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Abstract

During cancer therapy, patients undergo long-term treatment with chemotherapists. Unfortunately,
although chemotherapy effectively destroys cancer cells, its toxicity may cause many adverse effects,
weakening the patient's body. Their intensity is determined by many factors, including the age of the
patient, the dose and type of drugs, the efficiency of metabolism and the occurrence of coexisting
diseases. The most common side effects associated with chemotherapy include: myelosuppression,
anaemia, neutropenia, thrombocytopenia, thrombocytopenia, thromboembolic disease, cardiovascular
disorders, hair loss, nausea, diarrhoea, mucositis, taste change or fatigue.

The complications that occur during or after chemotherapy are still a huge challenge for modern
oncology. It is very important that the treatment of a patient with cancer is conducted by a team of
doctors with many specializations. The individualization of treatment and the introduction of
combined therapy may significantly minimize the occurrence of many serious complications, which

may affect not only the quality of treatment, but also the patient life expectancy.
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Introduction

Although chemotherapy effectively destroys cancer cells, its toxicity may cause many adverse effects
and thus weaken the patient's organism. Unfortunately, chemotherapeutics do not work selectively and
cause death of healthy cells too, especially those that are subject to intensive divisions.

The most susceptible are the bone marrow cells, gastrointestinal cells, reproductive organs, hair and
mucous membranes (Figure 1). Cytostatics administered during chemotherapy may also destroy the
cells of the heart, nervous system, lungs, kidneys and urinary bladder.

The intensity of side effects depends on many factors, including the age of the patient, the dose and
type of medications taken, coexisting diseases, and the efficiency of metabolism. These symptoms
may be mild or aggressive.

The most common side effects are: myelosuppression, anaemia, neutropenia, thrombocytopaenia, hair

loss, nausea, diarrhoea, ulceration of the oral cavity, changes in taste or fatigue [1-5].
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Fig. 1. Complications associated with oncological therapy
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Oncological treatment is usually a complex therapeutic process. Chemotherapy is used in combination
with radiotherapy, surgical treatment, as well as with nuclear medicine methods. The correct planning
of all therapy stages and predicting the possibility of complications may significantly increase the
effectiveness of cancer treatment.

Procedures used in the treatment of cancer are often very burdensome for the patient's organism.
Therefore, it is very important to include supportive treatment in the therapy, the aim of which is to
prevent and treat homeostasis disorders at every stage of diagnostic and therapeutic procedures, as

well as to ensure the best possible quality of patient's life.

Treatment of bone marrow damage complications

Anaemia

Anemia occurs in more than half of patients during cancer treatment. The use of radiotherapy and
chemotherapeutics may lead to bone marrow suppression and disorders in the production of
endogenous erythropoietin, a factor stimulating the red blood cell production process, resulting in a
decrease in the ability of blood to transmit oxygen.

Hemoglobin levels below the lower limit of normal (women - 12-14 g/dl; men - 14-18 g/dl) and
erythrocyte deficiency cause fatigue, weakness, concentration problems, headaches and dizziness, as
well as dyspnea and heart arrhythmias in oncological patients. Symptoms of anaemia may reduce the
effectiveness of radiotherapy due to cellular hypoxia and hinder the continuation of chemotherapy [1].
The supplementation of iron, folic acid and vitamin B12 deficiency is important for the anaemia
treatment in oncological patients [6].

Factors stimulating erythropoiesis (e.g. erythropoietin rHuEPO) and transfusions of blood or

preparations containing red blood cells are also used [1, 6, 7].
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Thrombocytopaenia

Thrombocytopenia is diagnosed when the platelet count falls below 150,0000/pl. Chemotherapy-
related thrombocytopenia is most often caused by reduced platelet production in the bone marrow as a
result of anticancer treatment or bone marrow cancer. This leads to the formation of haemorrhagic
thrombocytopenic flaws, which is characterized by skin and mucosal bleeding, manifested by the
formation of small petechiae most frequently on the skin of limbs, trunk, less frequently on the face
and the petechiae of the oral cavity mucosa. They can also take the form of bleeding from the mucous
membranes of the oral cavity and nose, urinary and sexual tract, digestive tract or bleeding to the
central nervous system.

Bleeding in oncological patients may also be caused by abnormal production of coagulation factors as
a result of liver damage, excessive excretion of coagulation factors in urine, abnormal renal function
and no substrates for their synthesis [9].

In connection with such a broad etiology of bleeding, it is important to conduct a multidirectional
analysis of the patient's condition in order to properly diagnose the cause of the pathology.
Haemorrhagic thrombocytopenic flaws may be treated with corticosteroids (prednisone), infusions of
immunoglobulins and thrombopoietin receptor agonists (romiplostym and eltrombopag) [10, 11]. In
more severe cases, platelet cell concentrates and recombinant human interleukin 11 (oprelvecin) are

also used [3, 12].

Neutropenia

Neutrophils are the most numerous group of white blood cells of the immune system. Neutropenia
means a reduction in the number of neutrophils below 1000/ul. The most common cause of

neutropenia in oncological patients is abnormal production of bone marrow neutrophils due to dose-

323



dependent, myelotoxic action of cytostats. A decrease of neutrophils level may also be caused by
radiation of large areas of bone marrow or by the suppression of normal haematopoietic cells by
cancer cells.

During chemotherapy, it's very important to maintain the number of neutrophils at a horizontal level to
protect the body from infection, thus allowing effective oncological treatment [9]. In the case of
infections associated with neutropenia, patients are primarily treated for symptomatic infection.
Growth factors of granulocytes (Filgrastim), which stimulate the growth and maturation of

granulocyte stem cells and immature granulocytes, are also sometimes administered [2, 13].

Circulatory disorders

A cancer patient has a high risk of developing venous thromboembolism, which may occur even
several years before the diagnosis of the disease, and during therapy. Circulatory disorders may be the
result of changes associated with the underlying disease, or may be the consequence of disorders of
the homeostasis of the system due to chemotherapy or radiotherapy.

Chemotherapy increases the risk of thromboembolism by over 6 times [14]. The vascular wall is
damaged as a result of toxic effects of cytostatics, blood composition disorders, e.g. decreased
concentration of clotting inhibitors (proteins C and S, antithrombin) and platelet activation.

A cancer patient has a high risk of developing venous thromboembolism, which may occur even
several years before the diagnosis of the disease, and during therapy. Circulatory disorders may be the
result of changes associated with the primary disease, or may be the consequence of disorders of the
homeostasis of the system due to chemotherapy or chemotherapy.b radiotherapy.

Chemotherapy increases the risk of thromboembolism by over 6 times [14]. The vascular wall is
damaged as a result of toxic effects of cytostatics, blood composition disorders and platelet activation.

As a result of these changes, thrombi forms inside the deep veins, hindering or preventing proper

324



blood flow. In some patients, this is manifested by pain, swelling, tenderness or redness of the skin
area [15].

The treatment of venous thromboembolism and its complications in the course of cancer is mainly
based on prevention. Pharmacological treatment includes aspirin, low molecular weight heparins
(dalteparin, enoxaparin sodium, tinzaparin, hyperparin, bemiparin), unfractionated heparins, oral
anticoagulants (warfarin), factor Xa inhibitors (fondaparinux, rivaroxaban) and direct thrombin

inhibitors (dabigatra) [15-17].

Gastrointestinal disorders

Induced nausea and vomiting chemotherapy (CINV)

Nausea and vomiting are very common side effects of both chemotherapy and radiotherapy. Although
they do not cause life-threatening conditions, they significantly reduce the quality of life of patients.
Increased occurrence of vomiting may lead to water-electrolyte balance disorders and long-term eating
disorders.

CINVs usually occur in two phases. The acute phase occurs within 1-2 hours after chemotherapy
administration and may last up to 24 hours, while the delayed phase after 24 hours [4].

The mechanism of vomiting pathophysiology is mainly based on the release of serotonin from
enterochromafilic cells in the gastric and intestinal mucosa. This process is induced by free radicals
formed after chemotherapy. Serotonin interacts with 5-HT3 receptors located in the intestinal wall to
stimulate the vomiting reflex. In addition, chemotherapeutic agents directly affect the receptors in the
central nervous system, stimulating the center responsible for inducing vomiting [4, 18].

The basic principle of recommended antiemetic treatment is prophylaxis, based on taking an optimal
dose of antiemetic drugs before the administration of chemotherapeutic. Due to the highest therapeutic

index, the most commonly used antivomiting drugs are serotonin receptor antagonists (granisetron,
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ondansetron, dolasetron, tropisetron). Drugs from this group act on 5-HT3 receptors, effectively
suppressing the early phase of CINV [19]. Another group of drugs are NK-1 receptor inhibitors
(aprepitant), used both for early and late vomiting. In case of aggressive chemotherapy regimens

(cisplatin, decarbazin, high-dose cyclophosphamide), corticosteroids (dexomethasone) are used [20].

Mucositis

Oral and/or gastrointestinal mucositis is a frequent consequence of cancer treatment. The frequency of
inflammatory symptoms is strongly dependent on the type and dose of drugs used. In 20-50% of
patients undergoing standard doses of chemotherapy and 75% of patients on high dose chemotherapy,
inflammation of mucous membranes is observed. Symptoms associated with mucositis reduce the
quality of life of patients and may cause water-electrolyte disorders as a result of malnutrition and/or
malabsorption. The intensification of these symptoms often makes it necessary to discontinue the
planned treatment and reduces the chances of recovery [21].

In relation to mucositis, in addition to active treatment, prevention efforts aimed at reducing the risk of
complications play are very important. Preventive measures include ensuring adequate nutrition,
stopping the use of alcohol and tobacco, thorough treatment of lesions of the oral cavity and teeth
before starting anticancer treatment, as well as maintaining proper oral and dental hygiene during
therapy. In selected cases, non-steroidal anti-inflammatory drugs, antibiotics and antifungal agents are
also used prophylactically [5].

The treatment of inflammatory changes primarily involves the administration of broad-spectrum or
targeted antibiotics and antifungal medicines. In addition, analgesics, including opioids, benzidamines,

glutamines and oral cryotherapy are also used [5, 21].

Cardiovascular disorders
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Cardiovascular complications are a group of serious disorders resulting from chemotherapy in about
10% of patients [22]. They may contribute to increased morbidity and mortality in patients who have
undergone oncological treatment. Symptoms of cardiovascular disease appear after a longer period of
time, even several decades after anticancer treatment [23, 24]. Chemotherapy-related cardiotoxicity
includes mainly myocardial dysfunction, left ventricular failure, ischaemic heart disease, arterial
hypertension, coronary heart disease, cardiac arrhythmias, peripheral vascular diseases and stroke [23-
25].

In order to reduce the risk of cardiovascular complications, every patient with planned chemotherapy
should undergo meticulous cardiological evaluation. Prophylactic administration of drugs such as
angiotensin-converting enzyme inhibitors and B-adrenolytic drugs in these patients is not justified.
Only in cases of diagnosis of coexisting cardiovascular diseases should be used drugs appropriate for

the specific disorder [22].

Pain treatment

During chemotherapy, pain affects 30-50% of patients. Later on, the disease affects up to 90% of
patients. The actiology of pain in these patients is very extensive. It is the result of complex
pathological processes, including both cellular, tissue and systemic changes caused by the growing
cancer tissue, changes associated with the progressive disease, disorders resulting from anticancer
treatment, or coexisting diseases.

If analgesic therapy is appropriate in chemotherapy patients, it is very important to identify the factors
that cause pain, determine the location and radiation of pain, pain intensity, also the factors that relieve
and intensify it. The efficacy and tolerance of existing treatment should also be considered as well.

The Numerical Rating Scale (NRS) (Fig. 2) is currently the standard used to assess pain severity and

monitor pain management efficacy [26].
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no pain mild pain moderate pain severe pain possible
pain

Fig. 2. The Numerical Rating Scale NRS.

It is assumed that in patients with effective analgesic management, the severity of pain measured using
the NRS scale should be <3 [27, 28].

The treatment of pain in oncology is based on pharmacotherapy. The analgesic drug and dosage
should be selected individually for each patient depending on the type of pain, in accordance with the
analgesic ladder (Fig. 3) - defined by the WHO (World Health Organization) - a three-stage scheme of
the intensity of pharmacological treatment depending on the level of pain perception [29, 30]. Every

next step of the scheme represents a higher potential for analgesic effect.

Strong opioid drugs:
morphine, fentanyl, buprenorphine, oxycodone, methadone
severe pain
on the NRS scale: 7-10 + non-opioid analgesics
+ koanalgetics

ineffectiveness of the drug
or increasing pain

Weak opioid drugs:

] codeine, tramadol, dihydrocodeine
moderate pain

on the NRS scale: 4-6 + non-opioid analgesics

+ koanalgetics

ineffectiveness of the drug
or increasing pain

Non-opioid analgesics:

minor pain paracetamol, metamizol, non-steroidal antiinflammatory drugs
on the NRS scale: 1-4 .
+ koanalgetics

Fig. 3. The analgesic ladder defined by the WHO.
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On each step of the analgesic treatment ladder we can include the coanalgesics (adjuvants). These
drugs enhance the analgesic effect, and are also used to treat the side effects of medicines from other
groups used in the treatment of pain. Coanalgesics are also effective in the therapy of neuropathic pain

when the lack of efficacy of classical analgesics is observed [30, 31].

Summary

Complications occurring during or after chemotherapy are still a great challenge for modern medicine.
It is very important that the treatment of oncological patient is carried out by a team of
multidisciplinary doctors. The individualization of treatment and the introduction of combined therapy
may significantly minimize the occurrence of many serious complications, and thus may affect not

only the quality of patients' life, but also their life expectancy.
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