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Abstract: Radiation therapy is widely used approach in treatment of head and neck cancer, unfortunately it leaves
consequences that are influencing the patients’ life in a negative way. During and after the treatment with ionizing irradiation it
affects not only the malignant area that is being treated, but also the surrounding tissues and organs that are located near the
region that is targeted (oral mucosa, jaw bones, teeth, salivary glands, surrounding muscles and the temporomandibular joints),
leaving changes in their structure and functions. Many of the patients that are treated, have not been prepared optimally for
the radiation treatment, what also affects the post operative condition of their tissues and organs that are located nearby to the
radiation treated area. The aim of this study was to define the most common postradiation complications in patients with head
and neck cancer and to evaluate the efficiency of the solutions that are used to manage them.

For this study were analyzed in details 37 published articles on the studied topic, the research was done online using
the data bases NCBI, Cochrane Library, Medline, PubMed and Webmd. The inclusion criteria were: studies made in vivo;
studies written in English; case reports on head and neck cancer patients; surveys on patients after radiation therapy; studies
on patients with intraoral complications from after radiation therapy.

Results showed that radiation induced complications in the head and neck cancer patients can be classified in
three groups as early, intermediate and late changes. The most common changes were found in the tissues (mucosa, skin,
subcutaneous connective tissues, salivary glands, the bone tissues and the teeth), resulting with: hyposalivation (xerostomia),
mucositis, opportunistic infections, radiation caries, dysphagia, altered taste and difficulties with the chewing and swallowing.
Many studies have shown that the percent of damage on the oral mucosa is strongly related to the radiation dose and the type
of ionizing irradiation that patients are being treated with. Treatment consists of application of lubricants; usage of substitutes
for saliva; and stimulants for the saliva production, with preparations like pilocarpine and cevimeline, and electro stimulation.
The loss of the taste after the treatment can be partial or total. Mostly affected are the sour and bitter tastes, rarely the sweet
and the salty taste, and very rare is total loss on all of the flavors. Fortunately in most of the studied cases has been show that
the changes in the taste were reversible after a period of time, in some cases a few months and in others it can happen even
up to a few years until it reaches total recovery.

Itis crucial to implement more solutions and to find new ways to manage the complications that follow after the irradiation,
so the quality of the life in these patients can be spared in any possible way. Using the new approaches such as IMRT and
VMAT on these patients, could also improve their condition after the treatment, and reduced dosage of the irradiation also could
be tested and implemented if it is possible.

Key words: Postradiation complications, xerostomia, head and neck cancer treatment, radiation induced hyposalivation,
oportunistic infections.

INTRODUCTION

Radiotherapy is considered to be a therapeutic approach that takes important place in the whole
treatment of malign neoplasm in patients with head and neck cancer. In many cases it is combined with
surgery or chemotherapy, and sometimes it can be used also as palliative method to prevent further
spreading of the malign cells [1,2].

It is very common for negative consequences to occur after a radiation treatment in patients, due
to its destructive nature [2]. During and after the treatment with ionizing irradiation, when the beams
are applied on the patients, they affect not only the malignant area that is being treated, but also the
surrounding tissues and organs that are located near the region that is targeted (oral mucosa, jaw bones,
teeth, salivary glands, surrounding muscles and the temporomandibular joints) what causes corresponding
negative reactions of these structures [3,4]. Therefore many of the patients that are treated, have not
been prepared optimally for the radiation treatment, what also affects the post operative condition of their
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tissues and organs that are located nearby to the radiation treated area [5,6].

Radiation induced complications in the head and neck cancer patients can be classified in three
groups as early, intermediate and late changes. The most common complications after radiation therapy
are the following: hyposalivation (xerostomia), mucositis, opportunistic infections, radiation caries,
dysphagia, altered taste and difficulties with the chewing and swallowing [7,8]. Some of these symptoms
are reversible, such as mucositis and taste loss, and they usually disappear after a few months of the
last radiation treatment. However, the salivary glands hypofunction and the saliva volume reduction are
irreversible consequences [9,10].

These consequences significantly affect the quality of the patients’ life, what causes chronic
dissatisfaction. The main reason that causes all of these symptoms to emerge is the xerostomia and
reduced saliva production due to the damage of the salivary glands tissue and cells, which is considered
to be almost inevitable collateral inconvenience caused by the radiation treatment [11,12].

Furthermore in some patients with general altered health condition, there can occur even more
serious symptoms during and after the radiation treatment, that unfortunately can remain for many years
after the treatment or even as a lifelong consequences, such as osteoradionecrosis, radiation caries,
candidiasis and trismus [13]. Because of this, nowadays many of the experts in this area are working on
finding a solutions for the treated patients to cope with the difficulties in their everyday life [14,15].

Aim : The aim of this study was to define the most common post radiation complications in patients
with head and neck cancer and to evaluate the efficiency of the solutions and treatments that are used to
manage them.

MATERIAL AND METHODS

Research strategy

We analyzed total number of 76 studies, so this survey is formed on base of narrative review on
articles that are published in English, which reports results that are related to the post radiation treatment
consequences and their managing in head and neck cancer patients.

The following research was made online with using the data bases such as: NCBI, Cochrane
Library, Medline, PubMed and Webmd. For the search were used these keywords: radiotherapy, post-
radiation complications, xerostomia, head and neck cancer treatment, radiation induced hyposalivation. In
this analysis were included systematic reviews, case studies, qualitative studies and clinical surveys, that
were published in the last 15 years. From the total number of 58 found studies with the first research by
using the key words, 37 of them were selected for detail review and analysis that met the needed criteria
for this study.

Inclusion and exclusion criteria

The articles that were used for evaluation to create this study were selected by these inclusion
criteria: studies made in vivo; studies written in English; case reports on head and neck cancer patients;
surveys on patients after radiation therapy; studies on patients with intraoral complications from after
radiation therapy.

The exclusion criteria for this evaluation were the following: studies on patients with systematic
diseases and cancer on head and neck; studies on patients with hyposalivation induced by other factors
not only radiation therapy; surveys on patients with head and neck cancer on radiotherapy combined with
chemotherapy; case reports and studies that have involved experiments done on animals; studies on
patients treated with radiotherapy with low hygiene standards and poor oral health condition. The selected
articles that met the criteria were analyzed in details and the gathered data was further processed.

EVALUATION AND RESULTS

In studies evaluating the clinical outcomes of the radiation therapy in patients with head and neck
cancer, the consequences after the irradiation were found significantly in the region of head and neck.
There were found changes in all of the tissues (mucosa, skin, subcutaneous connective tissues, salivary
glands, the bone tissues and the teeth). The most common acute changes found in the evaluated patients,
were mostly found in the oral mucosa, such as erythema [16], ulcerations covered with pseudomembranes;
alteration on the salivary gland function resulting in hyposalivation, changes in the components and
concentration of the saliva ingredients [17]; decreased function of the taste buds resulting in changed
taste of the food; and formations found on the skin like erythema and desquamations [17].
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In order of their appearance of the radiation — induced complications in the head and neck cancer
patients, the consequences can be classified in three groups as early, intermediate and late changes.
In the first group of early appeared changes, were found the complications related to: the oral mucosa,
the salivary glands and the taste sensors. The second group (intermediate changes) consists also of
complications that interfere with the salivary glands function and the taste regulation. The late changes
are considered to have affect on: the salivary glands, the teeth and their supportive system, the bone
tissues and the joints and connective tissues [18].

These changes happen after many months of the last therapy, or even years. Besides the fact that
many preventive protocols have been applied before and during the radiation treatment in the patients,
unfortunately many of these complications are very hard to be managed and to be prevented of happening
[19].

Many studies have shown that the percent of damage on the oral mucosa is strongly related to
the radiation dose and the type of ionizing irradiation that patients are being treated with, what is caused
by mitotic death of the epithelial cells in oral mucosa. In the beginning the first reactions of the radiation
therapy in patients has been shown that causes latent discomfort during eating and drinking, also followed
by small difficulties in the chewing, speech and the swallowing. In the patients with the worst complications
outcome sometimes it was necessary to apply nasogastric feeding [20].

In other studies was found that the spread of the damage in the salivary glands tissue is significantly
correlated to the volume of irradiation that is applied on that region. Not only the salivary glands function
is affected by the irradiation, but it was found that the therapy also makes influence on the saliva content.
It changes the color and the concentration of the components inside, the viscosity is turning into more
viscous liquid that is white or pale yellow [21].

To manage the xerostomia and the negative consequences that follow, in the past years many
strategies and solutions were suggested, mostly focusing on increase of the salivary flow rate. The usual
suggestions that are given to every treated patient were: to avoid dehydratation by drinking enough water
during the day; to make the air in the room more humid; to avoid irritation with crunchy food [22].

The other treatment options for this condition included: use of lubricants; usage of substitutes
for saliva; and stimulants for the saliva production in the glands. The most used preparations for this
aim were pilocarpine and cevimeline. The efficiency of these solutions was found that is directly related
to the volume of the remained healthy and functional tissue from the salivary glands. The pilocarpine
most often has been administrated in doses of 5 mg three times in a day during a period of at least 3
months. Cevimeline was usually administrated in 30 mg doses 3 times a day. However the usage of these
preparations has shown unwanted side effects which was expected, such as: vasodilatations, diarrhea,
emesis, sweating, in some patients even bronchoconstriction, bradycardia, ama rarely vision problems
and hypotension [23,24].

Other often used sialogogues are anethole trithione that has main function in increasing the
salivary flow rate in patients with xerostomia. However more studies are needed to confirm the efficiency
of this solution [25]. Also for dry mouth treatment were used intraoral topical agents, that are more often
used like chewing gums, topical spray of malic acid, topical oxygenated glycerol tri-ester, were found
to be more effective in treating xerostomia in patients with head and neck cancer. The chewing gum is
good alternative and also healthy way that was confirmed that increases the flow rate and saliva volume
production [26,27].

For mouthwash were used substitutes like Biotene, Oral Balance or Zendium, that have shown
very good results in keeping the oral mucosa moist and to prevent debris acumulation in treating
xerostomia [28]. Many other oral substitutes for saliva are now available on the market, based on different
polymers like carboxymethylcellulose, polyacrylic acid and xanthan gum. It was found that the mucin-
based preparations may be better accepted from the patienst in comparison to carboxymethylcellulose
formulations. Some patients were treated with using water or ice particles to moisten the oral cavity,
however the water has shown to be not very effective lubricant and substitute for saliva reduction [29,30].

To prevent the microbes from spreading in the oral cavity in radiotherapy treated patients with
hyposalivaton, were used saliva substitutes and mouthwashes that were had antimicrobial components
in their structure. That way has been found that is also successful the prevention of mucosal and gingival
inflammation. Mostly used were the products casein phosphopeptides and casein derivatives complexed
with calcium phosphate [31,32].

In spite of the fact that the saliva substitutes are used in xerostomia treatment, they don’t have
influence on the salivary glands function and the saliva secretion, but they only have function in being
a liquid that can replace in some ways the saliva, to offer humidity and to prevent friction of the soft
tissues in the oral cavity. The oral substitutes that were used in treating xerostomia in patients, were in
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different formulations, like gel, liquid or dissolving tablets. However, when the patients’ experiences were
evaluated, it has shown that the most efficient and preferred formulation of oral substitutes for xerostomia
regulation, was the gel formulation [33].

Other alternative options for xerostomia treatment were tried on some patients, such as appliances
for intraoral electrostimulation, that have shown good results and satisfaction in the treated patients,
with increasing the volume of the secreted saliva. Of intraoral appliances most often used were the
saliva stimula-tion device Saliwell Crown and electrostimulating device GenNarino, that has proven very
sutisfying results for the xerostomia treatment [34].

The acupuncture in some studies was also suggested as an alternative treatment option, however
it still has not been evaluated enough and needs future studies to confirm its’ efficiency [34].

In most of the treated patients with radiotherapy, after the treatment were found intraoral infections,
mostly candidiasis, and Gram-negative bacilli such as Streptococcus mutans, Lactobacillus species, and
Candida species [34]. These bacteria and their toxins are considered that might be the second reason
for radiation mucositis development in the late stages, when the first reason is still the influence of the
irradiation [33)].

Candidiasis was found to be developed right after the radiation therapy or after a few days. For
candidiasis treatment were used many topical and systemic anti fungal agents, like Nystatin rinses which
was mostly used, in formulation as suspension or cream and ointment. Other also very often used topical
antifungal agents were amphotericin B, clotrimazole, ketoconazole and chlorhexidine that gave satisfying
results [35].

Other studies have shown also that often consequence after the radiation treatment in these
patients were the changes on the taste. It can be partial or total loss. Mostly affected were the sour
and bitter tastes, rarely the sweet and the salty taste, and very rare was total loss on all of the flavors.
Fortunately in most of the studied cases has been show that the changes in the taste were reversible after
a period of time, in some cases a few months and in others the total repair could happen even up to a
few years until it reaches total recovery. The alteration of the taste in radiation treated patients with head
and neck cancer, does not only happen due to the toxic influence of the irradiation on the taste buds, but
it also is a result to the reduced saliva flow rate, because the saliva is necessary to dissolve the gustatory
stimulants and to transport them, so they can be received from the gustatory receptors. The alterations
and the taste loss fortunately has been found that are reversible changes in most of the cases, so it often
had come back to normal after one year of the last treatment with radiation therapy, and in some cases it
has taken more time, which depends on the dose of radiation that was applied [36].

Intensity-modulated radiation therapy (IMRT) also was used in many patients with head and neck
cancer, as an improved type of radiotherapy, which is considered to be highly precise method. That is
because it is using computer-controlled linear accelerators for applying precise radiation doses to the
targeted places where the tissues are affected with the tumor cells. This technique allowed the doses of
radiation to be more precisely applied on the treated tumor, by regulating the intensity of the radiation in
multiple small beams parts. This method when used in radiation treatment has also helped in patients the
doses of the radiation to be focused precisely on the tumor, sparing the surrounding healthy tissues of the
negative effect that would follow after the exposure on radiation [37].

CONCLUSION

From this study it can be concluded that the post radiation changes and consequences are real
problem and they affect the life of the treated patients, making it difficult to function every day. It is crucial
to implement more solutions and to find new ways to manage the complications that follow after the
irradiation, so the quality of the life in these patients can be spared in any possible way. It could also be
considered for a new alternative fractionation schedules to be applied, such as hyperfractionation and
accelerated fractionation, so the side effects can be lowered during and after the radiation therapy.

Using the new approaches such as IMRT and VMAT on these patients, could also improve their
condition after the treatment, and reduced dosage of the irradiation also could be tested and implemented
if it is possible.
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