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Abstract

Chemotherapy occupies a special place in the
various schemes of treatment of oncological
diseases. Of the ten most common drug reactions
(ADRs) are follows: complications, nausea +/-
Vomiting, weakness, alopecia, drowsiness, mye-
losuppression, skin reactions, anorexia, mucositis
and diarrhea.

The scale of adverse reactions to chemotherapeu-
tic drugs (ADRs) for oncology patients is colossal.
Treatment of diseases caused by adverse drug
reactions requires a lot of effort and additional
finances.

Our focus was on changes occurred during cancer
treatment and after chemotherapy. Such patho-
logical changes, which can aggravate oral health,
are: vomiting, nausea, xerostomia, loss of appe-
tite, diarrhea, complications, stomatitis, change
in taste, metallic taste during infusion, mucosal
ulcers (mucositis), unusual bleeding (from the
nose and mouth), petechiae. In most patients may
develop the deterioration of oral health. This
factor can also have a significant effect on future
permanent occlusion (if chemotherapy is given
during a period of temporary occlusion), as well
as conditions such as dysphagia, dysphonia, ab-
normalities in the development of oral structures.
Objective: Our future goal is to find a connection
between chemotherapeutic agents and the patho-
logical changes that develop in the oral cavity
under their influence. Establishing a relationship
between oral cavity status and chemotherapeutic
agents during temporary occlusion, also - tempo-
rary occlusal structures (teeth, occlusion, alveolar
bone, and periodontal tissues) management to
prevent future permanent occlusion problems.
Materials: As part of our research we present

a clinical case. The patient underwent chemo-
therapy to treat thymus carcinoma. The patients
has been under our observation for 4 years. We
also performed supportive treatment to keep the
functioning organs (teeth, dental arches, mucous
membranes, gums, and alveolar bone tissues) in
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the oral cavity during and after chemotherapy.
Conclusion: The chemotherapeutic agents, like
any medication, have side effects, from which
most notable are pathological changes in the

oral cavity. The latter, beside to aggravating the
general condition of the patient, also prevents
the effective passage of the rehabilitation period
after chemotherapy. At the same time, depending
on the age of the patient, developing structures
(teeth, alveolar bone, jaw bones, oral mucosal
membranes, gingival, periodontal tissues) may be
at risk. In our opinion, with intervention of den-
tists and oncologists, the involvement of clinical
pharmacologists, nurses and healthcare profes-
sionals is also needed. Only with such large-scale
intervention will it be possible to provide full
patient assistance. From a dental point of view,
special attention should be paid to the chronolog-
ical and dental age of the oncology patient, and

a plan for the treatment and prevention of oral
complications for the individual patient should
be developed based on this issue.

Keywords: Chemotherapy, oral complications,
case study.

Introduction

Chemotherapy occupies a special place in the
various schemes of treatment of oncological
diseases. The ten most common drug reactions
(ADRs) are follows: complications, nausea +/-
Vomiting, weakness, alopecia, drowsiness, mye-
losuppression, skin reactions, anorexia, mucositis
and diarrhea [1], meteorism, stomatitis, taste
change, metal taste during infusion, mucous
ulcers, unusual bleeding (nose, mouth), petechiae
[2].

The scale of adverse reactions to chemotherapeu-
tic drugs (ADRs) for oncology patients is colossal.
Treatment of diseases caused by adverse drug
reactions requires a lot of effort and additional
finances [3].

Oral health problems are primly linked to mal-
nutrition, which is a recognized co-morbidity in
cancer patients. By data about malnutrition of pe-
diatric oncological patients through chemothera-
py, amount of such children varies from 44% up
to 68% in varies literature [4].

Nutritional support, therefore, is an important
aspect of management, as poor nutrition may be
associated with poor prognosis [5.6], also it is as-
sociated with impaired immune function, higher
risk of infections, delayed wound healing and
altered drug metabolism [7].
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Many cancer survivors are at risk for primary
disease recurrence, also a treatment-related effect
such as a second cancer or cardiac dysfunction
[8]. Most frequently observed side effects are
endocrine disorders, GH deficiency, primary
hypothyroidism [9]. Also, among complications
should be mentioned secondary censer as a result
of mutagenic effect of chemotherapy [10].

By using of chemotherapeutic agents, the majori-
ty of patients may have the complications of oral
health, which is related to nutritional disorders
[11], which are shown in 72-79% after starting
chemotherapy during 1-6 months. Even after 12
months prevalence is about 46%. The oral symp-
toms related to nutritional disorders includes dry
mouth, nausea, constipation, diarrhea and stom-
ach pain [12].

Nutritional disorders importance are related to
affection of mechanical and sensory functions,
which should be assessed and managed in order
to maximize oral intake. So, the interprofessional
team approach including oral health care profes-
sionals and registered nutritiologists is essential
in managing patients with cancers. [13]

Some authors pay special interest to association
between selected systemic diseases, which im-
pact oral health and to common factors associat-
ed with dietary modifications (congenital heart
disease, cystic fibrosis, cancer, aids/HIV, diabetes
mellitus, and phenylketonuria) [14].

As a conclusion it is usable follow statement: “Di-
etary quality and nutritional status are important
for the promotion and maintenance of health
throughout the life span and inclusive among the
multiple determinants of chronic diseases. They
occupy a prominent position in disease preven-
tion and health promotion. The diet and nutri-
tion may have an additive or multiplier effect

on the prevalence of chronic diseases, including
cardiovascular disease (CVD), diabetes, obesity,
cancers, osteoporosis, and oral diseases. Further-
more, nutritional status is a primary determinant
of responses to medical therapies effective in the
treatment of an array of physical and iatrogenic
conditions.” [15].

These factors may cause significant violations in
future permanent dentition, also problems — such
dysphagia, dysphonia, developmental changes in
oral structures [16]. Also Patients with chronic
dental problems and oral hygiene are an import-
ant risk group that may develop acute odonto-
genic infections on the background of immuno-
suppressive medications used in chemotherapy
[17].
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Relevance of the topic: The main reason of
malnutrition among cancer survivals during and
after chemotherapy many authors named nausea,
decreased appetite, vomiting and changes in taste
[18]. Pretreatment oral assessment and interven-
tion followed by supportive oral care during and
after cancer therapy can reduce at least some of
the oral complications. A definitive supportive
oral care program is strongly recommended for
patients scheduled for high-dose chemotherapeu-
tic regimens [19].

Our future objectives are to detect connection
between chemotherapy agents and the patholog-
ical changes in the oral cavity under their influ-
ence, the connection between oral health status
during primary dentition and chemotherapy, also
management of primary orthognathic occlusion
of the patients to prevent future occlusal prob-
lems.

Most chemotherapeutic agents have some side
effects, but averagely only 30% is manifested in
oral cavity of adult patients. In young children
this data increases up to 50% [20]. It has to be
noticed the range of adverse effects (destruction
of teeth hard tissues, high risk of infection of oral
mucosa, the anomalies of number, shape and size
of future permanent dental structures) which has
most dangerous impact on nutritional process of
the child [21], and as a result delayed rehabilita-
tion process we distinguish:

Vomiting — leads to systemic and local distur-
bances. Systemic effects, like mineral misbalance
and its impaction on total health condition is
known and studied well [22]. Locally, because

of oral pH decreasing, dentist may observe lin-
gual-occlusal erosion (perimylolysis) which is
nearly always present. Because of dehydration
subnormal values of saliva properties, which by
itself leads to oral infections and oral structures
destructions [23, 24].

Nausea - same acid reflux is a medical condition
in which gastric fluid is regurgitated into the
esophagus and oral cavity. The acids are in the
prevalence of etiology of dental erosion and the
salivary yeast and ms colonization [25].
Xerostomia — same dry mouth, which means
deficiency of saliva. Importance of saliva is ex-
tremely high in the maintenance of oral health.
The medical practitioners must be realise the
importance of saliva and also be involved in the
recognition and diagnosis of problems in sali-
vary function. No other health care worker, but
only dentists are able to completely evaluate the
oral environment and to recognize these oral
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complications [26]. More than about 10 major
defense mechanisms are determined by salivary
proteins and glycoproteins, they are lost in case
of saliva deficiency. This violation is temporary
and reversible. However, it causes discomfort, it
affects speech and chewing function.Amylase and
peroxidase increases, simultaneously are reduced
IgA, and IgG, even mild trauma of oral mucous
membrane can contribute the development of
mucositis. The functions of saliva are reduced,
such as lubrication, humidity, and antimicrobi-
al activity [27]. In the literature it is indicated,
that after the completion of chemotherapy the
salivary function will be restored in about 12
months. The use of large amount of water, the
use of sugar free chewing gums and candies

can provide serious assistance to the patient to
avoid hyposalivation and the effect of xerostomy
during chemotherapy [28].

Loose of appetite — in medical publications are
more information about this complication’s ad-
verse effect on systemic health, in cancer patients
additionally with appetite loss, loss of weight is
determined by intoxication because of chemo-
therapy and main disease [27.28]. However it also
affects locally oral structures: function of organs
in developing body provokes their growth and
adequacy to forces which are affecting particu-
lar organs due to lifespan [29]. In case of loose

of appetite, chewing functions of oral structures
leads to dysfunction of them — same growth and
developing of structures are restricted. Here we
discuss about the direct proportional relation-
ship of the growth and growth rate of the child’s
oro-facial system with the functional load. In this
case, due to decreased appetite, if the child does
not chew food, his oro-facial system - the tis-
sues around the tooth, alveolar bone, jaw bones,
muscles do not grow in proportion to age. At the
same time, impaired chewing function contrib-
utes to hypofunction of the salivary glands, limit-
ing the process of functional self-cleaning process
of teeth, which, in turn, promotes the growth of
microbial contamination and the formation of
biofilm in the oral cavity.

Taste change — as well as different taste during
the transfusion (f.eg. metal taste) leads to weight
change and rehabilitation retardation in patients
with oncological diagnosis, which receive che-
motherapy. According of researches nutritional
counseling is very important for maintaining
social activity and quality of life [30].

Stomatitis — mucositis — etiology of mucositis in
cancer patients were thought the effect of che-
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motherapeutical agents on basal cells of epitheli-
um [31]. Some researchers suggest that mucositis
are the result of keratinocytes growth factor (kgf)
decreased or lost secretion [32]. Some of them
discuss about activation of transcription factors
such as nf-xb that induce up-regulation of spe-
cific genes (tumor necrosis factor, il-6, and il1)
which then trigger apoptosis and the cascade of
events that lead to epithelial ulceration [33].
Unusual bleeding (nose, mouth) - Bleeding oc-
curs in up to 10% of patients with advanced can-
cer. It can present in many different ways [34].
Spontaneous bleeding in oral cavity is associated
with chemotherapy is already proved. Mostly it
is caused with secondary neutropenia, trombocy-
tolisis [35]. Spontaneous oral bleedings increase
risk of periodontal and oral mucosa infctions [36].
The changes of hard tissues — The damages
according to chemotherapy in patients under

the age of 5 years, include not only the present
organs of the oral cavity, but also they are dan-
gerous for the future occlusion. It is possible to
develop pathologies such as pulp cavity expan-
sion (based on delay in dentinogenesis); tooth
development interruption; chemotherapy leads to
qualitative defects of teeth; the volume of defects
depends on the type of medication and the man-
agement of oral cavity disorders [37].

It should be noted that since 1990, for more

than 20 years, surveys and observations are on
oncologic patients who have oral complications
because of chemotherapy. The literature con-
tains caries, odontogenic infections, mucositis,
oral mucous membrane problems. During the
chemotherapy in pediatric patients the incidence
of occlusion disorders is indicated in 55.6%. The
agenesia - the qualitative damage to the teeth

is mentioned in 20,4% according of the period

of cancer diagnosis, the intensity of the chemo-
therapy and the age of the patient; microdontia
—in 30,6%. These pathologies are related to the
matches of teeth calcification period and the che-
motherapy course [38].

Enamel hypoplasia and discoloration of perma-
nent teeth are the most common defects among
the results of chemotherapy conducted in early
age. Hypoplasia is the result of damage of ame-
loblasts function, because of chemotherapy their
reproductive and sectarian functions are violated,
also — calcium intake via their membrane. During
the tooth calcification, the transfer of the Her-
twig’s area causes the dislocation of the pulpal
cavity to the bifurcation. As a result of cytotoxic
medications, it is also possible to develop roots
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agenesis, hipodontia [39].

Correlation between particular chemotherapeutic
agents and their manifestation in oral cavity was
study subject for many researchers. The latest
data are provided by authors is more detalized,
but any way there are further question to be
searched [20], The mostly founded complications
of dental structures are: agenesis of tooth/roots,
root malformation, dusplasia of enamel, micro-
dontia. (TABLE 1)

Materials and methods

After many years of pediatric dental practice, we
have become particularly interested in detecting
oral complications as a result of chemotherapy
and finding preventive measures to avoid them.
For this purpose in our research we try to manage
primary dentition for preventing future occlusial
and permanent dentition problems, same time
administrate supportive treatment for the patient
during and after chemotherapeutic intervention
to keep oral structures functioning.

Case report — Patient 3,7 years old female which
presented in our dental clinic.

Main diagnosis: Thymic Carcinoma, which was
proved by modern lab and nstrumental tests.
There was held combination of standard treat-
ment (surgical remove of neoplastic tissue and
chemotherapy).

Medications used for chemotherapy purpose:
before surgery medications used before surgery:
Vinracine (Vincristine sulfate ) 1 mg per 1ml X
1; Holoxan (Ifosfamide) 1mg X 6. After surgical
intervention: Doxotil (Doxorubicin Hydrochlo-
ride) 10mg X 6; Etoposide 20mg/ml 100mgX3.
From history it is known that totally were pro-
vided 16 courses of chemotherapy (7 before
surgical intervention and 9 — after chemother-
apy). Dental treatment was involved after 4™
course when patient had symptomatic oral pain
and toothache (fig.1), for which, according to the
parents, child frequently refused to eat. The pa-
tient was also refusing from meal because of the
altered taste in the mouth.

It was necessary to plan more frequent visits
compared to routine visits to pediatric dentis —
according to the patient’s needs. This was due

to the extremely rapid development of siver
early childhood caries (SECC) and acid necrosis
(perimolization) of dental hard tissues (enamel,
dentin) (Fig. 2; Fig. 3). The visits were carried
out taking into account the guidelines and the
patient’s needs - before and after each course of
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chemotherapy, also 2 weeks after completing the
each course.

Medication devitalization and / or temporization
of cavities were performed during the course of
chemotherapy or after 2 weeks of course admin-
istration, because we were not able the provide
local anesthetics: on the one hand, due to the
depressed psycho-emotional status of the child
and on the other hand - it was not recommended
by the treating oncologist to use local anesthetics
- due to the presence of antagonism with med-
ications. If it was not permitted to delay tooth
treatment and use of local anesthesia was indicat-
ed, dental manipulation was performed between
chemotherapy courses, but only 2 weeks after the
end of the chemotherapy course (as indicated by
the oncologist).

By excessive mouthwashsing with antiseptic
solutions (H,O, 3%, Iodinole 1%, Hypotonic
solutions) we were tried to avoid results of xe-
rostomia, to regulate the pH of the oral environ-
ment and extremely rapid destruction of hard
tissues. Topical nystatin ointment applications
have been used to treat oral candida infections.
In age 4,8 we got permition to make radio graph-
ical examination of patient (fig.4). On OPG

was observed normal development of all future
permanent teeth, except of all second premolars —
was observed adontia, alveolar bone receding. At
this time, we realized, that most problems which
may occur in future it is alveolar bone loss. To
avoid such complications, we decide to control
gingival problems and maintain primary teeth

for supporting future occlusion. For this aim, by
us was performed pulpal treatment, but resto-
ration of coronal part of teeth was complicated:
we could not provide metal crown restoration —
teeth several times were needed to be endodonti-
cally retreated, because of material fast resorption
and risk of developing odontogenic infections.

At the end of rehabilitation time (1 year after last
course of chemotherapy) our patient’s condition
was stable. Permanent molars eruption was in
progress. Also by last radio graphical examination
we were satisfied with condition of alveolar bone.
Bone resorption was not progressed (fig. 5, fig.6,
fig.7). In periapical area of tooth 75 we men-
tioned some formation, which was rechecked by
intraoral visiography (fig.8, fig. 9)
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Discussion

Fro the ten most common drug reactions (ADRs)
[1], in the clinical case, the patient presented
with most of them. However, the information
received from the patient’s parents as a history.
Oral health problems are primly linked to mal-
nutrition, which is a recognized co-morbidity in
cancer patients[4]. This is confirmed in our case
by the information collected as an anamnesis:
The parents complained about child’s decried
appetite, also they mentioned, the child refused
to eat because altered taste sensation. A team

of dentists faced a similar problem, when the
child did not like it, or even vomited because of
the “disgusting” taste of the restorative material
during dental appointment [30].

Due to eating disorders and the general condition
of the patient, low oral hygiene condition was
observed, which was aggravated by xerostomia
[26]. gingiva recession and alveolar bone re-
sorption, oral candidiasis, coated tongue, These
complications were most commonly seen during
chemotherapy. Antiseptic solutions (3% hydro-
gen peroxide, 1% lodineol, hypertonic solutions)
were used to treat them. Antifungals - Nistatin
ointment applications. Treatment was selected due
to the presence of fewer side effects of the listed
medications. These medications were prescribed
periodically, as indicated, during chemotherapy
courses and during the rehabilitation period.

One of the most common side effects of chemo-
therapy - mucositis - has not developed in our
little patient. Instead of it, during the rehabilita-
tion period, the parents often complained about
bleeding gums and periodic oedema of the inter-
dental papillas. Antibiotic therapy was performed
to treat inflammation of the periodontal tissues
and prevent odontogenic infection risks (Aug-
mentin - with age dosing. Totally — 2 courses
with an interval of 6 months).

Injuries of the teeth hard tissues were also ob-
served in the oral cavity of our little patient [37,
38]. In most cases, due to chemotherapy admin-
istration during primary occlusion, damage of
the teeth tissues develops in such degree that it
becomes a source of odontogenic infection. For
this reason, tooth extraction is required, and by
the beginning of the transitional oclusion peri-
od (6 years of age), the majority of little patients
have absolute secondary adentia (tooth loss as a
result of extraction) followed by dysfunction of
the oro-facial system in the developing organism.
It is the reason for which we have tried to keep
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even damaged teeth for our little patient. The
radical endodontic treatment was carried out
(acent was not done to maintain dental vitality
because tertiary dentinogenesis was delayed due
to the general condition of the patient). In this
way we tried to partially maintain the chewing
function and also to reduce the rate of alveolar
bone resorption. Because, alveolar bone resorp-
tion takes place even more rapidly in the area of
the extracted tooth.

In the same way, we tried to reduce the possibil-
ity of developing anomalies in the future per-
manent dentition due to premature loss of baby
teeth (migration of permanent tooth buds inside
the jaw bone, disruption of eruption time, loss
of localization of teeth, loss of tooth arch length,
damage to the curve of Spee). This is followed by
malaligmentation of the erupted teeth, absence of
self-cleaning function, inability to provide proper
hygiene, rampant caries, chronic generalized in-
flammation of the gums, periodontal tissues - all
of these are the prerequisite for premature tooth
loss and chronic odontogenic infection in future
permanent dentition.

Tooth agenesis, root agenesis, and hypodontia
[39] are another side effect of chemotherapeutic
treatment during primary dentition. Agenesis of
premolars (15, 25. 75, 85) was noted in the first
OPG of the patient (Fig. 4).

However, this was the first true adontia if it was
the result of chemotherapy — it is quite difficult to
realise because we have not been able to examine
a patient before chemotherapy. At the same time,
statistical data on primary adontia should be con-
sidered, where congenital adontia of the first pre-
molars is more common, and almost no primary
adontia of the second premolars is observed [40].
It is also interesting to find the contours of 45
tooth bud at the age of 6 years in a repeat pan-
oramic picture of our patient. However, the cause
of the microdontia of the tooth remains under
the question - is congenital anomaly or it is devel-
oped as a result of chemotherapy (Fig. 7, Fig. 8).
Our clinical case is interesting in the sense that
in a patient with a loaded anamnesis (diagnosis

- thymus carcinoma, quite aggressive chemo-
therapy for treatment), based on the provided
treatment we maintaind primary teeth, which
prevented the alveolar bone resorption. We also
hope that patient will have fewer problems in
future with permanent teeth in terms of their lo-
cation and relationship between upper and lower
dental arches. This is a prerequisite for a healthy
oral future. Also with prescription of mouth-
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washes, diseases of the oral mucosa were limited
to chronic candidal infection (Hydrogen peroxide
3%, iodinol 1% and hypotonic solutions - ex-
clude chlorhexidine and metronitazole - due to
the presence of quite a lot of side effects of these
medications).

Dedicated support from the patient’s parents
should be especially noted. They tried to perform
the treatment personally and thoroughly as pre-
scribed by the medical staff.

The patient is still under observation. In the
future we are interested in the existence of per-
manent dental hypoplasia and its severity. These
data will be recorded during further visits, which
will be conducted according age guidelines (2
times per year).

Conclusions

Oral (dental) problems, which are developed
during the treatment of oncologycal patients
require deeper and more intensive study. By our
opinion, this is not a matter of one discipline, as
this problem requires a multidisciplinary ap-
proach.

In addition, has to be mentioned, that with
involvement of dentists and oncologists, it is
essential to include professionals such as clini-
cal pharmacologists and nurses, administration
health care professionals, as only such a system-
atic approach will be able to fully assist these
patients.

From a dental point of view, particular attention
should be paid to the chronological and dental
age of the patient, and in the light of these op-
tions, an individual preventive and treatment
plan should be developed. It is also important to
study the specific correlations between chemo-
therapy and oral contraceptives. Perhaps in the
future, if we have more information on this issue,
we will achieve better results.
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TABLE 1 -Long-term Follow-up Guidelines for Survivors after cancer treatment [20].

Any chemotherapy  Agenesis of tooth/root
Root malformation

Dysplasia of enamel

Microdontia

Patient without development of permanent
dentition at the time of cancer treatment

Radioation therapy of oral cavity or salivary
glands area

Age <5yo at the time of cancer treatmnent

unknown
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Fig. 1 — On first appointment main complains was
refusing from eating and “burning mouth”.

S
Fig. 2 — Perymolysisof hard tissues.

Fig. 3 — for treatment was used Glass-Ionomeer
cement material (patient at age 4,8 yo).

Fig. 4 —Same patient (age 4,8 yo).

Fig. 5 — eruption of first lower permanent molars.

i
S W
Fig. 6 — Even sever destruction of hard tissues
inflammatory changes in periodontal tissues were

not observed.
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Fig. 7 — some formation under tooth 75 was
observed. No bone loss. Condition of permanent
molars were satisfied.

Fig. 8 — development and mineralization of tooth
bud (35).

Fig. 9 — tooth 85 still has no permanent successor.
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