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Summary

Background: Hyaluronic acid (HA) is one of the largest and most important components of the
extracellular matrix. It is found in high amounts in the vitreous humor, umbilical cord, dermis,
synovial fluid and heart valves. Up to 80-90% of the circulating HA undergoes catabolism in the
liver and 10% is eliminated by the kidney. It is widely used in many branches of medicine. Stu-
dies have demonstrated that it provides angiogenic and anti-adhesive effect, collagen storage,
cell-cell and cell-matrix interactions, balancing osmotic pressure, removing waste, balancing
the distribution of high molecular weight proteins and increasing angiogenesis; it has inflam-
matory effect, provides wound healing and immunostimulators. Along with its basic features, it
can undertake different tasks according to the tissue it is in and the cell type it is secreted from.
Neither contraindications nor interactions with drugs have been reported to date. When the
literature is reviewed, HA appears to be an effective and safe option in the treatment of acute
and chronic side effects that will occur or occur due to radiotherapy. However, there is a need
for researches on how HA can be used and how long it can be used. Purpose: In this review, the
data about whether HA is effective in reducing acute and chronic side effects caused by radio-
therapy were discussed in the light of the literature.
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Souhrn

Vychodiska: Kyselina hyaluronova (HA) je jednou z nejvétsich a nejdllezitéjsich slozek extrace-
luldrni matrix. Ve vétsim mnozstvi se nachdzi ve vitredIni tekuting, pupecni $indre, dermis, syno-
vialni tekutiné a srde¢nich chlopnich. Az 80-90 % cirkulujici HA podléha katabolizmu v jatrech
a 10 % je vylu¢ovéano ledvinami. Pouziva se v mnoha oborech mediciny. Studie prokazaly, Ze ma
angiogenni a antiadhezivni Ucinek, pusobi pfi ukladani kolagenu, mezibunécnych interakcich
a interakcich bunék s buné¢nou matrix, vyrovnani osmotického tlaku, odstrafovani bunéc-
ného odpadu, vyrovnava distribuci proteint o vysoké molekulové hmotnosti, ma zanétlivy
ucinek, zvysuje angiogenezi, hojeni ran a mé imunostimulacni tc¢inek. Kromé téchto zakladnich
vlastnosti ma rfadu dalsich funkci podle typu tkané, ve které se nachazi, a typu bunék, ze kterych
je secernovéna. Dosud nebyly hlaseny nezadouci Ucinky ani interakce s 1é¢ivy. Podle literatury
se HA jevi jako Ucinna a bezpecna volba pfi 1écbé akutnich i chronickych nezadoucich Gcinkd,
které se vyskytuji nebo vyskytnou béhem radioterapie. Jsou ale tfeba dalsi studie zamérené na
to, jakym zpUsobem a jak casto se mGze HA pouzivat. Cil: V tomto prehledném ¢lanku jsou ve
svétle literatury diskutovéna data tykajici se uc¢innosti HA pfi snizovéni akutnich a chronickych
nezadoucich ucinkl vyvolanych radioterapii.
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Introduction

Hyaluronic acid (HA) is a linear polysac-
charide chain consisting of repeating
glucuronic acid and acetyl-glucosamine
disaccharides. It is also known as hyalu-
ronate or hyaluronan. It is produced by
enzymes, a type of specialized mem-
brane protein located inside the cell
membrane. It is one of the largest and
most important components of the ex-
tracellular matrix. Mesenchymal cells are
the most important cells involved in the
synthesis of HA. It is synthesized by al-
most all cells in the body. It is found in
high amounts in vitreous humor, umbili-
cal cord, dermis, synovial fluid and heart
valves. Its lowest concentration is in
the blood serum and lymph circulation
[1-5]. An adult with an average weight
of 70kg has approximately 15g of HA in
the body [6].

It was first isolated from the glassy lig-
uid of cow’s eye by Karl Meyer and John
Palmer in 1934. HA can be obtained di-
rectly from animal sources or bacteria.
Animal sources from which it is obtained
are cockscomb, umbilical cord, vitreous
humor, skin and tendon. The most com-
monly used source is the cocks, due to
its high amount of HA compared to
other animal sources. HA obtained from
microorganisms through fermentation
is of high purity. Its molecular size de-
pends on the source from which it is
obtained [2,5,6]. Commercially, there
are HA with three different molecular
weights. These are called high molecular
weight (10,000 kDa), medium molecular
weight (500-800 kDa) and low molecu-
lar weight (160-240 kDa) HA. By making
some changes in the molecular struc-
ture of HA, its derivatives that are more
resistant both mechanically and chem-
ically were obtained without changing
its compatibility and degradable prop-
erties in the biological environment [7].

The half-life of HA differs in each
organ. While the half-life in circula-
tion is between 2-5 min, it is stated as
1-2 days in the dermis and 1-2 weeks
in the cartilage tissue. The HA half-life
increases in conditions such as severe
blood loss, septicemia, severe burns and
major surgery. The vast majority is elimi-
nated through the lymphatic way. Up to
80-90% of the circulating HA undergoes

catabolism in the liver and 10% is elimi-
nated in the kidney [6]. Today, it is widely
used in many branches of medicine
such as orthopedics, dermatology, plas-
tic surgery and cardiovascular surgery.
Neither contraindications nor interac-
tions with drugs have been reported to
date [5,8].

In this review, the data about whether
HA is effective in reducing acute and
chronic side effects caused by radiother-
apy were discussed in the light of the
literature.

The function of hyaluronic acid in

the organism

HA has a high water binding capacity.
Water retention, which is important for
all healing processes, is very high in hy-
aluronic acid. It provides stability and
elasticity in the intercellular space under
normal physiological conditions. It plays
an active role with fibrin in all steps of
recovery at the time of injury [9]. It re-
duces inflammation by neutralizing free
oxygen radicals in the wound area. HA
contributes to the migration and differ-
entiation of mesenchymal and epithe-
lial cells. Thus, it accelerates tissue repair
by increasing collagen storage and an-
giogenesis [10]. It reduces the risk of in-
fection by preventing bacterial adhesion
with its anti-adhesive properties [8]. The
abundance of HA in fetal wounds plays
a role in scar-free healing by providing
a highly organized cellular structure
and matrix. It has angiogenic, inflam-
matory and immunostimulating prop-
erties. In this way, it has been described
that the body is a warning system
[11-14]. It is also involved in ensuring
cell-cell and cell-matrix interactions,
balancing osmotic pressure, removing
waste and balancing the distribution of
high molecular weight proteins. Along
with its basic features, it can undertake
different tasks depending on the tissue
it is found in and the cell type it is se-
creted from [8-14].

Clinical use of hyaluronic acid

Today, it has become a biomedical prod-
uct used in different fields of medicine
such as orthopedics, dermatology, car-
diovascular surgery and cancer dia-
gnosis [5]. Due to its success in pre-

venting scar tissue, it is subject to both
clinical and experimental studies. In fetal
wounds, wounds heal without scar due
to high HA in the fetus [15]. In the study
conducted, it was reported that eye
drops containing HA applied after cat-
aract operations accelerated tissue re-
pair [12]. It has been observed that the
locally used form penetrates into the ep-
ithelial tissue, accelerating keratinocyte
proliferation and moisturizing the skin
by increasing the amount of retinoic acid.
In addition, its injection as a cosmetic
filler (thickening of the lips, filling of fa-
cial wrinkles or soft tissue depressions)
received FDA approval in 2003 [14]. It
also creates a physical barrier, reducing
the adhesion between the nerve and the
surrounding tissue [16,17].

Use of HA in radiotherapy

Thereis quite alimited number of studies
on the application of this biomaterial,
which is frequently preferred in many
fields due to its multifunctional structure
listed above, in the field of radiotherapy
(RT). Studies have generally focused on
patients with breast cancer and prostate
cancer. Very few are related to gyneco-
logical cancer and head and neck cancer.
The mechanism of action on RT is based
on the decreasing lymphocyte migra-
tion and proliferation, and inhibiting the
phagocytosis of granulocytes and mac-
rophage movements [18-22].

Studies conducted on patients with
breast cancer receiving RT have gen-
erally examined the effect of HA on ra-
diodermatitis. Its effect on acute and
chronic adverse reactions has been
studied. In the study of Struik et al, they
applied HA together with a brachyther-
apy catheter in patients with early stage
breast cancer who will undergo acceler-
ated partial breast radiation. They stated
that HA reduced pain, redness, skin/sub-
cutaneous hardening, surgical site infec-
tion, pigmentation and radiation der-
matitis. As a result, HA was reported to
reduce late skin toxicity in patients who
underwent chest brachytherapy or ro-
botic surgery [23]. In the study con-
ducted by Primavera et al, it was stated
that HA (MAS065D (Xclair)) used 3-times
aday in dermatitis caused by radiation in
breast cancer patients is effective in im-
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proving the skin appearance, erythema
and side effects seen in skin hydration,
apart from pain and itching [24].In a pro-
spective study, lotion, which is a mixture
of 3% urea, polidocanol and hyaluronic
acid, has been used in a standard regi-
men or intensively from the beginning
of RT or on the onset of the symptoms
in dermatitis due to RT for breast cancer.
It was stated that the recovery rate of ra-
diodermatitis was lower in the standard
group [25]. Generally, there are studies
showing that HA is beneficial, and there
are also studies showing its negative ef-
fect. Pinnix et al compared HA and pet-
rolatum gel in patients who underwent
RT after breast conserving surgery and
developed grade 2 dermatitis. They
stated that topically applied HA gel in-
creased the severity of radiodermatitis
and was not effective [26].

Studies on the acute and chronic ef-
fects of HA in different RT techniques
and doses have been conducted in pa-
tients with prostate cancer. It has been
stated that it has positive effects ac-
cording to the results of the studies.
Gacci et al reported that HA and chon-
drotin sulfate applied to the bladder in
patients receiving RT for prostate can-
cer are effective in the treatment of ra-
diation-induced cystitis or bladder pain
syndrome [27]. In a phase Il study, HA
gel was injected with fiducialin tran-
srectal implantation between the rec-
tum and prostate in 30 patients with low
or moderate risk prostate cancer who
were scheduled for hypofractionated RT.
They reported that there was no com-
plication related to HA and rectal toxic-
ity caused by RT decreased [28]. In an-
other phase Il study, it was stated that
HA injection into the rectal wall was ef-
fective in reducing acute genitourinary
toxicity in patients with prostate cancer
undergoing hypofractionated RT [29]. In
another study similar to this, it was re-
ported that HA applied to perirectal ad-
ipose tissue in patients who underwent
intensity modulated brachytherapy or
external beam radiation therapy due to
prostate cancer was effective in prevent-
ing adverse effects related to RT without
any side effects [30]. Moreover, Chapet
et al reported that even if the dose of HA
applied to the rectal wall is increased in

patients undergoing stereotactic body
radiation therapy due to prostate can-
cer, there was no increase in the rec-
tal dose. They reported that this meant
that acute and chronic toxicity would
decrease significantly [31]. In the study
of Wider et al, it was stated that HA re-
duces the side effects related to treat-
ment in patients with prostate cancer
who underwent brachytherapy, thus
providing an improvement in the qual-
ity of life [32]. It has also been reported
that it reduces rectal bleeding and mu-
cosal damage in patients who are ad-
ministered low-dose and high-dose
brachytherapy [33,34].

When looking at the studies on other
tumors, it is seen that it is generally writ-
ten on head-neck and gynecological tu-
mors. Preastan et al applied HA gel (once
a day for 20 days) in the patient who re-
ceived RT with cetuximab due to squa-
mous cell carcinoma of the base of the
tongue. They reported that HA reduced
pain, ulceration, infection and swelling
and increased the quality of life [20]. In
another case report, it was stated that
the large-particle HA gel was effec-
tive in the treatment of dry eye caused
by RT [35]. In the clinical study con-
ducted by Wu et al, it was reported that
erythema and dry desquamation de-
creased in patients who were applied
subcutaneous HA immediately after in-
terstitial brachytherapy due to parotid
gland tumor [36]. In the treatment of
oral mucositis caused by RT, it has been
reported that there is no difference in re-
ducing pain and correcting eating and
drinking disorders when HA and stand-
ard treatment meet [37].

It has been reported that HA in gen-
itourinary system cancers increases the
quality of life in patients. Dinicola et al
reported that HA protects and prevents
acute (itching, bleeding, burning, and in-
flammation in the vaginal mucosa) and
chronic (fibrosis, inflammation in the
vaginal mucosa) side effects in patients
who received pelvic RT and brachyther-
apy for cervical cancer [18]. In another
randomized clinical study, patients who
received RT for cervical cancer were di-
vided into two groups. Low molecular
weight HA vaginal suppositories were
used in one group from the beginning

of the treatment. It was reported that
vaginal dryness, dysparuni, and vaginal
inflammation were less common in the
group using HA (P < 0.001). As a result,
they reported that HA allows uninter-
rupted completion of RT and improves
the quality of life [22]. In the study con-
ducted by Murakami et al, HA gel injec-
tion was applied to the vesicovaginal
septum in patients in whom high-dose
brachytherapy was planned for cervi-
cal cancer. They reported that hematu-
ria, bleeding, bladder wall injury or ure-
thral injury decreased in patients due to
the lowering of the dose of radiother-
apy in the bladder [38]. Shao et al com-
pared patients who received hyperbaric
oxygen therapy and intravesical HA
in the treatment of radiation-induced
hemorrhagic cystitis. They reported
that both treatments reduced bladder
bleeding, pelvic pain and urination fre-
quency in patients they followed for
18 months [21]. In a randomized dou-
ble-blind study by Ligura et al, they used
HA cream to prevent acute skin re-reac-
tions in patients with head-neck, pelvic
and breast cancer. They stated that HA
reduced the incidence and severity of
acute radiation dermatitis [39]. In the re-
view written by Cosentino and Piro, they
looked at the efficacy and reliability of
HA in the side effects caused by radio-
therapy in the vagina and rectal mucosa
in patients who received pelvic RT and
stated that HA improved the patient’s
quality of life by reducing radiation-in-
duced inflammation [19].

Conclusion

As a result, it is an accepted view in the
literature that HA is an effective method
in the treatment of side effects caused
by RT. While this agent is preferred, it
seems to be an important factor in its
preference for treatment in criteria such
as its easy availability, non-toxicity to
other tissues with its dosage and appli-
cation method, radioprotective proper-
ties by preventing fibrosis and adhesion,
preventing inflammation by reducing
the immune response and minimizing
scar tissue and low cost. It appears that
evidence-based data on its current ef-
fectiveness are actually lacking. Compar-
ative studies with other treatment meth-
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ods are limited. Studies investigating its
use in radiotherapy related side effects
are needed.
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