective symptoms (Table 6).
ost patients with improvement of these symptoms bene-

ted from HBOT alone. In fact, only 1 subject who was
uccessfully treated for skin and s.c. symptoms required
BOT in conjunction with a skin flap procedure. It is also
orth noting that major responders outnumber minor re-

ponders in all symptom categories, except, as expected, for
alivary and neurologic symptom groups (Table 6). Post-
BOT relapse incidence of each specific symptom was also

perbaric oxygen therapy

-and-neck patients
(n � 31)

Pelvic patients
(n � 7)

Others
(n � 7)

21 (75%) 7 (100%) 4 (57%)
7 (25%) 0 2 (29%)

3 0 0

8
2

0
2

0
0

13 7 4
5 0 2

30 (15–60) 40 (20–60) 40 (25–57)

of symptoms relapse*

Pelvic subjects Others

7 4

3 0

43% 0%
72 weeks (4–106) 68 weeks (4–130)

8 weeks (4–78) NA

atients with symptom recurrence after HBOT to the total number
to hy

Head
idence

cts

r of p
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ocumented in Table 6. No difference in the response rate to
BOT of principal presenting symptoms was observed

mong subjects treated with radiation therapy alone and
hose with chemoradiation in the past.

DISCUSSION

We found that the majority of patients with radiation-
nduced late side effects showed improvement after either
BOT alone or HBOT followed by surgical or medical
rocedures. HBOT facilitated symptom improvement in all
atients with pelvic symptoms, 4 of 7 patients (57%) with
other” symptoms, and the majority of H&N patients with
ate side effects (75%) (excluding 3 subjects treated with
BOT prophylactically). We were unable to obtain a con-

rol group in this study, because HBOT has currently be-
ome a common recommendation for most patients with
adiation-induced late side effects (39). We did note, how-
ver, that the majority of all subjects did receive non-HBOT
edical (antibiotics, pain medication, anti-inflammatory

gents) and/or surgical managements (debridement, skin
ap and bone implant procedures) of their symptoms before
eferral for HBOT. Some patients benefited from these

Table 6. Patients with durable symp

Skin
(n � 14)

Subcutaneous
(n � 13)

MM
(n � 4)

Salivar
(n � 1

atients with
severe sx’ s
(G � 3, on
scale 0–4)

9 10 2 11

atients with
mild sx’ s (G
� 3, on
scale 0–4)

5 3 2 8

otal number
of patients
with
improvement
from HBOT

8 (57%) 6 (46%) 2 (50%) 2 (11%

ajor
responders
(sx grade
improvement
of 2 or more
after HBOT)

5 (36%) 5 (38%) 2 (50%) 1 (5%

inor
responders
(sx grade
improvement
of 1 after
HBOT)

3 (21%) 1 (8%) 0 1 (5%

atients
without
response to
HBOT

5 (36%) 6 (46%) 2 (50%) 17 (90%

elapse 1 (12%) 1 (17%) 0 0

Abbreviations: RTOG � Radiation Therapy Oncology Group; H
astrointestinal; sx � side effect; G � grade.

* These include both principal presenting symptoms, for which
reatments but subsequently suffered relapse of the same
ymptoms, whereas others did not notice any improvement
hatsoever or did so only to an unsatisfactory extent.
Osteoradionecrosis appeared to be highly responsive to

BOT (81%) (Table 6). This is a very difficult condition to
reat, especially when the necrotic or fractured bone tissue
ncurs superimposed infection. In the present study, the
ajority of H&N patients had already received lengthy

ourses of antibiotic treatment before HBOT was initiated.
mong H&N subjects who showed favorable response of
one or nonbone symptoms to HBOT (21 of 28), a higher
ercentage improved after HBOT alone (62%) compared to
he combined treatment of HBOT and surgery (38%). This
s likely to relate to the selection based on the severity of
ymptoms that necessitated surgical procedures. All 13
&N patients who received the Marx protocol presented
ith Grade 4 principal symptoms, whereas only 12 of 18
atients in the HBOT-alone group had symptom scores of
he same severity. Subjects with more refractory symptoms,
uch as tooth decay, chronically exposed mandibular bone,
steomyelitis, and nonhealing soft tissue wounds with su-
erimposed infection, were deemed less likely to respond to
BOT alone and, hence, tended to receive more aggressive

RTOG) improvement post HBOT*

Bone
n � 21)

Larynx
(n � 6)

Bladder
(n � 6)

Neuro
(n � 6)

GI
(n � 18)

Lung
(n � 1)

21 2 3 4 4 1

0 4 3 2 14 0

7 (81%) 1 (17%) 5 (83%) 1 (17%) 4 (22%) 1 (100)%

5 (71%) 1 (17%) 3 (50%) 0 4 (22%) 1 (100%)

2 (10%) 0 2 (33%) 1 (17%) 0 0

4 (19%) 5 (83%) 1 (17%) 5 (83%) 14 (78%) 0

4 (25%) 0 2 (40%) 0 1 (25%) 0

� hyperbaric oxygen therapy; MM � mucous membranes; GI �

was indicated, and other related symptoms.
tom (

y
9) (

) 1

) 1

)

)

BOT

HBOT
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reatment (HBOT and surgery). Similarly, these patients
ere also more predisposed to symptom relapse. In fact, 3
f 4 H&N subjects with post-HBOT symptom recurrence
equired the combined treatment of HBOT and surgery.
ontrary to what we might have expected, only 1 of 4 H&N

ubjects with post-HBOT relapse had failed surgical man-
gement in the past. Hence, past response to surgery is not
reliable gauge of future HBOT success. It is also important

o note that 4 of 21 H&N patients with improvement re-
eived HBOT within the last 12 months. Therefore, our
nquiry into their symptom relapse and long-term HBOT
esponse might have been temporally limited.

All 14 non-H&N subjects were treated with HBOT alone.
lthough a few patients in this group also had skin graft or
ound revisions in the past, these surgical procedures were

ompleted many months before initiating HBOT at UCLA
nd, therefore, not considered part of this treatment. In this
on-H&N group, radiation cystitis and proctitis responded
ell to HBOT alone, although the number of patients with

hese symptoms in this study is limited. Similarly, Woo et
l. (40) also found an overall favorable response of radiation
roctitis to HBOT in 16 of 18 patients in their retrospective
tudy. Symptoms recurred in 1 of 3 subjects with radiation
roctitis, but the number of patients in these groups was too
ow for any definitive comparisons of long-term response or
elapse. In contrast to proctitis, upper GI symptoms were
ore resistant to HBOT. Whereas 3 of 4 subjects with

adiation proctitis in our study responded well to HBOT,
nly 1 of 14 with dysphagia or odynophagia showed some
mprovement on the same treatment. Though the low re-
ponse rate of upper GI symptoms seems in stark contrast to
he response rate of proctitis, the resistance of upper GI
ymptoms to treatment might be unfavorably compounded
y the concurrent salivary gland problems that many of
hese patients also experienced from their past radiation
herapy. Needless to say, salivary gland dysfunction after
herapeutic radiation is a difficult, if not impossible, prob-
em to reverse, and it is a factor in other complications, such
s caries. Surprisingly, 10% of subjects in this symptom
ategory improved, raising the question of whether patients
ith radiation-induced salivary gland dysfunction may be

onsidered for HBOT. For selected H&N cancers, the ad-
ent of conformal radiation treatment allows the radiation
ncologist to spare the contralateral parotid gland, thus
ecreasing the likelihood of more severe late salivary gland
roblems. Patients who have had bilateral salivary glands
rradiated or have significant xerostomia deserve consider-
tion for HBOT in the light of this finding. Unfortunately,
he existing theoretical potential for tumor regrowth with
BOT (41) may limit its application as an early adjunct to

he routine management of this patient group. With this
onsideration, HBOT may still be an appropriate treatment
odality in patients who are deemed free of cancers.
Our study has shown that HBOT is a safe treatment

ssociated with few serious side effects. Most complications
ere minor and transient, limited to the duration of the

reatment course. Excluding accelerated cataract formation,
atients experienced relief or complete resolution of audi-
ory, eye, or epistaxis symptoms during HBOT course. No
ong-lasting residual side effects were reported among pa-
ients who encountered problems during HBOT. No com-
lications necessitated any emergency procedures during or
fter the treatment course or altered the patient’ s HBOT.
his is supported by a previous study (40).
The overall rate of relapse after HBOT for the whole

ohort was low (22%). These patients received durable
emission of their problematic symptoms, indicating the
eneficial nature of HBOT. Patients with bladder symptoms
cystitis) and radiation proctitis were most likely to relapse,
ut the small number of patients (n � 6 and 3, respectively)
oes not permit us to reliably predict long-term response of
BOT. On the other hand, we did have a large number of

ubjects with osteoradionecrosis, and the findings of this
tudy do support the use of HBOT in this group of patients,
specially because they failed to respond to previous ag-
ressive medical and surgical management. Our study sup-
orts other retrospective studies and case reports stating the
otential benefits of HBOT in the management of radiation-
nduced late side effects (17–20, 22–28, 42).

The most common radiation-related symptoms that have
een shown to improve on HBOT include cystitis, osteora-
ionecrosis, proctitis, and soft tissue wounds. Nonetheless,
he lack of a prospective randomized control trial certainly
peaks for the need to further investigate the true efficacy of
BOT (43, 44). Careful documentation of pre- and post-

reatment subjective as well as objective evaluations by a
ultidisciplinary team in a prospective study will ensure the

eliability of data analysis and provide validation of the
ffects of HBOT.

The retrospective nature of the present study means that
e have to view our findings with caution. For example,

elying on the patients’ ability to recall symptoms that they
xperienced, as well as medical records, can introduce bias
nd the potential for inaccuracies in the effect of the treat-
ent measured. However, the treating hyperbaric oxygen

hysician (M.L.) prospectively documented the progress of
ajor symptoms on HBOT, allowing the comparison be-

ween the patient’ s questionnaire response and the physi-
ian’ s evaluation to improve accuracy of final data. Overall,
e found a high degree of patients’ responses concurring
ith the medical record (98%). This is primarily because

adiation late side effects are severe and difficult to forget.
ur questionnaire focused not only on the principal present-

ng symptoms described in Hyperbaric Unit medical records
ut also on other concurrent symptoms, enabling some
ubjective measurement of the differential efficacy of
BOT on many symptoms. Another criticism of the present

tudy is that some late side effects may spontaneously
mprove over time without HBOT, and this was not con-
rolled for in the present design of this study. Because we
ere unable to recruit all eligible patients, the selection bias

mong participating respondents may also confound the
verall result. Despite this, we did accrue a relatively large
ohort compared to most other studies in the literature (26,
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8, 40), which enabled us to present useful observational
ata, especially in the H&N cohort.

CONCLUSIONS

Our retrospective study indicates that HBOT seems to be
n efficacious treatment modality for many radiation-in-
uced late side effects. Clinicians may consider using this
reatment in patients determined not to have tumor recur-
ence. Refractory bone symptoms arising from radiation
reatment of the head and neck are highly amenable to
BOT, although success tends to require the maintenance
1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

f concurrent medical treatment, such as antibiotics and
ain control, during the HBOT course. Severely infected
issues or large wounds usually require the addition of
urgical procedures to optimize HBOT success. Duration of
esponse seems sustainable among patients with post-
BOT bone symptom improvement, even in those who

ventually relapsed. Patients with protracted late side ef-
ects tended to be less likely to respond as well to HBOT,
ven when it was combined with more aggressive manage-
ent such as surgery. One interesting incidental finding of

his study was that a minority of patients with salivary gland
ysfunction received some relief from HBOT.
REFERENCES
1. Rubin P, Casarrett GW. Clinical radiation pathology. 1st ed.
Philadelphia, PA: WB Saunders; 1968.

2. Rankow RM, Weissman B. Osteoradionecrosis of the mandi-
ble. Ann Otol Rhinol Laryngol 1971;80:603–611.

3. Thames HD, Jr., Withers HR, Peters LJ, Fletcher GH.
Changes in early and late radiation responses with altered dose
fractionation: Implications for dose-survival relationships. Int
J Radiat Oncol Biol Phys 1982;8:219–226.

4. Spanos WJ, Jr., Montague ED, Fletcher GH. Late complica-
tions of radiation only for advanced breast cancer. Int J Radiat
Oncol Biol Phys 1980;6:1473–1476.

5. Tapley ND, Fletcher GH, Eschwege F, Horiot JC. Late se-
quelae and complications of electron therapy. J Radiol Elec-
trol Med Nucl 1971;52:601–605.

6. Withers HR, Thames HD, Jr., Flow BL, et al. The relationship
of acute to late skin injury in 2 and 5 fraction/week gamma-ray
therapy. Int J Radiat Oncol Biol Phys 1978;4:595–601.

7. Maciejewski B, Taylor JM, Withers HR. Alpha/beta value and
the importance of size of dose per fraction for late complica-
tions in the supraglottic larynx. Radiother Oncol 1986;7:323–
326.

8. Myers RA, Marx RE. Use of hyperbaric oxygen in postradia-
tion head and neck surgery. NCI Monogr 1990;29:151–157.

9. Rubin P. The Franz Buschke lecture: Late effects of chemo-
therapy and radiation therapy: A new hypothesis. Int J Radiat
Oncol Biol Phys 1984;10:5–34.

0. Bedwinek JM, Shukovsky LJ, Fletcher GH, Daley TE. Osteo-
necrosis in patients treated with definitive radiotherapy for
squamous cell carcinomas of the oral cavity and naso- and
oropharynx. Radiology 1976;119:665–667.

1. Emami B, Lyman J, Brown A, et al. Tolerance of normal
tissue to therapeutic irradiation. Int J Radiat Oncol Biol Phys
1991;21:109–122.

2. Withers HR, Taylor JM, Maciejewski B. Treatment volume
and tissue tolerance. Int J Radiat Oncol Biol Phys 1988;14:
751–759.

3. Mayr NA, Riggs CE, Jr., Saag KG, et al. Mixed connective
tissue disease and radiation toxicity. A case report. Cancer
1997;79:612–618.

4. Ross JG, Hussey DH, Mayr NA, Davis CS. Acute and late
reactions to radiation therapy in patients with collagen vascu-
lar diseases. Cancer 1993;71:3744–3752.

5. Severin DM, Leong T, Cassidy B, et al. Novel DNA sequence
variants in the hHR21 DNA repair gene in radiosensitive
cancer patients. Int J Radiat Oncol Biol Phys 2001;50:1323–
1331.

6. Marx RE, Ehler WJ, Tayapongsak P, Pierce LW. Relationship
of oxygen dose to angiogenesis induction in irradiated tissue.
Am J Surg 1990;160:519–524.

7. Davis JC, Dunn JM, Gates GA, Heimbach RD. Hyperbaric
oxygen. A new adjunct in the management of radiation ne-
crosis. Arch Otolaryngol 1979;105:58–61.

8. Hart GB, Mainous EG. The treatment of radiation necrosis
with hyperbaric oxygen (OHP). Cancer 1976;37:2580–2585.

9. Curi MM, Dib LL, Kowalski LP. Management of refractory
osteoradionecrosis of the jaws with surgery and adjunctive
hyperbaric oxygen therapy. Int J Oral Maxillofac Surg 2000;
29:430–434.

0. David LA, Sandor GK, Evans AW, Brown DH. Hyperbaric
oxygen therapy and mandibular osteoradionecrosis: A retro-
spective study and analysis of treatment outcomes. J Can Dent
Assoc 2001;67:384.

1. Maier A, Gaggl A, Klemen H, et al. Review of severe osteo-
radionecrosis treated by surgery alone or surgery with post-
operative hyperbaric oxygenation. Br J Oral Maxillofac Surg
2000;38:173–176.

2. Marx RE, Ames JR. The use of hyperbaric oxygen therapy in
bony reconstruction of the irradiated and tissue-deficient pa-
tient. J Oral Maxillofac Surg 1982;40:412–420.

3. McKenzie MR, Wong FL, Epstein JB, Lepawsky M. Hyper-
baric oxygen and postradiation osteonecrosis of the mandible.
Eur J Cancer B Oral Oncol 1993;29B:201–207.

4. Mounsey RA, Brown DH, O’Dwyer TP, et al. Role of hyper-
baric oxygen therapy in the management of mandibular os-
teoradionecrosis. Laryngoscope 1993;103:605–608.

5. Nakada T, Yamaguchi T, Sasagawa I, et al. Successful hyper-
baric oxygenation for radiation cystitis due to excessive irra-
diation to uterus cancer. Eur Urol 1992;22:294–297.

6. van Merkesteyn JP, Bakker DJ, Borgmeijer-Hoelen AM. Hy-
perbaric oxygen treatment of osteoradionecrosis of the man-
dible. Experience in 29 patients. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 1995;80:12–16.

7. Rijkmans BG, Bakker DJ, Dabhoiwala NF, Kurth KH. Suc-
cessful treatment of radiation cystitis with hyperbaric oxygen.
Eur Urol 1989;16:354–356.

8. Warren DC, Feehan P, Slade JB, Cianci PE. Chronic radiation
proctitis treated with hyperbaric oxygen. Undersea Hyperb
Med 1997;24:181–184.

9. Saunders PJ. Hyperbaric oxygen therapy in the management
of carbon monoxide poisoning, osteoradionecrosis, burns, skin
grafts, and crush injury. Int J Technol Assess Health Care
2003;19:521–525.

0. Grim PS, Gottlieb LJ, Boddie A, Batson E. Hyperbaric oxygen
therapy. JAMA 1990;263:2216–2220.

1. Magne N, Fischel JL, Formento P, et al. Oxaliplatin-5-flu-
orouracil and ionizing radiation. Importance of the sequence
and influence of p53 status. Oncology 2003;64:280–287.

2. Mauer AM, Masters GA, Haraf DJ, et al. Phase I study of
docetaxel with concomitant thoracic radiation therapy. J Clin
Oncol 1998;16:159–164.



3

3

3

3

3

3

3

4

4

4

4

4

878 I. J. Radiation Oncology ● Biology ● Physics Volume 60, Number 3, 2004
3. Vokes EE, Moormeier JA, Ratain MJ, et al. 5-fluorouracil,
leucovorin, hydroxyurea, and escalating doses of continuous-
infusion cisplatin with concomitant radiotherapy: A clinical
and pharmacologic study. Cancer Chemother Pharmacol
1992;29:178–184.

4. O’Connell MJ, Martenson JA, Wieand HS, et al. Improving
adjuvant therapy for rectal cancer by combining protracted-
infusion fluorouracil with radiation therapy after curative sur-
gery. N Engl J Med 1994;331:502–507.

5. Milas L, Mason KA, Liao Z, Ang KK. Chemoradiotherapy:
Emerging treatment improvement strategies. Head Neck 2003;
25:152–167.

6. Denham JW, Peters LJ, Johansen J, et al. Do acute mucosal
reactions lead to consequential late reactions in patients with
head and neck cancer? Radiother Oncol 1999;52:157–164.

7. Fu KK, Pajak TF, Marcial VA, et al. Late effects of hyper-
fractionated radiotherapy for advanced head and neck cancer:
Long-term follow-up results of RTOG 83–13. Int J Radiat
Oncol Biol Phys 1995;32:577–588.

8. Cronje FJ. A review of the Marx protocols: Prevention and
management of osteoradionecrosis by combining surgery and
hyperbaric oxygen therapy. Sadj 1998;53:469–471.

9. Feldmeier JJ, Hampson NB. A systematic review of the liter-
ature reporting the application of hyperbaric oxygen preven-
tion and treatment of delayed radiation injuries: An evidence
based approach. Undersea Hyperb Med 2002;29:4–30.

0. Woo TC, Joseph D, Oxer H. Hyperbaric oxygen treatment for
radiation proctitis. Int J Radiat Oncol Biol Phys 1997;38:619–
622.

1. Feldmeier J, Carl U, Hartmann K, Sminia P. Hyperbaric
oxygen: Does it promote growth or recurrence of malignancy?
Undersea Hyperb Med 2003;30:1–18.

2. Mayer R, Klemen H, Quehenberger F, et al. Hyperbaric ox-
ygen—an effective tool to treat radiation morbidity in prostate
cancer. Radiother Oncol 2001;61:151–156.

3. Crew JP, Jephcott CR, Reynard JM. Radiation-induced hae-
morrhagic cystitis. Eur Urol 2001;40:111–123.

4. Ennis RD. Hyperbaric oxygen for the treatment of radiation
cystitis and proctitis. Curr Urol Rep 2002;3:229–231.


	THE EFFICACY OF HYPERBARIC OXYGEN THERAPY IN THE TREATMENT OF RADIATION-INDUCED LATE SIDE EFFECTS
	INTRODUCTION
	METHODS AND MATERIALS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	REFERENCES


