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Assessment of dietary intake of polyphenols  

in the prevention of cancer 
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Corresponding author: Pachocka Lucyna, Medical Center, National Institute of Public 

Health – National Institute of Higiene, e-mail: lpachocka@pzh.gov.pl 

ABSTRACT 

Introduction: Polyphenols are a diverse group of compounds. They show antioxidant, anti-inflammatory, 
antiatherosclerotic, antiallergic, anti-edema and anti-mutagenic effects. Polyphenols increase the activity 
of antioxidant enzymes such as superoxide dismutase (SOD), catalase and glutathione peroxidase, 
contribute to the increase in the concentration of low-molecular antioxidants – ascorbic acid (vitamin C) 
and α-tocopherol (vitamin E). In recent years, much attention has been paid to natural polyphenols present 
in products of plant origin, the action of which may reduce the risk of cancer. Literature data on the 
consumption of polyphenols vary. Daily consumption of flavonoids in the Mediterranean countries is 

estimated to be between 100 and 1000 mg, depending on the diet. Therefore, in the era of obesity, which is 
a long-term inflammatory process leading to increased cellular proliferation, inhibition of apoptosis, 
stimulation of angiogenesis and damage to genetic material, thereby increasing the risk of cancer, it is 
important to use a balanced low-energy diet. 

Aim and material: The aim of the study was to compare the amount of polyphenols in the developed low-
energy diet in relation to the normocaloric diet assuming vegetable intake in both diets at the same level 
of 400 g/day. The consumption of polyphenols was taken from the database of the Virtual Library of Science. 

Results and conclusions: It was found that daily intake of polyphenols in the low-energy diet of 1200 kcal 

was 318.5 mg, and in the normocaloric diet of 2000 kcal – 489.5 mg. Differences in consumption were not 
statistically significant. Additionally, drinking 200 ml of coffee/day and 300 ml of tea per day, the 
consumption of polyphenols is increased by 2900 mg. A properly balanced low-energy diet covers the 
recommended polyphenol intake that allows proper functioning of the body. 

INTRODUCTION  

Polyphenols are a very diverse group of compounds. Depending on the number 

of hydroxyl groups and the way the aromatic rings are joined, four main classes 
of polyphenolic compounds are distinguished: phenolic acids (benzoic acid derivatives 

and cinnamic acid derivatives), flavonoids (flavones, flavonols, anthocyanidins, 

flavanones, flavanols, isoflavones), lignans and stilbenes (Quideau et al., 2011, 

Koszowska et al., 2013; Paszkiewicz et al., 2012; Pérez-Jiménez et al., 2010). They are 
widespread in the plant world. They accumulate in stems, leaves, flowers and fruits. 

They are responsible for their color, therefore fruits with intense pigmentation are 

characterized by a high content of these compounds. Vegetables, spices and popular 
drinks such as coffee and tea are a rich source of polyphenols (Grajek, 2007; 

Kwiatkowska and Bawa, 2007) (tab. 1). 

Due to the health-promoting properties of polyphenols, including antioxidant, anti-
inflammatory, antiatherosclerotic, antiallergic, anti-edema and anti-mutagenic effects 

(Ellis, 2011) we wanted to check to what extent the selection of products and the way 

they are used affects the amount of consumption of these compounds with a low 

energy diet used to treat overweight and obesity and with a normative energy diet, the 

mailto:lpachocka@pzh.gov.pl
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more that literature data on polyphenol intake are different and generally relate to the 

occurrence of different compounds in different products. It is estimated that daily 

consumption of flavonoids in Mediterranean countries depending on the diet is from 
100 to 1000 mg (Wilczyńska and Retel, 2011; www.phenol-explorer.eu). Therefore, in 

the era of obesity, which is a long-term inflammatory process leading to increased 

cellular proliferation, inhibition of apoptosis, stimulation of angiogenesis and damage 
to genetic material, thus increasing the risk of cancer, it is important to use a properly 

balanced low-energy diet rich in polyphenolic compounds. 

Table 1. Occurrence of selected polyphenols (Grajek 2007, Kwiatkowska and Bawa, 2007) 

Polyphenol groups Groups of flavonoids Occurrence 

Phenolic acids Caffeic acid 
Chlorogenic acid 
 
Ferulic acid 
Ellagic acid 

Coffee, white grapes, olives, cabbage 
Apples, cherries, peaches, pears, tomatoes 
Cereals, asparagus, tomatoes 
Blueberries, blackberries, raspberries, blueberry, 
walnuts 

Lignans  Linseed, cereals, coffee 

Stilbenes Resveratrol Fruit, grape seeds, cherries 

Flavonoids Catechins 
 
Flavones 
 
Isoflavones 
 

Flavanones 
Flavanols 
 
Anthocyanins 

Apricots, cherries, red wine, cocoa, green tea 
Celery, celery, parsley, parsley, lemons, cereals 
Soybeans and its products, peas, beans, lentils 
Oranges, grapefruits, peach seeds 
Apples, blackberries, grapes, red wine, dark 
chocolate, onion, tea 

Red wine, cereals, grapes, berries, cranberry, 
blackcurrant, raspberries, cherries 
strawberries, blackberries, chokeberry 

MATERIALS AND METHODS 

The aim of the study was to compare the amount of polyphenols in the developed low-

energy diet (1200 kcal) in relation to the amount of polyphenols in the normocaloric 
diet (2000 kcal), assuming the consumption of vegetables in both diets in accordance 

with the recommendations of healthy nutrition and cancer prevention in the amount 

of 400 g/day (Jarosz, 2017) and consumption of 2 cups of coffee and 2 small glasses 

of tea. The product selection took into account the sources of polyphenols and provided 
coverage of the demand for macro- and micronutrients. The content of polyphenols in 

food products came from the database of the Virtual Library of Science (Koszowska et 

al., 2013; Pérez-Jiménez et al., 2010; Asami et al., 2003; Filipiak-Florkiewicz et al., 
2017; Monagas et al., 2009; Percival et al., 2009; Rembiałkowska et al., 2006; Svilaas 

et al., 2004; Weibel et al., 2004; Wilczyńska and Retel, 2004; Solecka, 2019) (tab. 2). 

Table 2. Total polyphenol content in selected food (Koszowska et al., 2013; Pérez-Jiménez et al., 2010; Asami 
et al., 2003; Filipiak-Florkiewicz et al., 2017; Monagas et al., 2009; Percival et al., 2009; Rembiałkowska et 
al., 2006; Svilaas et al., 2004; Weibel et al., 2004; Wilczyńska and Retel, 2004; Solecka, 2019)  

Groceries Polyphenol content Source of literature 

Grape juice 76 µmol/L Percival, 2009 

Red wine 1200 mg/L Percival, 2009 

Oatmeal 37.8 mg/100 g f. m. GAE Filipiak-Florkiewcz, 2016 

Rice 20 mg/100 g  Wilczyńska, 2011 
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Bread 40 mg/100 g Wilczyńska, 2011 

Pasta 30 mg/100 g Wilczyńska, 2011 

Groats and flakes 23 mg/100 g Wilczyńska, 2011 

Edible fats 2 mg/100 g www.phenol-explorer.eu 

Vegetables 40 mg/100 g www.phenol-explorer.eu 

Fruit  80 mg/100 g Svilaas, 2004 

Potatoes 14.7 mg/100 g www.phenol-explorer.eu 

Apples 
 

3.93 mg/100 g f.m. conventional 
cultivation  
4.66 mg/100 g f.m. organic farming 

Weibel, 2000 

Apple Juice 304.6 mg/100 g f.m. conventional 
cultivation  
397.3 mg/100 g f.m. organic farming 

Rembiałkowska, 2006  

Frozen strawberries 240 mg/100 g f.m. conventional 
cultivation  
280 mg/100 g f.m. organic farming 

Asami, 2003 

Coffee 700 mg/100 g Svilaas, 2004 

Tea 500 mg/100 g www.phenol-explorer.eu 

Black Tea  

Green Tea 

102 mg/100 ml 

89 mg/100 ml 

Pérez-Jiménez, 2010 

Cocoa  3448 mg/100 g 
495.2 mg/40 g 

 
Monagas, 2009 

f. m. – fresh mass 

RESULTS 

Based on the literature and guidelines of the European Association for the Treatment 
of Obesity (Ayyad et al., 2000; Linde et al., 2004; Report WHO, 1998; American 

Diabetes Association et al., 2004; Tsigos et al., 2009), a proprietary low-energy diet 

with an energy value of 1200 kcal was developed, recommended for overweight or 

obesity women with low physical activity (tab. 3). The diet took into account the 
principles of healthy nutrition, including the provision of products from various groups 

of food products that included products that were sources of polyphenols, carotenoids 

and vitamin C, as well as were most often consumed regardless of the season. In the 
group of cereal products, whole grains were proposed (whole meal rye bread, 

buckwheat and oatmeal), especially recommended in the treatment of many metabolic 

diseases, including: obesity, diabetes, atherosclerosis, hypertension, constipation. The 
diet contained fats of vegetable origin, primarily native rapeseed oil, which is a good 

source of omega-3 acids, showing, among others anti-cancer activity (Pachocka, 2015; 

Renehan et al., 2008). Daily consumption of potatoes in the diet of 1200 kcal was 150 g, 

of fruit 100 g. In the vegetables group there were tomato in the amount of 130 g, 
pepper – 100 g, cauliflower – 100 g, soup vegetables – 50 g, onion – 10 g, dill – 5 g 

and soybean 5 g. It was estimated that the daily intake of polyphenols from the daily 

diet (DD) in the 1200 kcal diet was 318.45 mg/day. Mostly polyphenols were provided 
by vegetables, followed by fruit and whole wheat bread. 

  

http://www.phenol-explorer.eu/
http://www.phenol-explorer.eu/
http://www.phenol-explorer.eu/
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Table 3. Polyphenol content in low-energy diet 1200 kcal [Pachocka L. own study based on (Koszowska et 
al., 2013; Pérez-Jiménez et al., 2010; Asami et al., 2003; Filipiak-Florkiewicz et al., 2017; Monagas et al., 
2009; Percival et al., 2009; Rembiałkowska et al., 2006; Svilaas et al., 2004; Weibel et al., 2004; Wilczyńska 
and Retel, 2004; Solecka, 2019)  

 Diet 
1200 kcal 
[g/day] 

Polyphenols 
[mg/100 g 
product] 

Polyphenols in the 
diet of 1200 kcal 
[mg] 

Grain products: 
Bread (whole meal rye bread) 
Groats (buckwheat) 
Rice 
Cereal and cereal grains 
Pasta 
Wheat flour 

Oatmeal 

 
125 
10 
 
 
 
5 

15 

 
40 
23 
20 
23 
30 
5 

23 

 
50 
2.3 
 
 
 
0.25 

3.45 

Fats including butter: 
Oil/Olive oil (canola oil) 
Margarine/butter (Flora margarine 10 g) 

20 
10 
10 

2 
2 
2 

0.4 

Potatoes 150 14.7 22.05 

Vegetables 
(tomato 130 g, paprika 100 g, cauliflower 100 

g, soup vegetables 50 g, onion 10 g, dill 5 g, 
soybean 5 g) 

400 40 
Boiled: 

1.71/100 g 
dry mass 
Raw: 
1.29/100 g 
dry mass 

160 

Nuts/seeds    

Fruit 
(blueberries 50 g, strawberries 50 g) 

100 80 80 

 

Normocaloric diet (2000 kcal) is more liberal, butter was allowed, but vegetable fat 
was still preferred. Consumption of food products increased, including potatoes, fruit 

and cereal products. Vegetable consumption was maintained at the same level as in the 

low-energy diet of 1200 kcal. The consumption of polyphenols with DD in the 2000 
kcal diet was higher than in the low-energy diet and amounted to 489.5 mg/day, and 

the differences were not statistically significant (tab. 4). 

Table 4. Polyphenol content in the 2000 kcal energy kcal diet [Pachocka L. own study based on (Koszowska 
et al., 2013; Pérez-Jiménez et al., 2010; Asami et al., 2003; Filipiak-Florkiewicz et al., 2017; Monagas et al., 
2009; Percival et al., 2009; Rembiałkowska et al., 2006; Svilaas et al., 2004; Weibel et al., 2004; Wilczyńska 
and Retel, 2004; Solecka, 2019)  

 Diet 
2000 kcal 
[g/day] 

Polyphenols 
[mg/100 g 
product] 

Polyphenols in the diet 
of 2000 kcal 
[mg] 

Grain products: 
Bread (wholemeal rye bread) 

Groats (buckwheat) 
Rice 
Cereal and cereal grains 
Pasta 
Wheat flour 
Oatmeal 

 
200 

15 
 
15 
5 
15 

 
40 

23 
20 
30 
5 
23 
 

 
80 

3.45 
 
4.5 
0.25 
3.45 
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Fats including butter: 
Oil/Olive oil (canola oil 15 g, oil  
15 g)) 

Margarine/butter (Flora margarine  
10 g) 

 
30 
25 

2 
2 
2 

 
0.6 
0.5 

Potatoes 250 14.7 36.75 

Vegetables 
(tomato 130 g, paprika 100 g, 
cauliflower 100 g, soup vegetables  
50 g, onion 10 g, dill 5 g, soybean 5 g) 

400 40 
Boiled: 
1.71/100 g dry 
mass 

Raw: 
1.29/100 g dry 
mass 

160 

Nuts/seeds    

Fruit 
(blueberries 100 g, strawberries 50 g, 

apple 100 g) 

250 80 200 

 

Considering that the human diet consists not only of solid foods, but also  

of drinks consumed during the day, the consumption of polyphenols was estimated, 

including the consumption of 2 small cups of coffee (200 ml) and 2 small glasses 

of tea (300 ml), regardless of energy value of the diet assuming that water will be the 
basic fluid drunk during the day. It was found that coffee and tea consumed in these 

amounts provide 2900 mg of polyphenols, which is definitely more than from solid 

products. The total consumption of polyphenols with drinks in the low-energy diet was 
3218.45 mg, and in the normocaloric diet 3389.5 mg (tab. 5). So popular drinks as 

coffee and tea are the main source of polyphenols in human nutrition, and the 

differences in consumption were not statistically significant.  

Table 5. Coffee and tea as a source of polyphenols in the daily food ration [Pachocka L. own study based on 

(Koszowska et al., 2013; Pérez-Jiménez et al., 2010; Asami et al., 2003; Filipiak-Florkiewicz et al., 2017; 
Monagas et al., 2009; Percival et al., 2009; Rembiałkowska et al., 2006; Svilaas et al., 2004; Weibel et al., 
2004; Wilczyńska and Retel, 2004; Solecka, 2019)  

Beverages/ Beverages 
and diet 

Quantity 
[ml/day] 

Polyphenols 
[mg/100 g product] 

Polyphenols 
in the diet [mg] 

Coffee 200 700 1400 

Tea 300 500 1500 

 The sum of liquids   2900 

Total polyphenols in the 

diet 1200 kcal 

  3218.45 

Total polyphenols in the 
diet 2000 kcal 

  3389.5  

DISCUSSION 

Polyphenols are a very diverse group of over 8000 compounds. Depending on the 

number of hydroxyl groups and the way the aromatic rings are connected, four main 

classes of these compounds are distinguished: flavonoids, phenolic acids, stilbenes, 
lignans (Quideau et al., 2011; Koszowska et al., 2013; Paszkiewicz et al., 2012; 

D’Archivio et al., 2007). They are the most common antioxidants in the world of 

plants, so they are an important component of the diet. On average, in developed 
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countries, about 1 g of flavonoids are consumed, of which 23-170 mg are aglycones 

and 230-1000 g glycosides. Rich in flavonoid compounds are onion vegetables (garlic, 

onion), brassica vegetables (broccoli, red cabbage), nightshade (red pepper, tomato) 
and root vegetables (beetroot). Among the fruits, a high content of flavonoids is 

characteristic for strawberries, black and red currant, raspberries, black-chokeberry, 

cranberry, elderberry, wild rose. Green tea, grapes, red wine and cocoa are particularly 
rich in flavonoids. In contrast, cereal products show a weaker antioxidant capacity than 

fruits and vegetables (Filipiak-Florkiewicz et al., 2016). The biological activity of poly-

phenolic compounds depends on the degree of their absorption in the digestive tract. In 
contrast, the rate and efficiency of intestinal absorption depends on the chemical 

structure of the compound. Most polyphenols occur naturally in the form of glycosides 

that undergo enzymatic hydrolysis in the intestine. The mechanism of anti-inflam-

matory effects of flavonoids consists in blocking the cascade of arachidonic acid 
transformations, in which mediators of the inflammatory process are synthesized – 

prostaglandins and leukotrienes (Majewska and Czeczot, 2009). Reactive oxygen 

species (ROS) and nitric oxide participate in each stage of the development of the 
inflammatory reaction. They regulate the inflammatory properties of the endothelium 

and the migration of leukocytes to the area of the ongoing inflammatory process. 

Released in large quantities by activated macrophages, they trigger a cycle of changes 

that induce inflammation. Flavonoids as intervention antioxidants have the ability to 
inhibit the activity of enzymes involved in the production of reactive oxygen ROS 

forms and reactive nitrogen forms, scavenging free radicals, as well as interrupting the 

radical chain reaction by creating a stable flavonoid radical (Grajek, 2007). The 
antitumor effect of polyphenolic compounds results from their antioxidant and 

immunomodulatory properties. These compounds inhibit the activity of enzymes 

involved in DNA replication, intensify the apoptosis of cancer cells and increase the 
expression of anti-tumor suppressor genes (Koszkowska et al., 2013; Paszkiewicz et 

al., 2012; Quiñones et al., 2013). 

Such substances include lignans and isoflavones, which, by inhibiting the activity 

of aromatase and other enzymes involved in the synthesis of steroid hormones, reduce 
estrogen levels, thereby inhibiting the development of estrogen-dependent tumors 

(Prescha and Biernat, 2008). The mechanism of polyphenol antioxidant activity is 

multidirectional and may include: free radical removal and ROS, iron and copper 
complexation (which protects ascorbic acid against oxidation), inhibiting the activity 

of enzymes involved in the formation of ROS, blocking enzymatic and non-enzymatic 

lipid peroxidation. Another feature of polyphenols affecting their antioxidant properties 
is their ability to build into cell membran es (Fraga et al., 2010; Masella et al., 2005; 

Ostrowska and Skrzydlewska, 2005). This changes the stability of cellular structures 

and reduces sensitivity to adverse factors, including ROS, which are responsible for the 

pathogenesis of many diseases as a result of damage to cellular macromolecules such 
as nucleic acids, proteins and lipids. 

Polyphenols can also interfere (interact) with cellular signaling pathways and the 

expression of numerous genes (a process in which genetic information contained in 
a gene is read and transcribed into its products, which are proteins or various forms 



 
Assessment of dietary intake of polyphenols in the prevention of cancer 

 

13 

of RNA) as well as they can inhibit the action of transcription factor AP-1 (activator 

protein 1), at the same time demonstrating the ability to activate the primary nuclear 

transcription factor Nrf2 (nuclear factor erythroid 2-related factor 2), which regulates 
the expression of main antioxidants, affecting cellular and mitochondrial ROS 

concentrations (Kuhnert et al., 2011; Serafini et al., 2010). It follows, that plant 

compounds modulate the action of enzymes and cytokines involved in the 
inflammatory response at least in part by regulating the activity of transcription factors. 

Some polyphenols also affect the regulation of gene expression and may promote 

mitochondrial biosynthesis. Research indicates that catechins present in green tea can 
prevent peroxidation of lipids and are capable of scavenging superoxide anion radicals, 

as well as other RFTs. Catechins also have the ability to change the activity of some 

enzymes and to chelate copper and iron ions, which prevents the formation of excessive 

free radicals. Green tea has been shown to have protective properties against mito-
chondrial proteins. Anti-inflammatory activity of polyphenols is closely related to the 

impact on the cells of the immune system. This research shows that consumption of the 

coffee in the amount of 2 cups and 2 small glasses of tea provided 2900 mg 
of polyphenols. 

Polyphenolic compounds also have a beneficial effect on glucose metabolism, 

reduce intestinal carbohydrate absorption, stimulate insulin secretion and exhibit 

cytoprotective activity against pancreatic β cells, whose damage and dysfunction is the 
main cause of the development of type II diabetes (Koszowska et al., 2013; 

Paszkiewicz et al., 2012).  

That is why they are so important in the prevention and treatment of not only diabetes 
but also obesity. Obesity is the cause of increased morbidity, disability and mortality, 

as well as deterioration of quality of life (Ayyad et al., 2000; Renehan et al., 2008; 

Adams et al., 2006; Banegas et al., 2003; Flegal et al., 2007; Roberts et al., 2003). It is 
associated with an increased risk of death from both cardiovascular disease and some 

cancers, especially in people with a higher degree of obesity. A 15-30% reduction in 

energy intake (calories) compared to normal consumption for a person with a healthy 

weight is sufficient and appropriate. However, obese patients often underestimate the 
energy intake. There is a large variation in energy demand depending on gender, age, 

BMI and physical activity. 

Energy demand can be calculated from formulas taking into account gender, age, BMI 
and physical activity. A simple rule for calculating daily energy demand is to provide 

25 kcal/kg body weight for both sexes, but with the same body weight a larger energy 

deficit arises in men. It is recommended to adapt to individual needs reducing the 
amount of food consumed by 600 kcal per day. For women leading a sedentary 

lifestyle with a BMI of 32 kg/m
2
 and an estimated daily intake of 2100 kcal (8800 kJ), 

a diet recommendation of 1400-1600 kcal (6000-7000 kJ) will be appropriate. 

A daily deficit of 600 kcal (2600 kJ) causes a loss of about 0.5 kg per week (Solecka, 
2019; Pietrobelli and Heymsfield, 2002). The 1200 kcal daily diet developed in this 

study is classified as a low-calorie balanced or low calorie deficit diet (Linde et al., 

2004; Report WHO, 1997). A study in overweight and obese people showed that an  
8-week diet rich in polyphenols (2903 mg polyphenols per day), mainly from decaf 
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coffee and tea, vegetables, blueberry jam and extra virgin olive oil, led to a reduction 

blood glucose, increase of early insulin secretion and increase of insulin sensitivity 

(Bozzetto et al., 2015). 

It has been shown that the Mediterranean diet, characterized by a high content 

of vegetables, fruits and healthy plant oils, reduces the risk of breast cancer among pre-

menopausal and post-menopausal women (Castello et al., 2014). A study of women 
between 30 and 65 years showed that women who lead a healthy lifestyle and adhere to 

a healthy, plant-rich diet are less likely to have 75% less risk of breast cancer compared 

to women whose diet is mainly based on processed products rich in salt and sugar 
(Karimi et al., 2014). Each diet cannot lack fat which is a source of omega-3 family 

acids, whose action is multidirectional, including: 

 exhibit anti-inflammatory activity by suppressing an excessive immune response 

and by reducing the number of damage to cellular structures and the inflammatory 

profile (Li et al., 2014); 

 show antioxidant activity in counteracting the effects of oxidative stress (Mc 

Millan-Price et al.; 2006, Roy et al., 2016); 

 have anti-tumor activity associated with anti-inflammatory activity and the ability to 

inhibit cell growth and reduce the proliferation of cancer cells (Weylandt et al., 

2015); 

 may participate in the prevention and treatment of overweight and obesity by 

inhibiting lipogenesis (Report WHO, 1997), as well as reducing appetite and 

increasing satiety (Renehan et al., 2008; Lorente-Cebrián et al., 2013).  

In the author's diet of 1200 kcal, fat intake is 20 g, including 10 g of canola oil, and in 

the diet of 2000 kcal – 55 g, including 15 g of canola oil, 15 g of oil, 25 g of margarine 
Flora. The above-mentioned products are a very good source of Omega 3 acids (Codex 

Alimentarius FAO/WHO, 2005; Kunachowicz et al., 2005). 

The study showed that drinks such as coffee and tea are a very good source 
of polyphenols. It has also been shown that content of polyphenols in low-energy diet 

does not differ statistically from the content of these compounds in a normocaloric diet. 

Currently, the most scientific evidence about the anti-cancer potential of teas is 
directed towards green and white tea. However, much research is needed to clearly 

indicate which compounds found in this tea and how they can affect the chemo-

prevention of cancer. The current state of knowledge recommends drinking 2-3 cups 

of green, leafy tea (preferably from organic farming).  

Hence, the study assumed the consumption of 300 ml of tea, assuming that mainly 
black tea is drunk in the Polish population. The strongest compound that stops the 
growth of cancer cells, inhibits angiogenesis and weakens the pro-inflammatory effect 
of IL-8 is epigallocatechin gallate found in green tea (Prescha and Biernat, 2008). Many 
studies have also found that regular drinking of tea prevents the development of neuro-
degenerative diseases, atherosclerosis and obesity. The master of slimming is chlorogenic 
acid, which is found in artichokes, yerba-mate, nettle, green coffee (Mironiuk-Puchalska, 
2002). However, you should remember about the right temperature and brewing time 
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for individual teas. Green and white tea should therefore be a daily addition to almost 
any diet. 

The analysis and research carried out showed that together with a balanced diet, we 
cover the demand for polyphenols, regardless of the energy value of the diet. 
However, it is important to choose the right products as a source of these compounds 
and to diversify your diet. 

The above data prove that plant polyphenols are a promising group of compounds that, 
thanks to multidirectional action, can be used both as factors supporting the main-
tenance of good body condition, as well as preventing many diseases as well as 
supporting the treatment of already existing disease states. 

SHORT CONCLUSION 

1. A properly balanced low-energy diet covers the recommended intake of poly-
phenols to allow the body to function properly.  

2. The main source of polyphenols in diets are coffee and tea. 

3. The presence of polyphenols in the diet and maintaining their proper consumption 
is a very important element in the prevention of cancer. 
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ABSTRACT 

The international most important experts’ institutions like IARC, World Cancer Research Fund, European 

Cancer Organization are consentaneous that sedentary lifestyle significantly increases the risk of some 
cancers e.g. colorectal, breast, endometrial, kidney and bladder. Unfortunately as the prevalence 
of insufficient physical activity exceeds 30% of adult population, cancers still remain the second leading 
cause of morbidity and mortality in European region. In Poland the situation is even worse: there is an 
observed growing trend in percentages of cancer deaths during the last decades. 

WHO recommends the weekly dose of 150 minutes of moderate intensity or 75 minutes of vigorous 
intensity physical activity for adults to sustain health. Is it enough to achieve health benefits on the area 
of cancer prevention? There are some evidence that regular practice of physical activity is inversely 

associated with breast and colon cancer. The potential influence of exertion on cancer risk is considered 
with overweight and obesity reduction. But there are many questions which still remain without answers. 
Are there relations of physical activity and the prevalence of malignant neoplasm of other locations? 
Is regular physical activity expedient only in primary or secondary prevention as well? Is physical activity 
beneficial also for cancer survivors? Does the influence concern recreational, occupational or also 
commuting physical activity? That is the strength of evidence? The author of the publication will try to 
gather the current state of knowledge on the role of physical activity in cancer prevention field. 

INTRODUCTION 

Globally 16% of deaths are due to cancer which makes it the second leading cause 

of mortality. In European region this number reaches even 23% of total deaths and 

takes the first place in premature mortality in the group of 30-69 years old (WHO, 
2018). However, what is more important about 30-50% of cases can be prevented by 

avoiding known risk factors i.e. smoking, harmful use of alcohol, physical inactivity, 

unhealthy diet or air pollution (WHO, 2020). 

On the other hand, insufficient physical inactivity is fourth leading risk factor respon-
sible for global deaths (Lim, 2012). Sedentary behaviour significantly increases the risk 

of noncommunicable diseases including colorectal and breast cancer, which are on the 

top of the localization list of malignant neoplasm incidence and mortality as well 
(WHO, 2014; Kerr, 2017). Inadequate levels of physical activity cause 9% of breast 

cancers and 10% colon cancers cases in Europe (Lee, 2012). 

Furthermore the prevalence of insufficient physical activity is related to gender and 

level of country income. In high income countries about 41% of men and 48% of women 
are insufficiently physically active compared with 18% of men and 21% of women in 

low income countries (WHO, 2014; European Commission, Eurostat). 

The World Health Organization recommendations suggest that regular participation in 
moderate-to-vigorous physical activity in weekly dose of 150-300 minutes each week 

can reduce the risk of the most important health problems in the European region 

meaning noncommunicable diseases including some cancers (WHO, 2010). In Poland 

https://www.sciencedirect.com/science/article/abs/pii/S1470204517304114#!
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only 26% of adult population meets these recommended levels of leisure time physical 

activity and unfortunately in the field of cancer mortality we are the forth worst country 

in Europe just only following Slovakia, Hungary and Croatia (European Commission, 
2010; European Commission, European Cancer Information System). 

SELECTION CRITERIA 

The main issue of this work is an update and revision of knowledge on the subject of 

the relation between physical activity and cancer incidence and mortality. To carry out 
the study, the world expert institutions’ as well as scientific following databases were 

used: WHO, Eurostat, IARC, World Cancer Research Fund, European Cancer Organi-

zation, PubMed (NCBI), ScienceDirect, SpringerLink, for the reports and recommend-
dations in English published in this century using the following key words: physical 

activity, sedentary lifestyle, sedentary behaviour, breast cancer, colorectal cancer, endo-

metrial cancer, ovarian cancer, lung cancer, prostate cancer, stomach cancer, oesophageal 

cancer, pancreatic cancer, liver cancer, kidney cancer, bladder cancer, risk, prevention, 
mortality. The publications were reviewed, and the most relevant were cited. 

RESULTS/REVIEW 

The studies linking cancer risk with physical activity have their long history – the first 

article was published in the 1920s and then in 1960s (Sivertsen, 1922; Rigan, 1963; 
Stukonis, 1969). Since then both: a huge advance in medical sciences and development 

of public health allowed to understand better the relation between physical activity and 

health also in the area of cancer prevention. 

At the very beginning of the century regular physical activity has been perceived as 
protective factor in case of three cancers sites: breast, colon and endometrium 

(Friedenreich, 2001; Hardman, 2001; Vainio, 2002). 

BREAST CANCER 

In case of breast cancer relative risk reduction range between 20-40% for women who 

are active compared to sedentary ones (Holmes, 2005; Monninkhof, 2007). 

Furthermore, over 50% reduction in the risk of breast cancer deaths was observed in 
several studies (Friedenreich, 2009). The important matter is that beneficial effect of 

physical activity seems not to be restricted to recreational but household activity like 

gardening as well (Dirx, 2001). It is also suggested that the best protective effect brings 

enhanced physical activity either during the lifetime or in adolescents and early 
adulthood (Kruk, 2007; Bernstein, 2009; Carpenter, 1999). Many studies emphasize 

that regular physical activity has its important role also in secondary prevention: it 

improves quality of life of cancer survivors (Holmes, 2005). 

COLORECTAL CANCER 

The physically actives have 30-40% lower risk of developing colon cancer and the 
effect is for both: recreational and occupational physical activity (Lee, 2003; Slattery, 
2004; Zhang, 2006; Steindorf, 2000). Although the evidence on a rectal cancer risk 
reduction is not so clear and indisputable it seems to be on the similar level but the 
effect strongly depends on the physical activity intensity (Slattery, 2003; Colbert, 
2001). Intensity of physical activity is also not without significance when taking about 

https://pl.bab.la/slownik/angielski-polski/indisputable
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cancer deaths. The results of many studies show that regular intensive exertion is 
associated with 23% lower colorectal cancer mortality risk (Patel, 2019). 

GYNAECOLOGIC CANCERS 

The available meta-analysis and reviews on gynaecologic cancers entitles to draw one 
conclusion: the link of physical activity with endometrial cancer is strong and well 
documented, with ovarian cancer is moderate and with cervical cancer is rather 
uncertain (Tucker, 2019; Cust, 2011; Lokich, 2019). This is perhaps not particularly 
strange, as the biological mechanisms of these types of neoplasms are entirely 
different. The endometrial and ovarian cancers have strong reproductive hormonal 
etiology while cervical cancers are rather reliant on infectious issues. 

 Even though one meta-analysis examining leisure-time physical activity with ovarian 
cancer risk estimated a 20% reduced incidence risk for the most vs. least active 
women, most scientists found no association or a very weak protective effect (Cust, 
2011; Olsen, 2007; Xiao, 2013).  

On the contrary, it seems that any kind of exertion matters in case of endometrial 
cancer, neither intensity nor type of physical activity is relevant. In numerous studies 
the adverse association was observed for all intensity levels and 20-30% risk reduction 
was noticed for recreational, commuting (walking, biking), household and occupational 
activity as well for. (Schmid, 2015; Keum, 2014; Borch, 2017; Du, 2014). Admittedly, 
stronger effect of 40-45% decreased incidence risk was stated among women with 
lifetime high activity levels and it was more significant in overweight and obese 
individuals (Arem, 2011; Matthews, 2005; John, 2010; Patel, 2008). Moreover few 
studies revealed inverse association between physical activity and endometrial cancer 
mortality but the results are inconsistent so not convincing (Arem, 2013; Arem, 2013; 
Wang, 2012). In case of ovarian cancer although some authors noticed over 20% 
decrease in cancer-specific mortality among the most active women, it seems that 
stronger protective effect on mortality has in fact normal body weight then the level 
of physical activity (Zhou, 2014; Zamorano, 2019). 

Table 1. Relationship between physical activity and 10 leading cancers in Europe, females, 2018 

 

 

Cancer 

localiza-tion 

Incidence 

(age standar-

dised rate 

per 100.000 

popula-tion) 

 

% 

distribu-

tion 

Deaths 

(age 

standar-

dised rate 

per 100.000 

population) 

 

% 

distribu-

tion 

Cancer 

incidence 

relative risk 

reduction 

(high vs. 

low 

physical 

activity) 

 

Strength of evidence 

on physical activity 

influence* 

Lung 46.6 9.7 34.8 16.5 20-40% Limited evidence for 
decrease 

Breast 145.2 29.3 32.8 15.9 20-40% Strong evidence for 
decreased risk 

Colorectum 56.2 12.0 24.5 12.4 30-40% Strong evidence for 

decreased risk 
(colon) 

Pancreas 16.4 3.6 15.5 7.6 6-40% ?? Limited evidence for 
decrease 

Ovary 15.7 3.2 10.7 5.1 20% Limited evidence for 
decrease 
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Stomach 9.9 2.0 7.2 3.6 30% Strong evidence for 
decreased risk 
(gastric cardia) 

Leukemia 10.9 2.2 6.7 3.3 ?? Not enough data 

Liver 6.6 1.4 6.4 3.2 25% Not enough data 

Corpus 
uteri 

27.9 5.7 6.2 3.0 20-30% Strong evidence for 
decreased risk 

Brain 

cancers 

7.7 1.6 5.9 2.8 ?? Not enough data 

Source: based on European Commission. European Cancer Information System https://ecis.jrc.ec.europa.eu/ 
access on 18.06.2020 and *World Cancer Report 2020 

Table 2. Relationship between physical activity and 10 leading cancers in Europe, males, 2018 

 
 
Cancer 

localization 

Incidence 
(age 
standar-

dised rate 
per 
100.000 
popula-
tion) 

 
% 
distribu-

tion 

Deaths 
(age 
standar-

dised rate 
per 
100.000 
popula-
tion) 

 
% 
distribu-

tion 

Cancer 
incidence 
relative 

risk 
reduction 
(high vs. 
low 
physical 
activity) 

 
Strength of evidence 
on physical activity 

influence* 

Lung 96.9 14.2 82.4 24.4 20-40% Limited evidence for 
decrease 

Colorectum 90.3 13.1 42.1 12.1 30-40% Strong evidence for 
decreased risk 
(colon) 

Prostate 159.5 23.4 37.8 10.4 10-30% ?? Limited evidence for 
decrease 

Pancreas 21.5 3.1 20.7 6.1 6-40% ?? Limited evidence for 

decrease 

Bladder 55.4 7.9 17.8 5.0 14-34% Strong evidence for 
decreased risk 

Liver 19.2 2.8 17.0 4.9 25% Not enough data 

Stomach 21.4 3.1 15.5 4.5 30% Strong evidence for 
decreased risk 

(gastric cardia) 

Leukemia 18.2 2.7 11.8 3.4 ?? Not enough data 

Kidney 26.3 3.9 10.8 3.1 12% Strong evidence for 
decreased risk 

Oesophagus 12.7 1.9 10.8 3.1 30% Strong evidence for 
decreased risk 

(adenocarcinoma) 

Source: based on European Commission. European Cancer Information System https://ecis.jrc.ec.europa.eu/ 
access on 18.06.2020 and *World Cancer Report 2020 

Some authors observed influence of physical activity on the quality of cancer 

survivors life, but the studies are sparse so evidence is limited (Smits, 2015; 

Robertson, 2019; Babatunde, 2016). 

Undoubtedly all three above discussed cancer sites (colorectum, breast and 
endometrium) still remain very important, from public health point of view, as they 

take highly regarded position on "top ten" cancer incidence and mortality list in Europe 

https://ecis.jrc.ec.europa.eu/
https://ecis.jrc.ec.europa.eu/
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for women (tab. 1) and men as well (tab. 2). Nevertheless, indisputably the first place 

on the list in case of both sexes belongs to lung cancer. 

LUNG CANCER 

The scientists opinion about relationship between physical activity and lung cancer is 

not easy to formulate because it strongly depends on the individuals smoking history 

(current, former or never-smokers). This obstacle could be avoided by recruiting 
observation group from non-smokers only, but lung cancer occurs among such 

individuals with very low frequency. 

However, meta-analysis of cohort studies, case-control studies, and prospective studies 
are consentaneous in assessing incidence risk reduction on the level of 20-40% 

(Emaus, 2011; Brenner, 2016; Wang, 2016). The adjustment for smoking gives less 

spectacular results on the level of 13-30% incidence risk reduction (Tardon, 2005). 

Those rare studies which include non-smokers declare no significant effect of physical 
activity regardless of the exertion intensity (Liu, 2019). Some studies suggest that the 

protective effect more significantly concerns women than men (Ho, 2017; Buffart, 

2014; Liu, 2019). 

An occupation activity seems to deteriorate lung cancer risk (Ho, 2017; He, 2017) 

although the observation may be concerned rather with exposure to other occupational-

related lung cancer risk factors than physical activity itself (Steindorf, 2006). 

The third most important position for European public health specialists as far as 
cancer mortality of male is concerned belongs to prostate cancer, which is at the same 

time the most frequent neoplasm in this group (see tab. 2).  

PROSTATE CANCER  

Results of the studies on the influence of physical activity and prostate cancer risk are 

rather confusing. Some of them discovered 10-30% risk reduction and others quite the 

opposite relationship (Shephard, 2017; Friedenreich, 2001; Hackshaw-McGeagh, 
2015; Young-McCaughan, 2012). Sometimes the protective effect is more significant 

for occupational than leisure-time activity and at work dose-response effect is 

significant – men experiencing sedentary work over half of their professional life had 

2.5 higher prostate cancer risk in comparison to those with physical work (Shephard, 
2017; Bairati, 2000). 

Several studies indicate that vigorous physical activity is combined with a 40-60% 

lower risk of dying from prostate cancer and over 50% lower risk of recurrence in 
comparison to sedentary lifestyle (Kenfield, 2011; Bonn, 2015; Richman, 2011). 

Nevertheless observation of over 45.000 Swedish men shows that even less intensive 

activity, like walking or bicycling, combined with not sedentary nature of work also 
results in decreases in cancer morbidity and mortality (Orsini, 2009).  

OTHER DIGESTIVE SYSTEM CANCERS (STOMACH, OESOPHAGUS, PANCREAS & 

LIVER)  

In the field of digestive system oncology during last 20 years a lot have changed. First 
of all, although the main risk factor for stomach cancer is infection with Helicobacter 
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pylori, several studies stated 10-20% decrease in gastric cardia incidence for very 

physically active individuals versus sedentary ones (Buckland, 2015; Singh, 2014; 

Psaltopoulou, 2016; Keum, 2016). The effect seems to be stronger in non-smokers and 
does not depend on the fact whether physical activity has recreational, occupational or 

household nature (Abioye, 2015; Huerta, 2017). 

A systematic review conducted by Behrens et al. revealed dose-response association 
between frequency of moderate-to-vigorous physical activity and gastroesophageal 

cancer: individuals exercising 5 times a week had even 30% lower risks of oesophageal 

adenocarcinoma and gastric adenocarcinoma (cardia and non-cardia) (Behrens, 2014). 
Even better results obtained Kunzmann et al. in a prospective cohort study: about 40% 

reduced risk of oesophageal adenocarcinoma and gastric non-cardia cancer in the 

group of physically active subjects (Kunzmann, 2018). High level of physical activity 

is also related to 29% decreased risk of all kinds of oesophageal cancers and 32% 
decreased risk of oesophageal adenocarcinoma in comparison to the least active 

individuals (Singh, 2014). Not without significance remains the fact, that the level 

of physical activity before and after medical intervention strongly affects the quality 
of postoperative oesophageal cancer patients’ life (Ichijo, 2019). 

As for digestive organs cancers, sustained enhanced physical activity was associated 

with about 25% lower risk of liver cancer (Behrens, 2013; Baumeister, 2019; Arem, 

2018) although some data suggest that the protective effect concerns only non-smokers 
(Lin, 2018).  

The results of the studies on association between physical activity and pancreatic 

cancer risk are rather confusing. Some of them indicate weak protective effect (6-7%) 
(O’Rorke, 2010) but in the others observed incidence risk decrease was on the level 

of 20-40% (Behrens, 2015; Wu, 2018) or even 68% for high consistent exercise through 

the lifetime but only in men (Wu, 2018). 

It seems that occupational activity has no influence on the incidence risk of pancreatic 

cancers and high commuting activity may be associated with about 20% decrease 

(O’Rorke, 2010).  

Essential position on the list of leading cancers in Europe concerning particularly men 
is taken by urinary system cancers mainly kidney and bladder cancers. 

BLADDER & KIDNEY CANCERS 

Exploring high vs. low physical activity the results of 19 studies discovered protective 
effect resulting in 12% lower incidence risk of renal cancer (Behrens, 2013). 

Admittedly, some studies have not reported effect on both kidney and bladder cancers 

(Ihira, 2019; Noguchi, 2015; Reulen, 2017). Nonetheless, the results of two crucial 
meta-analysis and one systematic review link regular enhanced physical activity with 

14-34% reduced bladder cancer incidence (Keimling, 2014; Al-Zalabani, 2016; Shepard, 

2017). Protective effect was stronger for leisure-time and weaker for occupational 

activity (Keimling, 2014; Shepard, 2017). 
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Moreover, regular physical activity seems to decrease the risks of cystectomy and 

improves postoperative quality of bladder cancer patients’ life (Shepard, 2017). 

DISCUSSION 

Over the previous 20 years in the area of potential beneficial role of physical activity in 
cancer prevention the level of our knowledge has significantly increased. Some very 

valuable reviews and meta-analysis were conducted and useful for public health 

practitioners recommendations has been published. 

Specialists on European Cancer Summit ECCO 2019 emphasized the role of lifestyle 

in cancer prevention (European Cancer Care: Across Borders. 2019). On the one hand 

international experts’ organizations such as IARC, World Cancer Research Fund, 
European Cancer Organization, European Association for Cancer Research, American 

College of Sports Medicine, American Cancer Society are consentaneous that 

sedentary lifestyle significantly increases the risk of many cancers e.g. colorectal, 

breast, endometrial, kidney and bladder (Rock, 2020; Patel, 2019). On the other hand 
they all emphasize the unsolved problem of cancer morbidity and mortality, particularly 

crucial in high income countries. The expression of the concern manifests itself in such 

important and valuable initiatives like European Code Against Cancer (Leitzmann, 2015). 

Not mentioning herein a brand new comprehensive source of knowledge which is 

World Cancer Report 2020 would be an unforgiveable negligence (World Cancer 

Report: Cancer Research for Cancer Prevention 2020). According to the world experts’ 

opinion we already have strong evidence for regular physical activity effectiveness in 
decreasing the risk of at least four from ten leading cancers in women and five in men. 

Implementation of the previous discovery will enable to save better health and quality 

of many patients’ lives. However, there are still remaining domains which need some 
more research because we have either not enough data or the results of the studies are 

inconsistent – for example the role of regular physical activity in reducing liver, 

pancreatic or prostate cancer risk. These are the presumable directions for research for 
the next 20 years. 

SHORT CONCLUSION 

Although huge progress in studies on the beneficial effect of physical activity on 

cancer incidence and mortality has been made over recent years, there is still a lot 

of unanswered questions. The process of recommendations’ building is crucial for 
health policy makers and public health practitioners but it demands time, responsibility 

and caution from scientists. 

Meanwhile, physical activity still remains underestimated public health instrument also 
in the field of cancer prevention – successful application of knowledge we already 

have could significantly improve health condition of Europeans. 
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ABSTRACT 

The outcome of the treatment in oncology depends on various factors. Among them, psychological and 
psychiatric balance, the harmony may be considered as one of the most important. Cancer is a life-
threatening group of diseases. Not only the psychological impact of the diagnosis on patients has been an 
important aspect of the clinical oncology, but also the comorbid psychiatric disorders. The most common 
are adjustment disorders, delirium, depressive disorders, anxiety disorders, and psychoses. Most of them 
are secondary to the diagnosis trauma, the progress of the disease, treatment itself.  

Every psychiatric diagnosis may become comorbid with the cancer diagnosis. This chapter summarizes 
current knowledge in this area. The summarized review concerning the latest evidence-based psycho-
pharmacotherapy, its proven mechanisms, and safety is presented.  

The chapter indicates successively groups of mental disorders, their specificity in area of oncology, points 
out the crucial decision points, and key difficulties in decision making in the treatment of comorbid to 
oncological psychiatric disorders.  

In addition, the chapter is supplemented with a review of knowledge about the possibilities of support and 
relevant psychotherapeutic approaches in the treatment of patients with cancer. About one-third of cancer 

patients in acute care suffer from mental disorders and hence need appropriate treatment, and from the 
Public Health perspective – the servicing of the psychological support seems to be an impossible task. It 
seems justified to spread knowledge in the field of psycho-oncology, best practices, and evidence. 

INTRODUCTION 

It is estimated that from every third to every second cancer patient suffers from mental 

disorders (Gregurek et al., 2010). The chapter includes a concise review of the latest 
knowledge in the field of psycho-oncology. Review literature in the area of 

relationships of mental disorders and oncological diseases is quite extensive. However, 

there is a lack of correctly methodologically developed research papers concluding to 
recommendations, algorithms, and certain and proven treatment methods. The citations 

referred in this paper mostly come from contemporary publications of the last decade. 

In this paper repetition of the content contained therein is deliberately abandoned, 

outlining contemporary trends and the latest knowledge. Academic and textbook 
knowledge were also omitted. Detailed descriptions of diagnostic criteria and psycho-

pathological symptoms have been included in the classifications of World Health 

Organization ICD-10 (WHO) and American Psychiatric Association DSM-5 (APA, 
2013). Areas for further in-depth research were also indicated.  

TREATMENT OUTCOME 

The outcome of the treatment in oncology depends on various factors. Among them, 

psychological and psychiatric balance, the harmony may be considered as one of the 
most important. Cancer is a life-threatening group of diseases. Not only the psycholo-
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gical impact of the diagnosis on patients has been an important aspect of the clinical 

oncology, but also the comorbid psychiatric disorders. The most common are 

adjustment disorders, delirium, depressive disorders, anxiety disorders, and psychoses. 
Most of them are secondary to the diagnosis trauma, the progress of the disease, 

treatment itself.  

Mental disorders they self are associated with premature mortality (Plana-Ripoll, 
2019). Diagnosis of the cancer is associated with the fear of the second leading cause 

of mortality in the Northern America (Massie, 2004). High prevalence of the mental 

disorders in population (for example in the USA estimated for about 15% of the 
general population (NIMH, 2017)) makes them to be considered not only as secondary 

to cancer diagnosis, but also comorbid as more often previous to oncological problems. 

Early diagnosis of mental disorders, suicide prevention, psychological support and if 

needed pharmacological intervention may only improve treatment outcome in cancer 
patients (Breitbart 1995; Bortolato et al., 2017; Grassi et al., 2017; Simpson et al., 

2018; Jazzar et al., 2018; Klaassen et al., 2018; Klassen et. al, 2019a; Klassen et. al, 

2019b).  

ADJUSTMENT DISORDERS AND DEPRESSIVE DISORDERS 

Depressive disorders are considered as one of the most common psychiatric disorders 

affecting one of ten cancer patients (Smith, 2015). Higher mortality rates of patients 

with cancer and depression have been reported (Colleoni et al., 2000; Pinquart and 

Duberstein, 2010; Smith, 2015). In palliative wards prevalence of diagnosed 
depression ranges to almost every second patient (Ciaramella and Poli, 2001).  

About 1.4% of deaths worldwide is due of suicide every year (WHO, 2018) and over 

70% of elderly patients commit a suicide due to medical illness and in general the 
diagnosis of cancer is associated with increased risk of death from suicide (Klassen et 

al., 2019a). The prevalence of major depressive disorder in oncological patients ranges 

from 9-58% (Massie, 2004). 

ANXIETY DISORDERS 

The level of clinical significant anxiety was reported in 7.5%-33.3% of patients 

diagnosed with the most prevalent types of cancer (Linden et al., 2012; Watts et. al., 

2015; Maass, 2015; Parás-Bravo et al., 2020). There are gender differences, and the 

greater incidence of anxiety in female subjects is not limited only to the oncology 
(Linden et al., 2012; Parás-Bravo et al., 2020). For treatment outcome and quality of 

life of cancer patients appropriate intervention (psychotherapeutical and if needed also 

pharmacotherapeutical) may be crucial (Linden et al., 2012; Bortolato et al., 2017; 
Grassi et al., 2017).  

PSYCHOSES 

Psychosis potentializes cancer's negative characteristics of reduction the life expectancy, 

blights personal satisfaction and shows poor prognoses for recovery and outcome 
(Larkin et al., 2017). Psychoses were reported to present higher mortality in patients 

diagnosed cancer (Bashmakov et al., 2002; Grinshpoon et al., 2005; Hodgson et al., 

2010). Within this group 2-3.5 higher mortality was noted in group of patients with 
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organic psychoses, reactive psychoses and also elder patients with brief reactive 

psychosis (Bashmakov et al., 2002). 

Regardless of whether a few cancer types do have a lower occurrence in schizophrenia 
(Barak et al., 2005) that cannot remain disregarded and the mechanisms remain 

unknown. Indeed, even if there is a diminished danger of malignant growth, it ought to 

be remembered that patients with schizophrenia are still at an expanded hazard of other 
comorbid disorders (Hodgson et al., 2010), including among others, nicotinism, cardio-

vascular disorders, hypertension, diabetes, hypothyroidism. Although, some studies 

even underline schizophrenia as a risk factor for some cancer types (Byrne et al., 2019). 

The risk for cancer among patients diagnosed with schizoaffective disorders was 

assessed, and the results show that there is higher incidence for cancer within this 

group of patients than in general population (Levav et al., 2009). 

There were reports of the possibility of chemotherapy induced psychoses (Puangthong 
and Pongpirul, 2015), which may be one of field of interests for studies in future, to 

reduce medical dilemmas concerning the chemotherapy continuation and optima-

lization of psychosis management. 

DELIRIUM 

About every second patient admitted to acute palliative care units suffers from delirium, 

over nine of 10 of cancer patients develop acute confusional state before death (Hui et. 

al, 2016). The delirium symptomatology includes among others, acute confusion, 

altered consciousness, agitation, inattention, restlessness, perception abnormalities and 
impaired cognition. Agitation may be often associated with hallucinations and/or 

delusions in over every second case, and may become a threat to patients, medical and 

nonmedical caregivers (Hui et al., 2011).  

DEPENDENCE AND ADDICTIONS 

Substances use disorders and alcohol use disorders apply not only to people whose 

cancer has developed secondary to their use, but also to people who lost control of their 

use during cancer process and people who survived the cancer, and secondary to it, due 
to trauma, began to uncontrollably use alcohol or other psychoactive substances. The 

integrated care models should be adopted, early recognition and proper clinical diag-

nosis, early motivational intervention and treatment should be provided (Asvat et al., 

2019). 

SUICIDE RISK ASSESSMENT 

The suicidal ideation may be found in 17% of the cancer patients population, and 

cancer is known from decades as one of risk factors of increased probability of suicide 

(Breitbart 1995; Simpson et al., 2017). Suicide risk among patients diagnosed cancer is 
highest in the years immediately after the diagnosis, and remained increased for more 

than 15 years than the general population. The highest suicidal risk was reported in 

patients with bronchus and lung cancer, and were associated with male sex, older age 
and white race (Misono et al., 2008). Prevention of the suicide and providing appro-

priate psychological support and if needed pharmacological intervention may improve 

treatment outcome and safety of cancer patients (Breitbart 1995; Bortolato et al., 2017; 
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Grassi et al., 2017; Simpson et al., 2018; Jazzar et al., 2018; Klaassen et al., 2018; 

Klassen et. al, 2019a; Klassen et. al, 2019b). 

COGNITIVE DYSFUNCTION 

The cancer and its treatment can disable subjective cognitive functioning, particularly 
memory, prompting reduced personal satisfaction and quality of life. Chemotherapy 

itself was reported to induce cognitive impairment in cancer patients (Jean-Pierre et al., 

2012; Moore, 2014; Cruzado et al., 2014). Cognitive functions impairment may touch 
a range of 15-75% patients receiving chemotherapy (Cruzado et al., 2014). Large review 

was recently published aiming for definitions, clarifying the imprecise criteria, 

mechanisms explanations and pathogenesis of "chemobrain" (Nguyen & Ehrlich, 2020), 
however still there is a lack of original studies and proves.  

PHARMACOTHERAPY 

Adjustment disorders, depressive disorders and anxiety disorders comorbid to oncolo-

gical disorders according to clinical practices may be treated with a range of antide-

pressants, but only a few of them have been tested. Safe use and knowledge of 
metabolic pathways play a key role in a selection of well-effective antidepressant with 

the least possible impact on oncological treatment. Antidepressants present not only 

anti-depressive anti-anxietic effect, they also introduce an analgesic effect, may 
enhance narcotic effect and improve: sleep quality, the energy and motivation and an 

appetite (Breitbart 1995; Lieb, 2007).  

The haloperidol has been proposed for the standard therapy for agitation and delirium, 

however numerous studies have raised questions about its safety (Agar et al., 2017, Hui 
et al., 2017a, Hui et al., 2017b). While the single, intravenous 2-mg dose of haloperidol 

resulted in a rapid but nonsustainable decrease in the intensity of the agitation, some 

addition of lorazepam seemed to be potentializing this effect suggesting advantage of 
combined therapy (Hui et al., 2017a). The benzodiazepines as monotherapy cannot be 

recommended for delirium (Lonergan et al. 2009). 

Antiepileptic drugs, so called mood stabilizers are quite commonly used in bipolar 
spectrum, impulse control disorders or as potentializing factor in depressive disorders 

management. However, some warnings concerning mainly their metabolism have been 

raised, and special caution should be considered (Gregurek et al., 2010). 

So far, no algorithms for management in psychiatric disorders comorbid to cancer have 
been announced. It have been concluded, that there is no universal treatment for patients 

with cancer and mental issues, and antidepressants may only be used as assistant 

therapy in cancer treatment (Lu & Lu, 2008). An individualized approach should be 
therefore recommended.  

PSYCHOTHERAPY 

While pharmacotherapy is always associated with adverse effect and drug-to-drug 

interaction risks, non-pharmacological methods are safer and should be recommended 
as a first-line intervention. Psychotherapeutic offer for patients diagnosed with cancer 

includes the following methods: relaxation strategies and trainings (Sloman, 2002), 

informative psycho-educative sessions for patients and/or their relatives (Barsevic et 
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al., 2002), families in settings of individual and group therapy, individual brief psycho-

therapeutic and motivational interventions and regular individual or group psychotherapy 

(Osborn et al., 2006). Cognitive behavioral therapy (CBT), Simonton training, problem 
solving therapy (PST) and acceptance and commitment therapy (ACT), Brief 

Behavioral Activation and Problem-Solving Therapy have strong evidences in cancer 

patients management (Hopko et. al., 2011, Feroes et al., 2013; Smith, 2015). Even 
among the most advanced, incurable cancer patients meeting criteria for depression 

(Okuyama et al., 2017). CBT presents short-term effects on depression and anxiety and 

may present long term effects on the quality of life. Metanalysis of Osborn et al., 
suggested that individual interventions are more effective than group therapy (Osborn 

et al., 2006). Psychological distress and its consequences for patients in onset, ongoing 

process and also cancer survivors have been underlined. The relaxation techniques, 

although, not effective in reduction of anxiety, may improve the quality of life and 
reduce depressive symptoms in cancer patients (Slowman, 2002). Reverbation of 

anxiety and depression within families and caregivers should be an area of interest and 

intervention (Grassi et al., 2017). 

Behavioral and psychotherapeutic techniques targeting the lessening mental pain and 

burdensome manifestations, including tending to unhealthy diet and life-style deci-

sions, just as physical dormancy and sleep dysfunction, may speak to significant 

methodologies not exclusively to treat adjustment and depressive disorders, yet additio-
nally to improve treatment outcomes in cancer patients (Bortolato et al., 2017).  

DISCUSSION AND SHORT CONCLUSIONS  

About one-third of cancer patients in acute care suffer from mental disorders and hence 

need appropriate treatment, and from the Public Health perspective – the servicing of 
the psychological support seems to be an impossible task. The main target for the 

psycho-oncology is the investigation of psychological factors within multidimensional 

understanding of cancer, and its implications towards research, diagnosis and 
management of psychiatric diseases in oncological settings (Gregurek et al., 2010). 

It seems justified to spread knowledge in the field of psycho-oncology, best practices, 

and evidence. There are still a lot of areas which need to be researched, among them, 

possible mechanisms, treatment safety and outcome improvement, mental disorders 
prevention and management protocols. The propositions for the in-depth studies are 

listed below. 

Propositions for the Areas for Further Research: 

1. Cohort studies on prevalence of mental disorders in patients with cancer, 

compared for sociodemographic variables. 

2. Standardized studies on effectiveness and safety of use of psychotropic drugs in 
treatment of adjustment and depressive disorders comorbid to different cancer 

types and treatment approaches. 

3. Standardized studies on effectiveness and comparison of different psychotherapy 

models in management of adjustment and depressive disorders comorbid to 
different cancer types and treatment approaches. 
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4. Studies on effectiveness of social support for patient’s diagnosed with cancer 

environment (families, caregivers) on treatment outcome.  

5. In depth studies on possibility of chemotherapy induced mental disorders, its 
mechanisms, prevention and management. 

6. Chemotherapy-related cognitive Dysfunction. It mechanisms, pathogenesis and 

management.  
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ABSTRACT  

Paper diaries have given way to online blogs. Once our experiences were carefully hidden under the 
mattress of the bed, now (written under a pseudonym or with real personal data) are consciously made 
available on the Internet, where people from anywhere in the world have access to these entries. Currently, 
many people share their feelings, emotions and difficult situations here, even those considered borderline – 
related to cancer. Blogs perform many functions for the sick – they give the feeling that they are not alone 
in the difficulties associated with the disease, they also receive mental and often material support. This 
article is an analysis of the content of online blogs of female cancer patients – motivation, main topic. It 
also shows the level of importance of these blogs from a therapeutic perspective. 

INTRODUCTION 

According to Urszula Wozniak, "the impact of new media on human identity and 
subjectivity" is currently significant, among others, among discussions in the humanities 
and social sciences (Wozniak, 2016, p. 85). In writing blogs, authors are accompanied 
by numerous motivations – received support, a sense of belonging, establishing relation-
ships with people with similar views or problems. The reception of these motivations, 
on the other hand, consists of content and photographic materials posted by the 
blogger, as well as readers' reactions. Established internet diaries are a stimulus in 
shaping the identity of both the author and recipients (Wozniak, 2016, p. 85). Georgen 
was of the opinion that with the development of transport and media, the number 
of relationships connecting us with other entities increased. Thanks to the possibility 
of communicating via the Internet, we can contact and meet people we would probably 
not meet. Internet blogs are founded by people who want to share their insights, views, 
passions with often foreign individuals. They are written in the form of a diary, which 
once hidden nowadays is shown to a wide audience. Some of them are written under 
a pseudonym, while on others we directly get to know the identity of the blogger 
(personal data, images of the image). The incentives for creating a blog vary – starting 
a new hobby, the current situation in society bothering certain social groups, or 
a diagnosis of a disease that changes daily functioning. The selected topic is aimed at 
analyzing the content posted by women suffering from malignant tumors. In particular, 
discovering the importance of writing a blog for them on the subject of fighting cancer, 
the most common topics for posts and blog writing themes. In the last few years, due to 
the spread of self-expression on the Internet, people affected by cancer have started to 
describe their stories and struggles related to treatment. They are written by women 
of all ages. Regardless of what they previously dealt with and how difficult the fight 
must be to recover from cancer, it was in the blog posts that they discussed topics 
related to everyday life in illness, fears related to death or their own fragility. 

METHODOLOGY 

The study included analysis of content appearing on blogs run by females who were 
diagnosed with cancer and have started a blog. In total, 3685 entries on 30 online blogs 
were analyzed. Initially, blogs were searched by entering keywords on the Internet, but 
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later they reached other blogs using a snowball effect (blogs written by patients with 
cancer had hyperlinks on the side of the page and linked to other blogs in this topic). 
Sometimes blogs were also marked with the symbol "*" as information that blogger 
died). 

Among the major themes recurring on blogs were: 

 Motives for starting a blog; 

 Experience related to the disease (research, course of treatment, complications); 

 Death, dying; 

 Fundraising; 

 Physical changes due to cancer and femininity. 

INTERNET BLOGS – HISTORY, FUNCTIONS, CONSTRUCTION 

The definition of the word blog refers to the web and the log, which is derived from the 

onboard seaman's diary, where a description of specific events at specific times was 

made (Walker, 2012, p. 35-36). Another definition of a blog is: "frequently updated 
websites whose content is displayed in reverse chronological order (Zajac J., Garapich 

A., Kustra A., 2009). Already in 1994, the first internet diaries appeared, and one of the 

first Bloggers was Justin Hall, who himself coded his entries (Walker, 2012, p. 49; 
links.net), while the "automatic publishing for everyone" proposed by blogger.com 

initiated a wave blogs appearing on the Internet (Walker, 2012, p. 49). Internet diaries 

can be divided according to the form of the message (e.g. text, photoblogs, videoblogs) 

or topics: personal, specialized – however, as Wozniak notes, in this second division 
of content they often overlap and it is difficult to clearly determine which category 

a given blog belongs to (Wozniak, 2016, p. 92). Viwienne Serfata is of the opinion that 

blogs are "both a mirror and a veil, where features worth according to the author are 
displayed, and covers those that they do not want to reveal" (Wozniak, 2016, p. 92). 

Among the motives for blogging according to Jan Zajac is the possibility of confiding 

or describing feelings, but also of self-presentation, or building the prestige of 

a connoisseur in a given topic (Zajac J., Garapich A., Kustra A., p. 4). What's more, 
"writing a blog is a social activity, blog authors think about recipients" (Zajac J., 

Garapich A., Kustra A., p. 4): 

"Let me know how you like the video! Many of you wrote to record more of 
them – I'd love to, but I feel more comfortable from the keyboard perspective, 

but please send me ideas what video you would like to see! Maybe something 

will be recorded." Absorbed on 15.03.2017. 

Blogs written by oncologically ill woman have a personal charter, show the author's 

experiences and feelings related to private life (Walker, 2012, p. 5). Bloggers often 

respond with comments directed at a specific reader (Walker, 2012, p. 5). Jill Walker 

notes that blogs are cumulative, and the author posting assumes that the reader knows 
the history of the blog, which entry from the entry is a further history written by the 

blogger (Walker, 2012, p. 21). Jill Walker believes that blogs are "a social literary 
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genre where bloggers write for the world in the expectation that they will find readers" 

(Walker, 2012, p. 78). It should be noted that self-narrative created with the help 

of a blog most often includes "episodes and threads related to selected aspects of 
identity" (Walker, 2012, p. 91). The potential image of individuals who read the blog of 

their choice is a reflection on "who they could [...] or are afraid to become" (Gergen, 

2009, p. 105). This can be seen on blogs written by people affected by cancer – blog-
gers read online diaries of other cancer patients (they also have links to the blogs they 

read on the side), commentators say that they themselves are struggling or struggled 

with cancer, or thanks to reading the blog they started appreciate their lifes (without 
a diagnosis of cancer), which confirms Georgen's thesis. 

CONSTRUCTING AN IDENTITY AND AN ONLINE DIARY 

Writing a blog by people with a cancer diagnosis may be associated with the need to 

maintain their own identity, which is disrupted because of the disease. According to 

Oles, identity is associated with continuity expressed by certain characteristics of the 
individual and his subjectivity through a sense of agency and self-reflection (Oles, 

2009, p. 221). It should be emphasized that changes occur in the individual throughout 

their lives and can take place at critical moments in life – e.g. cancer (so-called 
borderline situation) (Galdowa, 1992, p. 135). Goffman wrote that people take on 

different social roles oriented to specific goals, but there are also roles in which 

individuals due to the situation are forced to enter (e.g. the role of the patient), thanks 

to which they adapt to new conditions, but this role is associated with suffering and 
discomfort, because it does not result from voluntary choice (Gergen, 2009, p. 183). 

According to Wozniak, "telling stories is a natural and common way of communi-

cation" (Wozniak, 2016, p. 90). Autobiographies that help in "understanding events" 
are of particular value, and the described reality becomes "manageable" (Wozniak, 

2016, p. 91). There are 2 functions in running a blog: interactive, there is a recipient of 

content, and the message is of a dialogue nature. Then the story is dynamic, because 
"facts and interpretations are added or skipped in response to recipients' reactions" 

(Wozniak, 2016, p. 91); representative, where content relevant to the author is commu-

nicated, and among the characteristic features is "giving new meaning to content, 

revealing a specific emotional climate" (Wozniak, 2016, p. 91). Depending on the 
specifics of the blog, they can be written under a pseudonym or the author can directly 

reveal his identity. Among blogs written by people with cancer, the vast majority 

revealed and also willingly shared private photographs with readers. Although, according 
to Jill Walker, it's easier to confide under a pseudonym, the sick eagerly wrote about 

even very sensitive issues, including about sexuality, death, divorce problems. All the 

more it is a matter of note, because the sick were aware that their blogs were read by 
their doctors, relatives, friends, with whom, as they declared in their posts, they did not 

talk about the topics discussed on blogs. The lack of using a nickname may also be 

related to the fact that at a certain stage of writing a blog the sick ask for payments to 

their account set up by a specific foundation, or for help/consultation regarding medicine, 
therapy. Bloggers often have a positive return from recipients who are eager to help 

and motivate to fight, which may be associated with Jill Walker's observation that stories 

and confiding generate a sense of living with the author (Wozniak, 2016, p. 146). 
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WEBLOG ANALYSIS 

MOTIVES FOR STARTING A BLOG 

The main stimulus for establishing all of the blogs analyzed was the diagnosis of 

cancer. Some bloggers set up an online diary a few days after information that they are 
going to receive treatment, others after a few months. For most of them it is the first 

adventure with writing, they do not know how to start, directly informing about it. The 

authors write about their motives in the "about me" tab or in the first entry. For one 
blogger, writing posts is a declaration that she will eventually be cured, comparing the 

disease to "fight", and cancer to an opponent that must be "defeated": 

"I finally pulled myself together and started. I decided to start writing down my 
fight with the Alien, which is currently underway. Yes, I have cancer. And I'm 

going to beat him. It cannot be otherwise." Ostre starcie 01/2012.  

"My blog is a daily testimony that cancer is not the end of the world ... that 

despite bad prognosis you can fight and win ... that despite the fatal decline in 
the form of the human BRCA1 gene, you cannot break down but fight for 

yourself once again! As long as I fight I'm a winner!" aMAMAżonka 03/2018. 

Another blogger has several motives to start writing posts. On the one hand, it is to be 
a new occupation during oncological treatment, on the other, it is a refuge for people 

who are also struggling with cancer. What's more, it is a mediator between the author 

and readers of the blog, who, as assumed by the blogger, can be her friends. I want to 

give them courage and make them aware of how and what to talk to people with 
cancer: 

"I know that it can be read by my friends who knew nothing about my illness 

[...] Don't be afraid to call me – I'm not sitting in the corner and I'm not crying, 
you can say "c" word next to me and you can ask for details :)) This blog is to 

help me do something with a lot of free time that I have and can help someone 

who like me was lost at first and didn't know what to do with himself." Bu-rak 

10/2014.  

Another blogger talks about cancer in a metaphorical and humorous way. She compares 

cancer to the usurper's husband, with whom he intends to end the relationship: 

"Wife with four years of marriage experience. My husband is a well-known 
criminal in the underworld: Hogdkin's lymphoma, a malignant tumor of the 

lymphatic system that dragged me to the altar three years ago and has not lost 

sight of me since then. We are an interesting duo: an aggressive and un-
predictable rascal and temperamental girl who does not let Hodgkin lure to the 

hospital bed and hopes that it will not be love for the grave board." Rak i Ja 

12/2011. 

The author's writing style has a positive response among readers who declare that: 

"[...] you want to live after reading that!" Anonymous 03/ 2014. 
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Commenters, in addition to compliments related to the patient's writing workshop, 
declare that they have donated 1% tax or cash to the foundation that collects money for 
its treatment. 

FUNDRAISING FOR TREATMENT 

Among the most common topics on the blog are requests for cash for a blogger or other 
sick person. Payments are made via the foundation to which the patient belongs. Such 
entries are placed in the form of posts or are a permanent part of the blog (permanently 
posted on the side of the blog). It is interesting that the posts where bloggers ask for 
help are not the first post in the online diary. On the one hand, it may be related to 
joining the foundation after some time to fight cancer, on the other hand, it may 
involve establishing relationships with readers who, reading the confession of the sick, 
are more likely to deposit money, among others for treatment: 

"through the Rak'N'Roll Foundation. Win life! I collect money for medical 
treatment, health improvement, transport, or other life needs that are beyond 
my financial means. [...] thank you for all your contributions! And as I wrote 
before – no matter how much you pay, it is the desire and gesture that count! 
and besides – every coin will be useful, and the strength is in numbers." 
Chustka 08/2011. 

"On the right on the blog there is a bearing for the "Gwiazda Nadziei" 
foundation. MY FOUNDATION! They took me in without any unnecessary 
formalities, great thing :) Earlier I wanted to join another foundation, but I was 
horrified by the list of necessary documents... I have no strength for 
paperwork. And here it went painless :) There will be founds to treat for! 
Hihihi! : D" Zjem dziada 12/2014.  

Bloggers, whose condition has normalized enough to slowly return to everyday life 
from before the cancer, ask the readers about finding a job or began to do sewing 
things on their own and encourage them to buy: 

"I have to leave the house, I have to start living normally, because these four 
walls are beginning to overwhelm me. Maybe someone who could use 
a person like me would read it. Although maybe in this post I did not 
specifically advertise well, but I had to throw it out." Bu-rak 03/2018.  

"So – if you need a mascot, shawl, hat or blanket – ask me! I'd love to knit it 
for you. If you suffer from excess cash and you don't know how to use it well – 
my Avalon account will gladly take it;) And if you just miss me and my 
writing - click on ads on the blog. I earn on them :) Cuddling you strongly and 
... Keep your fingers crossed that I can withstand such a pace until May :)" 
Zjem dziada 02/2020. 

EXPERIENCE RELATED TO THE DISEASE (RESEARCH, COURSE OF TREATMENT, 
COMPLICATIONS) 

Bloggers in almost all cases place a note/post about the type of cancer they have 
diagnosed. Only on one of the analyzed cases the blogger placed information without 
specifying the type of cancer. Patients share in detail the course of the disease and the 
description of medical activities they undergo: 
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"Life turned upside down a month ago one more time... Exactly the day before 

the start of the new therapy, magnetic resonance imaging showed something 

terrible. This was not expected... A second outbreak in the brain... another new 
tumor... I have fallen and I still can’t rise... [...] I have started a new therapy 

of mental abuse... Every day for 21 hours I am connected to the pump that 

gives me life-giving fluid. The bag slung over my shoulder accompanies me 
every day at any time of the day or night. There is still hope in me that 

everything is not lost yet, I want to believe it so much... I am... I am still. With 

two unwanted parasites in my head, but I am still and I still want to be... Thank 
you for everything..." Chichot losu 12/2016. 

Blogs also contain reports on hospital stays where patients stay together. Such entries 

are then anecdotes about everyday life in the hospital and are usually not continued in 

the next posts: 

"When it was time to sleep, I entered the room and said" ENOUGH TALK 

ABOUT DISEASES! " There was silence and dear troll ladies began to listen 

to me. I don't know what I told them because I was talking like inspired, but 
the Wall Street Wolf would not be ashamed. I gave them a lecture about how 

positive thinking affects our body and stuff. In any case, it worked, and dear 

patients seemed to feel better and began to smile. Maybe that was my hidden 

mission. I do not know how long it helped anyway that evening and the next 
day they did not discuss so much about the ailments, and the topic was 

changed to healthy eating, fashion and handsome doctors. There was a lot 

of laughter and I even started to like my fellow sick, not just sympathize. After 
this magical evening, the pressure calmed down and I was given chemistry the 

next day." Bu-rak 11/2014. 

DEATH, DYING 

Death and the preceding death is an inseparable part of every human life, regardless 

of gender and origin. The end of the life of an individual also affects other people such 

as family or friends. We have been in contact with the phenomenon of death repression 

since the 20th century (Krajewska-Kulak, 2006, p. 33-34). People do not want to think 
about it, hear it and by all means try to delay the probable moment of death. Thoughts 

about death are also generated by rising cancer incidence statistics. According to the 

report of the Polish Oncological Society "Current State of Cancer Control in Poland" 
issued in connection with the implemented project "Strategy to fight cancer in Poland 

in 2015-2024" cancers most often occur in the elderly, therefore, due to the forecasts of 

an increase in the number of individuals aged 65 years and older, there is also a high 
probability of a higher percentage of cancer cases (Polish Oncological Society, 2016, 

p. 6-8). Complications related to treatment cause stopping and reflecting on one's own 

passing, as well as considering the most difficult consequences of the disease – one's 

own death, which before the diagnosis of cancer, in standard life circumstances is not 
taken into consideration. Bloggers directly share with their readers their fears about 

death, are afraid that it will come too soon: 
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"I often think about death, not because I am afraid of it, but because it will 

come sooner or later. I am afraid of those who will stay here and will suffer 

because a piece of their life connected with me will be suddenly taken away. 
I don't believe in life after death and looking from the clouds at others, maybe 

that's why I'm sometimes so worried. I hope or maybe I know that it won't 

come so soon." Bu-rak 08/2015. 

According to Philipp Aries, "death is a public act involving the entire community" 

(Aries, 1989, p. 1). People who intuitively feel that they are dying often do not want to 

stay alone at that moment. Blog, especially readers, are becoming a kind of community 
for the sick, which they inform about the deterioration of health or the anticipated death 

and fears associated with it. Entries are full of difficult emotions, they feel incredible 

pain and fear. Posts are written, although bloggers know that they can receive support 

only in the form of comments: 

"I'm getting scared. I'm afraid of death, I'm afraid to leave, I feel helpless, 

nobody can help me. I would like to live... so much..." Pamiętnik śmierci 

ostatnie słowa, 05/2010. 

Patients in posts also write that they are not afraid of death per se. However, they are 

afraid that they will disappear from social life – they will not be able to actively 

participate in raising children, they will not be part of the family, they will be removed 

from contacts with friends: 

"I am not sorry for myself that I will die. I am sorry that I will disappear, the 

clip connecting my son, husband, apartment. I am sorry that we will disappear 

as a family. I feel sorry for not rising my wise and good son together as 
I would have dreamed: that he would become a righteous and fearless man. 

that he would be like Nemesis – a large-format man, an extraordinary 

personality." Chustka 05/2010. 

It is noteworthy that the blog and readers (who are usually not close relatives) is so 

important for the patient that she asks someone closest to her (husband, mother) to 

write a post to her audience after death, which testifies to an important help function in 

blog while struggling with the disease. Bloggers do not want to leave readers without 
information about their status or, ultimately, death: 

Entry of the author's husband, Diabli nadali: 

"Unfortunately, I have to inform you about the death of ***, which today left 
at 6:00 am from this world. Thank you to the people who were on this blog. 

You gave her encouragement and hope for a better life, sometimes I looked at 

her as she wrote a post or responded to comments as an involuntary smile 
appears on her face. Thank you for those moments of joy which she 

experienced thanks to you." 11/2012. 

Entry we have the author of the blog Pamiętnik śmierci Ostatnie słowa: 
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"Hello, my daughter asked me to write the last entry here on her behalf in case 

she couldn't. I do this with great regret in my heart, but I want to fulfill her 

request." 05/2010. 

PHYSICAL CHANGES DUE TO CANCER, FEMININITY 

In society, you can see some specific attributes of femininity that women must con-

stantly cultivate. They are often evaluated through the prism of these attributes, and if 
they differ from the standards they set, they are described as "not feminine". Dominika 

Dzido analyzed sex on the basis of interviews. In this respect, she described "the body 

as a costume", showing that sex is determined by the attributes assigned to it, and 
specific "body features do not define masculinity or femininity" (Kurczewski, 2006, 

p. 217). Her hair is considered to be peculiar attributes of a woman – "decorating with 

her hair, and more specifically with her hair, is one of the activities that characterize 

a woman" (Kurczewski, 2006, p. 217). Among the entries about physical changes, a lot 
of space was devoted to hair, especially telling about hair loss, a decision about 

shaving the head: 

"One night I lost my feminine identity. It was a blow below the waist. Much 
below. What is this mare without a mane? Despaired, I clutched my head and 

the hair that got tangled in my fingers was already there. Oh, my God, that's it! 

I stand in front of the mirror and try to identify my emotions... It looks 

strangely in my eyes – Yes, it is a shock." Rak i Ja 05/2012. 

In the following quote you can see how after going through the stage of reconciliation 

with hair loss the blogger emphasized the importance of buying wigs and scarves, 

which from the moment of purchase she treated as her hair, so she could feel like 
before the disease: 

"When I got sick that time, I was 16 years old. It was my birthday in March 

and everything started in April. At the time, my main concern was that my hair 
would fall out. I didn't care so much that it was a serious illness with many 

consequences. Hair was the most important thing. I said that I would not start 

treatment until I had a wig. And it was so. Before we went to the ward, we 

went to the wig store. At that time I was calm because in the hospital cupboard 
there was a box with my "new hairstyle." 06/2017 Pampa. 

The patients also shared with readers entries and photos of regrowth hair that motivated 

them to recover and new hair styles that they would never have dared to have: 

"I haven't had chemotherapy for a month and my hair is starting to grow back 

– for now it's such a funny nap like a child's, but one day it will be long to the 

waist, you'll see! My eyebrows and eyelashes have fallen out completely and it 
looks very strange, but what is the makeup for, I get better drawing eyebrows 

without eyebrows, haha." Pochłonięta 12/2016.  

"And to make it more interesting I changed the hair color. I've always been 

dark haired and now I'm blonde." Wymuszony blog 04/2020. 



 
Female internet blogs as (self) help in the fight against malignant cancer 

 

47 

Creating your own appearance can be a form of mask we put on so that others perceive 

us as healthy people. The feedback signals we receive from others have the task "that 

we should be satisfied with the impression that our body makes on ourselves and on 
the environment" (Kurczewski, 2006, p. 19). Investing in the body provides people 

with means of expressing identity, potential well-being and increased control over the 

body (Kurczewski, 2006, p. 21). Marek Rokita claims that "our biological body 
consisting of meat, blood, skeleton and entrails is negated" (Phenomenon of controlling 

body, 2012, p. 42). According to him, "only what is outside is important, and the word 

inside only applies to the sphere of ideation and affection" (Phenomenon of controlling 
body, 2012, p. 42). Further on, we "remove as far as possible beyond the horizon 

of experience a significant part of our corporeality, especially the one that we do not 

associate with sexuality" (Phenomenon of controlling body, 2012, p. 42). Both the 

body and corporality undergo "cultural processing". Regarding corporeality and its 
connections with culture, it can be stated after Arkadiusz Lewicki that "a body 

deprived of life arouses fear, horror, disgust" (Konarska, 2011, p. 213). Norms are to 

avoid contact with a dead body, which is no longer referred to as the body, and the 
corpse, although the disease preceding the condition is often understood through the 

lens of the body: "the story of the disease [...] is therefore, in essence, a story 

of symptoms, a story of the body and interpretation of the changes to which it is subject 

"(Konarska, 2011, p. 223). Moreover, "subjective stories about the disease are largely 
stories of symptoms and bodily experiences that the patient is struggling with" 

(Konarska, 2011, p. 228): 

"For everyone who says with a smile of disbelief: you don't look sick! I say for 
the last time: because I learned to mask! Because I am humiliated with how 

I feel, my gums bleed, my eyes are sore, my muscles and bones ache, and that 

sometimes I puke left or right walking down the street. Then people think: "she 
probably got drunk, she has a hangover" instead of "poor dying woman". Yes, 

I'd rather be a drunkard than a cancer patient. [...] I recently went to the store 

without makeup. People were staring at the alien. I wanted to hide somewhere. 

And it's not like I'm ashamed. I just feel free of all weaknesses without a mask. 
Naturally, beautiful women make up, even though they don't have to, but 

a cancer patient should look like shit so people believe she's sick. It's not 

enough that she feels like shit! No, people need tangible evidence to believe. If 
I puke on another person who says this hated sentence, will he believe I'm 

sick?" Bu-rak 01/2017. 

According to Chris Shilling, due to the extension of the number of areas related to the 
body and its development, "it is becoming [the body] increasingly a matter of option 

and choice" for their owners (Shilling, 2010, p. 17). People can control it thanks to this, 

but due to the disease this control is limited. Depending on the financial resources that 

units have, the control methods they use will be different (Shilling, 2010, p. 18). 
Shopping is considered one of those things that please women. Patients understand 

femininity through the prism of appearance, and the disease imprint its marks on the 

body they constructed every day, disturbing what they cared for so far: 
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"Since I learned that I am sick, I have not bought clothes (except pajamas, 

socks for hospital, etc.). I thought it was a waste of money if I was to die in 

a moment, and today I was ragging. I made myself: a silk green blouse with an 
American neckline, the other – made of transparent navy blue georgette, with 

frills. both are divine and I bought amazing pants, original Diesel, super tight 

tubes, black." Chustka 07/2010. 

"On the eve of the consilium, apart from pink hair, I made myself pink 

sneakers and two more pairs of other shoes (compulsive nervous spending, 

fortunately there are discounts and I spent as much as one pair of inexpensive 
shoes;)" Bu-rak 07/2016. 

During our daily duties, we do not pay attention to the biological/physiological 

dimension, and just caring for the body is only a routine, a habit (Jakubowska, 2009, 

p. 95). "It is only the breaking of this routine, mainly through its obviousness, that we 
ignore the physical dimension of our actions, forget about the body" (Jakubowska, 

2009, p. 95). It is during illness that the body changes its meaning to a "insignificant 

body", becoming a purely biological organism (Jakubowska, 2009, p. 95). It ceases to 
be an external showcase of the unit. Most women affected by cancer, however, strive 

to maintain the vision of the body as significant in the fight against the disease: 

"I got sick at the age of 20 – let's face it, it's important for girls and women to 

look. This is one of the key points of self acceptance. I was very sad that I can't 
"dress up". At every party, I looked like a chubby gnome wearing a hat, while 

the girls were looking like goddesses. Maybe it’s stupidity, appearance is not 

the most important thing, but it hurts in the long run. Fortunately, I’m over it. 
I don't want to feel like this anymore, which is why I feel like I'm taking care 

of myself much more than before." Miss chłoniaka 11/2014. 

This dimension of corporeality, which is inevitably connected with the disease, is 
synonymous with the fact that we remember the body as such and often begin to see it 

only when we are sick. Honorata Jakubowska in her works notes the phenomenon of 

"sterility of human bodies". It mainly concerns the awkward at the time uncomfortable 

features that are an indispensable part of human physicality (Jakubowska, 2009, p. 91). 
These include those related to the biological/physiological body (Jakubowska, 2009, p. 

91). It has been changed to a "cultural body". The body has become a cult, a kind of 

showcase of modern man. The way a person looks externally, how he presents himself 
is directed at the denial or forgetfulness of natural CARE (Jakubowska, 2009, p. 92). 

Numerous cosmetic procedures and their prevalence are helpful. They begin to change 

the understanding of the naturalness of the body, directing its weight on the cult 
of eternal youth and health. Examples of this are rejuvenating treatments, the purpose 

of which is "an attempt to stop the body's natural processes" and "exclusion of diseases 

and death from public space" (Jakubowska, 2009, p. 92). Thanks to these endeavors, 

a person has the opportunity to "forget every day" about the above-mentioned processes, 
the occurrence of which is still an indispensable element of an individual's life. 

According to the author, "natural bodies" do not exist when it comes to public space. 

They are still embellished, decorated and presented in a certain way (Jakubowska, 
2009, p. 92). 
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Despite the many options we have to create our body, we are not able to control it in all 

situations. Such an example is a disease, especially one that does not give optimistic 

prognosis. In some situations, patients who have cared for themselves throughout their 
lives do not see the point in continuing to care. This is due to the disorder of identity 

creation with the help of the body due to the patient's well-being caused by a medical 

condition or pain (Brytek-Matera, 2008, p. 12): 

"It's all overwhelming. I feel so weak and tired. In addition, I am motivated by 

the fact that I train a lot and the there are no effects. My lips are contorted, 

especially when I speak. I don't like to speak to more people because of that. 
I don't like looking at myself." Wojna z nowotworem 05/2019. 

SUMMARY 

According to Trzebiński, narrative is for the individual a natural form of describing the 

situation. It is a story ordering in our interior, among others difficult events in life. "It is 

the basic condition for adaptation to stress", what is more, it is also "the basic function 
of the therapeutic process" (Trzebiński, 2002, p. 6). Blogging is a type of self-therapy 

for women affected by cancer. Then, describing what they are feeling and sharing it 

with people who want to read it encourages them. Some of them prefer sharing 
information with strangers rather than burdening them with family or friends. People 

who read their entries add comments below them, mostly positive ones, which give the 

patient comfort and energy to fight the disease. 

Blogs are a place for cancer patients where they can write about matters that they do 
not want to talk to their loved ones for various reasons. Internet diaries are testimony of 

what is important for patients when fighting cancer – what thoughts, emotions they 

have, what they are afraid of, and what they enjoy in everyday life, gives hope. 
Frequent dedication of entries to the subject of physical femininity shows that its 

construction, even in such a difficult life moment, gives the patient confidence and 

gives the fighting spirit that they have a chance to return to everyday life before the 
disease. For the blog, people attached great importance to maintaining their own pre-

illness identity, especially about issues related to appearance, although it would seem 

that in the context of the disease, moving the physical sphere of femininity is quite 

often overlooked, and the struggle for life and health comes first. Writing a blog helps 
patients to survive the time of treatment as well as through the chronology and 

consistency in writing posts to observe the changes that occur in the author's attitudes, 

reflections, which is for them a kind of self-help or self-therapy. 
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ABSTRACT 

Personalised medicine, according to the Advisory group for the H2020 Health, refers to a medical model 
using characterisation of individual phenotypes and genotypes for tailoring the right therapeutic strategy 
for the right person at the right time, and/or to determine the predisposition to disease and/or to deliver 
timely and targeted prevention. The development of genomic technologies methods leads to the 
identification of multiple mutations in a large variety of cancers. The data based on molecular technologies 
like molecular profiling, DNA, RNA expression methods, and also immunohistochemistry and proteomics 
aims to identify and evaluate molecular targets that may be candidates for drug discovery. In general 

the mechanism of targeted cancer therapies focuses on blocking growth, progression and spread of cancer 
by interfering with molecular targets that are involved in this process.  

Small molecules like tyrosine-kinase inhibitors and serine/threonine kinase inhibitors or monoclonal 
antibodies are the examples of anticancer targeted therapy. The application of personalized medicine is still 
a work in progress. The development of targeted therapies makes cancer treatment more effective and 
reduce the cytotoxic effect of non-cancer cells. 

In this review, the methods of identification targeted molecules like zebrafish cancer model and molecular 
profiling will be presented. This review will focus on the existing and future technologies that could 

improve the development of targeted therapies for treatment of resistant cancer in individual patients. 
Specifically, it will concentrate on reviewing the examples of current successful oncologic therapies 
include BRAF inhibitors (vemurafenib), RET inhibitors (sorafenib), and epidermal growth factor. 

INTRODUCTION 

WHO reported that cancer is the second leading cause of death globally, accounting for 

an estimated 9.6 million deaths, or one in six deaths, in 2018. Lung, prostate, colo-
rectal, stomach and liver cancer are the most common types of cancer in men, while 

breast, colorectal, lung, cervical and thyroid cancer are the most common among women 

(WHO). Conventional treatment of cancer are hormonal and cytotoxic therapies. 

The poor clinical outcome for most cancer types is caused by a diverse array of factors, 

including late diagnosis, tumor heterogeneity, metastasis, lack of targeted treatment 

options and resistance to therapy, tumor recurrence, and a failure to translate preclinical 

breakthroughs into meaningful patient benefit (Doll, 2019). Targeted cancer therapies 
are expected to be more effective than conventional treatment. 

Personalized medicine refers to medical model using characterisation of individual 

phenotypes and genotypes (e.g. molecular profiling, medical imaging, lifestyle data) 
for tailoring the right therapeutic strategy for the right person at the right time. Moreover 

personalized medicine allowed to determine the predisposition to disease. Personalized 

medicine relates to the concept of patient-centred care. 

Gene expression profiling and genome-wide sequencing have played significant roles 
in knowing a tumor’s molecular sequence and allowed for creation of targeted therapies. 
Targeted therapy is one of the most developing therapy for cancer. Molecular targeted 
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therapy blocks the growth of cancer cells by interfering with specific targeted mole-
cules involved in carcinogenesis and tumor growth. 

Targeted cancer therapies may be more therapeutically beneficial for many cancer 
types, including lung, colorectal, breast, lymphoma and leukemia. Moreover, recent 
advances made it possible to analyze and tailor treatments to an individual patient's 
tumor. The main types of targeted cancer therapies are monoclonal antibodies, small 
molecule inhibitors and immunotoxins (Baudino, 2015).  

Latest advances in molecular methods such as next-generation sequencing (NGS), 
including DNA sequencing, RNA sequencing, whole-exome sequencing, copy number 
variation analysis, and DNA methylation arrays, have increased our understanding of 
cancer biology, and leads to the development of a new comprehensive molecular 
cancer classification (Sicklick, 2019). 

In 1984, EGFR, as the first receptor, was associated with an oncogene, v-ERBB, which 
was known to induce sarcomas and leukemias in chickens (Downward, 1984). 

The first clinical trial of molecularly targeted drugs for the off-label treatment of 
heavily pretreated metastatic cancer was the SHIVA trial. The molecular profile of 
each patient's tumour was established with a mandatory biopsy of a metastatic tumour 
and large-scale genomic testing. Only patients with a molecular alteration in one of 
three molecular pathways (hormone receptor, PI3K/AKT/mTOR, RAF/MEK) were 
included. Patients were matched to one of ten regimens including 11 available mole-
cularly targeted agents (erlotinib, lapatinib plus trastuzumab, sorafenib, imatinib, 
dasatinib, vemurafenib, everolimus, abiraterone, letrozole, tamoxifen). The results 
show that use of molecularly targeted agents outside their indications does not improve 
progression-free survival compared with treatment at physician's choice in heavily 
pretreated patients with cancer (Le Tourneu, 2015). 

In the same time combination of everolimus with trastuzumab plus paclitaxel as first-
line treatment for patients with HER2-positive advanced breast cancer (BOLERO-1: 
A Phase 3, Randomised, Double-Blind, Multicentre Trial) shown that progression-free 
survival was not significantly different between groups in the full analysis population 
(Hurvitz, 2015). 

Disease progression in patients with HER2-positive breast cancer receiving trastuzumab 
might be associated with activation of the PI3K/Akt/mTOR intracellular signalling 
pathway. The addition of the mTOR inhibitor everolimus to trastuzumab might restore 
sensitivity to trastuzumab. In a randomised, double-blind, placebo-controlled phase 3 
trial of everolimus for women with trastuzumab-resistant, HER2-positive advanced 
breast cancer (BOLERO-3), the addition of everolimus to trastuzumab plus vinorelbine 
significantly prolongs progression-free survival (PFS) in patients with trastuzumab-
resistant and taxane-pretreated, HER2-positive, advanced breast cancer (Andre, 2015). 

SEARCH STRATEGY AND SELECTION CRITERIA 

In development of targeted therapies the first step is identification of marker and the 
next step is understanding the role of marker (prognostic, predictive).  

In marker selection the following methods are developed:  
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GENOMICS 

Understanding the molecular characteristics at a genomic level is critical to develop 

new treatment strategies. The identification of individual targetable alteration with 
a genomic methods might predict a therapeutic response to immune-checkpoint 

inhibitors or identify cancer-specific proteins. Based on that, personalized anticancer 

vaccines are designed. Clinical applications of cancer genomics include monitoring 
treatment responses and characterizing mechanisms of resistance. Traditional approaches 

to the genetic characterization of clinical oncology specimens include cytogenetic 

analysis, fluorescence in situ hybridization (FISH), and molecular studies of single 
genes. These methodologies are complementary to each other and generate information 

of diagnostic and prognostic relevance. Next-generation sequencing (NGS) allows 

rapid analysis of multiple genes for clinically actionable somatic variants (Cottrell, 

2014; Al.-Kateb, 2015). The application of massively parallel or next-generation 
sequencing (NGS) to large-scale cancer genomics discovery projects has revealed new 

information about the underlying genomic drivers of cancer development and 

progression across multiple anatomical locations. NGS and various analytical 
approaches are now being introduced into clinical practice to better inform the clinical 

care of patients with cancer (Berger, 2018). The application of NGS technologies to the 

characterization of human tumours has provided unprecedented opportunities to 

understand the biological basis of different cancer types, develop targeted therapies and 
interventions, discover genomic biomarkers of drug response and resistance, and to 

guide clinical decision-making regarding the treatment of patients (Garraway, 2013; 

Hyman, 2017). Increased levels of precision are being achieved in the clinical care by 
including cancer genomics in diagnostic medicine. 

Therapeutic aplications of DNA sequencing was evaluated in I-PREDICT clinical 

study. This cross-institutional prospective study used tumor DNA sequencing and 
timely recommendations for individualized treatment with combination therapies. 

Administration of customized multidrug regimens was feasible, with 49% of consented 

patients receiving personalized treatment. Targeting of a larger fraction of identified 

molecular alterations, yielding a higher 'matching score', was correlated with signifi-
cantly improved disease control rates, as well as longer progression-free and overall 

survival rates, compared to targeting of fewer somatic alterations (Sicklick, 2019). 

Whole-genome, whole-exome, and whole-transcriptome sequencing pro vide the 
opportunity for discovery the full spectrum of oncogenicalterations in cancer tumours 

(12, Caldow Pilgrim, 2013). Cancer precision medicine in the clinical practice mainly 

focuses on the role of liquid biopsy, particularly circulating tumor DNA, as a potential 
tool for cancer screening, selection of an appropriate drugs, surveillance of minimal 

residual diseases, and early detection of recurrence (Low, 2019). 

The development of NGS approaches in clinical laboratories need guidelines to ensure 

that NGS testing to direct patient care is performed to the same rigorous standards as 
other clinical tests focused on the analysis of nucleic acids, such as DNA sequence 

analysis by Sanger methodology, DNA copy number analysis by microarray analysis, 

and detection of chromosome aberrations by interphase FISH. The guidelines for 
clinical NGS analysis (both the technical and bioinformatics components) was publi-
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shed by The College of American Pathologists (CAP), the U.S. Centers for Disease 

Control and Prevention (CDC) and the New York State Department of Health (Cottrell, 

2013; El-Khoueiry, 2018). Several organizations formalized guidelines under which 
clinical NGS can be performed (Cottrell, 2013). The quality and use of molecular tests 

in medicine routine practice are regulated by Implementation of Guidelines on PG and 

PK, Good Genomic Practices, Guidelines on genomic BM and drugs co-development, 
PG methodology in PhVG ICH E18 genomic samples and data handling (Garcia, 2017). 

The Cancer Genome Atlas (TCGA) and the International Cancer Genome Consortium 

(ICGC) have surpassed the 1000 Genomes Project by sequencing thousands of tumors 
across different cancer types. Comprehensive genetic profiling of tumor samples has 

uncovered novel oncogenes and tumor suppressor genes by comparing their mutation 

frequencies with the background mutation rate, by detecting mutation profiles with 

significant bias toward certain mutation types (Becquemont, 2009). 

Methodology implications for drug clinical development of Next Generation 

Sequencing (NGS) for clinical use are analysis of a panel of genes, analysis of whole 

exome or genome and large unbiased sequencing. 

PROTEOMICS, PHOSPHOPROTEOMICS, PROTEOGENOMICS 

Analysis of the expressed proteins in a tumor and their modification states reveals if 
and how DNA mutations are translated to the functional level. Proteomic changes 

including posttranslational modifications are essential steps of oncogenesis. Proteomics 
technology has only recently become comparable in depth and accuracy to RNAseq 

and allow the analysis of formalin-fixed and paraffin-embedded biobank tissues, on 

both the proteome and phosphoproteome levels. Mass spectrometry-based proteomic 
studies is technology for large-scale and unbiased proteomic analyses. Proteomic with 

genomic and clinical data generate a personalized panomics profile for each patient for 

better treatment decisions (Doll, 2019) modification states reveals if and how these 
mutations are translated to the functional level. Phosphoproteomics measures the 

identity and quantity of tens of thousands of phosphorylation sites, serving as an 

ultimate read-out of the activity of kinases to detect aberrant kinase activities and 

altered signaling pathways, which are the most important alterations in oncogenic 
transformation. Drugs targeting mitogen-activated protein kinase 1 (MAPK), PI3K, 

serine/threonine-protein kinase B-raf (BRAF), vascular endothelial growth factor 

(VEGF), ALK, EGFR inhibit their targets directly at the protein level – and not at the 
gene level (Yaffe, 2013). 

Cancer proteogenomics promises new insights into cancer biology and treatment 

efficacy by integrating genomics, transcriptomics and protein profiling including 
modifications by mass spectrometry (Satpathy, 2020). 

PHARMACOGENOMICS 

Pharmacogenomics is the study of the role of the genome in drug response and allows 
to optimize drug therapy, based on the patients genotype, to ensure maximum 
efficiency with minimal adverse effects (Bequenmont, 2009). In cancer treatment, 
pharmacogenomics tests are used to identify which patients are most likely to respond 
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to certain cancer drugs. Innovative tumor profiling methodologies are utilized to 
elucidate the pharmacogenomic landscape of tumor cells in order to support the 
molecularly guided delivery of therapeutics. Personalized medicine in oncology link 
the data of genomic, transcriptomic, and proteomic analysis of tumor samples to aid in 
therapy decision. In a typical screening of such type, multiple genes and proteins impli-
cated in tumor initiation, progression, and drug resistance are analyzed in tumor biopsies. 

The success of the technology has already been demonstrated for various combinations 
of altered biomarkers and therapeutic molecules, such as epidermal growth factor 
receptor (EGFR) expression and EGFR tyrosine kinase inhibitors/antibodies, or the 
expression of programmed death ligand 1 (PD-L1) with anti-PD1 and anti-PD-L1 
therapies (Astras, 2020). 

MOLECULAR IMAGING 

Medical imaging plays a central role in clinical oncology. The future of such imaging 
is molecularly targeted imaging agents. Molecular imaging differs from conventional 
anatomical imaging in that imaging probes are utilized to visualize target molecules-of-
interest. Molecular imaging plays an important role in oncology and personalized 
medicine by allowing earlier diagnosis, assessing early response to treatment and by 
predicting treatment response. Molecular imaging has an impact on drug development 
by streamlining preclinical and clinical tests for new drug candidates. Molecular 
imaging allows not only localization of a tumor in the body but also allows imaging of 
the expression and activity of specific molecules (protein kinase) as well as biological 
processes like angiogenesis, hypoxia and apoptosis. This processes influence on tumor 
behavior and response to treatment (McDermott, 2016). 

Several markers related to angiogenesis including VEGF/VEGFR, amb3 integrins, 
hypoxia-inducible factor-1 or MMPs can be targeted for single-photon emission 
computed tomography (SPECT)/PET angiogenesis imaging. Preclinical trials on probes 
currently used for imaging the VEGF and VEGFRs pathways, such as antibodies 
against VEGF and radiolabeled VEGF-A, have shown promising data for further 
implementation in clinical practice (Fukumura, 2007). In other clinical study a method 
for conjugating a therapeutic antibody to a molecular magnetic resonance imaging was 
investigated. This study concluded that cet-PEG-dexSPION nanoparticle could be 
a promising nanomedicine for therapeutic targeting of EGFR-expressing tumor cells. 
The therapeutic antibody cetuximab and non-invasive monitoring methods improved 
treatment efficacy (Tseng, 2015). 

There are many advantages associated with the ability to measure receptor expression 
by imaging: its’ non-invasiveness, the ability to assess sites, which are difficult to 
sample and avoids sampling error from biopsies when receptor expression is hetero-
geneous. Tumor receptor imaging can measure the therapeutic target expression and 
could be used to direct patient selection for targeted therapy (Mc Dermott, 2016). 

IMMMUNOHISTOCHEMISTRY 

 The use of immunohistochemistry (IHC) for the determination of carcinoma biomarkers 
is a well-established and powerful technique. Immunohistochemisty is readily available 
in pathology laboratories, is easy to perform, assess and can provide clinically 
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meaningful results in relatively short time (Thunninsen, 2017). There is a significant 
correlation between the IHC marker expression and disease progression and the 
prognosis of drug effects (Barbalan, 2018). 

Multiplex immunohistochemistry allows the demonstration of multiple protein antigens 
in individual histological sections of formalin-fixed paraffin-embedded tumors or other 

types of tissue. Well-designed and optimized immunohistochemistry assays maximize 

the information available from limited tissues and demonstrating the histo-anatomical 
relationships among key cell types which express the included biomarkers (Steele, 2018). 

The American Society of Clinical Oncology and the College of American Pathologists 

develop a guideline to improve the accuracy of immunohistochemical (IHC) estrogen 

receptor (ER) and progesterone receptor (PgR) testing in breast cancer and the utility of 
these receptors as predictive markers (Hammond, 2010). 

ZEBRAFISH CANCER MODEL 

The zebrafish (Danio rerio) has been established as one of the most important model 
organisms for cancer research. This model is particularly suitable for live cell imaging 

and high-throughput drug screening. The zebrafish represents a powerful platform for 

cancer research in the development of target therapies. The zebrafish cancer model was 

improved for drug discovery and toxicological and phenotypical screening (Bootorabi, 
2017).  

The zebrafish is ideal for large-scale screening approaches and allows both chemical 

and genetic screening to identify genes and pathways underlying diseases, as well as 
phenotypic screening for the discovery of new drugs (Zhao, 2015). The compounds, 

drugs or small molecules, can be added directly to the water environment of the 

zebrafish (MacRae, 2015). Zebrafish allow unrivalled in vivo imaging of cellular 
behaviour thanks to optical clarity and a range of tissue specific transgenic lines 

(Brown, 2017). The noninvasive high-resolution imaging methods in transparent 

zebrafish embryos visualize cancer progression and reciprocal interaction with stroma 

in a living organism (Chen, 2017). 

The zebrafish cancer models are link between in vitro cell culture and in vivo 

mammalian models for a rapid pre-clinical drug development. Moreover, given the 

high genetic and physiological similarities with humans, zebrafish can be used for 
anticancer drug screening. Transplanted human cancer cells are able to respond to 

zebrafish cytokines, modulate the zebrafish microenvironment, and take advantage of 

the zebrafish stroma during cancer progression. In addition to genetic and molecular 
studies, zebrafish model is also ideal for large-scale chemical screens to identify small 

molecules that influence different aspects of hematopoiesis (Gore, 2018). 

A transgenic zebrafish melanoma model based on the zebrafish mitfa promoter coupled 

with the human oncogenic HRASG12V (Le, 2013). Transgenic zebrafish embryos 
developed melanocyte hyperplasia with the induction of RAS-RAF-MEK-ERK and 

RAS-PI3K-AKT-mTOR signaling pathways. The zebrafish model was useful for the 

screening of compounds directed against mitogen-activated protein kinases, extra-
cellular signal-regulated kinases (MEK/ERK) and PI3K/mTORi pathways (Rapamycin), 



 
Personalized Medicine: from molecular methods to targeted therapy in cancer 

 

57 

alone or in combination (Thomas, 2012). Clinical trials using rapamycin analogs 

combined with MEKi or PIK3K/mTORi are currently underway (Bootorabi, 2017). 

The zebrafish model has been recently used to identify key molecules in skin cancer, 
which includes melanoma and squamous cell carcinoma (SCC), as well as compounds 

for SCC target therapy (Shin, 2016; Jun, 2011). Transgenic mitf-BRAFV600E; 

p53/zebrafish embryos have been created for the evaluation of early transcriptional 
activity within melanoma pathogenesis and to provide a model for chemical genetic 

screening in the context of melanoma therapy (White, 2011).  

INNOVATIONS IN CLINICAL TRIAL DESIGN 

New trial design uses gentic profiles to highlight biomarker differeces. In recent years, 

the therapeutic management of selected patients with cancer based on patient’s mecha-

nisms of tumorigenesis, DNA profiling using next-generation sequencing, proteomic 

and RNA analysis, and immune mechanisms after bioinformatic analysis is essential to 
optimize patient’s treatment (Fountzilas, 2018). 

The traditional, large phase II and phase III adjuvant trial models need to be replaced 

with smaller, shorter, and more focused trias that need to be more efficient and adaptive 
in order to quickly assess the efficacy of new agents. The shift from the traditional 

multiphase trial model to an increase in phase II adjuvant and neoadjuvant trials in 

earlier-stage disease incorporating surrogate endpoints for long-term survival enables 

better efficacy of therapeutic agents in shorter time frazes (Wulfkuhle, 2017). 

The National Cancer Institute–Molecular Analysis for Therapy Choice (NCI-MATCH) 

trial is a study that relies on genomic assays to screen and enroll patients with relapsed 

or refractory cancer after standard treatments. The analytical validation processes for 
the next-generation sequencing (NGS) assay that was tailored for regulatory compliant 

was used in the trial. Thousands of patients who have relapsed or refractory solid 

tumors and lymphomas after standard systemic treatment was recruited and screened. 
The patients were assign to a treatment appropriately matched to their cancer genotype. 

Analytical validation involved testing cells and tumor tissues of multiple types in an 

effort to determine assay performance over a wide range of tumor specimens. The 

NCI-MATCH trial will provide an opportunity for cancer patients to be matched to 
treatments targeted to specific molecular defects based on the genomic analysis of their 

tumors (Lih, 2017). 

The FOCUS4 (Molecular selection of therapy in colorectal cancer: a molecularly 
stratified randomized controlled trial program) trial evaluates patients with advanced, 

metastatic colorectal cancer whose disease is stable or responds to first-line chemo-

therapy, who are assigned to one of five sub-studies for randomization to a targeted 
agent (vs. control) based on tumor biomarkers (Kaplan, 2013).  

In "N-of-1" trial, the determination of the optimal treatment for each patient based on 
tumor characteristics were performer. In a modified "Nof-1" study design, the anti-
tumor activity of anticancer agents was matched to patients’ genotype. Patients were 
treated according to their molecular profiling. The progression-free survival (PFS) was 
longer with the targeted treatment compared to PFS associated with their previous 
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systemic treatment. In this study, tumor whole-genome sequencing and RNA expression 
analysis identified suggested targets for anticancer therapy in 13 tumor types (Von 
Hoff, 2010). 

The use of vemurafenib and trametinib in BRAF V600E-mutated melanoma patients 
has led to substantial survival improvements (Sosman, 2012). Targeting EGFR 
mutations and the EML4-ALK fusion product in lung cancer with erlotinib and 
crizotinib, respectively, has led to remarkably improved outcomes (Shaw, 2013). 
Targeting the PI3K/AKT/mTOR pathway with cognate inhibitors used in combination 
(but not as single agents) resulted in stable disease for greater than 6 months and partial 
response rates of up to 45% in individuals with PIK3CA mutations (Janku, 2014) 

REVIEW 

TREATMENT OPTIONS 

PI3K/AKT/MTOR PATHWAY GENES 

Mutations in PIK3CA activate the AKT/mTOR pathway and have been described in 
breast, colon, gastrin, brain and biliary tract cancers (Holcombe, 2015). Somatic muta-
tions are less common in biliary tract cancers; PTEN and PIK3CA mutations were 
observed in about 1 and 12-14% of GBCA, respectively (Ross, 2015). The tumors with 
these mutations are sensitive to PI3K specific inhibitors currently under investigation, 
as well as mTOR inhibitors, such as everolimus, temsorolimus, and rapamycin 
(Sicklicki, 2016). 

HER2 

The earliest targeted therapies block growth signals like trastuzumab (Herceptin), 
gefitinib (Iressa), imatinib (Gleevec), and cetuximab (Erbitux). Over the past 2 decades, 
there has been an extraordinary progress in the regimens developed for the treatment of 
human epidermal growth factor receptor 2 (HER2)-positive breast and stomach cancer. 
Trastuzumab, pertuzumab, lapatinib, and ado-trastuzumab emtansine (T-DM1) are 
commonly recommended anti-HER2 target agents by the U.S. Food and Drug Admi-
nistration (FDA) (Wang, 2019). Studies on the HER2 gene develop pharmacological 
anti-HER2 agents to inhibit this pathway. In 1998 trastuzumab became a therapeutic 
for breast cancer patients with HER2 overexpression (Balduzzi, 2015) Trastuzumab is 
a monoclonal IgG1 class humanized murine antibody, binding the ECD of HER2 
transmembrane receptor (Pinto, 2013). The mechanism of action is binding to the the 
HER2 receptor and inhibit signal transduction pathways and angiogenesis. Moreover, 
trastuzumab is cell-cycle agrest, apoptosis and DNA rep air induction agent (Sakai, 
2018). 

Trastuzumab was the first target approved specifically for early stage HER2-positive 
breast cancer in combination with cytotoxic agents, such as taxane, after completion of 
doxorubicin therapy (Ferretti, 2006). 

PHILADELHIA CHROMOSOME 

The identification of Philadelphia chromosome [t(9;22)] led to the discovery of imatinib 
mesylate. Imatinib was approved by the FDA in 2002 for the treatment of newly 
diagnosed Philadelphia chromosome positive chronic myeloid leukemia (Druker, 
2001).  
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BRAF PROTEIN MUTATION 

The cell growth signaling protein BRAF is present in an altered form (BRAF V600E) 
in many melanomas. Vemurafenib targets this mutant form of the BRAF protein and is 
approved to treat patients with inoperable or metastatic melanoma that contains this 
altered BRAF protein (Janku, 2014). 

MUC 16 

MUC16 (CA125) has been extensively used as a biomarker for ovarian cancer, and its 
expression has been associated with disease progression. MUC 16 plays role in funda-
mental processes, including protection of the epithelium and human carcinogenesis. 
The expression of mucins in resting, normal polarized cells is intricately controlled, 
with expression restricted on the apical membranes of exposed epithelia. Loss of cell 
polarity during carcinogenesis lead to mucins expression all over the cell surface. The 
cell become available to interact with several growth factor receptors, that are typically 
restricted to the basolateral surface, and modulate their downstream signaling in 
various cancers (Joshi, 2016). 

MUC16 overexpression has been observed in several human malignancies, including 
ovarian, pancreatic, breast, and lung (Haridas, 2011). Moreover, MUC 16 and its 
ligands are potential targets for therapeutic intervention using monoclonal antibodies 
and immunotherapy (Aithal, 2018). 

Current clinical study: Cyclophosphamide Followed by Intravenous and Intraperitoneal 
Infusion of Autologous T Cells Genetically Engineered to Secrete IL-12 and to Target 
the MUC16ecto Antigen in Patients With Recurrent MUC16ecto+ Solid Tumors is two 
phases trial. Screening phase to determine MUC16ecto tumor expression in ovarian, 
primary peritoneal or fallopian tube carcinoma. In intervention phase patients are 
eligible to receive the CAR+ T cells, the frozen leukapheresis product will be thawed 
and used to generate the 4H11-28z/fIL-12/EGFRt+ genetically-modified T cells to 
evidence ist safety and anti-tumor activity (Clinicaltrial.gov). 

CURRENT CLINICAL TRIALS 

To share the data on cancer medicine the new network was created. The Oncology 
Data Network (ODN) is a fully cooperative, collaborative data‐sharing European 
network providing near real‐time information on cancer medicine usage at scale. Data 
on cancer medicine use are collated through technology‐enabled automation direct 
from participating hospitals’ existing systems and translates from diverse sources into 
a common language enabling direct comparability via an automated regimen mapping 
algorithm (Kerr, 2020). 

Integration of genomic data with drug screening from personalized in vitro and in vivo 
cancer models guide precision cancer care and fuel next generation research. The 
development of a robust precision cancer care platform, which integrates whole exome 
sequencing (WES) with a living biobank enables high throughput drug screens on 
patient-derived tumor organoids. 56 tumor-derived organoid cultures, and 19 patient-
derived xenograft (PDX) models have been established from the 769 patients enrolled 
in an IRB approved clinical trial. To exetend the genomics for better identification 
therapeutic options for the majority of patients with advanced disease, high throughput 
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drug screening effective strategies were used. Analysis of tumor derived cells from 
four cases, two uterine malignancies and two colon cancers, identified effective drugs 
and drug combinations that were subsequently validated using 3D cultures and PDX 
models. This clinical trial creates the platform to provide personalized therapeutic 
options for individual patients and promotes the discovery of novel therapeutic 
approaches (Pauli, 2017). 

Next-generation sequencing (NGS) of circulating tumor DNA (ctDNA) is not yet 
routinely implemented in the setting of a phase I clinical trials. To supports blood-
based genomic profiling a new molecular profiling program TARGET was designed. 
The primary aim is to match patients with a broad range of advanced cancers to early 
phase clinical trials on the basis of analysis of both somatic mutations and copy number 
alterations (CNA) across a 641 cancer-associated-gene panel in a single ctDNA assay. 
For the first 100 TARGET patients, ctDNA data showed good concordance with 
matched tumor and results were turned round within a clinically acceptable timeframe 
for Molecular Tumor Board (MTB) review. When a 2.5% variant allele frequency 
(VAF) threshold was applied, actionable mutations were identified in 41 of 100 
patients, and 11 of these patients received a matched therapy. These data support the 
application of ctDNA in this early phase clinical trial. Genomic profiling of contempo-
raneous tumor material enhances patient verification to novel therapies and provides 
a practical template for bringing routinely applied blood-based analyses to the clinic 
(Rothwell, 2019). 

The ESCAT trial defines clinical evidence-based criteria to prioritise genomic altera-
tions as markers to select patients for targeted therapies. This classification system 
aims to offer a common language in cancer medicine and drug development. The Euro-
pean Society for Medical Oncology (ESMO) Translational Research and Precision 
Medicine Working Group (TR and PM WG) propose a classification system for 
molecular aberrations as clinical targets. ESCAT defines six levels of clinical evidence 
for molecular targets according to the implications for patient management: 1. targets 
ready for implementation in routine clinical decisions, 2. investigational targets that 
likely define a patient population that benefits from a targeted drug but additional data 
are needed; 3. clinical benefit previously demonstrated in other tumour types or for 
similar molecular target, 4. preclinical evidence of actionability, 5. evidence supporting 
co-targeting approaches and the last – lack of evidence for actionability (Mateo, 2018). 

DISCUSSION AND SHORT CONCLUSION 

The promising model is to combine targeted therapy with other therapeutic strategies 
like chemotherapy, radiation, and immunotherapy to determine how they may combine 
to exert more efficacious therapeutic effects and improve the outcomes of cancer patients. 

Historically, cancer has been studied, and therapeutic agents have been evaluated based 
on organ site, clinical staging, and histology. The development of molecular profiling 
methods has expanded knowledge of cancer at the molecular level. Numerous cancer 
subtypes are being described based on biomarker expression and genetic mutations 
rather than traditional classifications of cancer. The development of new molecular 
methods promotes the discovery of novel therapeutic approaches that can be assessed 
in clinical trias. Moreover, provides personalized therapeutic options for individual 
patients where standard clinical options have been exhausted. 
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ABSTRACT 

According to the World Health Organization, up to 30% of cancer diseases may be related to nutritional 
factors. Although many dietary ingredients with protective (anti-cancer) effects are known, the health-
promoting impact of spices remains underestimated. Rich in the bioactive compounds, they are essential 

ingredients in the diet of people with cancer disease around the world.  

Spices have antioxidant, anti-cancer, anti-inflammatory, antifungal, antibacterial action. They inhibit the 
bioactivation of carcinogens in the body. Attention should be paid to natural antioxidants – cloves, 
oregano, thyme, cinnamon, marjoram, cumin, and basil. Their chemopreventive properties have been 
extensively investigated and well documented. Curcumin, rosemary, and bay leaf show anti-inflammatory 
effects. Ginger, infusions of mint, chamomile, sage, and lemon balm help with ailments associated with 
cancer therapy. Herbs increase appetite and dishes' attractiveness in patients with a lack of appetite or 
impaired sense of taste caused by cancer therapy.  

Researchers suggest that phenolic acids in spices and herbs can increase the antioxidant capacity, affecting 
the bioactivity of the food consumed.  

The purpose of the article was to show the role of spices in the diet of cancer patients generally. At first, the 
role of oxidative stress and chronic inflammation in cancer formation was described. Then, recommen-
dations for dietotherapy and the role of dietary counselling were presented, focusing on selected health 
problems arising as a result of cancer treatment. In the following, the chemopreventive properties of 
bioactive ingredients of selected spices were shown. Their impact on patients' health has been described 
through multidirectional mechanisms of influence, paying attention to practical (culinary) use.  

INTRODUCTION 

According to the World Health Organization, up to 30% of cancer diseases may be 
related to nutritional factors (Limon-Miro, 2017). Therefore it is preventable by 

appropriate diets, physical activity, and maintenance of recommended body weight. It 

should be noted that food is not only a source of nutrients, but also contains dietary 
ingredients that behave like antigens. A plethora of biologically active compounds can 

affect many gene expression and have different bioavailability profiles. These compo-

nents can be transformed into isomers and metabolites with different potency, which 
leads to numerous beneficial phenomena in the body, including cancer prevention 

(Soldati, 2018, Embuscado, 2019). Dietary ingredients with protective effects include, 

among others: retinol and carotenoids (especially lycopene, lutein and zeaxanthin), 

tocopherols, ascorbic acid, zinc, selenium, n-3 fatty acids, folates, green tea poly-
phenols and resveratrol (Limon-Miro, 2017). A special attention should be paid to 

spices – a source of bioactive compounds with anti-cancer effect (Zalega, 2013). 
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The purpose of this article was to show the role of spices in the diet of cancer patients. 

At first, the role of oxidative stress and chronic inflammation in cancer formation was 

described. Then, recommendations for dietotherapy for cancer patients and the role 
of dietary counselling were presented, paying attention to the selected health problems 

arising as a result of cancer treatment. In the following, the chemopreventive properties 

of bioactive ingredients of selected spices are shown. Their impact on patients' health 
has been described through multidirectional mechanisms of influence, paying attention 

to practical (culinary) use. 

THE ROLE OF OXIDATIVE STRESS AND CHRONIC INFLAMMATION IN CANCER 

FORMATION 

Cancerogenesis is a process picking the interest of scientists all over the world. 

However, many mechanisms of cancerogenesis are already well known; the new 

theories still emerge. During the last years, much interest focused on the importance of 
the chronic inflammatory process in oncogenesis. It is responsible for as much as 20% 

of all the neoplasms in humans (Galdiero, 2018). Chronic inflammation makes the 

ideal conditions for the development of the neoplasm because of the presence of many 

cytokines and growth factors, which allow the cell to avoid its programmed death 
(apoptosis), and promote the proliferation of tumour cells and making the metastases 

(Mulhoff, 2012). Chronic inflammation may be the effect of the natural process of 

ageing, but it also can be the result of stress, alcohol abuse, obesity, and chronic infe-
ctions (Zhong, 2016). The mutagenic effect and the groove of the neoplasm mass 

enhance the oxidative stress accompanying the inflammation. This results from the 

induction of protooncogenes expression and the development of angiogenesis, being 
the basics of cancerogenesis. Key factors for the development of both inflammation 

and early stages of cancerogenesis are cellular factors such as neutrophils, macrophages, 

fibroblasts, stromal cells and epithelial cells, as well as humoral factors such as pro-

inflammatory cytokines. The increased secretion of those cells results in the prominent 
amount of the reactive oxygen forms and their derivates, which leads to the damage of 

the cells' DNA and enables the process of neoplastic transformation (Fryczkowski, 

2019). The most important role in the cancerogenesis play interleukins (IL), like IL-1, 
IL-6, IL-17, IL-23, and tumour necrosis factor-alpha (TNF-α) (Francuz, 2016). The 

cytokines from the family of IL-1, secreted mainly by monocytes and macrophages, 

count to the main regulators of the response to damaging factors. That results from 
their ability of the stimulation of lymphocytes T for the synthesis of other pro-

inflammatory cytokines, stimulation of proliferation and differentiation of lymphocytes 

B, and their influence on the increase of the generation of neutrophils and monocytes 

(Czerwiec, 2016). IL-6, synthesised by the monocytes, macrophages, endothelial cells, 
adipocytes, fibroblasts, lymphocytes B and T, plays a significant role in the regulation 

of the organism's defending mechanisms. Its multidirectional action includes initiation 

and propagation of inflammatory response through the regulation of the generation 
of other cytokines like IL-8 and eicosanoids, and the backward inhibition of TNF-α 

(Polińska, 2009). IL-6 comes from the cells of the microenvironment of the primary 

tumour and, through the autocrine pathway, can promote tumour growth. This cytokine 

is also responsible for the progression of the neoplastic disease through its influence on 
the angiogenesis process and promotion the chemoresistant abilities by the neoplastic 



Kalina Maćkowiak, Michalina Lubawy, Izabela Kwiatkowska, Agata Nowak-Myszka,  
Waldemar Myszka, Łukasz Gutowski, Dorota Formanowicz 

 

66 

cells (Fryczkowski, 2019). The next crucial mediator of inflammation is TNF-α 

(cachexin), which through the arachidonic acid cascade, leads to the increase of free 

oxygen radicals amount, and promotes the synthesis of other cytokines. Cachexin is 
produced in huge amounts by monocytes, macrophages, and lymphocytes, and in the 

smaller degree by the neutrophils, adipocytes, keratinocytes, and fibroblasts. It is 

detected in the stromal cells of the ovarian, breast, prostate, bladder, and colon cancers, 
as well as in the lymphomas and leukaemias (Balkwill, 2001). Longlasting secretion of 

the small amounts of TNF-α observed in the course of the chronic inflammation may 

result in the progressive cachexia, insulin-resistance, and the progression of athero-
sclerosis. On the other hand, the sudden and rapid release of the huge amount of 

cachexin can result in (1) high fever, (2) increased metabolism, (3) acute adrenal gland 

insufficiency, (4) shock, (5) acute respiratory distress, or (6) disseminated intravascular 

coagulation (DIC) (Czerwiec, 2016). Together with IL-6, TNF-α influences the 
proliferation and differentiation of lymphocytes B. In turn, IL-2 and IL-6 stimulate the 

proliferation of lymphocytes T. Moreover IL-2 and TNF-α influence the cytotoxicity of 

NK cells. Furthermore, TNF-α may influence the population of monocytes and 
macrophages through the endo-, para- and autocrine pathways. It also has the ability of 

the activation of monocytes and neutrophils, increasing their ability for the phago-

cytosis and their faster bone marrow mobilisation (Czerwiec, 2016). On the other hand, 

cachexin presents antioncogenic action through the induction of apoptosis and pro-
moting the differentiation of neoplastic cells. Besides the mentioned factors, cytokines 

IL-17 and IL-23 play also an important role in the cancerogenesis. These cytokines 

enhance the neutrophils pro-inflammatory response by increasing the synthesis of 
metalloproteinases and myeloperoxidases (Francuz, 2016). IL-17 secreted by the 

stimulated T lymphocytes has the ability to the inhibition of the synthesis of lymphocytes 

Th2 subpopulation, and it has been found to serve an important role in the host defence 
during cancer development. It also increases the production of IL-1 β, IL-6, IL-8, and 

TNF-α what results in the migration of the neutrophils into the area involved in the 

inflammatory process. In the course of chronic inflammation, continuous secretion of 

IL-23 by macrophages takes place. This results in enhanced migration of neutrophils 
because of increased expression of IL-17 and, as the effect, enhances the inflammation 

(Francuz, 2016). In turn, IL-23 has been revealed to be highly upregulated in human 

tumour tissue from different organs. The balance of pro-inflammatory cytokines IL-12 
and IL-23 plays a crucial role in shaping the development of anti-cancer or pro-cancer 

immunity.  

Carcinogenesis and chronic inflammation are very complex processes, and it is not 
possible to describe all of their components here, but it is worth mentioning at least the 

effects of nuclear factor kappa B (NF-κB), cyclooxygenase (COX-2), tumour sup-

pressor protein p53, and mitogen-activated protein kinase (MAPK) – which 

functioning can be altered by bioactive compounds derived from the diet.  

Many genes that are involved in the inflammation and carcinogenesis are regulated at 

the level of transcription by NF-κB. The main targets of NF-κB are cytokines, chemo-

kines, inducible effector enzymes, adhesion molecules and regulators of apoptosis and 
cell proliferation (Oyagbemi, 2010). Activation of the NF-κB is reported to protect 
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cells against apoptotic stimuli in the majority of tumour cells by the initiation of cell 

survival genes (Shehzad, 2010). NF-κB can be activated by many factors, e.g., pro-

inflammatory cytokines, bacteria, viruses, UV, ionizing radiation and chemothera-
peutic agents.  

Another important signaling component are MAPK. They are protein kinases involved 

in signal transduction through a series of phosphorylation cascades and in effect – the 
expression of genes. There are three subgroups of MAPK cascades: extracellular 

signal-regulated kinase 1 and 2 (Erk1/2), p38, and c-Jun N-terminal kinase (JNK). JNK 

and p38, which activate signal transduction pathways, regulates a number of cytokines 
genes and induce apoptosis (Shehzad, 2010). P38-MAPK also regulates transcription 

factor NF-κB and iNOS expression (Oyagbemi, 2010). 

Cyclooxygenases produce prostaglandins and thromboxanes from arachidonic acid. 

COX-2 is an inducible form of cyclooxygenase, which is over-expressed at inflam-
matory sites. COX-2 plays a critical role in tumour promotion and carcinogenesis; Its 

inappropriate upregulation can be observed in various premalignant and malignant 

tissues. COX-2 is regulated by the NF-κB, and activator protein-1, which is in turn 
regulated by MAPK (Shehzad, 2010; Oyagbemi, 2010). 

The p53 is a tumour suppressor protein, which affects the regulation of cellular 

response to DNA damage, cell cycle control, and promotes apoptosis. Amongst the 

others, p53 regulates Bcl-2 and Bax genes, which mainly affects control of cell growth 
and acts on apoptosis (Shehzad, 2010). The Bcl‐2 are pro-apoptotic proteins controlling 

and regulating the intrinsic or mitochondrial apoptotic pathway, and BAX is an anti-

apoptotic protein (Balusamy, 2018). NF-κB and overexpression of COX-2 have also 
been linked with change of Bcl‐2 proteins family expression (Oyagbemi, 2010).  

Chronic inflammation and the accompanying increased concentration of pro-inflam-

matory cytokines, not only underlie cancerogenesis but is responsible for the severity 
of pain complaints, cachexia, toxic neoplasm effect, and resistance to treatment (Seruga, 

2008). In the light of the above-mentioned phenomena, targeting inflammatory cells or 

neutralising pro-inflammatory cytokines in the context of cancer can provide a credible 

innovative approach to delaying or abolishing tumour growth and affecting the 
effectiveness of anti-cancer immunotherapy. Bioactives that are in the spices and herbs 

(curcumin, thymoquinone, piperine, and capsaicin) can influence the inflammatory 

pathways and secretion of cytokines involved in chronic inflammation. Their beneficial 
effect results from the induction of apoptosis and inhibition of proliferation and 

metastasis. The spices also sensitize cancer to treatment (Embuscado, 2019). That is 

why the role of anti-inflammatory diet in the treatment of neoplastic patients seems to 
be extremely important.  

DIETOTHERAPY RECOMMENDATIONS FOR CANCER PATIENTS 

The latest report from the World Cancer Research Fund (WCRF) and the American 

Institute for Cancer Research (AICR) released in 2019, shows current guidelines on 

nutrition, weight, physical activity and lifestyle in regarding the management of cancer 
(Clinton, 2020). The recommendations of foreign institutes are in accordance with the 

Polish guidelines of 2018 of the European Code Against Cancer. The main principles 
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are: (1) maintaining healthy body weight and avoiding abdominal obesity, (2) daily 

moderated physical activities, (3) avoiding tobacco, (4) adherence to proper nutrition 

(including in the daily diet: whole grain food products, vegetables and fruits including 
legumes, (5) it is recommended to eliminate processed meat, reduce consumption of 

red meat, junk food and other products with a high content of simple sugars and poor 

quality fats, as well as sweetened drinks), (6) avoiding alcohol, (7) avoiding excessive 
sun exposure, (8) breastfeeding is also attributed to prevention, (9) the need to conduct 

screening (Clinton, 2020; Norat, 2015; Narodowy Program Zwalczania Chorób 

Nowotworowych, 2015). 

THE MAIN PRINCIPLES OF DIETOTHERAPY IN CANCER DISEASES 

The right way of eating is an essential element supporting the healing process. Dietary 

counselling during cancer treatment depends, among others on the patient's nutritional 

status, tumour location, treatment method or type (Jarosz, 2016). Some common 
assumptions can be made regarding compliance with the principles of a healthy diet 

that will be appropriate for most cancer patients (Arends, 2017; Lange, 2015; Jarosz, 

2010). 

The principles of dietotherapy in cancer include: 

 easy-to-digest diet, excluding fried, smoked, canned foods, use caution when using 

hot spices; 

 applying a high-energy diet (the average energy supply should be 30-35 kcal/kg 

body weight (BW)/day, even higher in wasting patients 40-45 kcal/kg BW/day); 

 increasing the protein intake (the recommended amount is above 1 g/kg BW, or if 

possible 1.5 g/kg BW/day, average 1.3 g/kg BW/day), recommended sources are: 
fermented milk products, skimmed cottage cheese, milk, lean meat (poultry, rabbit), 

sea fish, small amounts of eggs and vegetable sources such as soy drinks, tofu. 

Daily intake of 3 servings of low-fat dairy products is recommended; 

 eating regular, small-sized meals (4-6 times daily), with breaks of no more than 3-4 

hours; 

 ensuring adequate fluid supply at 2 liters per day (recommended: mineral water, 

boiled water, weak tea infusions, cereal coffee, diluted juices, milk-fruit cocktails, 

unsweetened compotes); 

 in the daily composition of the menu, carbohydrates should be the primary sources 

of energy (about 55% of the total energy demand), complex carbohydrates are 

recommended, whose sources are: vegetables and fruits, whole grain bread, cereals, 

rice, cereals. One should consume 400-600 g of vegetables and fruits a day because 

they are also sources of valuable vitamins, antioxidants and fibre; 

 supplementing the diet with beneficial fat sources (overall supply at the level of 25-
30% of daily energy demand) such as polyunsaturated fatty acids, especially 
omega-3 sources (eicosapentaenoic and docosahexaenoic fatty acids) contained in 
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sea fish, seafood and rapeseed oil, flax and olive oil, which is attributed to the 
action of reducing inflammation of the body; 

 limiting consumption of red meat to 500 g per week; it is recommended to avoid 
cold cuts from industrial production; 

 taking into account (if well tolerated) the supply of legumes (beans, peas, chickpeas, 
broad beans, lentils), as they are additional (plant) sources of protein; 

 using of mild herbal spices. Ready-made spice mixtures of the "cubes" type are not 
recommended, it is necessary to limit the addition of salt in dishes; 

 preparing meals from the highest quality products, choose the least processed food; 

 using the recommended forms of preparation of meals: cooking in water and steam, 
stewing without frying, various forms of baking (in foil, ovenproof dish, sleeve). 

Composing a diet as part of supportive therapy in oncology should be based both on 
the principles of healthy nutrition and be tailored to the individual needs of the patient 
(Arends, 2017; Lange, 2015; Jarosz, 2010). 

DIETARY COUNSELLING DURING CANCER 

Dietetic counselling, according to the Polish Oncological Society and the Polish 
Society of Clinical Oncology, should be one of the essential elements of supportive 
therapy in oncology (Jarosz, 2012). It is recommended at all stages of oncological 
treatment (from the moment of the disease diagnosis, through the period of active treat-
ment, until recovery), in secondary prophylaxis and palliative treatment (Kłęk, 2015). 
Dietary advice should consist of: an analysis of patient's medical records, detailed 
nutritional history, assessment of nutritional status, calculation of the need for indivi-
dual macro- and micronutrients, selection of dietary recommendations, providing 
understandable recommendations for the patient and making an entry in the patient's 
medical documentation. This information is the basis for composing an individual 
dietary intervention (Góral, 2018; Kłęk, 2015). 

Chemo and/or radiotherapy change the patient's food preferences, resulting in 
numerous long-term consequences of micronutrient and macronutrient deficiencies and 
changes in nutritional status. Nutritional disorders lead to an increase in the risk 
of postoperative complications and increased mortality; hence they must be diagnosed 
and treated by a team of specialists (Kłęk, 2015). 

Many cancer patients complain of ailments arising from the therapies used. They 
mainly concern the digestive system and problems associated with eating meals. 
Patients suffer from lack of appetite, vomiting, diarrhea, constipation, inflammation 
and sores in the mouth, changes in the sense of taste or anorexia. Eliminating adverse 
symptoms through the use of natural methods can improve not only the quality of life 
of the patient but also his family and loved ones. There are many reports in the 
literature about the beneficial effects of proper nutrition on the effectiveness of primary 
and secondary prevention and on the results of cancer therapy, such as reducing the 
incidence of complications, faster wound healing, more effective recovery, and stimu-
lation of the immune system (Jarosz, 2012). 
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BIOACTIVE SUBSTANCES OF SPICES AND THEIR ROLE IN THE DIET OF CANCER 

PATIENTS 

The health-promoting properties of spices have been known and used since 5000 B.C. 
(Opara, 2014). They are used as food additives to improve the taste and aroma of food 

products and dishes. Their addition helps to reduce the amount of salt added to dishes. 

Spices have antioxidant, anti-inflammatory, antifungal, antibacterial properties as well 
as inhibit bioactivation of carcinogens in the body. They also affect cognition and 

mood. Thanks to their properties, they are an important preventive and therapeutic 

element of the diet (Orkusz, 2017; Zalega, 2013; Maheshwari, 2014; Jiang, 2019; 

Embuscado 2019). 

Polyphenols are found in many plant-derived products, including herbs and spices 

which (especially in dried forms) usually contain relatively high levels of polyphenols 

compared to other vegetables and fruits (broccoli, dark chocolate, berries). Polyphenols 
reduce oxidation of vitamin C, carotenoids, unsaturated fatty acids. Antioxidant 

properties are primarily shown by flavonoids (flavonols, isoflavones, flavones, catechins, 

flavanones) and phenolic acids (Opara, 2014; Maheshwari, 2014; Rubio, 2013) 

Phenolic acids (coffeic, chlorogenic, ferulic, difeluric, ellagic and gallic) are chemo-
preventive plant compounds. They occur in food of plant origin: in yerba mate, cocoa 

beans, nettle, coffee beans, tea, tomatoes, eggplant, potatoes, blueberry, artichokes, 

cherries, apricots and numerous spices and herbs. Many natural antioxidants contain 
spices – clove (Syzygium aromaticum L.), oregano (Origanum vulgare L.), thyme 

(Thymus vulgaris L.), cinnamon (Cinnamomum verum J.Presl), marjoram (Origanum 

majorana L.), cumin (Cuminum cyminum L.), basil (Ocimum basilicum L.), sage 
(Salvia officinalis L.) and nutmeg (Myristica fragrans Houtt.). Sage and rosemary are 

particularly rich in antioxidant compounds (Jeszka, 2010; Zalega, 2013; Yashin, 2017). 

Phenolic acids can block carcinogens arising from the metabolic transformation of 

some carcinogens (e.g. 4-nitroquinoline-1-oxides), have antioxidant properties (inhibit 
lipid peroxidation in both the water and lipid phase), and have a cytotoxic effect on 

leukaemia, colon and breast cancer cells (8-5-dihydrobenzofurans derived from ferulic 

and caffeic acids). Other forms of hydroxycinnamic acids, structurally similar to 
diferulic acids: curcumin (a derivative of diferulic acid) and rosmarinic acid, are also 

anti-inflammatory, anti-cancer agents and have antioxidant properties (Jeszka, 2010; 

Kubatka, 2017; Maheshwari, 2014). 

Figure 1 shows the anti-inflammatory and antioxidant effects of bioactive spice ingre-

dients. Based on this diagram, bioactives in spices have an impact on oxidative stress 

and chronic inflammation by the antioxidant properties and anti-inflammatory properties 

(an interaction with inflammatory pathways and secretion of inflammatory mediators). 
Bioactive spice ingredients also influence on mutagenic effect by the suppression 

of metaloproteinases expression and inhibition of tumours growth and metastasis. It is 

documented that phenolic acids have cytotoxic effect on some cancer cells.  
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Figure 1. Anti-inflammatory and antioxidant effects of bioactive spice ingredients 

Turmeric (Curcuma longa L.) and ginger (Zingiber officinale Rosc.) rhizomes have 

a protective effect on liver cancer (caused by aflatoxins produced by fungi of the genus 
Aspergillus). Curcumin affects multiple regulatory proteins, including transcription 

factors, cytokines, and enzymes involved in inflammation and cancer progression. It 

inhibits COX-2, which over-expression is related with many diseases, including colon, 
lung, and breast cancers; it also regulates the MAPK signaling pathway, which might 

suppress inflammation. Curcumin induces apoptosis in BKS-2 cell lymphoma, among 

others by down-regulation of growth factors and tumor suppressor p53 (Shehzad, 2010).  

Other substances that have to be mentioned here are gingerols, present in rhizomes of 
ginger. Similar to turmeric, gingerols have anti-inflammatory, antioxidant, and chemo-

preventive potential. 6-gingerol inactivates NF-kB through the suppression of the pro-

inflammatory TNF-α (Oyagbemi, 2010), and decreases the activity of MMP-2 and 
MMP-9. Studies show that ginger suppresses prostaglandins synthesis through inhibition 

of cyclooxygenase 1, 2, and suppression of leukotriene biosynthesis by inhibiting 

5‐lipoxygenase (Baliga, 2011). 

Ginger helps digest food with high protein content, such as meat and beans. Fresh or 

dried ginger prevents gagging and helps fight nausea. In patients after chemotherapy, 

mint, chamomile and lemon balm infusions are also helpful in relieving nausea (Góral, 

2018). 

Caffeic, chlorogenic, ellagic and derivatives of hydroxycinnamic acids (e.g. in curcu-

min), inhibited the initiation and progression of chemically induced tumours in animal 

tests (Jeszke, 2010). Anti-inflammatory properties show: oregano, bay leaf (Laurus 
nobilis L.), basil, thyme, and dill (Anethum graveolens L.) and cumin alleviate 

digestive tract disorders. 
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Marjoram has been proven to inhibit tumour growth and metastasis of the MDA-MB-

231 breast cancer cell line. It decreases the expression and activity of matrix metallo-

proteinase-2 and matrix metalloproteinase-9 and downregulates urokinase plasminogen 
activator (uPA). This inhibits breast cancer cell invasion. Marjoram ethanolic extract 

also inhibits the NF-κB signalling pathway, which is known to regulate the expression 

of various genes involved in tumour cells invasion (Yusra, 2013). The anti-proliferative 
effect of marjoram has also been proven on human lymphoblastic leukaemia cell lines 

(Abdel-Massih, 2010). Its extracts increased apoptosis, which was caused mainly by 

down-regulation of anti-apoptotic protein Bcl-2α.  

Oregano exhibits antioxidant, antimicrobial and anti-cancer properties. It posses anti-

proliferative activity in human stomach cancer cell lines. This effect is observed thanks 

to the activation of BAX and downregulation of Bcl-2, which results in increased 

apoptosis of tumour cells. Oregano essential oils also decreased expression pattern 
of 3-hydroxy-3-methylglutaryl-CoA reductase responsible for cholesterol biosynthesis 

and fatty acid synthase responsible for lipogenesis, thus inhibited the stomach cancer 

cell growth (Balusamy, 2018). However, the strong oregano aroma may not be 
accepted by people undergoing chemotherapy (Orkusz, 2017). 

Garlic (Allium sativum L.) also exhibits antioxidant, antibacterial, antifungal, antiathero-

sclerotic, blood pressure regulating, anticoagulant and anti-cancer properties (Orkusz, 

2017). Garlic and its sulfur-containing compounds exert anti-inflammatory properties 
through the inhibition of NF-κB activation (a transcription factor that regulates 

inflammatory response genes), iNOS, and COX-2 expression during in vitro and 

animal studies (Jiang, 2019). 

Aromatic herbs increase the appetite and increase the attractiveness of dishes in 

patients with lack of appetite and impaired taste (e.g. after chemotherapy). Spices have 

been used as additions to traditional dishes (garlic, marjoram, pepper (Capsicum 
annuum L.), basil, oregano) and sweet (cinnamon, turmeric, vanilla (Vanilla P. Miller)) 

(Orkusz, 2017).  

Research on the effects of cooking and the effects of digestive processes on the 

antioxidant potential of rosemary, sage and thyme and oregano suggest an increase in 
antioxidant capacity after cooking and after cooking and digestion compared to fresh 

herbs. Researchers suggest that phenolic acids (coffeic, feluric, vanillic) may contribute 

to the increase of antioxidant capacity of cooked herbs through additive, antagonistic or 
synergistic effects, may affect the bioactivity of food consumed (Opara, 2014; Yashin, 

2017). One of the ambiguous factors in assessing the impact of spices on health is the 

distinction between the effectiveness of individual compounds in relation to their 
synergistic activities (Rakhi, 2018). The increase in plasma antioxidant capacity in 

humans often exceeds the concentration of flavonoids significantly or plant phenols in 

plasma after consuming foods rich in flavonoids. Antioxidant ability may also be 

synergistically influenced by other dietary components, such as carbohydrates, fats or 
urate and ascorbate (which are potent antioxidants) (Kaefer, 2008). In Table 1 selected 

bioactive ingredients of spices accompanied by a proposal of dishes for which they can 

be used, is presented. 
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Table 1. Selected bioactive ingredients of spices accompanied by a proposal of dishes for which they can be 
used (Załęga, 2013; Orkusz, 2017; Embuscado, 2019) 

Spice Selected bioactive ingredients Examples of dishes 

Basil 
(Ocimum 
basilicum L.) 

apigenin, anthocyanins, kaempferol, 
quercetin, menthol, p-coumaric acid, 
rosmarinic acid, rutin, tannins, catechins, 

terpenes 

dishes with tomatoes, peas, spinach, 
lettuce, bean soups, mutton, beef, veal, 
shrimps, spaghetti sauces 

Oregano 
(Origanum 
vulgare L.) 

luteolin, apigenin, quercetin, myricetin, 
caffeic acid, p-coumaric acid, rosmarinic 
acid, terpenes 

pizza, spaghetti sauce, roast beef, roast 
lamb and veal, fish, tomato sauces, 
spinach, vegetable juice 

Rosemary 
(Rosmarinus 
officinalis L.) 

luteolin, apigenin, naringenin, caffeic 
acid, rosmarinic acid, vanillic acid,  
β-carotene, terpenes, carnosol 

roast lamb, beef, pork, poultry, salmon, 

baked potatoes, green peas 

Thyme 
(Thymus vulgaris 
L.) 

β-carotene, luteolin, caffeic acid, 
rosmarinic acid, gallic acid, terpenes Sage 
ferulic acid, gallic acid, β-carotene, 
catechins, luteolin, apigenin, caffeic acid, 
vanillinic acid, rosemary acid 

Fresh tomatoes, vegetable soups, 
croquettes, artichokes, mushrooms, 
potatoes, seafood-based sauces, onions 

Tarragon 
(Artemisia 
dracunculus L.) 

luteolin, kaempferol, quercetin, caffeic 
acid 

meat marinades, salads, fish, marinated 
fish, broccoli, cauliflower, cabbage, 

Dill 

(Anethum 
graveolens 
L.) 

quercetin, myricetin, kaempferol, 
catechins 

baked and boiled potatoes, cottage 
cheese, fish, fish sauces, pickled 
cucumbers, young cabbage, 

Garlic 
(Allium sativum 

L.) 

allicin, diallyl sulfide, diallyl disulfide, 
diallyl trisulfide 

meat, tomato sauces, salad dressings, 
grilled vegetables 

Marjoram 

(Origanum 

majorana L.) 

apigenin, rosmarinic acid, terpenes borscht, sour soup, roast with meat, pies 

Nutmeg 

(Myristica 

fragrans Houtt.) 

caffeic acid, catechins pies, sauces, roasting with meat 

Caraway 
(Carum carvi L.) 

caffeic acid, gallic acid, β-carotene, p-
coumaric acid, tannins, quercetin, 
kaempferol 

bread, cabbage, potatoes, meat 

Pepper 

(Capsicum 
annuum L.) 

Capsaicin, quercetin, vitamin A, E 

Meat and its preparations, soups, 

sauces, Italian, Spanish, Hungarian and 
Mexican cuisine 

SPICES AGAINST DISEASES 

Assessing the consumption of spices in the diet is complicated due to problems with 
measuring accuracy (estimating the amount and frequency of consumption), the 

diversity of regional cuisines, and individual preferences. The amount of spices in the 

https://pl.wikipedia.org/wiki/Karol_Linneusz
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finished food is in the range of 0.5-1% (Rakhi, 2018). However, it appears that dietary 

exposure values by geographical region for the full range of herbs and spices or their 

bioactive ingredients do not exist (Kaefer, 2008), although such attempts are made 
(Rakhi, 2018). 

Taking into account the impact of spices on the prevention of individual diseases, it 

was found that diabetes, cardiovascular diseases, inflammation and cancer have the 
most significant number of positive associations. Spices have also been shown to play 

a preventive role in a variety of cancers types, including breast, colorectal, prostate and 

liver cancers. Spices may, however, intensify side effects in the course of autoimmune 
diseases (hypersensitivity, dermatitis, rhinitis, hypertension and allergic rhinitis) in 

persons sensitive to a given spice (Rakhi, 2018) 

In the research of Rakhi et al. spices with the most favourable spectrum of impact 

include garlic, ginger, turmeric, licorice (Glycyrrhiza glabra L.), ginkgo (Ginkgo 
biloba L.), black caraway (Nigella sativa L.), cinnamon, saffron (Crocus sativus L.). 

Spices of an unfavourable spectrum were licorice, ginger, fenugreek (Trigonella 

foenum-graecum L.), ginkgo, sunflower (Helianthus annuus L.) and celery (Apium 
graveolens L.). Spices such as garlic, licorice and gingko are in both categories – with 

a large amount of research documenting both their positive and negative effects. The 

conclusion was: spices have a generally positive effect on a broad spectrum of 

diseases, in contrast to their side effects, which are relatively rare (Rakhi, 2018). 

Spices are used as part of the daily diet, as a functional food or as a component of 

traditional therapeutic systems functioning in many countries (India, China). Many 

regional cuisines (Indian, Chinese, African, Middle East, but also Polish) have 
developed their unique compositions of spices. The answer to the question of whether 

they were composed intentionally (including medicinal properties) or accidentally 

requires further research (Rakhi, 2018; Yin, 2013). 

CONCLUSIONS 

Phenolic acids present in spices (cloves, oregano, thyme, marjoram, basil, rosemary, 

cumin, nutmeg and cinnamon) exhibit chemopreventive activity against cancers of the 

large intestine, stomach, liver, skin, pancreas, prostate, breast and leukaemia. Spices 

are used to alleviate both gastrointestinal disorders and ailments related to cancer 
treatment (nausea, vomiting, lack of appetite, disturbed taste and smell). Although it is 

difficult to assess the amount of spices in the daily diet, is estimated at 0.5-1%. 

Bioactive compounds present in spices work synergistically with other food ingre-
dients; hence it is crucial to follow the recommendations of cancer's dietotherapy. The 

broad spectrum of health-promoting effects of spices and possible interactions are still 

the subject of research by scientists. 
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ABSTRACT 

AP-2γ protein is a member of AP-2 transcription factors family, which participate in early developmental 
processes. Its oncogenic function has been confirmed in few cancers (e.g. breast, skin or ovarian) whereas 
the role in bladder cancer (BLCA) is not well understood. Nowadays, disruptions in pathways such as 
FGFR3/RAS or TP53/RB1 are the best known, yet new genes that would allow a better understanding 
of this heterogeneous tumor are being researched. The current literature indicates the promoting effect 
of AP-2γ encoding gene (TFAP2C) on distant recurrence or tumor growth. Similar relationship, according 
to which increase in TFAP2C expression significantly worsen prognostic endpoints, was observed by 
performing GEPIA on bladder cancer cohort. Using UALCAN platform, we noticed TFAP2C expression 
increase in bladder cancer compared to normal tissue. To assess the role of this gene in BLCA, GSEA 

analysis was performed regarding the AP-2γ targets on TFAP2C "high" and "low" groups. Beside 
interesting patterns related to groups distinction by genes whose expression profile is specific to BLCA, we 
found other curious results which we implemented for DAVID bioinformatic resources. Using functional 
annotation, we described selected gene sets having highest statistical significance. For TFAP2C high group 
we observed descriptors of many signaling pathways (e.g. PI3K-AKT, MAPK, ERBB) but also processes 
e.g. loss of adhesion, regulation of apoptosis, proliferation or cell cycle. For TFAP2C low group we 
matched the processes guided by miRNA pathways, verifying the literature data of AP-2γ interaction with 
RNA molecules. Within such, descriptions of processes revealed implication in cell differentiation, positive 

cell-to-cell communication or transcriptional misregulation in cancer. Conclusively, our analyzes outline 
the distinct consequences of various TFAP2C levels, simultaneously indicating the need for deeper 
reflection on the subject of TFAP2C participation in the BLCA. 

INTRODUCTION 

BLADDER CANCER 

EPIDEMIOLOGY 

Bladder Carcinoma (BLCA) is the tumor whose incidence has been decreasing over 

recent years. It is more common in men and is concurrently the fourth cancer in the 

frequency of occurrence among them (Cassell, 2019). However, cancer-related deaths 
are stable in men, whereas slightly reduced over the last years in women. According to 

the American Cancer Society, estimates for the year 2020 concerns about 81,400 new 

cases of cancer within which 17,980 as fatal (American Cancer Society, 2020). 

Regarding the newest Polish statistics, in 2017 the incidence of new bladder cancer 
cases exceeded 5,770 among men (Wojciechowska, 2017). 

CLASSIFICATION 

Using information from the https://www.cancer.gov website, the bladder cancer can be 
divided into transitional and squamous cell carcinomas, or adenocarcinoma. These 
three types are established depending on which cells lining the bladder are transfor-
ming into cancerous. Apart from the classical histological division, along with the 
development of techniques in a branch of biochemistry, it is also possible to distinguish 
molecular types. University of North Carolina (UNC) demarcates luminal or basal 
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bladder cancer. In contrast, three groups (basal, luminal and TP53-like) are dis-
tinguished by MD Anderson Cancer Center (MDA) and five groups by The Cancer 
Genome Atlas (TCGA) consortium (Inamura, 2018). The last two are in agreement 
since the main three subtypes defined by TCGA correspond to the one summarized by 
MDA, concisely characterized in the following subsections. Finally, the latest type 
of distinguishment appears to be the Lund classification system (Aine, 2015) which 
considers e.g. different transcription factors, indicating their importance in such hetero-
geneous disease. Since the prediction of targeted treatment response is determined by 
molecular subtypes (Aine, 2015), it is reasonable to collate the current state of 
knowledge about the molecular background along with a more thorough consideration 
of the aspect of transcription factors for a broader view of alterations at the cellular 
level. 

Basal bladder cancer 

The first main molecular subtype of urothelial carcinoma is characterized by 
a resemblance to cancer stem cells (CSCs) and possessing expression of biomarkers 
typical for epithelial-to-mesenchymal transition (EMT). Human xenografts metastasize 
more widely and take advantage of the EMT-dependent mechanism more profusely 
compared to luminal type (McConkey, 2016a). Expression signature in this tumor 
consists of Annexin-1, cluster of differentiation 49 (CD49), epidermal growth factor 
receptor (EGFR) and Cyclin B1 proteins upregulation (Dadhania, 2016). Nevertheless, 
better sensitivity to neoadjuvant chemotherapy (NAC), in contrast to luminal type, was 
confirmed in the literature (McConkey, 2016b).  

Luminal bladder cancer 

In this type of tumor, there is a similarity to normal urothelium (both intermediate and 
superficial layers) (Dadhania, 2016). Luminal bladder cancer does not appear to be 
strongly EMT-dependent seeing that it may cooperate with cancer-associated fibro-
blasts (CAFs). Changes in expression concern enrichment of GATA-binding protein 3 
(GATA3), human epidermal growth factor Receptor 2 (HER2), Src kinase or  
E-Cadherin proteins and mutations of fibroblast growth factor receptor 3 (FGFR3), 
cyclin dependent kinase inhibitor 1A (CDKN1A), tuberous sclerosis 1 (TSC1) and E74-
like ETS transcription factor 3 (ELF3) genes (Cancer Genome Atlas Research 
Network, 2014). 

Neuronal bladder cancer 

Very few cases (5%) refer to tumors that do not express differentiation biomarkers of 
either luminal or basal types. They are discriminated by higher proliferation, abundant 
expression of neuronal and neuroendocrine genes and numerous Tumor Protein p53 
(TP53) or Retinoblastoma protein 1 (RB1) mutations. Completely diverse treatment 
recommendations go concurrently with different patient survival, being a much worse 
in that case compared to any luminal or basal variant (Inamura, 2018). 

MOLECULAR BACKGROUND OF BLADDER CANCER 

A multistep process of carcinogenesis can be divided into three basic stages – 
initiation, promotion and progression (Said, 2013). Subsequent tumor invasion and 
epithelial-to-mesenchymal transition which are processes of metastasis are embraced in 
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the final phases of progression, briefly visualized in Figure 1. There are a few groups 
of factors that can give rise to bladder cancer – environmental and molecular factors or 
epigenetic and genetic changes within tumor suppressors can be distinguished (Shin, 
2017). In terms of the first group, smoking and exposure to chemical compounds such 
as aromatic amines, fungicides (Letasiova, 2012), N-nitroso compounds (Catsburg, 
2014) or arsenic (Jankovic, 2007) may contribute to the development of bladder 
cancer, although this is not necessarily the case (Czerniak, 2016). Genetic changes 
include six critical regions on different chromosomes, in sequence: chromosome 3 
(q22-q24), 5 (q22-q31), 9 (q21-q22), 10 (q26), 13 (q14), and 17 (p13) (Majewski, 
2008), with a loss of heterozygosity (LOH) event at the long arm of chromosome 9 
considered as one of the very first observed phenomena in bladder cancer (Chow, 
2000).  

 
Figure 1. EMT process during tumor expansion (based on (Czerniak, 2016)) 

Within the epigenetic changes, a group of genes established as forerunners (FRs) plays 

an important role in the enforcement of field effect which refers to genomic alterations 

throughout whole bladder mucosa caused by chemical carcinogens (Czerniak, 2016). 
At least five of such genes have been mapped in the immediate closeness of the RB1 

gene on the thirteenth chromosome in one of the above critical regions – 13q14. This 

includes G protein-coupled receptor 38 (GPR38) which is an alias to motilin receptor 

(MLNR) (McConkey, 2010), lysophosphatidic acid receptor 6 (LPAR6/P2RY5), 
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integral membrane protein 2B (ITM2B), ADP-ribosylation factor-like protein 11 

(ARL11), and calcium binding protein 39 like (CAB39L) (Czerniak, 2016). The 

summary of regions’ localization is exhibited graphically (Figure 2). FR genes are 
thought to be novel tumor suppressors that are interrupted during tumor development 

even before more common anti-oncogenes (McConkey, 2010). Using the example 

of the RB1 gene, the forerunners’ positioning can take place at a short distance or even 
within the gene e.g. CHC1L (Chromosome condensation 1-like) and ITM2B or P2RY5, 

respectively (Majewski, 2008). Using methylation and mutation analysis, Czerniak et 

al. showed that the FRs are more frequent methylated than they undergo mutations 
(Czerniak, 2016). Representatives of this group have various functions. For example, 

ITM2B shows similarity to B-cell lymphoma 2 (BCL-2) proteins subfamily containing 

single BH3 domain (Bcl-2 homology 3 domain), while P2RY5 is included in G protein-

coupled receptors that is responsible for binding lysophosphatidic acid (LPA) – lipid 
signaling molecule (Fleischer, 2004; Pasternack, 2008). Lee et al. proved that the 

restoration of the proper functioning of these genes resulted in the induction of tumor 

cell death via apoptosis and the inhibition of the cell cycle (Lee, 2007). Furthermore, 
the participation of LPAR6 and CAB39L have been confirmed in the expansion of cells 

derived from urothelium, which resulted in the development of luminal and basal 

cancer, respectively (Czerniak, 2016).  

Depending on the origin cell that initiates the development of bladder cancer, there are 
two main pathways of tumor progression – luminal papillary that is characterized by 

superficiality and basal nonpapillary which leads to direct muscle-invasive manner 

(McConkey, 2010). These two ways of cancer development correspond to the alleged 
dual-track concept which was invented in the seventies of the 19

th
 century based on 

histology and clinical data of bladder (Koss, 1974). At present, the molecular insight 

separating the two aforementioned pathways has been already carried out. 

 
Figure 2. Genomic location of selected forerunner genes (based on (Czerniak, 2016; Majewski, 2008)) 
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Superficial papillary tumor 

The onset of this type is associated with hyperplastic changes in urothelium known as 
low-grade intraurothelial neoplasia (or dysplasia) and concerns 80% of bladder tumor 
cases. Based on grading they possess low malignancy as this grow with a non-invasive 
propensity and superficially, thus there is less possibility for metastasis, although  
10-15% of tumors could progress into invasive phenotype. Likewise, the phenomenon 
of relapse is very common in this subtype (Majewski, 2008; McConkey, 2010). As 
mentioned earlier, various forerunner genes are implicated in diverse subtypes 
of bladder cancer, therefore LPAR6 is thought to have an impact on the luminal 
pathway and is involved in the initiation of field effect which is an inseparable part of 
urothelial carcinogenesis and drives cell expansion (Czerniak, 2016).  

Based on epidemiological studies it is known that chemical induction includes right 
majority of bladder cancers (at least in the West) (Letasiova, 2012). Triggered inter-
mediate uroprogenitor cells were confirmed to be sensitive to one of the nitroso 
compounds – N-butyl-N-(4-hydroxybutyl) nitrosamine (BBN) which could lead to 
afterward DNA alterations, same as tobacco carcinogens (Czerniak, 2016). One of the 
modifications is aforementioned allelic loss located in chromosome 9, which concerns 
inactivation of p16 and IFNα (interferon α) in their loci on 9p21 and 9p22 regions, 
respectively. As a result, this could lead to disruption of cell cycle regulation or 
apoptosis which subsequently influence the cancer progression (McConkey, 2010). 
Proteins associated with luminal papillary carcinoma include forkhead box A1/estrogen 
receptor 1 (FOXA1/ESR1) interacting pathway, GATA3 or tripartite motif containing 
24 (TRIM24) transcription factors. Subsequently formed low-grade papillary tumor 
may progress to high-grade invasive cancer owing to various structural alterations or 
copy-number variations (CNVs) (Czerniak, 2016).  

Invasive non-papillary tumor 

In comparison to the superficial papillary tumor, the solid non-papillary one is derived 
from high-grade intraurothelial neoplasia (also termed carcinoma in situ – CIS) and 
principally concerns patients with no previous history. Aggressive invasion of 
basement membrane and highly metastatic phenotype result in lymph nodes and distant 
sites occupation (McConkey, 2010). Similar to the above, FR genes are also involved 
in triggering field effect and cell expansion, however in case of basal uroprogenitor 
cells the further development can be dependent on CAB39L (Czerniak, 2016). Proteins 
included in pathways that drive progression of basal nonpapillary track are p63, EGFR, 
signal transducer and activator of transcription 3 (STAT3), or hypoxia-inducible factor 
1-alpha (HIF-1α), and what is suggested in other research – participation of 
PTEN/PI3K/AKT/mTOR pathway (phosphatase and tensin homolog; phosphate-
dylinositol-4,5-bisphosphate 3-kinase; serine/threonine kinase 1; mammalian target of 
rapamycin) is thought to affect muscle-invasive phenotype (Knowles, 2009). Deve-
lopment dependent on PTEN inactivation may also require loss of p53 (or p53 pathway 
malfunction connected with loss of p21) which promotes in situ carcinoma (Puzio-
Kuter, 2009; Stein, 1998). Interestingly, FGFR3 mutations are found more than twice 
frequent in superficial papillary tumors, but still occur in invasive nonpapillary cancers 
in almost 20% (McConkey, 2010). A summary of the development of bladder cancer 
based on the dual-track concept and depending on the different uniprogenitor cells is 
presented in figure 3. 
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Figure 3. Molecular development of basal and luminal subtypes of bladder cancer  

(based on (Czerniak, 2016)) 

TRANSCRIPTION FACTORS (TFS) 

Scientific reports indicate that transcription factors shape the expression profile of 

specific bladder cancer molecular subtype among which examples most frequently 
given are Peroxisome Proliferator-Activated Receptor gamma (PPAR-γ), Retinoid X 

Receptor alpha (RXR-α), Forkhead Box M1 (FOXM1), FOXA1, GATA3, and STAT3 

(Choi, 2014; Eriksson, 2015; Rebouissou, 2014). Expression of both cell adhesion 



 
Computational analysis of AP-2γ role in bladder cancer 

 

83 

molecules (CAMs) and matrix metalloproteinases (MMPs) – a groups implicated in 

steps of tumor invasion – is also thought to be regulated through specific transcription 

factors. In the case of E-cadherin (representative of CAMs) regulation during cancer 
development, participation of Snail, Slug and SMAD Interacting Protein 1 (SIP1) 

factors were confirmed to suppress its expression (Makrilia, 2009). Secondly, matrix 

metalloproteinases are known to be regulated by nuclear factor kappa-light-chain-
enhancer of activated B cells (NFκB), STATs, Erythroblast Transformation-Specific 

(ETS) or Activator Protein 1 (AP-1) and Activating enhancer-binding Protein 2 (AP-2) 

transcription factor families (Fanjul-Fernandez, 2010; Overall, 2002; Yan, 2007). 
Representative of the last family of the above – AP-2γ (encoded by TFAP2C gene) was 

assessed as a transcription factor whose overexpression correlates with the distant 

recurrence or tumor growth (Yamashita, 2019). Such tendency was further supported 

by our preliminary analysis on the bladder cancer TCGA cohort, which showed 
a statistically significant relationship where the increase in TFAP2C expression 

worsened prognostic endpoints (disease-free survival (DFS), overall survival (OS)). 

This prompted us to dwell on this issue in the hope of finding another representative 
transcription factor whose designation could potentially assist molecular classification. 

AP-2 FAMILY OF TRANSCRIPTION FACTORS  

Classification of the entire TFs network is based on occurrence of ten superclasses 

which varies in terms of structural properties and sequence similarity (Ehsani, 2016; 
Yamashita, 2019). One of the three most-extensive superclasses called Basic Domains 

contains the AP-2 family which belongs to the basic Helix-Span-Helix (bHSH) class. 

All genera of bHSH are capable to distinguish particular G/C-rich motifs e.g. 
CCCCAGGC (Mitchell, 1987), GCCN3/4GGG or GCCN3/4GGC (Mohibullah, 1999). 

Binding region resembles those of the other classes within Basic Domains superclass, 

both Basic leucine zipper factors (bZIP) and Basic helix-loop-helix factors (bHLH), 
whereas domain loop length discriminates bHLH class from bHSH (longer in the 

second class) (Bolander, 2004). Characteristic regions of bHSH members (thereby AP-

2 family factors) are shown in figure 4. N-terminal site of AP-2 members comprises 

transactivation domain, whilst DNA-binding domain (together with internal dime-
rization domain (Kannan, 1999)) are located from the C-terminal space (Eckert, 2005). 

The proper functioning of individual domains is ensured by structural motifs – 

Proline/Glutamine-rich, basic α-helix and HSH, respectively. The last two, if separated, 
are still able to link two members of AP-2 family, nonetheless DNA-binding functio-

nality is disrupted (Williams, 1991).  

This is important because AP-2 factors function as homodimers or heterodimers, 
consequently the ability to co-interact is essential. All five AP-2 family representatives: 

α, β, γ, δ and ε (Orlic-Milacic, 2016) are critical for gene expression regulation along 

with apoptosis or cell cycle control during proper early developmental stages (Hilger-

Eversheim, 2000). Initial location of AP-2 factors is nucleus and their activity can be 
modulated by regulation of subcellular localization (Pellikainen, 2004), DNA-binding 

capability (Mazina, 2001), transactivation potential (Aqeilan, 2004) or degradation (Li, 

2006) – those are possible through post-translational phosphorylation (Garcia, 1999), 
sumoylation (Zhong, 2003), reduction/oxidation reactions (Huang, 1998), or via inter-
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actions with other proteins (Eckert, 2005). Despite the participation of whole family in 

normal development, their overexpression has already been observed in distinct tumors 

(Hoei-Hansen, 2004; Jager, 2005; Pellikainen, 2004). 

 

Figure 4. Specific domains of AP-2 family (based on (Eckert, 2005; Kannan, 1999; LiCalsi, 2000)) 

TFAP2C gene 

Gene encoding AP-2γ is localized on the twentieth chromosome (cytological location: 

20q13.31) on the plus strand and its overall size is 9,982 of bases with seven exons 
within. This AP-2 family member encodes transcription factor that recognizes specific 

sequence SCCTSRGGS (S = G/C, R = A/G) (Woodfield, 2010) and is implicated in 

the development of eyes, limbs, face or neural tube through genes activation. In 
accordance with the NCBI Reference Sequence Database, only one mRNA variant 

undergoes transcription from this gene (accession number: NM_003222.3). Graphical 

presentation of TFAP2C gene and additional information are presented in figure 5. 

 
Figure 5. Localization of TFAP2C gene (based on GeneCards database) 
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AP-2γ protein  

Properties of AP-2γ protein e.g. dimerization, sequence recognition or influence on 

cellular and viral enhancers – all resembles entire AP-2 family characteristics described 
above. UniProt KnowledgeBase determines that there is only one isoform in addition 

to the canonical sequence (identifiers: Q92754-2 and Q92754-1, respectively). AP-2γ 

activity can be modulated via post-translational modifications (PTMs) however only 
one location is experimentally acknowledged and has their cause-and-effect relation-

ship confirmed i.e. sumoylation at lysine 10 that leads to inhibition of activity (Eloranta, 

2002). An interesting issue is a way AP-2γ functionality is considered – predominantly 
it is perceived as oncogene yet some cases are suggesting its tumor suppressor capa-

bilities (Kolat, 2019). Still, literature data predominantly indicate the oncogenic nature 

of this factor, which confirms the reliability of our preliminary analyzes. The behavior 

of this factor has been reliably studied on the example of interaction with WW Domain 
Containing Oxidoreductase (WWOX) suppressor, during which AP-2γ proliferation-

promoting activity is inhibited (Aqeilan, 2004).  

Despite the enormity of available knowledge describing affected signaling pathways 
such as FGFR3/RAS, TP53/RB1 or PI3K/AKT/mTOR, the heterogeneity of bladder 

cancer inclines a more thorough understanding of this cancer by identifying potentially 

useful genes. By initial insight of databases, we noticed significant differences e.g. in 

the level of TFAP2C in normal tissue compared to cancerous or the effect of different 
expression of this gene on the survival of oncological patients. Therefore, we aimed 

our research to perform in silico analysis for determination of AP-2γ role in bladder 

cancer. 

MATERIALS AND METHODS 

GEPIA (Gene Expression Profiling Interactive Analysis, gepia2.cancer-pku.cn) was 

used for analyzing prognostic endpoints on the BLCA cohort depending on TFAP2C 

level. 

UALCAN (http://ualcan.path.uab.edu) was used to analyze the expression level of 

TFAP2C gene, its prognostic value (according to median values of genes) and 

correlation with clinicopathological parameters. This portal performs analyses of cancer 

OMICS data (TCGA and MET500) (Chandrashekar, 2017).  

cBioPortal for Cancer Genomics (https://www.cbioportal.org) was applied to analyze 

CNVs of TFAP2C and correlation with another genes. 

TCGA (http://cancergenome.nih.gov) was used to extract clinical data of 412 BLCA 
cases (status of May 2, 2020) together with their mRNAseq profiling (level 3 

RNASeqV2, RSEM normalized). For further analyses, we excluded non-tumor type of 

samples (according to TCGA Barcode, acquired from https://docs.gdc.cancer.gov) 
which resulted in total data of 408 patients. 

GSEA (Gene Set Enrichment Analysis, http://genepattern.broadinstitute.org/gp) was 

conducted using entire database of molecular signatures (eight major collections 

acquired from http://software.broadinstitute.org/gsea/msigdb/index.jsp). 5175 genes 
being targets for AP-2γ were taken into account for enrichment analysis. Targets for 
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transcription factor were combined using three databases (excluding duplicates): Gene 

Transcription Regulation Database (GTRD, version 19.10 (Yevshin, 2019; Yevshin, 

2017)), TRANScription FACtor database (TRANSFAC, version 2019.2) and 
Transcriptional Regulatory Relationships Unraveled by Sentence-based Text mining 

(TRRUST, version v2). Defined phenotypes ("TFAP2C high" or "TFAP2C low") were 

established by the median value of AP-2γ and restricted to extreme patients to show 
larger differences between groups. Functional analysis was performed using the tTest 

metric with a weighted statistic to score hits/misses and permutation type concerning 

phenotype. 

DAVID (Database for Annotation, Visualization and Integrated Discovery) Bio-

informatics Resources (Huang, 2009) (version 6.8, https://david.ncifcrf.gov) were used 

to annotate genes to processes they regulate, their molecular function, localization or 

implicated signaling pathways. All annotation databases were included during analyses. 

RESULTS 

DIFFERENCES OF GENE EXPRESSION DEPENDING ON TISSUE TYPE, TUMOR STAGE, 

HISTOLOGY, MOLECULAR SUBTYPES, NODAL METASTASIS AND MUTATION STATUS  

To understand the role of AP-2γ transcription factor, at the beginning we compared 
their mRNA level in cancer tissue and normal tissue in patients using UALCAN tool. 

We observed statistically significant higher expression of TFAP2C in cancer compared 

to normal bladder tissue (fig. 6A). We also analyzed how the level of its expression 

changed depending on clinical data. We observed increasement of TFAP2C expression 
in II-IV bladder cancer stages (with the highest noticed in stage IV) compared to 

normal tissue (fig. 6B). Moreover, higher mRNA level of TFAP2C was connected with 

mutation in TP53 gene in bladder cancer (fig. 6C). The analyses of TFAP2C 
expression level in different histological and molecular subtypes also shows some 

significant relationships compared to normal tissue (fig. 6D and E). Finally, mRNA 

level of TFAP2C increases during metastasis to lymph nodes (fig. 6F). 

DEPENDENCE OF PROGNOSTIC ENDPOINTS ON THE LEVEL OF TFAP2C GENE 

To investigate the connection between TFAP2C expression and survival prognosis, we 

used Kaplan-Meier plots form GEPIA repository. Using median cutoff of overall group 

and 95% confidence interval, we observed that high TFAP2C expression correlates 
with unfavorable prognosis i.e. DFS and OS (HR = 1.6, p = 0.0069; HR = 1.4,  

p = 0.024, respectively) (fig. 7).  
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Figure 6. Variability of TFAP2C mRNA expression levels for selected UALCAN characteristics.  
(A) Sample/tissue type. (B) Cancer stages. (C) TP53 mutation status. (D) Histological subtypes.  

(E) Molecular subtypes. (F) Nodal metastasis status 

 

Figure 7. Prognostic endpoints analysis according to mRNA expression of TFAP2C gene.  
(A) Disease-Free Survival. (B) Overall Survival 
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COPY-NUMBER VARIATIONS AND CO-EXPRESSION ANALYSIS 

Subsequently, we examined whether the changes in TFAP2C expression may result 

from copy number alternations using bladder cancer patients’ data (TCGA, Firehose 
Legacy) via cBioPortal database (fig. 8). 

 
Figure 8. Putative copy-number alterations of TFAP2C gene in the BLCA cohort 

Mutations were observed only in "diploid" and "gain" of TFAP2C gene. There was not 

noticed gene amplification, so we can conclude that changes in TFAP2C expression in 

bladder cancer are not due to the copy number alternations. 

Using RNAseq of 413 BLCA patients from cBioPortal (Z-score threshold = 0) we 

aimed to identify genes correlating with TFAP2C expression and the processes they are 

implicated in. Co-expression analysis showed that TFAP2C positively correlates with 

99 genes (Spearman’s rank correlation coefficient ≥ +0.3) and negatively with 19 
genes (Spearman’s rank correlation coefficient ≤ -0.3). Ontological classification of 

selected genes was presented in figure 9. 
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Figure 9. Genes negatively (red) and positively (green) co-expressed with TFAP2C according to cBioPortal 

with additional selected ontology classification 

GENE SET ENRICHMENT ANALYSIS 

Important gene sets established through GSEA concerned biological signatures 
of BIOCARTA canonical pathways, chemical & genetic perturbations (CGP), gene 

ontology (GO): biological processes (BP), hallmarks or regulatory target gene sets. 

Collectively, 10 gene sets enriched in "TFAP2C high" were significant at FDR < 0.25 
while 3 gene sets in "TFAP2C low" significant at p < 0.01. Exemplary heatmaps for 

both phenotypes are presented in Figure 10. 

 

Figure 10. Heatmaps generated from GSEA analysis (only core enrichment genes). (A) 
LINDGREN_BLADDER_CANCER_CLUSTER_3_UP gene set. (B) NIKOLSKY_ 

BREAST_CANCER_20Q12_Q13_AMPLICON gene set 
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FUNCTIONAL ANNOTATION CLUSTERING 

Afterwards, each gene set (only core enrichment genes) was implemented into DAVID 

for further data mining. Detailed subdivision and obtained gene-annotation enrichments 
from GSEA gene sets can be found in table 1. 

Table 1. Gene-annotation enrichment analysis of selected gene sets. Gene sets were chosen with the highest 
possible significance for each phenotype (FDR < 0.25 for "TFAP2C high"; p < 0.01 for "TFAP2C low") 

Phenotype 
MSigDB 
collection 

Selected gene set 
Selected annotation 
database 

Description 

TFAP2C high 

C2:CGP 

NIKOLSKY_BRE
AST_CANCER_2
0Q12_Q13_AMP
LICON 

GO:BP_DIRECT 
Regulation of cell 
proliferation 

LINDGREN_ 
BLADDER_CAN
CER_CLUSTER_
3_UP 

KEGG 
PI3K-Akt signaling 
pathway 

HOLLERN_EMT 
_BREAST_TUM

OR_DN 

GO:BP_DIRECT 
Negative regulation 
of cell-cell adhesion 

LANDIS_BREAS
T_CANCER_ 
PROGRESSION_
UP 

GO:BP_ALL 
Positive regulation 
of cellular process 

WHITFIELD_CE
LL_CYCLE_M_

G1 

GO:BP_DIRECT 
Intermediate filament 
organization 

OUELLET_OVA
RIAN_CANCER_
INVASIVE_VS_
LMP_UP 

KEGG 
Hippo signaling 
pathway 

BIDUS_METAST
ASIS_UP 

KEGG 
MAPK signaling 
pathway 

C2:CP 
Reactome 

REACTOME_ 
TRANSCRIP-
TIONAL 
REGULATION_
BY_THE_AP_2_
TFAP2_FAMILY
_OF_TRANS-
CRIPTION_ 

FACTORS 

GO:BP_DIRECT 
Negative regulation 
of apoptotic process 

C2:BP 
Biocarta 

BIOCARTA_HE
R2_PATHWAY 

KEGG 
ERBB signaling 
pathway 

Hallmarks 
HALLMARK_G2
M_ 
CHECKPOINT 

GO:BP_DIRECT 
G2/M transition 
of mitotic cell cycle 

TFAP2C low C3:MIR 

MIR4265 KEGG 
Transcriptional 
misregulation in 
cancer 

MIR4296 GO:BP_DIRECT Cell differentiation 

MIR4713_3P GO:BP_ALL 
Positive regulation 
of cell communication 



 
Computational analysis of AP-2γ role in bladder cancer 

 

91 

DISCUSSION 

BLCA is a tumor whose frequency has decreased in recent years. The classification 

takes into account the division into histological or molecular subtypes, with the latter 

considering e.g. categorization by the transcription factors which may indicate not only 
the expression profile but also the potential treatment type resulting from the available 

actionable targets. Because the identification of both new molecules involved in 

signaling pathways and TFs guiding their expression is crucial, we focused on 
investigating the transcription factor whose upregulation significantly worsened the 

prognostic endpoints of bladder cancer patients. Using available literature, there was 

a noticeable trend indicating the oncogenic nature of TFAP2C in various cancers. While 
the role of AP2γ-encoding gene in lung cancer was ambiguous (Chang, 2017; Kang, 

2017; Kim, 2016), the data for breast cancer (Gee, 2009; Williams, 2009), testicular 

carcinoma (Hoei-Hansen, 2004), primary ovarian tumors (Odegaard, 2006), melanoma 

(Lal, 2013) or neuroblastoma (Gao, 2014) are consistent indicating association 
of TFAP2C with e.g. increased proliferation, tumor growth, cell cycle progression but 

also treatment resistance or poorer prognosis. Analysis of the putative copy-number 

alteration in relevant cohorts using cBioPortal (TCGA Firehose Legacy studies for 
breast, testis, ovary, skin; Broad, Nature 2015 for neuroblastoma) indicated that the 

observed TFAP2C effect on the above processes and prognosis is not due to gene 

mutations. The same conclusions could be drawn from the BLCA analysis (TCGA 

Firehose Legacy study), which encouraged the selection of most strongly co-expressed 
genes (correlation less than -0.3 or more than +0.3) that resulted in the extraction 

of 118 genes further analyzed ontologically. Within such, additional gene ontology 

indicated regulation of pathways (ERBB, Rap1), apoptosis or adhesion-dependent cell 
spreading. With the use of UALCAN web resource we performed expression analysis 

in terms of BLCA characteristics such as cancer stages, nodal metastasis, TP53 mutation 

status and histological subtypes or molecular subtypes, collectively indicating that 
TFAP2C expression increases with stage or metastasis status and possesses highest 

level in luminal subtype (molecularly) or non-papillary subtype (histologically). 

Additionally, its expression is higher in tumors with positive p53 mutational status. 

Lastly, there was statistically significant difference between TFAP2C expression in 
normal tissue compared to cancerous (in favor of the latter). To understand what 

molecular alterations occur with different levels of TFAP2C in bladder cancer patients, 

a gene set enrichment analysis was performed on the BLCA cohort subdivided into 
groups with high or low TFAP2C expression through the context of AP-2γ targets. 

Collected data included gene sets related to canonical pathways, genetic perturbations, 

biological processes, hallmarks or regulatory target gene sets. Subsequently, functional 
annotation enrichment analysis was performed on genes that have contributed the most. 

Considering the group with high level of TFAP2C gene expression, contribution to 

numerous signaling pathways (MAPK, ERBB, Hippo, PI3K/Akt) regulation was 

proposed along with e.g. negative impact on apoptotic process or cellular adhesion. 
Contrastingly, in "TFAP2C low" group the enriched gene sets were associated with 

regulatory targets guided by microRNA (miRNA) which has a reference to the 

literature because many interactions of AP-2 family members with long non-coding 
RNA (lncRNA) or miRNA have been proven (Kolat, 2019). Nevertheless, gene 
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ontology of the most significant gene sets for "low" phenotype revealed functional 

annotation connected with positive cell communication or cell differentiation, which 

indicates the alleged one absolute difference between the "high" and "low" groups 
associated with intercellular communication – in the first group, intercellular commu-

nication is supposedly limited by loss of adhesion, while in the second group the 

increase in intercellular communication was noted. We speculate that such state may 
result from different levels of TFAP2C, which in the case of a decrease in its 

expression directly impacts on miRNA network and allows the regulation of processes 

that are not possible in the case of TFAP2C high expression.  

SHORT CONCLUSION 

To conclude, computational analysis of AP-2γ role showed that "TFAP2C high" group 

is more associated with phenomena or signaling pathways that are perceived negatively 

when excessively occur at molecular level. Instead, results for the "TFAP2C low" 

group indicate the regulation of cellular processes via a wide range of miRNA 
transcripts, which concurs with the literature data of the present yet minorly explored 

network of interaction between AP-2γ and miRNA or lncRNA molecules. We believe 

that further research towards profound exploration of regulated processes not only on 
the AP2-RNA axis but with investigating other regulators of the protective phenotype, 

will allow a deeper understanding of the scenario that occur with low TFAP2C 

expression in bladder cancer patients. 

REFERENCES 

Aine M., Eriksson P., Liedberg F., Hoglund M., Sjodahl G., On molecular classification of bladder 
cancer: Out of one, many, In: Eur Urol. 2015; 68(6):921-3. 

American Cancer Society, Cancer Statistics Center, In: American Cancer Society, 2020; Accessed 21 
May 2020, http://cancerstatisticscenter.cancer.org/. 

Aqeilan R.I., Palamarchuk A., Weigel R.J., Herrero J.J., Pekarsky Y., Croce C.M., Physical and 

functional interactions between the wwox tumor suppressor protein and the ap-2gamma 
transcription factor, In: Cancer Res. 2004; 64(22):8256-61. 

Bolander F.F., Molecular Endocrinology 3rd Edition, 2004; In: Academic Press; ISBN: 9780121112325. 

Cancer Genome Atlas Research Network, Comprehensive molecular characterization of urothelial 
bladder carcinoma, In: Nature, 2014; 507(7492):315-22. 

Cassell A., Yunusa B., Jalloh M., Mbodji M.M., Diallo A., Ndoye M. et al., Non-muscle invasive bladder 
cancer: A review of the current trend in africa, In: World J Oncol. 2019; 10(3):123-131. 

Catsburg C.E., Gago-Dominguez M., Yuan J.M., Castelao J.E., Cortessis V.K., Pike M.C. et al., Dietary 

sources of n-nitroso compounds and bladder cancer risk: Findings from the los angeles bladder 
cancer study, In: Int J Cancer, 2014; 134(1):125-35. 

Chandrashekar D.S., Bashel B., Balasubramanya S.A.H., Creighton C.J., Ponce-Rodriguez I., Chakravarthi 
B. et al. Ualcan: A portal for facilitating tumor subgroup gene expression and survival analyses. In: 
Neoplasia. 2017; 19(8):649-658. 

Chang T.H., Tsai M.F., Gow C.H., Wu S.G., Liu Y.N., Chang Y.L. et al., Upregulation of microrna-137 

expression by slug promotes tumor invasion and metastasis of non-small cell lung cancer cells 
through suppression of tfap2c, In: Cancer Lett. 2017; 402:190-202. 

Choi W., Porten S., Kim S., Willis D., Plimack E.R., Hoffman-Censits J. et al., Identification of distinct 

basal and luminal subtypes of muscle-invasive bladder cancer with different sensitivities to frontline 
chemotherapy, In: Cancer Cell, 2014; 25(2):152-65. 



 
Computational analysis of AP-2γ role in bladder cancer 

 

93 

Chow N.H., Cairns P., Eisenberger C.F., Schoenberg M.P., Taylor D.C., Epstein J.I. et al., Papillary 

urothelial hyperplasia is a clonal precursor to papillary transitional cell bladder cancer, In: Int J 
Cancer. 2000; 89(6):514-8. 

Czerniak B., Dinney C., McConkey D., Origins of bladder cancer, In: Annu Rev Pathol. 2016; 11:149-74. 

Dadhania V., Zhang M., Zhang L., Bondaruk J., Majewski T., Siefker-Radtke A. et al., Meta-analysis 

of the luminal and basal subtypes of bladder cancer and the identification of signature 
immunohistochemical markers for clinical use, In: EBioMedicine, 2016; 12:105-117. 

Eckert D., Buhl S., Weber S., Jager R., Schorle H., The ap-2 family of transcription factors, In: Genome 
Biol. 2005; 6(13):246. 

Ehsani R., Bahrami S., Drablos F., Feature-based classification of human transcription factors into 
hypothetical sub-classes related to regulatory function, In: BMC Bioinformatics, 2016; 17(1):459. 

Eloranta J.J., Hurst H.C., Transcription factor ap-2 interacts with the sumo-conjugating enzyme ubc9 
and is sumolated in vivo, In: J Biol Chem. 2002; 277(34):30798-804. 

Eriksson P., Aine M., Veerla S., Liedberg F., Sjodahl G.Hoglund M., Molecular subtypes of urothelial 
carcinoma are defined by specific gene regulatory systems, In: BMC Med Genomics, 2015; 8:25. 

Fanjul-Fernandez M., Folgueras A.R., Cabrera S., Lopez-Otin C., Matrix metalloproteinases: Evolution, 
gene regulation and functional analysis in mouse models, In: Biochim Biophys Acta, 2010; 1803(1):3-19. 

Fleischer A., Rebollo A., Induction of p53-independent apoptosis by the bh3-only protein itm2bs, In: 
FEBS Lett. 2004; 557(1-3):283-7. 

Gao S.L., Wang L.Z., Liu H.Y., Liu D.L., Xie L.M., Zhang Z.W., Mir-200a inhibits tumor proliferation 
by targeting ap-2gamma in neuroblastoma cells, In: Asian Pac J Cancer Prev. 2014; 15(11):4671-6. 

Garcia M.A., Campillos M., Marina A., Valdivieso F., Vazquez J., Transcription factor ap-2 activity is 
modulated by protein kinase a-mediated phosphorylation, In: FEBS Lett. 1999; 444(1):27-31. 

Gee J.M., Eloranta J.J., Ibbitt J.C., Robertson J.F., Ellis I.O., Williams T. et al., Overexpression of tfap2c 

in invasive breast cancer correlates with a poorer response to anti-hormone therapy and reduced 
patient survival, In: J Pathol. 2009; 217(1):32-41. 

Hilger-Eversheim K., Moser M., Schorle H., Buettner R., Regulatory roles of ap-2 transcription factors 
in vertebrate development, apoptosis and cell-cycle control, In: Gene. 2000; 260(1-2):1-12. 

Hoei-Hansen C.E., Nielsen J.E., Almstrup K., Sonne S.B., Graem N., Skakkebaek N.E. et al., 

Transcription factor ap-2gamma is a developmentally regulated marker of testicular carcinoma in 
situ and germ cell tumors, In: Clin Cancer Res. 2004; 10(24):8521-30. 

Huang da W., Sherman B.T., Lempicki R.A., Bioinformatics enrichment tools: Paths toward the 
comprehensive functional analysis of large gene lists, In: Nucleic Acids Res. 2009; 37(1):1-13. 

Huang Y., Domann F.E., Redox modulation of ap-2 DNA binding activity in vitro, In: Biochem Biophys 
Res Commun. 1998; 249(2):307-12. 

Inamura K., Bladder cancer: New insights into its molecular pathology, In: Cancers (Basel). 2018; 10(4). 

Jager R., Friedrichs N., Heim I., Buttner R., Schorle H., Dual role of ap-2gamma in erbb-2-induced 
mammary tumorigenesis, In: Breast Cancer Res Treat. 2005; 90(3):273-80. 

Jankovic S., Radosavljevic V., Risk factors for bladder cancer, In: Tumori. 2007; 93(1):4-12. 

Kang J., Kim W., Lee S., Kwon D., Chun J., Son B. et al., Tfap2c promotes lung tumorigenesis and 

aggressiveness through mir-183- and mir-33a-mediated cell cycle regulation, In: Oncogene. 2017; 
36(11):1585-1596. 

Kannan P., Tainsky M.A., Coactivator pc4 mediates ap-2 transcriptional activity and suppresses ras-

induced transformation dependent on ap-2 transcriptional interference, In: Mol Cell Biol. 1999; 
19(1):899-908. 



 
Damian Kołat, Żaneta Kałuzińska, Elżbieta Płuciennik 

 

94 

Kim W., Kim E., Lee S., Kim D., Chun J., Park K.H. et al., Tfap2c-mediated upregulation of tgfbr1 

promotes lung tumorigenesis and epithelial-mesenchymal transition, In: Exp Mol Med. 2016; 
48(11):e273. 

Knowles M.A., Platt F.M., Ross R.L., Hurst C.D., Phosphatidylinositol 3-kinase (pi3k) pathway 
activation in bladder cancer, In: Cancer Metastasis Rev. 2009; 28(3-4):305-16. 

Kolat D., Kaluzinska Z., Bednarek A.K., Pluciennik E., The biological characteristics of transcription 

factors ap-2alpha and ap-2gamma and their importance in various types of cancers, In: Biosci Rep. 
2019; 39(3). 

Koss L.G., Tiamson E.M., Robbins M.A., Mapping cancerous and precancerous bladder changes. 
A study of the urothelium in ten surgically removed bladders, In: JAMA. 1974; 227(3):281-6. 

Lal G., Contreras P.G., Kulak M., Woodfield G., Bair T., Domann F.E. et al., Human melanoma cells 

over-express extracellular matrix 1 (ecm1) which is regulated by tfap2c, In: PLoS One. 2013; 
8(9):e73953. 

Lee S., Jeong J., Majewski T., Scherer S.E., Kim M.S., Tuziak T. et al., Forerunner genes contiguous to 

rb1 contribute to the development of in situ neoplasia, In: Proc Natl Acad Sci U S A. 2007; 
104(34):13732-7. 

Letasiova S., Medve'ova A., Sovcikova A., Dusinska M., Volkovova K., Mosoiu C. et al., Bladder cancer, 
a review of the environmental risk factors, In: Environ Health. 2012; 11 Suppl 1:S11. 

Li M., Wang Y., Hung M.C., Kannan P., Inefficient proteasomal-degradation pathway stabilizes ap-
2alpha and activates her-2/neu gene in breast cancer, In: Int J Cancer, 2006; 118(4):802-11. 

LiCalsi C., Christophe S., Steger D.J., Buescher M., Fischer W.Mellon P.L., Ap-2 family members 

regulate basal and camp-induced expression of human chorionic gonadotropin, In: Nucleic Acids 
Res. 2000; 28(4):1036-43. 

Majewski T., Lee S., Jeong J., Yoon D.S., Kram A., Kim M.S. et al., Understanding the development 

of human bladder cancer by using a whole-organ genomic mapping strategy, In: Lab Invest. 2008; 
88(7):694-721. 

Makrilia N., Kollias A., Manolopoulos L., Syrigos K., Cell adhesion molecules: Role and clinical 
significance in cancer, In: Cancer Invest. 2009; 27(10):1023-37. 

Mazina O.M., Phillips M.A., Williams T., Vines C.A., Cherr G.N., Rice R.H., Redistribution of 

transcription factor ap-2alpha in differentiating cultured human epidermal cells, In: J Invest 
Dermatol. 2001; 117(4):864-70. 

McConkey D.J., Choi W., Ochoa A., Dinney C.P.N., Intrinsic subtypes and bladder cancer metastasis, 
In: Asian J Urol. 2016a; 3(4):260-267. 

McConkey D.J., Choi W., Shen Y., Lee I.L., Porten S., Matin S.F. et al., A prognostic gene expression 

signature in the molecular classification of chemotherapy-naive urothelial cancer is predictive 

of clinical outcomes from neoadjuvant chemotherapy: A phase 2 trial of dose-dense methotrexate, 
vinblastine, doxorubicin, and cisplatin with bevacizumab in urothelial cancer,. In: Eur Urol. 2016b; 
69(5):855-62. 

McConkey D.J., Lee S., Choi W., Tran M., Majewski T., Lee S. et al., Molecular genetics of bladder 

cancer: Emerging mechanisms of tumor initiation and progression, In: Urol Oncol. 2010; 28(4):429-40. 

Mitchell P.J., Wang C., Tjian R., Positive and negative regulation of transcription in vitro: Enhancer-
binding protein ap-2 is inhibited by sv40 t antigen, In: Cell. 1987; 50(6):847-61. 

Mohibullah N., Donner A., Ippolito J.A., Williams T., Selex and missing phosphate contact analyses 

reveal flexibility within the ap-2[alpha] protein: DNA binding complex, In: Nucleic Acids Res. 1999; 
27(13):2760-9. 



 
Computational analysis of AP-2γ role in bladder cancer 

 

95 

Odegaard E., Staff A.C., Kaern J., Florenes V.A., Kopolovic J., Trope C.G. et al., The ap-2gamma 

transcription factor is upregulated in advanced-stage ovarian carcinoma, In: Gynecol Oncol. 2006; 
100(3):462-8. 

Orlic-Milacic M., Transcriptional regulation by the AP-2 (TFAP2) family of transcription factors 

Current neurology and neuroscience reports, In: U.S. National Library of Medicine, 2016; Accessed 21 
May 2020 <https://www.ncbi.nlm.nih.gov/biosystems/1427839/>. 

Overall C.M., Lopez-Otin C., Strategies for mmp inhibition in cancer: Innovations for the post-trial 
era, In: Nat Rev Cancer. 2002; 2(9):657-72. 

Pasternack S.M., von Kugelgen I., Al Aboud K., Lee Y.A., Ruschendorf F., Voss K. et al., G protein-

coupled receptor p2y5 and its ligand lpa are involved in maintenance of human hair growth, In: Nat 
Genet. 2008; 40(3):329-34. 

Pellikainen J., Naukkarinen A., Ropponen K., Rummukainen J., Kataja V., Kellokoski J. et al., Expression 
of her2 and its association with ap-2 in breast cancer, In: Eur J Cancer. 2004; 40(10):1485-95. 

Puzio-Kuter A.M., Castillo-Martin M., Kinkade C.W., Wang X., Shen T.H., Matos T. et al., Inactivation 
of p53 and pten promotes invasive bladder cancer, In: Genes Dev. 2009; 23(6):675-80. 

Rebouissou S., Bernard-Pierrot I., de Reynies A., Lepage M.L., Krucker C., Chapeaublanc E. et al., Egfr 

as a potential therapeutic target for a subset of muscle-invasive bladder cancers presenting a basal-
like phenotype, In: Sci Transl Med. 2014; 6(244):244ra91. 

Said N., Frierson H.F., Sanchez-Carbayo M., Brekken R.A., Theodorescu D., Loss of sparc in bladder 
cancer enhances carcinogenesis and progression, In: J Clin Invest. 2013; 123(2):751-66. 

Shin J.H., Lim J.S., Jeon B.H., Chapter 3 – Pathophysiology of Bladder Cancer In: Ku Hyeon J. 
Bladder Cancer, 2017; In: Academic Press; ISBN: 0-12809-940-2. 

Stein J.P., Ginsberg D.A., Grossfeld G.D., Chatterjee S.J., Esrig D., Dickinson M.G. et al., Effect 

of p21waf1/cip1 expression on tumor progression in bladder cancer, In: J Natl Cancer Inst. 1998; 
90(14):1072-9. 

Williams C.M., Scibetta A.G., Friedrich J.K., Canosa M., Berlato C., Moss C.H. et al., Ap-2gamma 

promotes proliferation in breast tumour cells by direct repression of the cdkn1a gene, In: EMBO J. 
2009; 28(22):3591-601. 

Williams T., Tjian R., Characterization of a dimerization motif in ap-2 and its function in 
heterologous DNA-binding proteins, In: Science. 1991; 251(4997):1067-71. 

Wojciechowska U., Didkowska J., Zachorowania i zgony na nowotwory złośliwe w Polsce, In: Krajowy 
Rejestr Nowotworów, 2017; Accessed 21 May 2020, http://onkologia.org.pl/. 

Woodfield G.W., Chen Y., Bair T.B., Domann F.E., Weigel R.J., Identification of primary gene targets 

of tfap2c in hormone responsive breast carcinoma cells, In: Genes Chromosomes Cancer, 2010; 
49(10):948-62. 

Yamashita H., Kawasawa Y.I., Shuman L., Zheng Z., Tran T., Walter V. et al., Repression 

of transcription factor ap-2 alpha by ppargamma reveals a novel transcriptional circuit in basal-
squamous bladder cancer, In: Oncogenesis. 2019; 8(12):69. 

Yan C., Boyd D.D., Regulation of matrix metalloproteinase gene expression, In: J Cell Physiol. 2007; 
211(1):19-26. 

Yevshin I., Sharipov R., Kolmykov S., Kondrakhin Y., Kolpakov F., Gtrd: A database on gene 
transcription regulation-2019 update, In: Nucleic Acids Res. 2019; 47(D1):D100-D105. 

Yevshin I., Sharipov R., Valeev T., Kel A., Kolpakov F., Gtrd: A database of transcription factor 

binding sites identified by chip-seq experiments, In: Nucleic Acids Res. 2017; 45(D1):D61-D67. 

Zhong L., Wang Y., Kannan P., Tainsky M.A., Functional characterization of the interacting domains 

of the positive coactivator pc4 with the transcription factor ap-2alpha, In: Gene. 2003; 320:155-64. 



 

96 

Burkitt-like lymphoma with 11q aberration 

a provisional entity in the 2016 WHO classification 

of lymphoid malignancies 

Beata Grygalewicz 

Cytogenetic Laboratory, Maria Sklodowska-Curie National Research Institute 

of Oncology, 5 Roentgen str, 02-781 Warsaw Poland 
*Corresponding author: Beata Grygalewicz, Cytogenetic Laboratory, Maria Sklo-

dowska-Curie National Research Institute of Oncology,  

e-mail: Beata.Grygalewicz@pib-nio.pl 

ABSTRACT 

The latest revision of lymphoma’s World Health Organization classification describes the new provisional 

entity "Burkitt-like lymphoma with 11q aberration" (BLL,11q). The aim of the work is to present this new 
subgroup based on a literature review. The correct diagnosis of BLL,11q patients within aggressive non-
Hodgkin's lymphoma has important clinical consequences. According to the definition, this group is 
characterized by cell morphology, immunofenotype and gene expression profile similar to Burkitt's 
lymphoma (BL), lack of MYC rearrangement, the presence of a specific chromosome aberration in the 
form of simultaneous gain/loss of 11q, more complex karyotypes than BL, frequent nodal presentation and 
clinical course similar to BL. Cytogenetically aberration 11q is defined as a duplication often with the 
simultaneous inversion, accompanied by a terminal deletion. Supplementary research by single nucleotide 

polymorphism/array comparative genomic (SNP/aCGH) showed two types of duplication: bigger than 50 
Mbp and smaller than 20 Mbp with internal amplification containing KMT2A, which was associated with 
bulky tumour over 20 cm in diameter. The minimal duplication region is 0.832 Mbp and covers 
DSCAML1, FXYD2, FXYD6, TMPRSS13, IL10RA, TMPRSS4, SCN4, SCN2B, AMICA1, MPZL3, MPZL2, 
CD3E, CD3D, CD3G, BE4A, ATP5L, KMT2A, TTC36, TMEM25, IFT46, ARCN1 genes. There is no 
conservative breakpoints on 11q. Terminal deletions are different sizes. Reported small biallelic deletions 
in 11q deletion region covers few genes: ETS1, FLI1, KCNJ1, KCNJ5, C11orf45, RICS, BARX, TP53AIP1. 
Uniparental disomy can replace terminal deletion of 11q. Gene expression studies showed in gained region 

overexpression of PAFAH1B2, USP2, CBL genes.  

Recent reports indicates that 11q gain/loss can coexist with MYC rearrangement or amplification probably 
acting as the second hit in oncogenesis of this aggressive B-cell lymphomas. Cytogenetic diagnostic tools 
allow clear confirmation of suspicions of BLL,11q in the process of lymphoma diagnosis. These new 
group of cancer has a good response to aggressive chemotherapy used in Burkitt's lymphoma. 

INTRODUCTION 

Burkitt’s Lymphoma (BL) is an aggressive B-cell lymphoma with a characteristic 

clinical presentation, morphology and immunophenotype (Swerdlow, 2016). The 

molecular hallmark of this tumour is MYC oncogene rearrangement which in the most 
of cases occurs as a translocation t(8;14)(q24;q32) which transfers the MYC gene from 

chromosome 8q24 to the immunoglobulin heavy chain region located on chromosome 

14q32 (Dalla-Favera, 1982) (Fig.1). In up to 10% of cases, the immunoglobulin light 
chains genes IGK or IGL are transferred to MYC locus as a variant translocations 

t(2;8)(p11.2;q24) and (8;22)(q24;q11.2), respectively (Emanuel, 1984; Hollis, 1984). 

The effect of all three translocations is the same the overexpression of the MYC gene. 
Constitutive expression of MYC is crucial for the pathogenesis of BL, this protein being 

a key transcriptional regulator, controlling cell proliferation and oncogenic transfor-

mation (Magrath, 1990).  
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Figure 1. Karyotype of Burkitt’s lymphoma: 46,XY,t(8;14)(q24;q32), arrows indicate translocation partners 

Additional gene alterations including truncating mutations of ARID1A and ampli-
fication of MCL1; point mutations of LRP6; truncating alterations of LRP1B, PTPRD, 

PTEN, NOTCH1, ATM; amplifications of RAF1, MDM4, MDM2, KRAS, IKBKE, 

CDK6; deletion of CDKN2A; overexpression of MIR17HG; activating mutations 
of TCF3 and/or inactivating mutations of its negative regulator ID3 and CCND3 

activating mutations have been described (Havelange, 2016). 

Five to ten percent of cases, classified previously as BL or Burkitt-like lymphoma 

(BLL), do not show MYC translocation, by both classical cytogenetics and molecular 
methods like fluorescence in situ hybridization (FISH) analysis (Evans, 2007; Boerma, 

2009). This phenomenon can be caused by various mechanisms, such as distant break 

points, which are not covered by FISH probes or MYC insertions in IG genes and vice 
versa (Wagener, 2020). 

Moreover, MYC protein overexpression may occur in tumours without apparent gene 

alterations (Ott, 2013) and it has been suggested that a dysregulated expression of 

microRNAs (miRNAs) may represent one of the mechanisms leading to MYC 
overexpression in BL cases lacking a classical MYC translocation, through either 

a direct or indirect mechanism (Leucci, 2008; Onnis, 2010). At least some of MYC –

negative BL cases belong to the new, provisional entity of WHO 2016 classification 
"Burkitt-like lymphoma with 11q aberration" (BLL,11q). This entity comprises B-cell 

lymphomas resembling BL morphologically, phenotypically, and by gene expression 

profiling, but lacking MYC rearrangement. Instead harbour 11q-gain/loss aberration. 
Notably, compared to classical BL, these lymphomas have more complex karyotypes 

(Swerdlow, 2016). 
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CLASSICAL AND MOLECULAR CYTOGENETICS 

For the first time 11q duplication in classical karyotype analysis was described in 2011 

in four MYC-negative Burkitt lymphoma cases (Pienkowska-Grela, 2011) (fig. 2). 

These lymphomas presented typical BL morphology, FCM immunophenotype with 
minor deviations when compared to a typical BL and karyotypes showed inverted and 

duplicated 11q region, specified as dup(11)(q23q13). 

 

Figure 2. Karyotype of Burkitt-like lymphoma with 11q aberration: 46,XY,del(3)(q27),del(6)(q22), 

dup(11)(q23q13),der(18)t(3;18)(q27;q21), arrow indicates 11q duplicated and inverted region 11q23-q13 

Subsequently study using high-resolution SNP/aCGH hybridization showed that 11q 

duplication is constantly associated with loss of the terminal region of 11q and the 

aberration was described as 11q-gain/loss (Salaverria, 2014). Interestingly, the same 
chromosome 11q abnormality was found also in three post-transplant patients with 

molecular BL signature without MYC rearrangement (Ferreiro, 2015). SNP/aCGH 

arrays showed two types of 11q duplication: bigger than 50 Mbp and smaller than 20 
Mbp with internal small multiplication or amplification containing KMT2A, which was 

associated with bulky tumour over 20 cm in diameter (Grygalewicz, 2017) (fig. 3).  
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Figure 3. Chromosome 11 profiling by SNP/aCGH and FISH results in the same patients. The SNP/aCGH 

overview window on the top shows the ideogram of chromosome 11 with FISH probes positions marked 
appropriate colours. The image below depicts result of aCGH as a copy number variations (CNV) indicating 

duplication, amplification and deletion of 11q regions, underneath big red blocks demonstrating loss 
of heterozygosity (LOH) in deletion regions revealed in SNP analysis. Lower section shows magnification 
of aCGH analysis (CNV). Green dots indicate gain, red dots show deletion regions. FISH results confirms 

duplication or amplification with KMT2A probe and terminal deletion with tel(11q) probe.  
A – bigger 11q duplication region and terminal deletion.  

B – smaller 11q duplication with amplification region and terminal deletion 

The minimal published duplication region was 0.832 Mbp and covered DSCAML1, 
FXYD2, FXYD6, TMPRSS13, IL10RA, TMPRSS4, SCN4, SCN2B, AMICA1, 

MPZL3, MPZL2, CD3E, CD3D, CD3G, BE4A, ATP5L, KMT2A, TTC36, TMEM25, 

IFT46, ARCN1 genes (Salaverria, 2014). In terminal deletion region small biallelic 
deletions were reported covering few genes: ETS1, FLI1, KCNJ1, KCNJ5, C11orf45, 
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RICS, BARX, TP53AIP1 (Salaverria, 2014; Grygalewicz, 2017; Wagener, 2019). In 

very rare cases with 11q duplication and without terminal deletion uniparental disomy 

(UPD) can replace absent terminal deletion (Grygalewicz, 2017; Gonzalez-Farre, 
2019). UPD is a mechanism used to eliminate one copy of the DNA fragment and 

replacing it with the remaining copy, usually with mutation or to uncover recessive 

genes. This genetic change can be revealed by SNP/aCGH method. There was no 
conservative breakpoints on 11q. Duplication, amplification and terminal deletion 

regions were different sizes, what may indicate that these changes do not activate 

a specific oncogene (Salaverria, 2014; Grygalewicz, 2017; Gonzalez-Farre, 2019 ). The 
absence of MYC rearrangement with simultaneous presence of morphology, immune-

phenotype and gene expression profile typical for BL is a crucial element for the 

recognition of BLL,11q cases. In the common clinical practice the presence of 11-gain/ 

loss can be detected by karyotype or FISH analysis with probe panel consisting 
of chromosome 11 centromeric probe, probe specific for duplicated or amplified 

11q22.3 region (for example KMT2A) and 11q subtelomeric probe 11q24.1-q25 (fig. 3). 

Another technique for 11q-gain/loss detection is SNP/aCGH (fig. 3). 

GENE EXPRESSION STUDIES  

Burkitt’s lymphoma is very aggressive B-cell lymphoma characterized by a high 

proliferation index of the malignant cells. Distinguishing between BL and diffuse 

large-B-cell lymphoma (DLBCL) is critical because the management of these two 

diseases differs. Whereas relatively low-dose chemotherapy regimens such as R-CHOP 
(cyclophosphamide, doxorubicin, vincristine, prednisone and the monoclonal antibody 

rituximab) are typically used to treat DLBCL, they are inadequate for BL for which 

intensive chemotherapy regimens are required (Bishop, 2000; Divine, 2005; Coiffier 
2005). Furthermore, prophylactic intrathecal chemotherapy or systemic chemotherapy 

that crosses the blood-brain barrier is unnecessary in most cases of DLBCL; such 

chemotherapy is essential for treating BL, because of the high risk of involvement 
of the central nervous system (Bishop, 2000; Soussain,1995). DLBCL and BL can 

have overlapping morphologic and immunophenotypic features, and the characteristic 

t(8;14)(q24;q32) translocation of BL also occurs in 5 to 10 percent of cases of DLBCL 

(Neri, 1988; Hecht, 2000; Kramer, 1998). Because DLBCL is more than 20 times as 
common as BL, a lymphoma with a t(8;14)(q24;q32) translocation can present a diag-

nostic problem (Morton, 2006). For more accurate distinction BL from DLBCL gene 

expression classifiers have been developed. BL and DLBCL were found to differ with 
respect to the signature of the MYC target genes as well as the other three gene-

expression signatures. However BL and germinal-center B-cell–like DLBCL both 

originate from germinal-center B cells, the expression of a subgroup of germinal-center 
B-cell genes distinguished BL from DLBCL. NF-κB target genes (i.e., BCL2A1, FLIP, 

CD44, NFKBIA, BCL3, and STAT3) and MHC class I genes were expressed at lower 

levels in BL than in any of the DLBCL subgroups (Dave, 2006; Hummel, 2006). The 

other molecular classifier based on oncogenic pathway activation patterns (PAPs) can 
also clearly discriminate BL from other aggressive B-cell lymphoma subtypes (Bentink, 

2008). Because BLL,11q are rare, accounting for about 3% of all BL, molecular 

classifiers have proven to be very useful in identifying these cases (Salaverria, 2014). 
The BLL,11q cases search strategy consisted in identifying cases with BL molecular 
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characteristics but without MYC rearrangement and with presence of the 11q-gain/loss 

instead. Compared to classical BL with MYC rearrangement the BLL,11q displayed 

much lower MYC expression, what was confirmed in four post-transplant BLL,11q 
patients (Salaverria, 2014; Gonzalez-Farre, 2019; Ferreiro, 2015). Additionally gene 

expression studies showed potentially deregulated candidate genes in 11q duplication/ 

amplification and deletion regions. In 11q-gained region PAFAH1A2 gene was 
selectively upregulated also on protein level what was demonstrated in cell lines 

containing 11q gain/loss aberration (Salaverria, 2014). This gene was previously 

described as target of IGH translocation in two lymphoma cases (Lecointe, 1999). Such 
mechanism usually leads to oncogene activation and this may suggest that PAFAH1A2 

can play a role in lymphomagenesis. Other studies of BLL,11q confirmed PAFAH1A2 

overexpression and revealed upregulation of two additional genes in 11q23.3: CBL and 

USP2 which showed 30.6-fold higher expression than in MYC-positive BL cases 
(Ferreiro, 2015). The USP2 function is modulation of TNFα-induced NF-kB signalling 

and prolongation of the half-life of targets such as fatty acid synthase, MDM2 and 

MDM4/MDMX (negative regulators of p53) and cyclin D1 (G1/S transition) (Fraile, 
2012). In terminal deletion region 11q24.1-qter genes FLI1, SNX19, NCAPD3, ACAD8 

and TBRG1, El24, ETS1 were significantly downregulated (Salaverria, 2014; Ferreiro, 

2015). Two of these genes FLI1 and ETS1 which showed significantly lower mRNA 

expression were detected in small biallelic deletion in 11q terminal deletion region. 
The transcription factor FLI1 is known to be involved in lymphoma development in 

mice (Zhang, 2008). While the ETS1 has been described as an oncogenic fusion partner 

of the c-Myb proto-oncogene product in the E26 avian leukaemia (Watson, 1985). The 
activation of genes included in the gained region of 11q may cooperate with the 

functional inactivation of genes in the recurrent lost region, including FLI1 and ETS1. 

However the precise biological significance of these upregulations and downregu-
lations has not been defined yet. 

GENE MUTATION STUDIES 

Mutational analysis by whole exome sequencing (WES) revealed distinct mutational 

pattern in BLL,11q in comparison with classical BL (Wagener, 2019). In the minimal 

deletion region 11q24.3 mutations of two genes ETS1 and NFRKB were found. 
Interestingly, ETS1 gene was located in minimal biallelic 11q deletion region, while in 

NFRKB biallelic inactivation by deletion of one allele and mutation of the other was 

detected (Salaverria, 2014; Wagener, 2019). NFRKB encodes a nuclear factor related to 
the kappaB binding protein, belonging to the INO80 chromatin remodelling complex 

(Yao, 2008) which plays a role in transcriptional regulation (Affar, 2006). In Wagener 

studies NFRKB expression was described as significantly lower in BLL,11q, in 
comparison to BL based on expression array analysis (Wagener, 2019). Additionally, 

in contrast to BL, in BLL,11q no recurrent gene mutations in PI3K signalling pathway 

(TCF3 and ID3) or in SWI/SNF chromatin remodelling complex (SMARCA4, ARID1A, 

DPF1, ACTL6A) were found. The exception were mutations of two genes GNA13 and 
DDX3X which were described as mutated in BL and DLBCL (Schmitz, 2012; 

Wagener, 2019). Mutational status of BLL,11q was also different from germinal center 

derived B-cell lymphomas like follicular lymphoma (FL) or DLBCL (no mutations in 
KMT2D or CREBBP genes). Based on these data, the inhibition of the INO80 chromatin 
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remodelling complex, absence of mutations in PI3K signalling pathway and SWI/SNF 

complex and diverse mutation pattern can differentiate also at the molecular level 

BLL,11q from BL, DLBCL and FL.  

BLL,11Q WITH MYC CHANGES  

Despite the definition of provisional entity of "Burkitt-like lymphoma with 11q 

aberration" postulating that 11q-gain/loss always replaces MYC translocations, there 

are single reports describing co-occurrence of 11-gain/loss and MYC rearrangements 
(Havelange, 2016; Grygalewicz, 2017; Rymkiewicz, 2018). Such cases presented 

bigger or smaller 11q duplication with terminal deletion and MYC rearrangement with 

IGH or IGL genes (fig.4). In these cases karyotypes were more complex than in typical 
BLL,11q and patients were diagnosed as high grade B cell lymphoma, not otherwise 

specified (HGBL,NOS) or BL.  

 

Figure 4. Karyotype of Burkitt’s lymphoma with MYC rearrangement and 11q-gain/loss: 
46,XY,t(8;14)(q24;q32), dup(11)(q23q13),der(13)(1q44->1q21::?11q13->?11q23::13p11).  

Arrows indicate t(8;14) and 11q-gain/loss 

Additionally, in one post-transplant BLL,11q case, MYC amplification was described 

(Grygalewicz, 2020 in press). In this patient the MYC amplification was a second event 
in the disease course, because in the initial diagnosis clone carrying amplified MYC 

was much smaller than main clone with 11q-gain/loss. In such case, MYC amplify-

cation can functionally replace the activation of this gene by translocation, and may be 

considered as a second hit in BLL,11q progression. Patients with MYC rearrangement 
or amplification have more aggressive course of disease. This novel findings indicate 

that 11q aberration is not limited to BLL,11q, but 11q-gain/loss can be a primary or 

a secondary genetic change in the development of other aggressive B-NHL.  
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FLOW CYTOMETRY AND IMMUNOHISTOCHEMISTRY  

Regardless of many similarities the BLL,11q can be distinguished from classical BL 

also on immunohistochemistry and flow cytometry level. The immunohistochemisto-

chemical and immunophenotypic features of BL are precisely characterised 
(Swerdlow, 2016).  

Recent reports revealed small but relevant differences between classical BL and 

BLL,11q. The immunophenotype of BLL,11q is very similar to BL with slight 
deviations regarding the presence of CD16/CD56 expression in 60% BLL,11q which is 

absent in BL cells, much more common expression of CD8 than in BL and lower 

expression of CD38 (Rymkiewicz, 2018). Interestingly CD56 (NCAM1) is located at 
11q23, i.e. in the region which is gained in BLL,11q, so the higher expression of 

CD16/CD56 can be connected with higher gene dosage. Moreover, at the immuno-

histochemical level lack of LMO2 expression was found to be significantly associated 

with MYC translocations in CD10(+) aggressive B-cell lymphomas, including MYC-
positive BL (Colomo, 2017). LMO2 is a transcription factor expressed in many 

tumours including germinal centre derived lymphomas like acute B-lymphoblastic 

leukaemia and acute myeloid leukaemia (Natkunam, 2007). The gene expression 
profiling studies, confirmed low level of LMO2 gene expression in MYC-positive BL 

(Hummel, 2006). The expression of LMO2 was reported in 70% of BLL,11q and in 

none of classical BL and BLL,11q carrying both MYC rearrangement and 11q-

gain/loss (Rymkiewicz, 2018). On the basis of these evidences LMO2 expression may 
be a good predictor of MYC translocation and may contribute to differential diagnosis 

of BL. The lack of LMO2 expression is typical of MYC-positive BL and LMO2 is 

usually expressed in BLL,11q. The immunohistochemical and cytometric characteristics 
of BLL,11q was proposed by Rymkiewicz as CD20+/CD10+/BCL6+/BCL2 − 

/MUM1− /MYC+/EBV−, usually LMO2+/CD44− /CD43− and sometimes CD56+, 

showing high proliferation rate (Rymkiewicz, 2018). 

TREATMENT 

BLL,11q is very similar to BL in terms of treatment and response to the therapy. It has 

been proven that the protocols used in BL treatment as GMALL-B-ALL/NHL2002 

(methotrexate, cytosine arabinoside, cyclophosphamide, ifosfamide, etoposide, cortico-

steroids) or CODOX-M/IVAC (cyclophosphamide, vincristine, doxorubicin, metho-
trexate/Ifosfamide, etoposide, cytarabine) are also effective for BLL,11q patients 

(Mead, 2008; Walewski, 2011; Grygalewicz, 2017; Rymkiewicz, 2018). Using these 

protocols, five-years overall survival of BLL,11q patients is very good reaching 80%, 
similar to that of adult MYC-positive BL. In contrast patients with BLL,11q when 

treated with R-CHOP, tend to relapse because of suboptimal treatment intensity (Sevilla, 

2007). This is the reason of fundamental importance proper BLL,11q diagnostics, 
especially in patients with BL morphology and lack of MYC rearrangement, because 

they should be treated as MYC-positive BL. 

SHORT CONCLUSIONS 

"Burkitt-like lymphoma with 11q aberration" resembles BL by cell morphology, 

immunofenotype and gene expression profile but lacking MYC rearrangement instead 



 
Beata Grygalewicz 

 

104 

presents 11q-gain/loss aberration. There is no conservative breakpoints in 11q 

duplication, amplification and terminal deletion regions what indicates that this chro-

mosomal change do not activate a specific oncogene. Gene expression studies showed 
upregulation of PAFAH1A2,CBL,USP2 in 11q-gained region and downregulation of 

FLI1, SNX19, NCAPD3, ACAD8,TBRG1, El24, ETS1 in 11q terminal deletion region. 

Mutational status of BLL,11q is different from BL. In 11q24.3 lost region mutations of 
ETS1 and NFRKB were recurrently present. The positive LMO2 expression in 

immunohistochemical staining distinguishes BLL,11q from LMO2 negative BL. In 

some cases 11q-gain/loss may coexist with MYC rearrangement or amplification, what 
indicates that 11q aberration is not limited to BLL,11q, but 11q-gain/loss can be 

a primary or a secondary genetic change in the development of other aggressive B-

NHL. Patients with BLL,11q respond well to the protocols used in BL treatment. 

This chapter was financed by the Maria Sklodowska-Curie National Research Institute 
of Oncology grant number SN/GW08/2020. 
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ABSTRACT 

The results of several experimental and clinical studies confirm the relationship between chronic 
inflammation and the concurrent oxidative stress as well as the development of many cancers. 

The aim of this study was to assess the relationship between the redox status in the blood serum of the 
patients with chronic myeloid leukemia (CML) and the hs-CRP concentration as well as the values of the 
calculated markers: neutrophil-lymphocyte ratio (NLR), lymphocyte-monocyte ratio (LMR) and platelet-
lymphocyte ratio (PLR). 

Blood serum, obtained from 35 subjects (16 women and 19 men, aged 27-86) the CML, the patients of the 
Clinic of Hematology, Blood Neoplasms and Bone Marrow Transplantation of Medical University in 
Wroclaw, was used in this investigation. All the patients suffered from a chronic phase of the disease.  

In the patients’ serum the malondialdehyde (MDA) concentration as the end product of lipid peroxidation 
was determined using the TBARS method. A degree of DPPH radical reduction was measured in order to 

estimate the total antioxidative capacity of the deproteinized serum (TAC). Additionally, the serum hs-CRP 
concentration was also determined. Based on the results of the patients' blood count tests, the markers for 
NLR, LMR and PLR were calculated. 

The serum MDA concentration in women was 7.72 µM/L and in men 6.92 µM/L. The TAC value of 
women was 251.55 mM Trolox/L whereas of men it was 244.67 mM Trolox eqvivalents/L. Statistically 
significant correlations were observed between the markers: PLR, NLR, LMR, including the negative 
correlations between the PLR and LMR as well as NLR and LMR, and the positive correlation between the 
NLR and PLR. However, no statistically significant correlation was found between MDA, TAC and hs-

CRP levels and PLR, NLR, LMR values. 
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INTRODUCTION 

CML is the disease entity that is caused by a clonal proliferation of multipotent bone-

marrow stem cells resulting from the occurrence of the BCR/ABL gene mutation 

localized in Philadelphia chromosome (Ph) (Żołnierowicz, 2010; Jabbour, 2018). 
Chromosome Ph is an aberration consisting in the translocation between chromosomes 

9 and 22, which results in mutant BCR/ABL proteins with tyrosine kinase activity 

(Druker, 2006). 

Exposure to ionizing radiation has been proved to be an etiological factor of CML. It 

has been suggested that reactive oxygen species (ROS) take part in CLM patho-

physiology (Ahmad, 2008 a).  

At the moment tyrosine kinase inhibitors (TKI) are used in a standard CML therapy as 

they make it possible to get a complete cytogenetic response in a significant percentage 

of patients. However, increasingly frequent cases of resistance to imatinib treatment are 

observed, which is attributed to the significant role of ROS (Koptyra, 2006; Ammar, 
2020). It has been established that BCR/ABL kinase induces the ROS growth due to 

the activation of the PI-3K/mTOR, kinase pathway, which in consequence results in 

the increase of proliferative activity of cancerous cell and the inhibition of apoptosis. 
(Kim, 2005; Sattler, 2000).  

ROS are natural products of cellular oxygen metabolism (Ścibior-Bentkowska, 2009).  

Oxidative stress is an imbalance resulting from overproduction or accumulation 

of ROS due to the insufficiency of antioxidant systems or dysfunction of antioxidant 
enzymes. The role of oxidative stress has been the subject of numerous studies for the 

last decades (Reuter, 2010; Sosa, 2013; Toyokuni, 2016; Valko, 2007; Udensi, 2014).  

When the ROS level increases significantly it may result in the damage of nucleic 
acids, proteins and other cell parts, multisystem dysfunctions as well as mutations 

(Reuter, 2010). Apart from ROS, the concentration of endogenic antioxidants, that is 

the antioxidant capacity, has a significant impact of the oxidative stress induction. 
When a person is healthy, endogenic antioxidants play a protective role against the 

increase of ROS level and the cells with the balanced redox status are less susceptible 

to the genetic material damage (Sosa, 2013).  

Inflammatory states favour formation of a large number of ROS in cells; therefore, 
they increase the oxidative stress intensity and stress-induced DNA mutations. ROS 

may contribute to abnormal gene expressions and dysfunction of signaling pathways 

and as a result of the progressive cell damage may cause cancerous transformation. 
(Hole, 2011). On the other hand the state of oxidative stress in the early stages 

of tumour growth may be the consequence of the inflammatory state which accompanies 

cancerous disease (Reuter, 2010). 

There are some widely known methods used to determine the oxidative stress level 

(Nielsen, 1997; Singh, 2009). These methods are based on the measurement of ROS 

and antioxidant concentration in blood (Al-Gayyar, 2007). Malondialdehyde (MDA), 

the stable end product of lipid oxidation is adopted to be the marker of unfavourable 
effects of ROS activity (Ahmad, 2010). Looking at different methods determining 
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antioxidant concentration in blood serum, DPPH assay turned out to be useful, cheap 

and simple to perform. Thanks to this method, it is possible to measure the total 

antioxidant capacity of the deproteinised blood serum (TAC) (Chrzczanowicz, 2008; 
Kedare, 2011). 

Markers such as C-reactive protein is used to assess the inflammatory state in the 

organism (Cavicchia, 2009). The determination of hs-CPR value in the blood serum 
using an ultrasensitive method finds its application in diagnostics and monitoring of the 

inflammatory states (Bassuk, 2004). The C-reactive protein level may indicate the 

activity of carcinoma cells as well as the host’s response to the presence of tumour 
(Stasik, 2008).  

The inflammatory state markers: NLR (neutrophil-to-lymphocyte ratio), LMR 

(lymphocyte-to-monocyte ratio) or PLR (platelet-to-lymphocyte ratio) are widely inve-

stigated with regard to their prognostic suitability for cancerous disease. (Wójcik, 
2016; Forget, 2017; Yang, 2018) These markers reflect the systemic inflammatory 

response (SIR) which is appropriate in the prognostic assessment of the patients with 

numerous tumours (Ying, 2014). The advantages of this solution are the low cost 
of research and the fact that the marker levels can be easily determined only on the 

basis of the complete blood count (Sylman, 2018). 

Taking into consideration the fact that the oxidative stress, the chronic inflammatory 

state and the incidence of cancerous diseases are closely linked, it can be assumed that 
the all-in observation of the markers of the oxidative stress and the inflammatory state 

during the therapy may be helpful in the assessment of the disease advancement. The 

observation could also provide valuable information leading to a more targeted patient 
care (Reuter, 2010). 

The aim of this study was to assess the relationship between the redox status in the 

blood serum of the patients with chronic myeloid leukemia (CML) and the hs-CRP 
concentration as well as the values of the calculated markers: NLR, LMR and PLR. 

MATERIALS AND METHODS  

PATIENTS 

The study was conducted in a group of 35 subjects (16 women and 19 men) with 

chronic myeloid leukemia (CML), at the median age of 57.5 years (in the age range: 
27-86). The patients were from the Clinic of Hematology, Blood Neoplasms and Bone 

Marrow Transplantation of Medical University in Wroclaw. The diagnosis was made 

based on the standard clinic-hematological and cytogenetic criteria. The studies involved 
patients in the chronic phase of the disease treated with tyrosine kinase inhibitors. 

All detailed information about the CML patients (the clinical stage of disease, the body 

mass index – BMI, smoking status, and the level of education) is presented in table 1. 
The research was approved by the Ethics Board of Wroclaw Medical University (No 

KB 172/2018) and all the patients provided their written consent for volunteering in the 

research. 
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BLOOD SAMPLE COLLECTION AND PREPARATION 

The blood samples were taken from the patients’ antecubital vein under fasting 
conditions. Hematological parameters including white blood cell count (WBCs) and 
the types (neutrophil, lymphocyte and monocyte) and platelets were determined by 
a hematological analyser (Sysmex XN2000, TOA Medical Electronics, Japan). NLR 
(the neutrophil-to-lymphocyte ratio) was calculated by dividing the absolute neutrophil 
count by the absolute lymphocyte count. The same calculation method was applied for 
other markers, that is, PLR (platelet-lymphocyte ratio) and LMR (lymphocyte-
monocyte ratio). 

The sample tubes were centrifuged for ten minutes at 3500 rpm to obtain a clear serum. 
The serum was separated and then stored at -80°C prior to the analysis.  

DETERMINATION OF HS-CRP CONCENTRATION 

The hs-CRP protein concentration was determined in the patients’ blood serum using 
the immunoturbidimetric method, consisting in measurement of the changes in light 
dispersion and transmission of the reaction product of CRP protein molecules with 
anti-human CRP antibodies. The hs-CRP concentration measurement was carried out 
in the Kornelab 7.2.1 (Thermo Fisher Scientific, USA) automatic analyser. 

DETERMINATION OF MALONDIALDEHYDE (MDA) CONCENTRATION 

Serum malondialdehyde concentration (MDA) was evaluated with the spectro-
photometric method using a Spectronic GENESYS 6 UV-visible spectrophotometer 
(Thermo Electron Corporation, USA); the measurement was based on the reaction 
between MDA and thiobarbituric acid (TBA) and the extraction of the product:  
1-butanol. The absorbance of the pink supernatant was measured at λ = 535 nm and the 
results were calculated using the molar coefficient, and expressed in µM of MDA/L 
of serum (Ahmad, 2008 b). 

MEASUREMENT OF TOTAL ANTIOXIDANT STATUS (TAC) 

The total antioxidant capacity (TAC) in serum was measured making use of the DPPH 
assay described by Chrzczanowicz (Chrzczanowicz, 2008). The serum samples were 
deproteinized with the use of the equal volume of acetonitryle. DPPH radical has an 
unpaired valence electron in its structure, therefore, when it reacts with antioxidants, 
which are electron donors or hydrogen radicals, 1.1-diphenyl-2-picrylhydrazine with 
a pale purple colour is formed. TAC was measured spectrophotometrically at λ = 517 
nm using a Spectronic GENESYS 6 UV-visible spectrophotometer (Thermo Electron 
Corporation, USA). The results were expressed in mM Trolox equivalents/L serum. 

STATISTICAL ANALYSIS 

The data were analysed using Statistica Stat Soft 13.1. The nonparametric Mann–
Whitney U test was used for group comparisons, and the Spearman correlation analysis 
was performed for the measurements of the relationship between MDA concentration 
and TAC value in female and male blood serum as well as NLR, LMR PLR levels and 
TAC value, hs-CRP value and MDA concentration.  

For all statistical procedures, the significance level was set at p < 0.05. 
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RESULTS 

Table 1 presents the characteristics of the examined women and men with CML.  

Table 1. Characteristics of CLM patients with respect to gender 

Parameter Women (n = 16) Men (n = 19) 

Age, median (range) [years] 57 (28-86) 58 (27-79) 

BMI, n (%) [kg/m2] 
18,5-24.9 
≥ 25 

 
5 (31.2) 
11 (68.8) 

 
6 (31.6) 
13 (68.4) 

Clinical stage of disease (%) chronic phase (100) chronic phase (100) 

Treatment, n (%): 
Imatinib 
Nilotinib 
Dasatinib 

 
11 (68) 
3 (18.7) 
2 (12.5) 

 
14 (73.7) 
3 (15.8) 
2 (10.5) 

Smoking status, n (%): 
never smoker 
current smoker 

previous smoker 

 
15 (93.7) 
0 

1 (6.3) 

 
13 (68.4) 
4 (21.1) 

2 (10.5) 

Educational level [%]: primary 
secondary 
vocational 
university 

 
0 
68.8 
12.5 
18.7 

 
5.3 
36.8 
26.3 
31.6 

 BMI – body mass index 

The median age of women and men was similar, in both groups the patients over 60 

years of age constituted approximately 45%. The BMI was over 25 in approximately 
68% of the examined group, which indicates obesity of a large number of the 

individuals. All the examined patients suffered from the chronic phase of CML. 68% 

women and 73% men were treated with imatinib. A small number of patients in the 

tested groups (5 females and 5 males) were treated with the second-generation kinase 
inhibitor (nilotinib and dasatinib). Majority of the patients were non-smokers – only 3 

individuals of the examined groups admitted to smoking. Taking into account 

education there were twice as many females having secondary education whereas twice 
as many males had higher education. 

Table 2 shows the results of the oxidative stress parameters (MDA, TAC), hs-CRP 

concentration as well as inflammatory state markers calculated from the results of the 

hematological parameters of the white blood cell system.  

Table 2. Results of the redox state parameters, hs-CRP concentration in CLM patients’ blood serum and 
calculated NLR, LMR and PLR markers 

Parameter Women 
(n = 16) 

Men 
(n = 19) 

p value 

MDA [µM/L] 
median  

(range) 

 
7.72 

5.28-10.41 

 
6.92 

5.62-10.33 

NS* 
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TAC 
[mM Trolox equiv./L] 
median  

(range) 

 
 
251.55 

28.0-493.43 

 
 
244.67 

31.33-426.29 

NS 

hs-CRP [mg/L] 
median 
(range) 

 
2.18 
(0.23-10.69 

 
2.14 
(0,12-9.28) 

NS 

NLR 
median  
(range) 

 
2.26  
(0.90-5.97) 

 
1.54 
(0.09-4.97) 

NS 

LMR 
median  
(range) 

 
2.96  
(1.29-9.50) 

 
3.28 
(1.25-23.32) 

NS 

PLR 

median  
(range) 

 

125.81 
(67.29-244.53) 

 

106.49 
(3.02-188.00) 

NS 

NS* – not statistically significant; NLR – neutrophil-lymphocyte ratio; LMR – lymphocyte-monocyte ratio; 
PLR – platelet-lymphocyte ratio; MDA – malondialdehyde concentration; TAC – total antioxidant capacity  

During the examination, it was observed that MDA and TAC concentrations were 
slightly higher in the blood serum of the female CLM patients if compared to the male. 

However, the differences were not statistically significant. The median of hs-CRP 

concentration in blood serum of both female and male patients did not exceed the 
reference values set up for this marker (hs-CRP < 3 mg/L). No significant differences 

were observed between the two gender groups.  

The results of white blood cell parameters – neutrophils, lymphocytes and monocytes 

as well as platelet count measured during the patient’s blood count were used to 
determine NLR, PLR and LMR markers. The differences between the groups of females 

and males with CML were not statistically significant in the values of NLR, PLR and 

MLR markers. 

Table 3 presents statistically significant correlations between NLR, PLR and LMR 

markers.  

Table 3. Statistically significant correlations between NLR, PLR and LMR markers of CLM patients with 
respect to gender 

Variables R p-value 

Women n = 16 

PLR vs LMR -0.618 0.011 

NLR vs PLR 0.624 0.010 

NLR vs LMR -0.568 0.022 

Men n = 19 

PLR vs LMR -0.411 0.081 

NLR vs PLR 0.711 0.0007 

NLR vs LMR -0.491 0.033 

n – number of subjects; R – correlation coefficient  

High correlations between the values of PLR and LMR (negative), NLR and PLR 

(positive) as well as NLR and LMR (negative) were found in the groups of the 
examined women. On the other hand, in the group of the male patients the relationships 
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between PLR a LMR and NLR a LMR (negative) were average whereas between NLR 

and PLR (positive) they were very high (R = 0.711). 

Table 4 shows correlations between MDA, TAC, hs-CRP levels and PLR, NLR, LMR 
values.  

Table 4. Correlations between NLR, PLR and LMR markers and MDA, TAC and hs-CRP concentration of 
CLM patients with respect to gender 

Variables PLR 

R p-value 

NLR 

R p-value 

LMR 

R p-value 

MDA 

R p-value 

TAC 

R p-value 

Women n = 16 

hs-CRP -0.150 0.579 0.415 0.110 0.106 0.696 0.221 0.411 0.041 0.880 

MDA 0.116 0.668 0.249 0.353 0.091 0.737 - 0.121 0.656 

TAC 0.259 0.333 0.106 0.696 -0.124 0.649 0.121 0.656 - 

Men n = 19 

hs-CRP 0.063 0.797 -0.007 0.977 0.153 0.533 0.088 0.721 0.161 0.509 

MDA -0.049 0.842 -0.125 0.611 0.086 0.726 - 0.151 0.538 

TAC 0.049 0.842 -0.002 0.994 0.200 0.412 0.151 0.538 - 

n – number of subjects; R – correlation coefficient 

There was no statistically significant correlation between the PLR, NLR, LMR markers 

and the concentration of MDA, TAC and hs-CRP in both the female and male groups. 

DISCUSSION  

There is a lot of evidence of ROS participation in modifications of cellular reactions 

and there are implications that oxidative stress may be a significant pathophysiological 
factor of various types of leukemia, due to the initiation of lipid peroxidation and DNA 

damage (Devi, 2000; Oltra, 2001; Al-Gayyar, 2007; Ciarcia, 2010). It is suggested that 

patients with leukemia may experience oxidative stress due to a greater number 
of mature and immature myeloid cells and the cell-related unknown factors (Rajeshwari, 

2013). 

BCR-ABL kinase supposedly stimulates ROS, which causes oxidative DNA damage 
and genome instability, which in consequence makes an intracellular environment 

more susceptible to mutations and may lead to disease progression. This fact suggests 

that ROS may play a significant role in resistance to treatment, which in turn may 

cause CLM progression (Ahmad, 2010).  

In the available literature, few studies deal with the redox status in blood of patients 

suffering from different types of leukemia. 

In this study the concentration of the lipid peroxidation products was measured and 
antioxidant ability to neutralise ROS was determined in order to assess fully redox 

status in CML patient’s blood serum. 

The mechanism of the formation of a great number of lipid peroxidation products may 
be based on the increased ROS production by the mature or immature myeloid cells, 

which leads to the oxidative stress (Gutowicz, 2011). Formed lipoperoxyl radicals can 

be regrouped in the cyclisation reaction to endoperoxides with the stable end 

peroxidation product – MDA with mutagenic and carcinogenic activity (Valko, 2007).  
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The examinations conducted so far, have shown that high oxidative stress occurs in 

CML and other types of leukemia (Petrola, 2012; Ahmad, 2010). According to Petrola 

(Petrola, 2012), MDA concentration reflects the range of lipid peroxidation and 
modulates gene expression connected with tumour promotion. The studies conducted 

by Ahmad (Ahmad, 2008 a; Ahmad, 2008 b; Ahmad, 2010) show that the application 

of drugs from different groups (imatinib, hydroxycarbamite) and different derivatives 
within a certain group (I and Il generation kinase inhibitors) had a great impact on the 

MDA level in the CLM patients’ blood. The CML phase was of importance as well, 

the considerably higher MDA concentration was found in the acceleration phase if 
compared with the chronic one. Nielsen et al. (Nielsen, 1997), based on determining 

the level of MDA in the blood of healthy Danes of both sexes aged 20-79, proposed 

reference values of this indicator in the range 0.36-1.24 µMm/L. In this study, both 

women and men had MDA serum levels approximately 6 times higher, which may 
reflect the degree of oxidative stress associated with the disease (tab. 2). 

The available literature lacks information about determination of the total oxidation 

capacity (TAC) with the use of method of DPPH radical reduction in CML patients’ 
blood serum. Mazor et al. (Mazor, 2008) observed that DPPH concentration in blood 

serum of children suffering from ALL was significantly lower if compared with the 

control group. It clearly indicated that the capacity of low-molecular-weight anti-

oxidants to scavenger ROS was depleted.  

The DPPH assay is based on the measurement of the scavenging capacity of ROS in 

different biological material. In this study the method, adapted by Chrzczanowicz et al. 

(Chrzczanowicz, 2002), was applied to determine the complete oxidation capacity 
(TAC) of deproteinised blood serum. The DPPH measurement method used in the 

serum was only reflecting the content of low molecular-weight-antioxidants. Hence, 

there could be no significant correlation between MDA and DPPH levels in patients' 
blood (Tab.4). Various factors, such as the structure of the molecules of these low-

molecular-weight antioxidants, as well as the impact of the disease itself and therapy, 

could have an effect on the changes in the concentration of these components and their 

antioxidant activity.  

CRP as an acute phase protein is a very sensitive marker of the inflammatory state 

(Bassuk, 2004). It is believed that the hs-CRP test, which is cheap and easy to use due 

to a low diagnostic sensitivity of many tumour markers, may provide useful infor-
mation to assess the prognosis in patients and the choice of a therapy (Stasik, 2008).  

The median value of in this investigation did not exceed the reference values both in 

female and male groups, which similarly as for other markers can be the consequence 
of the fact that all the patients were in the chronic phase of the disease and revealed 

a positive response to the performed therapy (tab. 2). 

NLR, PLR or LMR markers can provide valuable prognostic information about 

different tumors. Studies on the prognostic role of these markers in various cancer 
diseases have been published (Li, 2018; Sun, 2018; Zhou, 2014; Yang, 2018; Li, 2017; 

Ying, 2018; Feng, 2018).  
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In literature there are no unequivocal reference ranges for the values of NLR, PLR and 

LMR markers that could be used to compare the obtained results. Lee et al. (Lee, 2018) 

conducted a retrospective study in which the values of NLR, PLR and LMR markers 
were calculated in 12000 healthy adults from the South Korean population in the age 

range 19-70 years. The conducted investigation showed that the mean values of NLR 

for all age groups was 1.65, and the values for males and females were 1.63 and 1.66, 
respectively. The average LMR value was 5.31 (for males and females – 5.05 and 5.60, 

respectively) whereas the mean PLR value was 132.40 (for males and females 122.73 

and 142.60, respectively). The values of the NLR, LMR and PLR markers in the CML 
patients in this investigation were similar to these dates. It is difficult to compare these 

values with the cut off points put forward by the South Korean researchers due to inter-

individual variability, racial and population differences. Statistically significant 

correlations between PLR, NLR and LMR markers in both women and men, found in 
this study, may result from the specificity of the disease, as well as from the inter-

dependence of individual components of the white blood cell system (tab. 3). 

This study revealed no statistically significant differences in MDA, DPPH, hs-CRP 
concentrations and the values of NLR, PLR and MLR markers between the groups of 

females and males with CML (tab. 4). The lack of correlation between the above 

markers could be caused by the applied therapy, which stabilized the patients' condition. 

LIMITATIONS OF THE STUDY 

There are limitations to this study. These were preliminary and pilot studies. The 

number of patients was not too high with a wide age range. Moreover, the studies were 

carried out only with the participation of patients in the chronic phase of the disease, 
treated with drugs from the group of tyrosine kinase inhibitors, which could have 

influenced the obtained results. Another limitation of the study was the determination 

of a few selected markers of inflammation and redox status. In further studies, the 
range of the determined redox status indicators should be increased.  

SHORT CONCLUSION 

The study found that statistically significant correlations occur between individual 

markers of the inflammatory state: PLR, NLR, LMR, including negative correlations 

between the PLR and LMR as well as NLR and LMR markers and the positive 
correlation between NLR and PLR markers. It speaks for the interdependence of the 

components of the white blood cell system and may suggest the inflammatory state in 

progress. No correlation was found between the mentioned markers and the MDA, 
TAC and hs-CRP concentration. Further investigations are necessary to determine 

relationships between the oxidative stress level and the concomitant inflammatory state 

and the response of the CLM patients’ antioxidative system. The investigation should 
involve a bigger number of participants and should focus on the determination 

of values of a wider marker range for the redox status and the inflammatory state. 
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ABSTRACT 

More than a half of new cancer cases are diagnosed in the geriatric population. Geriatric cancer patients are 
a very diverse group in terms of the biological condition of the body, comorbidities and other burdens. 
Appropriate selection of such patients for chemotherapy is extremely important, because this form 
of treatment entails the risk of toxicity. In the geriatric population, this toxicity may affect the patient's 
future. It is estimated that 50% of geriatric patients treated with chemotherapy for solid tumours will 
experience severe grade 3 or higher chemotherapy-related toxicity. Proper evaluation of patient eligibility 

for anti-cancer therapy is one of the most important elements of treatment. It involves both a thorough 
assessment of the patient and precise specification of therapy goals. The paper presents the importance of 
the Comprehensive Geriatric Assessment in defining patient eligibility for chemotherapy and discusses 
some tools for toxicity prediction, such as the Chemotherapy Risk Assessment Scale for High-Age Patients 
and the Cancer and Aging Research Group’s Toxicity Score.  

INTRODUCTION 

More than a half of new cases of malignant neoplasms concern the geriatric population 

(Balducci, 2005). According to the Polish National Cancer Registry, malignant neo-

plasms develop mostly over the age of 60 (70% in men and 60% in women), with the 
risk increasing with age, reaching the peak in the eighth decade of life (Wojcie-

chowska, 2019). Geriatric patients with cancer are a very diverse group in terms of the 

biological condition of the organism and comorbidities. Appropriate selection of such 
patients for chemotherapy is extremely important because this form of treatment entails 

a risk of toxicity. Because of reduced organ reserves, frailty syndrome, multiple 

morbidity, polypharmacy and other geriatrics issues, there is a risk that therapy-related 
side effects may cause faster deterioration of the patient’s general condition than the 

disease itself (Krzemieniecki, 2009). It is estimated that 50% of geriatric patients 

undergoing chemotherapy for solid tumours will experience severe grade 3 or higher 

chemotherapy-related toxicity (Hurria, 2016). Proper selection of a geriatric patient for 
cancer therapy is one of the most important elements of the treatment process. It 

involves both thorough assessment of the patient and precise specification of therapy 

objectives. It is therefore important to consider all parameters reflecting the patient's 
condition during eligibility assessment. Eligibility for chemotherapy in this group 

of patients should not be based solely on chronological age and performance status 

(Krzemieniecki, 2009). Based on current medical knowledge, the Comprehensive 

Geriatric Assessment (CGA) is a tool for multi-faceted evaluation of an elderly patient. 
It involves the assessment of spheres related to daily functioning, physical fitness, 

cognitive functions, depression, nutritional status, comorbidities, and social support; 

this is achieved with the use of various questionnaires. CGA is recommended by the 
International Society of Geriatric Oncology (Wildiers, 2014). The Vulnerable Elders 
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Survey (VES-13), which concerns subjective evaluation of functional and motor 

abilities, can be used for screening within the geriatric cancer population. Obtaining 

score 3 or higher in the VES-13 scale warrants CGA (Extermann, 2005). Moreover, 
there are also some predictive tools available to assess the risk of cancer therapy-

related toxicity in geriatric patients, including the Cancer and Aging Research Group’s 

(CARG) Toxicity Score (Hurria, 2011) and the Chemotherapy Risk Assessment Scale 
for High-Age Patients (CRASH Score; Extermann, 2012). These tools involve some 

elements of geriatric assessment and clinical assessment to predict toxicity. The aim 

of this paper is to organize the knowledge on the usefulness of geriatric assessment in 
patients selected for chemotherapy. The objectives of this paper are also to present the 

methodology and tools for geriatric assessment and their application in rating the 

performance status in elderly patients with cancer.  

SEARCH STRATEGY AND SELECTION CRITERIA 

A systematic review of the dedicated literature was carried out to find out studies on 
geriatric assessment and treatment toxicity prediction in the population of geriatric 

cancer patients. Articles related to this topic were found using the Pubmed search 

engine Central, an American information tool created by the National Institute 
of Health (NIH), and PBL, a Polish information tool created by Stanislaw Konopka Main 

Medical Library. The keywords used were: "geriatric oncology", "comprehensive 

geriatric assessment", "chemotherapy" and "toxicity". In total, 34 publications were 

used to prepare this paper. Twenty-one of them were articles on CGA in cancer 
patients published in 1980-2019, 11 publications discussed the methodology and 

questionnaires used in CGA and 2 papers presented the epidemiological data of cancer 

and aging. 

REVIEW 

GERIATRIC ASSESSMENT 

The aging process of the human body is diversified and individual. It is influenced by 

the person’s lifestyle, comorbidities, used medications and genetic factors. The 
geriatric population is therefore very heterogeneous. In geriatric assessment, the chro-

nological age is replaced by the functional age to distinguish between different degrees 

of body dysfunction in different elderly individuals (Krzemieniecki, 2009). Comorbi-

dities are not included in standard assessments that are routinely used in eligibility 
evaluation in terms of cancer treatment, such as the performance score according to the 

Eastern Cooperative Oncology Group (ECOG) or the Karnofsky Performance Score 

(KPS). These tools are not therefore sufficiently sensitive to geriatric patients 
compared to the non-geriatric population, and geriatric assessment (GA) is recom-

mended instead (Solomon, 1988; Extermann, 2009; Rapetto, 2012). The International 

Society of Geriatric Oncology (SOIG) recommends GA in older patients with cancer 
(Wildiers, 2014) and indicates that the following domains should be evaluated as part 

of GA: functional status, comorbidity, cognition, mental health status, fatigue, social 

status and support, nutrition, and presence of geriatric syndromes (fig. 1) (Wildiers, 

2014). 
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Figure 1. Domains to be evaluated in geriatric assessment (GA) as recommended by the International Society 
of Geriatric Oncology (SIOG) 

The first sphere that should be assessed in the CGA is the patient's daily functioning, 

i.e. the ability to be independent in such matters as self-care or eating. Questionnaires, 

such as the Activities of Daily Living (ADL) or the Instrumental Activities of Daily 

Living (IADL) are helpful in this respect (Katz, 1963; Katz, 1983; Rubenstein, 1984). 
The ADL investigates everyday self-care activities, such as bathing, dressing, getting 

up from bed or chair, eating, using the toilet etc. that are fundamental to caring for 

oneself and maintaining independence. The IADL in turn concerns activities related to 
independent living and is useful for evaluating persons with early-stage disease to both 

assess the level of the disease and determine the person’s ability to care for themselves. 

The IADL includes the following abilities: using telephone, shopping, food preparation, 

housekeeping, doing the laundry, using means of transportation, taking responsibility 
for own medications and handling finances.  

The next sphere to be evaluated is the physical status. To facilitate evaluation, some 

fitness tests can be performed, for example: 

 Short Physical Performance Battery consisting of four exercises: walking 4 meters 

in a straight line, five uprisings from a sitting position and standing for 10 seconds 

on each leg in turn; 

 Time Up and Go test is a complementary test consisting of getting up from a chair 

and walking 2 meters and returning to the chair (Balducci, 2000); 
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 Tinneti test evaluates gait and balance, and allows the assessment of the risk 

of falling (Tinetti, 1986; Rivolta, 2019). 

Fitness tests are employed to evaluate the impact of comorbid disorders as well as their 

progression and the risk of complications. 

Comorbidities are yet another element of geriatric evaluation. Not only do they affect 

patient survival, but they are also associated with a risk of potential treatment toxicity. 

Moreover, there is an indirect link between polypharmacy and the risk of uncontrolled 
drug interactions (Extermann, 2000; Kirkhus, 2016). Comorbidities are assessed using 

the following scales: 

 Charlson Comorbidity Index, CCI (Charlson, 1987); 

 Cumulative Illness Rating Scale (CIRS-G), which is a quantitative assessment 

of comorbidity burden; often used in haematology (Linn, 1968). 

The CCI assumes stepwise increases in the cumulative mortality risk attributable to 

comorbid diseases with each increased level of the comorbidity index. In this classi-

fication the greatest number of points is related to the burden of diseases like AIDS and 

metastatic solid tumour, where 6 points are given to each of these conditions. In the 
next level, 3 points are given for moderate or severe liver disease. Any non-metastatic 

solid tumour, malignant lymphoma, leukaemia, diabetes with end organ damage, 

moderate or severe renal disease and hemiplegia are scored 2 points each. One point is 
awarded for each of the following diseases: diabetes without end organ damage, mild 

liver disease, ulcer disease, connective tissue disease, chronic pulmonary disease, 

dementia, cerebrovascular disease, peripheral vascular disease, congestive heart failure 

and myocardial infarction. 

The classification of comorbidities provides a simple, readily applicable and valid 

method of estimating the risk of death from the comorbid disease for use in 

longitudinal studies (Charlson, 1987). 

Another important element of examining a patient aged over 65 years is nutritional 

status. Malnutrition and cachexia are strong factors of adverse prognosis (Andreyev, 

1998; Dewys, 1980). Malnutrition is also associated with a higher risk of chemotherapy 
toxicity (Versteeg, 2014). In the geriatric assessment, the Mini Nutritional Assessment 

(MNA) helps detect eating disorders before weight loss or protein deficiencies appear, 

which allows earlier intervention (Rubenstein, 2001; Guigoz, 2006).  

The next stage of patient assessment is the examination for cognitive disorders, which 
are often associated with older age. They concern 10% of patients over 65 years of age 

and 25-48% of patients over 80 years of age (Krzemieniecki, 2009). Senile dementia is 

not noticeable at first, but due to its progressive nature, it ultimately leads to significant 
cognitive deficits. Dementia increases the risk of death due to comorbidities, worsens 

the patient's quality of life and is associated with poor compliance. 
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The following tools can be used in screening for these disorders: 

 Abbreviated Mental Test Score (AMTS): a short test to evaluate mental 

performance (Hodkinson,1992); 

 Folstein Mini Mental State Examination: a short scale assessing the mental state 

(Folstein, 2001). 

Detecting depression or depressive tendencies is another principal element of CGA. 

These conditions can be evaluated with short tests, such as the Geriatric Depression 

Score and Beck Depression Scale-BDD (Beck Depression Inventory) (Yesavage, 
1983). There is vast evidence to support the influence of depression on life expectancy 

of cancer patients (Extermann, 2005). Based on the data from the literature, we know 

that depression is underdiagnosed in the population of elderly cancer patients, which 
means that it is often left untreated and has a negative impact on the patient's prognosis 

(Saracino, 2017; Passik, 1998). 

The CGA also includes the analysis of the need for social support due to social 

problems (e.g. the patient lives alone, the only child lives 200 miles away) or 
environmental issues (e.g. many rugs in the house [trip risk], only heating is coal fire).  

In GA, it is very important to identify significant disorders, called geriatric syndromes. 

They are associated with a lower likelihood of obtaining a cancer treatment response 
and with an increased risk of toxicity and shorter survival (Balducci, 2000). The most 

common geriatric syndromes are presented in figure 2. 

 

Figure 2. Most common geriatric syndromes 

The CGA enables identification of patients who, despite their age, can still receive full 

oncological treatment without an increased risk of complications and patients in whom 
the most optimal option is the best supportive care (BSC), which is understood as 

treatment to prevent, control or relieve complications and side effects, and to improve 

the patient's comfort and quality of life. The CGA also identifies the intermediate 

group in which cancer treatment will bring some benefit, but it must be modified to the 
individual capabilities, for example by dose reductions or less toxic regimens; this 

approach is called elderly friendly chemotherapy (Extermann, 2005; Krzemieniecki, 

2009). 
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The third group of patients, i.e. those receiving BSC, typically feature frailty syndrome. 

The reduction of organ reserves leads to the lack of homeostasis in the event of 

exposure to any stress; even minor stress can irreversibly impact homeostasis, leading 
to severe health complications and even death. Frailty syndrome is associated with 

weight loss, inability to exercise, decreased activity, longer time to cover a distance or 

decreased grip strength (Versteeg, 2014). According to a pilot, prospective, observa-
tional study by Puts et al., a decrease in grip strength as a marker of senile fragility was 

associated with an increase in toxicity of oncological treatment (Puts, 2011).  

Due to the time-consuming nature of the CGA, some screening scales can be employed 
in the clinical practice. The Vulnerable Elders Survey (VES-13) is one of such scales 

and can be used to assess the range of patient's subjective functional and motor 

abilities. Another questionnaire for screening is the G8 questionnaire. Obtaining score 

3 or higher in the VES-13 scale warrants a full CGA. Patients with scores lower than 3, 
who present no signs of cognitive impairment or a history of geriatric syndromes, are 

included in the first group, i.e. the one that should receive full oncological treatment 

regardless of age (Extermann, 2005). The proposed allocation to individual groups, 
their characteristics along with possible treatment are presented in the table I. 

Table I. Proposed allocation to individual groups, their characteristics and possible treatment 

Group of geriatric 
patients: 

First group  Second group  Third group  

Group characteristics: VES-13 < 3  
No geriatric 
syndromes 

VES-13 = 3 or more 
Favourable CGA rating 
Without geriatric 

syndromes 
Without serious 
comorbidities 

VES-13 = 3 or more 
Unfavourable CGA 
rating 

Geriatric syndromes 
Serious comorbidities 

Proposed treatment: Full oncological 
treatment 

Modification, “elderly 
friendly chemotherapy” 

Best supportive care 

 

CANCER AND AGING RESEARCH GROUP’S (CARG) TOXICITY SCORE 

The CARG toxicity score is a predictive tool that allows estimating the risk 
of treatment-related toxicity in geriatric cancer patients (Hurria, 2011; Moth, 2019). In 

a prospective multicentre study, Hurria et al. evaluated 500 patients at an average age 

of 73 years (65 to 91 years) with grade I–IV solid cancers. The patients were treated for 

various neoplasms, such as lung cancer (29%), gynaecological cancers (17%), 
gastrointestinal cancers (27%), breast cancer (11%), genitourinary cancers (10%) and 

others. Grade 3-5 treatment-related toxicity developed in more than a half of the 

patients. Toxicity prediction was associated with the type of cancer, drug dosage 
(standard or reduced), number of chemotherapeutics (mono- or polytherapy), baseline 

haemoglobin (> = 11 g/dL, < 11 g/dL), creatinine clearance, number of falls over the 

past six months, hearing assessment, independence in taking medications, walking or 
the impact of health on social activities. The maximum number of points on the scale 

was 19. Grade 3-5 toxicity (according to the Common Terminology Criteria for 

Adverse Events, CTCAE) developed in 89% of patients who received scores between 

12 and 19. Scores 0-5 were thought to reflect a low risk of treatment-related toxicity, 
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while scores 6-9 indicated an intermediate risk. High risk of chemotherapy-related 

toxicity was indicated by score 10 or higher (Hurria, 2011) (tab. II). 

The CARG score items include (Hurria, 2011):  

1. Patient age: 72 years or more – 2 points; 

2. Type of cancer: gastrointestinal (GI) cancer or genitourinary (GU) cancer –  

2 points;  

3. Chemotherapy dosing: standard dose – 2 points; 

4. Number of chemotherapeutics: polychemotherapy – 2 points; 

5. Haemoglobin level before chemotherapy: men < 11 g/dL, women < 10 g/dL –  
3 points; 

6. Creatinine clearance: < 34 mL/min – 3 points; 

7. Hearing: fair or worse – 2 points; 

8. Number of falls in the last 6 months: 1 or more – 2 points; 

9. IADL*: Taking medications: with some help/unable – 1 point; 

10. MOS**: Walking 1 block: somewhat limited/limited a lot – 2 points; 

11. MOS**: Decreased social activity because of physical/emotional health: limited at 
least sometimes – 1 point; 

* IADL = instrumental activities of daily living  

**MOS = Medical Outcomes Study 

Table II. Risk of chemotherapy-related toxicity in geriatric patients by the CARG score (Hurria, 2011) 

Risk of chemotherapy toxicity HIGH INTERMEDIATE LOW 

No points in  
CRAG Score 

10-19 6-9 0-5 

 

In 2019, Erin B. Moth et al. investigated the predictive value of the CARG toxicity 

score and clinical toxicity estimates by an oncologist within the Australian population. 

The authors enrolled 126 patients with solid tumours, with the median age of 72 years. 
The predictive capacity of these methods proved to be insufficient. A probable reason 

for the lack of predictive value of the CARG score in the study of Erin et al. was the 

diversified study population in terms of the underlying diagnoses (Moth, 2019).  

Previous studies did confirm the value of the described score. Nie et al. evaluated the 
CARG score in geriatric patients receiving chemotherapy for lung cancer. The patients 

were divided into groups with low, intermediate and high risk of toxicity based on the 

CARG score. It turned out that grade 3 or higher toxicity in the three groups increased 
successively from 9% through 40% to 60%, respectively (< 0.001) (Nie, 2013). 
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CHEMOTHERAPY RISK ASSESSMENT SCALE FOR HIGH-AGE PATIENTS:  

THE CRASH SCALE 

Another tool for chemotherapy risk assessment in elderly patients is the Chemotherapy 
Risk Assessment Scale for High-Age Patients (CRASH), developed by Extermann. 

The scale is based on geriatric assessment of 518 patients aged 70 years and older with 

different types of cancer, who started chemotherapy. The CRASH result consists of 2 
elements: the result for haematological toxicity and non-haematological toxicity.  

The predictive ability for haematological toxicity was demonstrated by the following 

parameters: 

• the need for IADL assistance; 

• diastolic blood pressure (greater than 72); 

• baseline lactate dehydrogenase activity; 

• toxicity of the chemotherapy regimen. 

The relationship with non-haematological toxicity was demonstrated by: 

• ECOG performance status; 

• cognitive abilities; 

• malnutrition; 

• toxicity of the chemotherapy regimen . 

Individual risk assessment based on the CRASH score is presented in table III 

(Extermann, 2012).  

Table III. Risk of chemotherapy toxicity in geriatric patients by the CRASH score (Extermann, 2012)  

Risk of chemotherapy 
toxicity 

LOW INTERMEDIATE-
LOW 

INTERMEDIATE- 
HIGH 

HIGH 

No of points in  
HAEMATOLOGIC 
SUBSCALE 

0-1 2-3 4-5 Greater than 5 

No of points in  
NON-HAEMATOLOGIC 
SUBSCALE 

0-2 3-4 5-6 Greater than 6 

Combined CRASH score 0-3 4-6 7-9 Greater than 9 

CONCLUSION  

To date, no tools have been developed that could unambiguously and reproducibly 

estimate the risk of chemotherapy toxicity in geriatric patients. The CGA is a tool that 
provides the greatest number of information in this area. The CARG and CRASH 

scores can support clinical decision-making, but in no case should supersede the CGA.  

How to balance benefits of chemotherapy against its risks in geriatric cancer patients? 

We do not yet have a simple answer to this question. Due to the unrepresentative 
proportion of geriatric patients in clinical trials, we cannot derive information on the 

expected complications of treatment, and the diverse nature of the population makes it 
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impossible to create uniform recommendations for this group of patients. The CGA is 

the most comprehensive assessment tool for this population. In clinical trials, the risk 

of toxicity or treatment discontinuation was associated with the detection of the 
following conditions during the CGA: 

• malnutrition; 

• deterioration of mental performance; 

• deterioration of PFS; 

• age over 72 years; 

• diagnosis of cancer of the genitourinary or gastrointestinal tract; 

• hearing impairment; 

• baseline anaemia; 

• kidney insufficiency; 

• dependence in IADL; 

• multiple comorbidities; 

• weakness of hand grip; 

• occurrence of chronic fatigue. 

The CGA is the most comprehensive tool to evaluate the onco-geriatric population. 

The time-consuming nature and the lack of qualified personnel who could conduct the 

CGA are its main limitations. The VES-13 questionnaire can be used as a geriatric 

screening tool. The CARG and CRASH scales combine clinical evaluation with 
geriatric assessment. However, their ability to predict treatment-related toxicity is not 

sufficiently confirmed, especially in relation to the Polish population. 

It is therefore necessary to develop methods to improve chemotherapy toxicity risk 
prediction in geriatric cancer patients and to design clinical trials representative of this 

population. 
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ABSTRACT 

Hormones play a significant role in the functioning of the human organism, by regulating a number 
of processes, including tissue activity, cell proliferation and division. Disorders in hormonal balance may 

promote the development of so-called hormone-dependent or hormone-sensitive cancers.  

Many gynecological malignancies are dependent on estrogen and/or progesterone (e.g. epithelial and 
stromal ovarian carcinomas or endometrial carcinomas and sarcomas). The discovery of the relationship 
between hormonal stimulation and tumour progression has led to the development of new therapeutic 
strategy, known as the antihormone therapy (AHT) for cancer. AHT is one of the type of hormone therapy 
(HT) and it is based on the supressing the activity of selected hormones and/or lowering these hormones 
levels in the human body. The use of the phrase 'hormonal therapy' in this case seems to be incorrect as the 
term is associated with hormone replacement therapy, which encourages hormone activity. 

Three main courses of action can be distinguished in antihormone therapy: 1.) the reduction in secretion 

of sex hormones, as a result of the agonism of pituitary gonadotropin-releasing hormone (GnRH) receptors, 
2.) the inhibition of the aromatase enzyme activity, based on conversion of androgens into estrogens, 
3.) the inhibition of proliferations of cells containing estrogen receptors (ERs) by the prevention 
of estrogen binding to ERs located on the cancer cells surface. 

Main advantage of antihormone therapy is the fact that it is better tolerated by patients compared to 
conventional chemotherapy. However, the limitations of this approach should be remembered, e.g. 
interactions with other drugs and late therapeutic response. In this article authors present a review 
of achievements to date of antihormone therapy in the context of some oncological gynaecology and 

describe the AHT strategies listed above. 

INTRODUCTION 

The hormone-dependent or hormone-sensitive malignancies are defined as tumours, 
which growth and/or survival are reliant on disorders in hormonal balance. Some 

of these carcinomas are characterized by estrogen (ERs) or progesterone receptors 

(PgRs) expression on their cells surface. Sex hormones drive cell proliferation by 

binding to matched receptor. Exposure of cells to high levels of hormones results in an 
increased number of cell divisions, which expands the probability for the accumulation 

of random genetic mutations, which lead to tumour initiation. Many gynecological 

cancers are dependent on estrogen and/or progesterone (e.g. endometrial carcinomas 
and endometrial sarcomas) (Henderson, 2000; Kelley, 2004; Walker, 2007).  

The discovery of the relationship between hormonal stimulation and tumour progres-

sion has led to the development of new therapeutic strategy, known as the antihormone 
therapy. This kind of treatment involves removing the sources of hormones or 
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preventing the influence of this molecules on tumour’s cells, which allows to inhibit 

the development of the cancerous process (Leppert, 2015).  

The antihormone therapy (AHT) for cancer is generally used as an adjunct to surgical 
treatment, but also to chemotherapy or radiotherapy in the case of women with metastatic 

or recurrent hormone-sensitive gynecological cancers. The main goal of AHT is to 

slow down the progress of the disease or reduce the intensity of the symptoms, rather 
than to cure. AHT is also dedicated for patients who want to preserve their fertility 

(van Weelden, 2019). This method of treatment involves drugs belonging to various 

pharmacological groups, including progestogens, selective estrogen receptors modulators 
(SERM), gonadotropin-releasing hormone (GnRH) analogues and aromatase inhibitors 

(AIs) (fig. 1).  

 

Figure 1. Pharmacological groups and examples of agents used in antihormone therapy (AHT) 

PROGESTOGENS 

Progestogens (progestagen, gestagen, or gestogen) induces effects similar to natural 

female sex hormone – progesterone. They are commonly involved in therapy of breast 

cancer, endometrial cancer and prostate cancer (Kuhl, 2005). 

The mechanism of action of progestogens is still not fully understood. These molecules 

are known to be able to inhibit the expression of estrogen receptors and the biological 

activity of gonadotropins. Furthermore, they accelerate the breakdown of estrogens and 

inhibit the process of aromatizing androgens into estrogens. These actions result in the 
antiproliferative effect on cancer cells. The most frequently used substances from this 

group are medroxyprogesterone acetate (MPA) and megestrol acetate (MA) admi-

nistered orally (Leppert, 2015). 
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The use of progestogens is associated with the risk of adverse effects, such as: hot 

flashes, night sweats, weight gain, serious blood clots, increased blood sugar, fluid 

retention or pulmonary emboli (Sjoquist, 2011). These side effects can worsen the 
quality of patients life and that is the reason why the role of progestogens is still quite 

limited (Sjoquist, 2011).  

SELECTIVE ESTROGEN RECEPTORS MODULATORS (SERM) 

The main representative of this group of drugs is tamoxifen (TAM). It is a non-steroidal 

antiestrogen, which competitively inhibits estrogen binding to its receptor inside cancer 

cells. TAM is often remaining a first-line adjuvant treatment for premenopausal and 
postmenopausal patients diagnosed with estrogen receptor positive (ER-positive or 

ER+) breast cancer (Hu, 2015). 

The mechanism of action of tamoxifen is based on a decrease in the concentration 

of tumour growth factor α (TGFα) and insulin-like growth factor 1 (IGF-1). Tamoxifen 
has been demonstrated to increase the concentration of sex hormone binding globulins 

(Radin, 2016). The increase in the amount of these globulins limits the number 

of available estradiol in plasma. These changes reduce levels of factors that are respon-
sible for stimulating tumour growth. Tamoxifen has also been proven to be able to 

promote apoptosis in ER+ cells (Jordan, 1993; Radin, 2016).  

Tamoxifen thought to have an estrogen antagonist effect on breast tissue and 

an estrogen agonist effect on the endometrium, by binding to estrogen receptors. 
One of the most serious side effects of tamoxifen are changes in this tissue, including 

tumour formation process. Long administration of TAM is correlated with twice to 

four times higher risk of endometrial cancer. Accordingly to high probability of the 
endometrial cancer (EC) development, the maximum duration of use of TAM is five 

years (Hu, 2015). Nevertheless, these reports attempts have been made to use this 

method of antihormone therapy in patients diagnosed with endometrial cancer. 

Women taking tamoxifen are subject to adverse effects, include hot flashes, vaginal 

dryness, and high risk of blood clots in the legs occurrence (Radin, 2016). 

GONADOTROPIN-RELEASING HORMONE (GNRH) ANALOGUES 

GnRH modulators (also known as LHRH modulators) regulate the GnRH receptor, 
the target of the hypothalamic hormone gonadotropin-releasing hormone (GnRH; also 

known as luteinizing-releasing hormone, or LHRH). This group include GnRH 

agonists and GnRH antagonists (Kumar, 2014). 

GnRH agonists (e.g. goserelin and leuprorelin) activate GnRH receptor, which results 

in increased secretion of the luteinizing hormone (LH) and the follicle-stimulating 

hormone (FSH). In contrast, GnRH antagonists (e.g. abarelix, ganirelix and linzagolix) 
inhibit the activity of GnRH receptor, resulting in an immediate decrease in the FSH 

and LH level (Kumar, 2014).  

Both, GnRH antagonists and agonists are used for pharmacological castration. Adverse 

effects of this type of hormonotherapy include headache, hot flashes, osteoporosis, 
nausea, and weight gain (Elder, 2017).  
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AROMATASE INHIBITORS (AIS) 

Aromatase inhibitors (AIs) reduce the activity of aromatase – an enzyme responsible 

for a crucial step of estrogen biosynthesis, which involves converting androgens into 
estrogens by process called aromatization. Aromatase inhibitors can be divided into 

two classes: 

1. Steroidal androstenedione derivatives – androgen substrate analogues, such as 
formestane, exemestane and atemestane. They bind irreversibly to the substrate 

binding site of the enzyme.  

2. Nonsteroidal imidazole derivatives – such as letrozole and anastrozole; responsible 
for selective inhibition, by interacting with the heme moiety of the CYP 450 

prosthetic group of the aromatase. 

Aromatase inhibitors are mostly used in the case of breast cancer diagnosed in women 

after menopause and gynecomastia in men. Side effects associated with taking this 
kind of medications include increased risk for osteoporosis and joint disorders, such as 

arthrosis and arthritis (Miller, 2003). 

Before implementing antihormone therapy, the relatively long response time should be 
taken to account. If the patient decides to take antihormone therapy as monotherapy, 

must consider the possibility of disease progression. However, in comparison with 

conventional chemotherapy, hormonotherapy is characterized by a lower toxicity, 

thanks to which it is possible to improve the patient's quality of life.  

SEARCH STRATEGY AND SELECTION CRITERIA 

To carry out this publication, the following databases were used: Medline, PubMed 

(NCBI) and Google Scholar, using the following key words: antihormone therapy, 

hormonotherapy, ovarian cancer, endometrial cancer, hormone-dependent cancers, 
aromatase inhibitors, GnRH analogues, progestogens. Only original articles, case 

studies and reviews published between 1982 to 2020 in Polish and English language 

were used for the preparation of this article.  

GINECOLOGICAL CANCER  

ENDOMETRIAL CANCER 

Endometrial cancer (EC) is one of the most common gynecological cancers. The disease 

concerns primarily women in post-menopausal age, although nearly 25% of cases 

affect women before menopause (Pellerin, 2005). Currently it tends to increase in the 
number of cases. According to the GLOBOCAN cancer statistics, in 2018 more than 

382,069 women worldwide were diagnosed with EC and 89,929 deaths have been 

reported (Bray, 2018). These numbers make endometrial cancer the second most 
common gynecological cancer. It also ranks fourth, given the number of deaths caused. 

International Agency for Research on Cancer predicts that the EC incidence rate will 

increase by more than 50% worldwide by 2040 (Zhang, 2019).  

Risk factors include obesity at the age of 50-59, hypertension, diabetes, early age 

at menarche, late age at menopause and nulliparity. Estrogen-dependent factors pre-
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disposing to the disease include, for example, polycystic ovary syndrome (PCOS) 

(Purdie, 2001; Sjoquist, 2011).  

Research conducted thus far, suggests that using estrogen-only and tibolone hormone 
replacement therapy (HRT) increases the risk of endometrial cancer in women with an 

intact uterus (D’Alonzo, 2019). Thus, estrogen-only HRT is commonly prescribed only 

for women after hysterectomy. In turn, continuous combined therapy, included 
estrogens and progesterone seems to not be associated with the risk of the endometrial 

cancer development (D’Alonzo, 2019). 

Based on differences in histology and clinical outcomes, two types of endometrial cancer 
were identified: 

• type I – endometroid adenocarcinomas; 

• type II – non-endometroid serous carcinoma. 

Type I tumours belong to the group of hormone-dependent carcinomas. Most of these 
neoplasms express estrogen (ERs) and/or progesterone receptors (PgRs). The literature 

data indicate that almost 40-100% of the analysed cells express ERs and 60-100% of 

the analysed cells express PgRs (Thanopoulou, 2015).  

Long-term stimulation of the endometrium by estrogens, especially with a simulta-

neous decrease in the concentration of progesterone, significantly affects the initiation 

of the tumour formation process. The protective effect of progestogens is obtained via 

limitation of the excessive proliferation of estrogen-stimulated endometrial cells. 
The precancerous stage is marked by atypical endometrial hyperplasia, which accounts 

for the greater part of diagnosed cases of endometrial cancer (~80%). It affects women 

in both postmenopausal and premenopausal age (Purdie, 2001; Prat, 2004).  

Type II tumours are associated with endometrial atrophy. Unfortunately, it has poorer 

prognoses than endometrioid carcinomas. Moreover, it is the cause of nearly ~40% 

of endometrial cancer deaths, even though it accounts for ~20% of diagnosed endo-
metrial cancer cases. This type of endometrial carcinoma affects only women who 

have undergone menopause (Purdie, 2001; Prat, 2004).  

The choice of treatment method for patients diagnosed with endometrial cancer depends 

largely on the type of cancer and stage of the disease. Standard treatment for endo-
metrial carcinomas present in an early stage, consists of an operation to remove the 

uterus (hysterectomy; TH), as well as the removal of the fallopian tubes, ovaries 

(bilateral salpingo-oophorectomy; BSO) and pelvic lymph node dissection followed 
by adjuvant therapy tailored on the basis of final histology (Morice, 2016). In some 

cases, more than one method of treatment may be used, for example radiotherapy and 

chemotherapy. Treatment with cytostatic drugs usually allows for short-term remis-
sions, but at the same time is associated with a higher toxicity compared to the antihor-

mone therapy. The most used monotherapy medications are paclitaxel, doxorubicin, 

and carboplatin. Recognised treatment plans are consisted of combinations of platinum 

derivatives with paclitaxel or doxorubicin (Morice, 2016). 
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Antihormone therapy (AHT) is most often used for endometrial cancer in stage 

III or IV, according to FIGO classification or for patients who want to preserve fertility 

(van Weelden, 2019). AHT is also used in some cases of young women with atypical 
hyperplasia or endometrial cancer in stage I, who want to preserve their fertility 

(Gotlieb, 2003; Morice, 2016).  

Progestogens are preferred choice as the first line of antihormonal treatment 
(van Weelden, 2019). During the first stage of gestagens treatment, high doses of pro-

gestogens are used, up to 50-1000 mg per day (Leppert, 2015). After 12 weeks 

of treatment, the maintenance dose is given, which is 50-1000 mg per week, for at least 
one year (Leppert, 2015).  

Fertility sparing treatment by oral progestogens alone showed high remission rate 

(~79,5%) and low relapse rate (~27,3%). Simultaneously research revealed that live 

birth rate was ~32,3% (Zhang, 2017). Prospective studies evaluating the use of pro-
gestogens are currently ongoing (clinicaltrials.gov, NCT03567655). Promising results 

have been also reported by Mitsuhashi et al. in 2019. Scientists showed long-term 

outcomes of using a combination of MPA with metformin as a fertility sparing 
treatment in 63 patients (42 with endometrial cancer – EC; 21 with atypical endo-

metrial hyperplasia – AEH). Results of this study revealed complete response in 95% 

patients with endometrial cancer. Live birth rate was 45% off all cases, remission rate 

was ~86% and relapse rate was ~13% (Mitsuhashi, 2019). No severe toxicities were 
observed. These results demonstrate progestogens high efficiency as a fertility sparing 

treatment. Outcomes of both research are similar, which suggest that both methods 

of treatment can be used.  

Other reports investigated progestogens treatment in advanced or recurrent endometrial 

carcinoma (Thigpen, 1999). Response rate to MPA was much higher in positive 

(PgR+) 37%, compared to negative (PgR-) 8%. Similar differences were reported in 
positive (ER+) 26% versus negative (ER-) 7%. No severe adverse effects were 

observed. Data suggest that response to progestogen therapy can be improved by 

selecting patients with positive progesterone receptor status, which should be based on 

a pre-treatment biopsy.  

Considering the ability of tamoxifen to induce the development of endometrial cancer, 

its activity as a monotherapy in the treatment of this disease has not been extensively 

studied. Response rate to tamoxifen used alone in stage III-IV or recurrent EC was 
around 10-35% among the studies carried out so far (Rendina, 1984; Thigpen, 2001). 

No severe toxicities were observed, except for nausea in 6% of study population. Using 

tamoxifen combined with MPA and MA also has been comprehensively analysed. 
Response to this type of treatment in the same population was found in 26-32% 

patients with median survival time 13 months (Fiorica, 2004; Whitney, 2004). From 

3% of patients experienced hyperglycaemia and anaemia was reporter in 6% of the 

study population. Results were also obtained for arzoxifene, orally active third 
generation SERM. A monotherapy with this antiestrogen resulted in a similar response 

rate (31%) compared to monotherapy with tamoxifen and combination of TAM with 

progestogens (McMeekin, 2003). At the same time, no strong side effects were noted. 
These outcomes indicate that tamoxifen, arzoxifene or combination of TAM with 
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progestogens should be considered as a second line antihormone therapy. Response 

rates for these treatment methods are similar to first line progestin therapy for advanced 

or recurrent EC and toxicity rate is low.  

Efficiency of GnRH analogues action has not yet been clearly demonstrated. Research 

conducted to date report, that its response rate is range from 0 to 45%. The main 

advantage of long-term treatment with GnRH agonists is good tolerance and paucity 
of adverse effects (Thanopoulou, 2015). Unfortunately, the research results are too 

vague to clearly determine the role of GnRH antagonists in EC therapy. 

Studies carried out so far, showed that aromatase inhibitors (AIs) have limited response 
rate (9-18%) in investigated population of patients with stage III-IV or recurrent EC. 

Furthermore, more severe toxicities (e.g. anaemia or thrombosis) were observed, 

compared to other methods of treatment (Rose, 2000; Ma, 2004; Lindemann, 2014). 

Thus, aromatase inhibitors should not be considered as a first-line antihormone therapy 
for endometrial cancer.  

The combinations of letrozole with abemaciclib (NCT04393285, NCT03675893), 

everolimus (NCT01068249), everolimus and ribociclib (NCT03008408) or palbociclib 
(NCT02730429) are ongoing in advanced endometrial cancer. Patients treated with 

everolimus and letrozole response rate was 32% (11 of 35 patients), which is similar to 

the results obtained when using a combination of progestogens (MPA) and tamoxifen 

(TAM) (Slomovitz, 2015). Unfortunately, more adverse effects were noted, compared 
to TAM + MPA therapy. 24% patients experienced grade 3 or higher anaemia and 14% 

experienced grade 3 or higher hyperglycaemia. Response rates for this combination are 

promising, but the high percentage of side effects means that this therapy should not be 
considered as first-line treatment for EC or more in-depth analyses should be 

performed. 

Hormonotherapy with gestagens as first-line treatment is urged for all women with 
recurrence of receptors-positive endometrium carcinoma. If there are no contraindi-

cations, antihormone therapy should be combined with radiotherapy or surgical 

treatment. If there is response to this kind of treatment, it should be continued as long 

as disease remission persists (Lindert, 2010). 

OVARIAN CANCER 

Ovarian cancer (OC) is one of the most common gynecological carcinomas. It is also 

associated with the worst prognosis and the highest mortality rate, with five-year 
survival rates below 48% (Coburn, 2017). The reason of this situation is fact, that OC 

in early stages of the development does not give any or only vague symptoms. This 

results in the fact that in most cases (~75%) the disease is detected in stage III or IV 
(according to FIGO classification) and is more difficult to treat. 

International Agency for Research on Cancer predicts that the number of women 

diagnosed with ovarian cancer will rise by 47% to 434,184 worldwide, before 2040. 

The number of women dying from ovarian cancer each year will increase to 293,039 
(Bray, 2018).  
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Based on molecular differences, growth type and prognosis, ovarian cancer can be 

divided into two broad categories: 

I. Type I – less common; develops as a benign neoplasm of ovaries or tumour with 
low malignancy. Histologically, it is usually endometrioid or mucous cancer and 

more often it is diagnosed in stage I or II.  

a) endometrioid carcinoma (EC) and clear cell carcinoma (CCC); 

b) mucinous carcinoma (MC); 

c) low-grade serous carcinoma (LGSC) (Hatano, 2019). 

II. Type II – more common; from the beginning it develops as a clinically aggressive 
tumour from the tubal and/or ovarian surface epithelium. This type of tumour 

quickly spreads through the peritoneal cavity. Often, no pronounced tumour is 

observed in the ovary. Histologically, it is usually poorly differentiated serous cancer. 

Most often it is detected in stage III and IV and has poor prognosis. One of the 
subtypes is the high-grade serous carcinoma (HGSC) (Hatano, 2019).  

Scientists suggest that endometroid carcinoma is more hormone-sensitive than the 

other ovarian carcinomas (Koshiyama, 2017). 

OC mainly affects women in postmenopausal age (usually over the age of 50). The risk 

of cancer development increases with age, peaking in the late 70s. Most of these cases 

(~90%) are epithelial tumours. Disease is rare in women under 40 (~12%), and most 

of these cases include germ cell tumours (Momenimovahed, 2019). 

The ethology of ovarian carcinoma is still poorly understood. On this account, risk 

factors that can increase the possibility of the development of the disease have been 

identified, e.g. early age at ovulation, late age at menopause, fertility medication, 
obesity and PCOS. Nulliparity is also well-known risk factor of OC. It has been 

proven, that each birth decreases the risk of OC. The major genetic risk factors are 

inherited mutations in the genes BRCA1 or BRCA2 and it involves 5-15% patients. 
Women with these anomalies have 40-50% possibility of developing the malignancy. 

Most carcinomas associated with BRCA mutations are high-grade serous tumours 

(Webb, 2017). 

Studies conducted so far to determine whether the use of hormone replacement therapy 
(HRT) increases the risk of ovarian cancer have given conflicting results. Meta-

analysis conducted in 2019, indicated that using estrogen-only or combined meno-

pausal HRT increases the risk of ovarian cancer (Liu, 2019). Unfortunately, the impact 
of tibolone on the development of OC remains unclear. 

The treatment plan for ovarian cancer is based on the stage of the disease, the histo-

logical type of the tumour, the degree of histopathological differentiation, the size 
of the cancerous changes left after cytoreductive surgery, the patient's age and present 

of the BRCA1 or BRCA2 mutations Standard treatment for OC is surgery, the extent 

of which depends on the stage of the disease. In stages I-IIA, surgical treatment 

involves removal of the uterus and its appendages. In stages IIB-IV, complete or optimal 
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cytoreduction is recommended. In most cases surgical treatment is combined with 

chemotherapy (Rooth, 2013).  

In term of antihormone therapy, important feature of ovarian carcinoma is expression 
of ER and/or PgR receptors. Recent studies have shown that 60-80% of OC cells were 

ER+ and ~25-50% of them express PgR receptors on their cell surface (Fujimura, 

2001; Lindgren, 2001; Lee, 2005). Despite this high level of the hormone receptors, 
AHT has only a minor role in the treatment of OC.  

Recent studies have shown that using low-dose (200 mg/day) of medroxyprogesterone 

acetate (MPA) with platinum-based chemotherapy as an adjuvant treatment may 
improve prognosis for advanced epithelial ovarian carcinoma in stage III and IV (FIGO 

classification) (Niwa, 2008). Furthermore, high-dose MPA adjuvant therapy for 

advanced endometroid carcinoma, resulted in high response rate in 17 patients (57%) 

and in 3 of them (10%) – complete tumour remission (Rendina, 1982). No severe 
adverse effects were noted in both studies. ER-receptors and PgR-receptors expression 

was 81,3% and 72,1%, respectively (Rendina, 1982).  

C.F. Verschaegen et al. carried out a study, during which time 17 patients with platinum- 
resistant ovarian cancer (PROC) were treated with cetrorelix (GnRH antagonist) in 

dose 10 mg/day (Verschraegen, 2003). Overall response rate was ~18%. Cetrorelix has 

minimal toxicity, except for potential anaphylactoid reactions. Positive results were 

obtained for a combination of the tamoxifen and goserelin in 26 patients with advanced 
ovarian cancer that had recurred following chemotherapy (Hasan, 2005). The overall 

response rate was ~50%. Any treatment-limiting toxicity was noted. Based on these 

results, it can be concluded that the combination of TAM and goserelin seems to be 
better option as a second-line therapy for PROC. The combination of TAM and GnRH 

antagonist has an almost three times higher response rate compared to cetrorelix, 

with no strong side effects in both treatments. 

The use of tamoxifen (40 mg/day) alone and with chemotherapy (weekly paclitaxel  

80 mg m
-2

 or four weekly pegylated liposomal doxorubicin 40 mg m
-2

) in the cases 

of women with advanced PROC showed that the median progression-free survival 

(PFS) for TAM was 8,3 weeks, compared with 12,3 weeks for the chemotherapy 
(Lindemann, 2017). Patients treated with the chemotherapy had longer PFS, but the 

level of toxicity was much higher, and quality of life was poorer in that cases, than 

in patients on tamoxifen. Prospective studies evaluating the efficiency and safety 
of tamoxifen, compared to regorafenib in patients with PROC are currently ongoing 

(clinicaltrials.gov, NCT02584465).  

Complete response rate for treatment using aromatase inhibitors alone was 0%, partial 
response rate was 1-7% and 5-22% patients had stable disease (del Carmen, 2003; 

Gourley, 2006; Ramirez, 2008). No treatments-limiting adverse effects were noted. 

Aromatase inhibitors (similar to using them in EC therapy) has the lowest complete 

response rate, which suggest that this type of antihormone therapy should not be 
consider as a first-line treatment for both of analysed diseases. Nevertheless, the effi-

ciency and safety of letrozole, compared to physician’ choice chemotherapy in 

recurrent OC are evaluated in ongoing clinical trial (NCT04421547).  
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The combination of letrozole and ribociclib are ongoing in receptor (ER) positive 

ovarian and endometrial cancer (NCT02657928). The results obtained so far are 

promising. Almost 50 and 55% of patients were progression-free at 12 weeks in OC 
and EC, respectively. At the same time, the number of adverse reactions reported is 

one of the largest compared to other types of antihormone therapy (Colon-Otero, 

2019).  

CONCLUSION 

Antihormone therapy (AHT) is a good option for patient with recurrent/metastatic 

gynecological cancers. It is and important method of palliative treatment or support for 

oncological therapy. The main advantage of AHT in this stage of the disease 
is relatively low toxicity, compared to conventional chemotherapy, thanks to which 

it can improve the comfort of patients’ life, by reducing the number of adverse effects. 

Progestogens are still the best option in antihormone therapy for endometrial cancer 

and ovarian cancer, due to the good response rate and lack of toxicity and should 
be used as long as disease remission persists. 

The lowest response was noted for aromatase inhibitors used as monotherapy for both 

analysed carcinomas. However, several clinical trials with letrozole are being conducted 
in combination with other targeted therapy/chemotherapy, the results of which may be 

promising. 

Antihormone therapy should also be considered by women who want to maintain 

fertility. Promising results have been obtained for progestogens and the combination 
of MPA with metformin with low toxicity at the same time. There are also several 

ongoing clinical trials. 

In conclusion, antihormone therapy is an attractive option as an adjuvant therapy 
to conventional radiotherapy or chemotherapy. Nevertheless, there is still requirement to 

explore molecular mechanism of currently known methods and to looking for new 

approaches in this field.  

ACKNOWLEDGEMENTS: 

The work was financed from the subsidy of the Department of Molecular and Cellular 

Biology Np.: SUB.D260.20.009 and sponsorship account of the same Department No. 

846 183. 

REFERENCES 

Bray F., Ferlay J., Soerjomataram I., Siegel R.L., Torre L.A., Jemal A., Global cancer statistics 2018: 

GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries, CA 
Cancer J Clin. 2018; 68(6): 394-424. 

del Carmen M.G., Fuller A.F., Matulonis U., Horick N.K., Goodman A., Duska L.R. et al., Phase II trial 

of anastrozole in women with asymptomatic Müllerian cancer, Gynecol Oncol. 2003; 91:596-602 

Coburn S.B., Bray F., Sherman M.E., Trabert B., International patterns and trends in ovarian cancer 

incidence, overall and by histologic subtype, Int J Cancer. 2017; 140(11):2451-60.  

Colon-Otero G., Weroha S. J., Zanfagnin V., Foster N. R., Asmus E., Wahner Hendrickson A. E. et al., 

Results of a phase 2 trial of ribociclib and letrozole in patients with either relapsed estrogen receptor 



 
Zofia Łapińska, Olga Michel, Wojciech Szlasa, Jolanta Saczko 

 

140 

(ER)-positive ovarian cancers or relapsed ER-positive endometrial cancers, J Clin Oncol. 2019; 37(15 
Suppl) 5510. 

 D' Alonzo M., Bounous V.E., Villa M., Biglia N., Current Evidence of the Oncological Benefit-Risk 

Profile of Hormone Replacement Therapy, Medicina (Kaunas), 2019; 55(9):573 

Elder K., Dixon J.M., Blackmur J.P., Laurie J., Endocrine therapy of cancer, Surgery. 2017; 36(3):128-33. 

Fiorica J.V., Brunetto V.L., Hanjani P. et al., Phase II trial of alternating courses of megestrol acetate 

and tamoxifen in advanced endometrial carcinoma: A Gynecologic Oncology Group study, Gynecol 
Oncol. 2004; 92(1):10-4.  

Fujimura M., Hidaka T., Kataoka K. et al., Absence of estrogen receptor-alpha expression in human 

ovarian clear cell adenocarcinoma compared with ovarian serous, endometrioid, and mucinous 
adenocarcinoma, Am J Surg Pathol. 2001; 25(5):667‐72. 

Gotlieb W.H., Beiner M.E., Shalmon B. et al., Outcome of fertility-sparing treatment with progestins 

in young patients with endometrial cancer, Obstet Gynecol. 2003; 102(4):718-25.  

Gourley C., Smith J.F., Mackean M., Stevenson A. et al., Phase II study of letrozole in estrogen receptor 

(ER) positive relapsed epithelial ovarian cancer (EOC), J Clin Oncol. 2006; 24 Abstract 5026. 

Hasan J., Ton N., Mullamitha S. et al., Phase II trial of tamoxifen and goserelin in recurrent epithelial 

ovarian cancer, Br J Cancer. 2005; 93(6):647-51. 

 Hatano Y., Tamada M., Asano N. et al., High-grade serous ovarian carcinoma with mucinous 

differentiation: report of a rare and unique case suggesting transition from the "SET" feature of 
high-grade serous carcinoma to the "STEM" feature, Diagn Pathol. 2019; 14(1):4 

Henderson B.E., Feigelson H S., Hormonal carcinogenesis the number of cell divisions and the 

opportunity for random, Carcinogenesis, 2000; 21(3):427-33.  

Hu R., Hilakivi-Clarke L., Clarke R., Molecular mechanisms of tamoxifen-associated endometrial 

cancer (Review), Oncol Lett. 2015; 9(4):1495-501.  

Jordan V.C., A current view of tamoxifen for the treatment and prevention of breast cancer, Br J 
Pharmacol. 1993; 110(2):507-17.  

Kelley T.W., Borden E.C., Goldblum J.R., Estrogen and progesterone receptor expression in uterine 

and extrauterine leiomyosarcomas: An immunohistochemical study, Appl Immunohistochem Mol 
Morphol. 2004; 12(4):338-41.  

Koshiyama M., Matsumura N., Konishi I., Subtypes of Ovarian Cancer and Ovarian Cancer 

Screening, Diagnostics (Basel). 2017; 7(1):12.  

Kuhl H., Pharmacology of estrogens and progestogens: Influence of different routes of 

administration, Climacteric. 2005; 8(Suppl. 1):3-63.  

Kumar P., Sharma A., Gonadotropin-releasing hormone analogs: Understanding advantages and 

limitations, J Hum Reprod Sci. 2014; 7(3):170-4.  

Lee P., Rosen D.G., Zhu C., Silva E.G., Liu J., Expression of progesterone receptor is a favorable 

prognostic marker in ovarian cancer, Gynecol Oncol. 2005; 96:671-7. 

Leppert W., Strąg-Lemanowicz A., Rola leczenia hormonalnego u pacjentów z zaawansowaną 

chorobą nowotworową, Medycyna Paliatywna w Praktyce. 2015; 9(1):30-8. 

Lindemann K., Malander S., Christensen R.D., Mirza M.R., Kristensen G.B., Aavall-Lundqvist E. et al., 

Examestane in advanced or recurrent endometrial carcinoma: a prospective phase II study by the 
Nordic Society of Gynecologic Oncology (NSGO), BMC Cancer. 2014; 14:68. 

Lindemann K., Gibbs E., Åvall-Lundqvist E. et al., Chemotherapy vs tamoxifen in platinum-resistant 

ovarian cancer: A phase III, randomised, multicentre trial (Ovaresist), Br J Cancer. 2017; 116(4):455-63.  



 
Hormonotherapy in gynecological cancers 

 

141 

Lindert O. et al., Zastosowanie hormonoterapii w ginekologii onkologicznej i terapii raka piersi, 
Przeglad Menopauzalny, 2010; 14(2):78-83. 

Lindgren P., Bäckström T., Mählck C.G., Ridderheim M., Cajander S., Steroid receptors and hormones 

in relation to cell proliferation and apoptosis in poorly differentiated epithelial ovarian tumors, Int J 
Oncol. 2001; 19:31-38. 

Liu Y., Ma L., Yang X. et al., Menopausal Hormone Replacement Therapy and the Risk of Ovarian 

Cancer: A Meta-Analysis, Front Endocrinol (Lausanne). 2019; 10:801.  

Ma B.B.Y., Oza A., Eisenhauer E., Stanimir G., Carey M., Chapman W. et al., The activity of letrozole in 

patients with advanced or recurrent endometrial cancer and correlation with biological markers – A 

study of the National Cancer Institute of Canada Clinical Trials Group, Int J Gynecol Cancer. 2004; 
14:650-8 

McMeekin D.S., Gordon A., Fowler J., Melemed A., Buller R., Burke T. et al., A phase II trial 

of arzoxifene, a selective estrogen response modulator, in patients with recurrent or advanced 
endometrial cancer, Gynecol Oncol. 2003; 90:64-9. 

Miller W.R., Aromatase inhibitors: Mechanism of action and role in the treatment of breast cancer,  
Semin Oncol. 2003; 30(Supl. 14):3-11.  

Mitsuhashi A., Habu Y., Kobayashi T., Kawarai Y., Ishikawa H., Usui H. et al., Long-term outcomes of 

progestin plus metformin as a fertility-sparing treatment for atypical endometrial hyperplasia and 
endometrial cancer patients, J Gynecol Oncol. 2019; 30(6):e90. 

Momenimovahed Z., Tiznobaik A., Taheri S., Salehiniya H., Ovarian cancer in the world: Epidemiology 

and risk factors, Int J Women’s Health. 2019; 11(1):287-99.  

Morice P., Leary A., Creutzberg C., Abu-Rustum N., Darai E., Endometrial cancer, Lancet. 2016; 
387(10023):1094-108.  

Niwa K., Onogi K., Wu Y., Mori H., Harrigan R.C., Tamaya T., Clinical implication of medroxy-

progesterone acetate against advanced ovarian carcinoma: a pilot study, Eur J Gynaecol Oncol. 2008; 
29(3):252‐55. 

Pellerin G.P., Finan M.A., Endometrial cancer in women 45 years of age or younger: 

A clinicopathological analysis, Am J Obstet Gynecol. 2005; 193(5):1640-4.  

Prat J., Prognostic parameters of endometrial carcinoma, Hum Pathol. 2004; 35(6):649-62.  

Purdie D.M., Green A.C., Epidemiology of endometrial cancer, Best Pract Res Clin Obstet Gynaecol. 
2001; 15(3):341-54.  

Radin D.P., Patel P., Delineating the molecular mechanisms of tamoxifen’s oncolytic actions in 

estrogen receptor-negative cancers, Eur J Pharmacol. 2016; 781:173-80.  

Ramirez P.T., Schmeler K.M., Milam M.R., Slomovitz B.M., Smith J.A., Kavanagh J.J. et al., Efficacy of 

letrozole in the treatment of recurrent platinum- and taxane-resistant high-grade cancer of the 
ovary or peritoneum, Gynecol Oncol. 2008; 110:56-9. 

Rendina G.M., Donadio C., Giovannini M., Steroid receptors and progestinic therapy in ovarian 

endometrioid carcinoma, Eur J Gynaecol Oncol. 1982; 3(3):241‐6.  

Rendina G.M., Donadio C., Fabri M., Mazzoni P., Nazzicone P., Tamoxifen and medroxyprogesterone 

therapy for advanced endometrial carcinoma, Eur J Obstet Gynecol Reprod Biol. 1984; 17:285-91. 

Rooth C., Ovarian cancer: Risk factors, treatment and management, Br J Nurs. 2013; 22(17):23-30. 

Rose P.G., Brunetto V.L., VanLe L., Bell J., Walker J.L., Lee R.B., A Phase II trial of anastrozole in 

advanced recurrent or persistent endometrial carcinoma: a gynecologic oncology group study, 
Gynecol Oncol. 2000; 78:212-6. 



 
Zofia Łapińska, Olga Michel, Wojciech Szlasa, Jolanta Saczko 

 

142 

Sjoquist K.M., Martyn J., Edmondson R.J., Friedlander M.L., The role of hormonal therapy in 

gynecological cancers - Current status and future directions, Int J Gynecol Cancer. 2011; 21(7):1328-33.  

Slomovitz B.M., Jiang Y., Yates M.S. et al., Phase II study of everolimus and letrozole in patients with 

recurrent endometrial carcinoma, J Clin Oncol. 2015;33(8):930‐6. 

Thanopoulou E., Aleksic A., Thway K., Khabra K., Judson I., Hormonal treatments in metastatic 

endometrial stromal sarcomas: the 10-year experience of the sarcoma unit of Royal Marsden 
Hospital, Clin Sarcoma Res. 2015; 5(1):4-9.  

Thigpen J.T., Brady M.F., Alvarez R.D. et al., Oral medroxyprogesterone acetate in the treatment 

of advanced or recurrent endometrial carcinoma: a dose-response study by the Gynecologic 
Oncology Group, J Clin Oncol. 1999; 17(6):1736-44. 

Thigpen T., Brady M.F., Homesley H.D., Soper J.T., Bell J., Tamoxifen in the treatment of advanced or 

recurrent endometrial carcinoma: a Gynecologic Oncology Group study, J Clin Oncol. 2001; 19:364-7. 

Verschraegen C.F., Westphalen S., Hu W. et al., Phase II study of cetrorelix, a luteinizing hormone-

releasing hormone antagonist in patients with platinum-resistant ovarian cancer, Gynecol oncol. 
2003; 90(3):552-9. 

Walker G., MacLeod K., Williams A.R., Cameron D.A., Smyth J.F., Langdon S.P., Estrogen-regulated 

gene expression predicts response to endocrine therapy in patients with ovarian cancer, Gynecol 
Oncol. 2007; 106(3):461-8.  

Webb P.M., Jordan, S.J., Epidemiology of epithelial ovarian cancer, Best Pract Res Clin Obstet 
Gynaecol. 2017; 41:3-14.  

van Weelden W.J., Massuger L.F.A.G., ENITEC, Pijnenborg J.M.A., Romano A., Anti-estrogen 

Treatment in Endometrial Cancer: A Systematic Review, Front Oncol. 2019; 9:359.  

Whitney C.W., Brunetto V.L., Zaino R.J., Lentz S.S., Sorosky J., Armstrong D.K. et al., Phase II study of 

medroxyprogesterone acetate plus tamoxifen in advanced endometrial carcinoma: a Gynecologic 
Oncology Group study, Gynecol Oncol. 2004; 92:4-9. 

Zhang Q., Qi G., Kanis M.J., Dong R., Cui B., Yang X. et al., Comparison among fertility-sparing 

therapies for well differentiated early-stage endometrial carcinoma and complex atypical 
hyperplasia, Oncotarget. 2017; 8(34):57642‐53. 

Zhang S., Gong T.T., Liu F.H., Jiang Y.T., Sun H., Ma X.X. et al., Global, Regional, and National 

Burden of Endometrial Cancer 1990-2017: Results From the Global Burden of Disease Study, 2017. 
Front Oncol. 2019; 9:1-12.  

 



 

143 

Sinonasal malignancies – clinicopathological 

characteristics and difficulties in diagnostics 

Monika Rutkowska
1
, Sylwia Hnitecka

2*
, Marzena Dominiak

3 

Contribution of all of Authors is equal 
1 

Maxillofacial Surgery Department, 4
th
 Military Teaching Hospital in Wroclaw, 

R. Weigla 5, 50-981 Wroclaw
 

2 
Maxillofacial Surgery Department, University Hospital in Opole, W. Witosa 26, 45-418 

Opole
 

3
 Oral Surgery Department, Wroclaw Medical University, Krakowska 26, 50-425 

Wroclaw 
* Corresponding author: Sylwia Hnitecka: sylwia.hnitecka@gmail.com 

ABSTRACT 

Malignant neoplasms of the nasal cavity and paranasal sinuses (SNM – Sinonasal Malignancies) represent 
about 0.2-0.5% of all cancers and 3% of malignant tumors of the head and neck. The vast majority are 
diagnosed in an advanced stage mostly due to the lack of a characteristic clinical picture. Initially, the 
tumor causes uncharacteristic symptoms, which usually are underestimated by the patient. The purpose of 
the study is a retrospective analysis of the symptomatology of malignant neoplasms of the nasal cavity and 

paranasal sinuses and determination of difficulties in the diagnostic process for doctors of various 
specialties. The research material consisted of 42 patients including 14 women (33.3%) and 28 men 
(66.7%) aged 29-75 years, mean 56.8 ±11.3. In fact, most often (N = 23; 54.8%) cancer diagnosed in the 
analyzed group was squamous cell carcinoma (SCC). The group of patients diagnosed with malignant 
epithelial neoplasm was dominated by patients with the highest grade IV clinical stage (N = 27; 75%). 
Considering the sinuses, tumors were largely located within the maxillary sinus (N = 38; 90.5%). The 
average time elapsed from the time the first symptom was noticed and the pathological result obtained was 
5.1 ±5.5 months on average. The symptoms presented by the patients were usually non-characteristic, 

unilateral, and long-lasting. Due to these clinical similarities to other common disease stages, patients were 
often repeatedly subjected to symptomatic treatment. This analysis indicates the need for an individual 
physician approach to each patient reporting with non-specific symptoms and to expand not only clinical 
but also radiological diagnostics before making a diagnosis and starting the treatment 

INTRODUCTION 

Malignant neoplasms of the nasal cavity and paranasal sinuses (SNM-sinonasal 

malignancies) are a relatively rare problem in the field of head and neck surgery. They 
represent only 0.2-0.5% of all cancers and 3% of malignant tumors of the head and 

neck (Nishio, 2018). They mostly affect men in the 5th and 6th decades of life (Devi, 

2019; Kawaguchi, 2017). Due to their location, they pose an interdisciplinary challenge 

in terms of correct diagnosis and effective treatment. 

The SNM group is characterized by significant histological diversity. Carcinomas of 

the maxillo-ethmoidal massif are located in about 50-70% within the maxillary sinuses. 

Tumors in the nasal cavity and ethmoidal cell are diagnosed less frequently – 15-30% 
and 10-20%, respectively. In turn, the primary location in the frontal and sphenoid 

sinuses is sporadic – only about 4% (Zylka, 2008) 

The most commonly diagnosed are squamous cell carcinomas (40-55%), adenocar-
cinomas (13-19%), or adenoid cystic carcinoma (6-10%). Non-epithelial neoplasms, 

such as sarcomas, lymphomas, and melanomas are also developing at this location. In 

the nasal cavity and paranasal sinuses, there may also be metastatic tumors from distant 
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primary foci (Zylka, 2008) Squamous cell carcinoma itself develops de novo, or as 

a result of malignant transformation of pre-existing benign inverted papilloma (IP) 

(von Buchwald, 2007). 

Occupational exposures seem to play a very important role. A meta-analysis published 

by Binazzi et al. proved that people in the textile industry, patients with exposure to 

wood and leather dust, formaldehyde, nickel and chromium are in the high risk groups 
of developing sinonasal cancer (Binazzi, 2015). 

The vast majority of these cancers are diagnosed in an advanced stage, mostly due to 

the lack of a characteristic clinical picture. In many cases, due to extensive infiltration 
of the maxillo-ethmoidal massif at the time of the patient's presentation for treatment, it 

is impossible to determine the primary origin of the tumor. 

Initially, the tumor, developing only within a given paranasal sinus, causes the 

occurrence of uncharacteristic symptoms, such as unilateral nasal congestion, epistaxis, 
or mucous-purulent discharge from the nasal cavity. These symptoms usually are 

underestimated by the patient, as they do not cause significant discomfort. The tumor 

development outside the sinus walls and the invasion of adjacent anatomical structures 
cause the additional occurrence of neurological, ophthalmic, and oral symptoms 

(Jegoux, 2013). Patients with SNM due to the similarity of the clinical picture to other 

conditions, mainly inflammation, look for help mainly from ENT, but also neurologist, 

ophthalmologist, and dentist (Bossi, 2015). SNM detection is also very often accidental 
during radiological examination for another reason. At the same time, detection of an 

un-advanced SNM with a classic radiograph is practically impossible. 

The prognosis of SNM patients depends on the pathological diagnosis and primary 
tumor location, but also the implemented treatment, and to a significant extent, the 

stage of cancer, which is influenced, among others, by a correct and rapid diagnostic 

process (Zylka, 2008). Patients with nasal cancer tend to get treatment earlier and 
better predict when compared to patients with sinus cancer. 

The aim of the study is a retrospective analysis of the early and late clinical picture 

of malignant tumors of the nasal cavity and paranasal sinuses and determination of the 

most common factors affecting the therapeutic process. 

MATERIALS AND METHODS 

The research material comprised patients hospitalized in the Clinical Department 
of Maxillofacial Surgery 4

th
 Military Clinical Hospital in Wrocław between 2008 and 

2019 with a pathological diagnosis of a malignant tumor with primary location within 
the nasal cavity or paranasal sinuses. This retrospective analysis contained data from 
the patient's medical records, radiological examinations, and pathological results. The 
following data were taken into account: age, sex, addictions, previous oncological 
therapy, malignancies in the family. The nature of the patient's early symptoms, pre-
diagnosis, and/or treatment implemented by doctors of various specialties was deter-
mined. Based on the description of the physical examination, radiological examinations 
and surgical protocols, the exact location of the tumor, clinical advancement and 
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symptoms presented by the patient at the time of admission to the Department 
of Maxillofacial Surgery were determined. 

The analysis excluded patients hospitalized because of tumor recurrence or metastatic 
tumor, as well as patients with a primary tumor location other than sinonasal tract. 
Patients with any missing data were also excluded. 

Clinical advancement of the epithelial cancers was determined according to the TNM 
(tumor, node, metastasis) AJCC (American Joint Committee on Cancer) classification. 

Statistical analysis was performed using STATISTICA v. 12 software (StatSoft, Tulsa, 
OK, USA). 

RESULTS 

AGE, SEX, ADDICTIONS AND PREVIOUS ONCOLOGICAL TREATMENT 

The analysis included 42 patients – 14 women (33.3%) and 28 men (66.7%) aged 29-
75 years, mean 56.8 ±11.3 (57.85 ±13.8 for women and 56.3 ±10.2 for men, 
respectively). The F/M ratio was 1: 2. 

Most patients (64.3%) admitted to smoking (currently or in the past). Six patients 
(14.3%) declared excessive alcohol consumption. Only 6 people denied any addictions 
(14.3%). 

Two patients (4.8%) had undergone oncological treatment in the past, while nearly ⅓ 
(30.95%) had malignancy in their families, while 8 (19%) in parents and the remaining 
in the distant family members. 

PATHOLOGICAL DIAGNOSIS, STAGE, AND LOCATION OF THE TUMOR 

Cases of squamous cell carcinoma (SCC) were dominant. It occurred in 25 patients 
(59.5%), while in 6 of them developing from pre-existing inverted papilloma (IP). 
Three patients (7.1%) were hospitalized because of adenoid cystic carcinoma (ACC-
adenoid cystic carcinoma), two people (4.8%) diagnosed with sinonasal undiffe-
rentiated carcinoma (SNUC). In individual cases, other pathological diagnoses were 
obtained (tab. 1). 

Table 1. Pathological diagnosis; ca. – carcinoma; N – number of patients; HPV – human papillomavirus 

Pathological diagnosis N; % 

EPITHELIAL 36; 85.7% 

SCC – squamous cell ca. 25; 59.5% 

ACC – adenoid cystic ca. 4; 9.5% 

SNUC – sinonasal undifferentiated ca. 2; 4.8% 

AC – adenocarcinoma 1; 2.4% 

NEC – neuroendocrine ca. 1; 2.4% 

Esthesioneuroblastoma 1; 2.4% 

HPV – related ca. with ACC 1; 2.4% 

Ameloblastic carcinoma 1; 2.4% 

NON – EPITHELIAL 6; 14.3% 

MM – malignant melanoma 2; 4.8% 

Sarcoma 2; 4.8% 

Lymphoma 2; 4.8% 



 
Monika Rutkowska, Sylwia Hnitecka, Marzena Dominiak 

 

146 

Concerning the group of patients diagnosed with malignant epithelial neoplasm, the 

vast majority (N = 27) presented with the tumor in the most advanced stage IV, which 

represents as much as 75% of the group. 5 patients (13.9%) were diagnosed in stage III 
and only 3 persons in stage II (8.3%). 

Patients diagnosed with non-epithelial tumors also showed a significant tumor extent. 

In patients diagnosed with MM (N = 2), the tumor included maxillary sinus, ethmoidal 
cells, nasal cavity, orbit, and in one of them a frontal sinus in addition, while the other 

reached into the oral cavity. In cases of sarcoma (N = 2), one man was diagnosed with 

a tumor involving the maxillary sinus, nasopharynx, and oropharynx, and in the other 
all the locations mentioned in Table 2 together with the orbit, cheek and infratemporal 

fossa. In patients with lymphoma, the tumor was seen in the maxillary sinus, ethmoidal 

cells, and in one case in the cheek and in the other within the sphenoid sinus and the 

orbit. 

Considering the nasal cavity and paranasal sinuses, malignant neoplasms were most 

often located within the maxillary sinus (N = 38; 90.5%), less often in the ethmoidal 

cells (N = 31; 73.8%). In slightly more than half of the cases, a tumor was found within 
the nasal cavity (N = 24; 57.1%). Significantly less frequently, the tumor affected 

sphenoid and frontal sinuses (tab. 2). 

Table 2. Tumor location within SN tract 

Location within SN tract N; % 

Maxillary sinus 38; 90.5% 

Ethmoidal cells 31; 73.8% 

Nasal cavity 24; 57.1% 

Frontal sinus 8; 19% 

Sphenoid sinus 6; 14.3% 

 

The tumor within the orbit was found relatively often (N = 26; 61.9%), with three 
patients (7.1%) infiltrating the eyeball tissues and 1 (2.4%) the lacrimal sac. 

Malignancy infiltratrating the soft tissues of the cheek was found in 10 cases (23.8%), 

in 9 patients it reached the base of the skull (21.4%), while in 4 cases (9.5%) it also 
included intracranial structures. In 7 cases (16.7%) the cancer was also found in the 

pharynx – in the nasal part (N = 6) and in the oral part (N = 1). The tumor sometimes  

(N = 5; 11.9%) was seen within the oral cavity. In 4 patients (9.5%) the tumor was also 

located within the infratemporal space, in 4 (9.5%) within the pterygopalatine fossa, in 
2 (4.8%) in the parapharyngeal space and in 1 (2.4%) in the temporal space. In three 

patients (7.1%), the disease involved adjacent muscles, resulting in the reduced 

opening of the mouth. 

The average time elapsed from the time the first symptom was noticed until the 

pathological result was obtained was 5.1 ±5.5 months on average. No statistically 

significant relationship was observed between staging and time (p > 0.05) (fig. 1). 
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Figure 1. Relationship between staging (advancement) and time (months) 

INITIAL CLINICAL SYMPTOMS 

In only 2 cases (4.8%), a malignancy was diagnosed because of pathological verification 

of the removed lesion originally suspected as benign (odontogenic cyst and polyp). 

In turn, the first symptoms that patients recognized were largely non-characteristic and 
unilateral. Unilateral nasal congestion (N = 10; 23.8%) and facial pain (N = 5; 11.9%) 

dominated (tab. 3). Sometimes patients initially observed more than one symptom. 

However, no statistically significant relationship was observed between the number of 
initial symptoms and time (p > 0.05). 

Table 3. First noticed symptom 

First noticed symptom N; % 

nasal congestion 10; 23.8% 

facial pain 5; 11.9% 

orbital swelling, epistaxis, malar swelling 4; 9.5% 

smell impairment, malar numbness, purulent nasal discharge 3; 7.1% 

neuralgic facial pain, facial asymmetry, rhinorrhoea, toothache, dacryorrhea 2; 4.8% 

neurological disorders, headache, mandibular pain, teeth loosening, eyelid swelling, sinus 
pain, hemoptysis, palatal tumor, malar lump, denture mismatch, palatal fistula, buccal 
mucosa ulceration, eyeball pain, impaired vision 

1; 2.4% 
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Figure 2. Number of initial symptoms 

Due to non-specific, potentially trivial symptoms, patients usually reported firstly to 
the general practitioner (GP) (N = 16; 38.1%). Because of the oral symptoms (mostly 

regarding dentition), which were relatively often noticeable, patients looked for dental 

advice. Slightly less frequently patients sought help from ENT due to unilateral 

rhinological symptoms. Doctors of other specialities were first healthcare professionals 
occasionally (fig. 3). 

 

Figure 3. First consulting doctor 

From noticing the first symptom until the patient reported to the Department 

of Maxillofacial Surgery, they were often consulted by many specialists. More than 

half of the patients (N = 23; 54.7%) received appropriate help (taking a bioptic sample 

or referral to the maxillofacial or ENT surgery department) after a visit to one doctor. 
Slightly more than ⅓ (N = 15; 35.7%) visited two healthcare professionals during the 

entire diagnostic process (mainly GP together with ENT or dentist together with ENT), 
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while only 4 patients (9.5%) were consulted by three specialists. It was found that as 

the number of doctors increases, the time increases, but the differences between the 

times are not statistically significant (p > 0.05) and the Spearman rank correlation 
coefficient Rho = 0.115 does not differ significantly from zero (p > 0.05) (fig. 4 and 5). 

 

Figure 4. and 5. Correlation between number of consulting doctors and time 

Initial treatment process 

Because of the similarity of the presented symptoms to inflammation, as well as cold 

or allergy, patients were first subjected to pharmacotherapy (N = 12; 28.6%), often 
repeated. Slightly less often patients underwent other symptomatic treatment (N = 11; 

26.2%) (fig. 6). 
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Figure 6. Initial medical response. RCT – root canal treatment. RF – thermolesion – radio frequency 
thermolesion (of trigeminal ganglion) 

An analysis of the diagnostic and therapeutic process showed some medical mistakes 

as a consequence of an incorrectly mase clinical diagnosis. Patients' reasons for 

extending the diagnostic time were also analyzed. In one case (2.4%), the exact cause 

of the delay was found both on the part of the patient (visiting doctor after the 
intensification of symptoms), and on the part of the doctor – not extending the 

diagnosis of uncharacteristic, long-lasting symptoms. 

Table 4. Patients’ and professionals’ causes for delay 

PATIENT DOCTORS N;% 

No Yes 20; 47.6% 

No No 17; 40.5% 

Yes No 4; 9.5% 

Yes Yes 1; 2.4% 

 

In 5 cases the patient causes the delay and in 21 cases, the doctor. In two cases, there 

were two concomitant professional reasons. 

Table 5 describes the type of treatment- delaying cause, the frequency for all 21 

"professional" causes (N = 21; 100%) and 5 reasons for the patient (N = 5; 100%). 

Patients reported only after the intensification of the symptoms or abandoned follow-
up visits. One patient, aware of the disease, postponed treatment until health insurance 

was provided. 
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Table 5. Mistakes of doctors and patients 

SPECIALISTS PATIENTS 

reason N; % reason N; % 

not extending the diagnosis 

9; 

42.9% did not apply for monitoring 

2; 

20% 

linking symptoms to dentition problems 
3; 
14.3% 

reporting when 
intensification of symptoms 

2; 
20% 

Pharmacotherapy – repeated and prolonged 2; 9.5% 
failure to ensure health 
insurance 

1; 
10% 

no pathological verification of removed lesions 2; 9.5%   

pharmacotherapy despite noticing radiological changes 2; 9.5%   

teeth extractions 2; 9.5%   

multiple referrals to various hospitals 1; 4.8%   

referral to hospital only after the patient forced it 1; 4.8%   

ad hoc treatment of putative benign lesion i.e. polyp 1; 4.8%   

 

On the medical side, the most common problem (N = 9; 42.9%) was the lack 

of extension of clinical and/or radiological diagnosis of symptoms presented by 

patients, often in cases where the symptoms were non-specific, unilateral and long-
lasting. Linking the symptoms to the teeth resulted in their conservative treatment or 

extraction. Another mistake was repetitive, ineffective pharmacotherapy, aimed at 

alleviating the inflammation or allergy. The major mistake was also the lack of patho-
logical verification of the removed lesion from the sinonasal tract, initially diagnosed 

as benign (tab. 5). However, in groups differing in the number of mistakes, the time did 

not differ significantly (p > 0.05). 

SYMPTOMATOLOGY OF SNM AFTER OBTAINING THE CORRECT DIAGNOSIS 

Based on the clinical picture of patients with malignant tumors of the sinonasal tract 

determined at the time of admission to the Department, the symptoms were divided 

into ENT, ophthalmological, neurological, facial and oral (fig. 7). 

 

Figure 7. Symptoms at the time of hospitalization 
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The patients presented mainly ENT symptoms such as unilateral nasal congestion  

(N = 18; 42.85%), epistaxis (N = 11; 26.2%), serous (N = 7; 16.7%) or purulent (N = 4; 

9.5%) nasal discharge, smell disorders (N = 6; 14.3%) and in individual cases (N = 1; 
2.4%) hoarseness, difficulty breathing and a feeling of an obstacle in the throat. 

The most common ophthalmic symptom was eye displacement (N = 8; 19%), followed 

by exophthalmia (N = 7; 16.7%), diplopia (N = 6; 14.3%) and eyelid edema (N = 5; 
11.9%). Three patients (N = 3; 7.1%) complained of eye pain, blurred vision and 

tearing. In isolated cases (N = 1; 2.4%), ptosis, ocular movement disorders and 

lacrimal sac tumor were found. 

Facial asymmetry with the tumor or edema predominated among the facial symptoms 

(N = 26; 61.9%). Significantly less frequently redness (N = 3; 7.1%), telecanthus  

(N = 3; 7.1%) and facial ulceration (N = 2; 4.8%). 

Neurological symptoms were dominated by a sensory disturbance in the second branch 
of the trigeminal nerve (N = 10; 23.8%) and non-characteristic facial pain (N = 10; 

23.8%). Two people complained of facial numbness (N = 2; 4.8%) and neuralgic pain. 

In turn, one patient (N = 1; 2.4%) declared a sensory disorder in the first branch of the 
trigeminal nerve. 

Within the oral cavity, ulceration (N = 5; 11.9%) and a tumor (N = 4; 9.5%) were 

relatively common. Toothache was declared by 4 patients (N = 4; 9.5%), while in three 

patients the diagnostic process initiated the nonhealing of the postextraction socket  
(N = 3; 7.1%). Two people (N = 2; 4.8%) showed pathological tooth mobility, bleeding 

from the oral cavity, and fetor ex ore. One patient (N = 1; 2.4%) had a significant 

lockjaw. As the severity increases, the number of final symptoms increases (p < 0.05), 
and the Spearman rank correlation coefficient Rho = 0.424 is significantly different 

from zero (p < 0.05) (fig. 8). 

 

Figure 8. Correlation between tumor advancement and number of symptoms 

DISCUSSION 

The problem of late detection of head and neck cancers has been concluded in many 
publications. Potential factors that may affect late detection has been analyzed and 

attempts are being made to continually establish patterns to improve the diagnostic and 

therapeutic process. These issues usually concern mainly oral cancer even though the 
location is easily accessible in a clinical examination (Rutkowska, 2020; van der Waal, 
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2013). Delays in the diagnosis of sinonasal malignancies are much less frequently 

addressed. Understanding their symptomatology is crucial in a proper diagnosis 

especially because of the more difficult accessible anatomical position. 

Malignant neoplasms of the nasal cavity and paranasal sinuses are particularly 

problematic pathologies both in terms of proper diagnosis and treatment (Resto, 2004). 

Due to the anatomical location, they are difficult in a clinical examination while 
initially developing tumors do not give any significant symptoms (Kreppel, 2015). An 

additional negative factor in early diagnostics is the rarity of their occurrence, which is 

why they are often not included in the differential diagnosis with other clinically 
similar diseases (Turner, 2012). 

In the analyzed group predilection to male sex was found where the group of patients 

was mainly in the sixth decade of life (average 56.8 ±11.3), consistent with data by 

other authors. Turner et al. stated that SNM concerned people aged 55-69 in 42.1% and 
> 70 in 37.7%. In addition, they also showed predilection to men (Turner, 2012). Other 

authors also noted similar age ranges and more frequent incidence among men 

(Mahalingappa, 2014; Zylka, 2008). 

In the study group, epithelial malignant tumors predominated (85.7%). This percentage, 

is higher, when compared to the analysis of other Polish authors, where that group 

accounted for 52.9%, while the remaining were non-epithelial and metastatic tumors 

(Zylka, 2008). Our study excluded metastatic tumors, hence the percentage is 
significantly higher. Squamous cell carcinoma (SCC) was diagnosed in 25 cases, 

representing 59.5%, which is very similar to that in the literature, where SCC was 

estimated at 51.06% (Devi, 2019). 

The high advancement of the tumors of the naso-maxillo-ethmoidal massif often 

prevents the unequivocal and precise determination of the primary location of the 

tumor, which is also confirmed by Żyłka et al. (Zylka, 2008). Literature estimates that 
in about ¾ of patients are diagnosed with cancer in an advanced (III and IV) stages 

(Khademi, 2009). Similarly, in the statement presented by us, where III and IV stage 

together (determined for tumors of epithelial origin) constituted 88.9%. Neoplasms 

were present within the maxillary sinus in 90.5%, which is only slightly more often 
than in the analysis of other authors, where this sinus was 80% occupied. The presence 

of a tumor was also relatively more frequently found in the ethmoidal cells (73.8%) 

and nasal cavity (57.1%). Kreppel et al. found that the orbit was affected in 34% 
of patients, i.e. much less frequently than in our analysis (61.9%), in turn, similar to 

infiltration of the skull base (20% vs. 21%) (Kreppel, 2015). 

Due to the anatomical location, the dominating symptoms are rhinological, mainly 
nasal congestion and epistaxis in the data presented by Tufano et al. where these two 

symptoms were the most common (42% and 31%, respectively) (Tufano, 1999). When 

analyzing the symptomatology, attention is drawn to the non-specific clinical picture 

reminiscent of other disease states such as, inflammation or allergy. Symptoms, 
however, do not disappear after initial symptomatic treatment. In the article by Singh et 

al., where SNM constituted 9.3% of all pathological changes in the nasal cavity and 

sinuses, the nasal discharge was a symptom present in all cases (100%), and slightly 
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fewer (85.7%) patients complained of feeling nasal congestion and pain during 

palpation of the lesion. The authors emphasize the unilateral nature of the symptoms. 

However, it is important that the previously mentioned symptoms such as, nasal 
congestion and epistaxis also occurred in cases of benign lesions (Singh, 2018). This 

confirmed the need for pathological verification of suspicious changes every time. The 

lack of a statistically significant relationship between the number of initial symptoms 
and time (p> 0.05) means that the symptoms, even in a number greater than 1, are not 

characteristic enough to impede the functioning, and they do not incline to a faster 

diagnostic process. As other authors have stated, blocked nose is a common symptom 
in population, so it is frequently underestimated by patients (Nieminen, 2018). While 

the severity increases, the number of final symptoms increases (p < 0.05), which causes 

patients to approach the proper center usually with the tumor in advanced stage and 

symptomatological more characteristic. 

The time that elapses from the noticing first symptom to the moment of obtaining the 

pathological diagnosis was over 5 months. In the analysis of Tufano et al. it was 4 to 6 

months (Tufano, 1999) and in other data 6 to 8 months (Bossi, 2016). It is difficult to 
determine an acceptable time for observation of symptoms by patients. Due to the mild 

nature of the symptoms, which did not cause sufficient discomfort, patients often 

falsely defined the time. One of the analysis showed that some patients report early 

after noticing the first symptoms for example, when they are disturbed with visible 
tumor in the nasal cavity. Other patients report very late even after 3 years from the 

first symptoms. They also stated that it was not the severity but the persistence of the 

symptoms that formed the basis for seeking medical help. Having patients aware of the 
need to undergo treatment or follow-up visits is a relatively large component of an 

efficient diagnostic and therapeutic process. Patients without awareness of the 

seriousness of the disease many times postpone the treatment and monitoring of 
a possible relapse. Our previous analysis of oral cancer showed that nearly half of the 

patients reported after 3-6 months of observing symptoms. Similarly, symptoms of the 

disease were minor and did not impair patient’s functionality. Thus not being aware of 

the nature of the potential symptoms, patients underestimate them (Rutkowska, 2020). 

In the literature it has been emphasized the importance of early detection of this type of 

the pathology by first consulting doctor. It is stated that a high rate of cancer suspicion 

should be maintained in patients with persistent "sinus" problems or after using all 
medical therapy options. However, conducting pharmacotherapy or surgical treatment 

(including dental treatment) leads to significant symptom relief while cancer is 

constantly progressing. In fact, Resto et al. emphasized that temporary relief of symp-
toms and improvement of the clinical condition delayed reporting to the centers focused 

on SNM treatment (Resto, 2004). Therefore, proper broad diagnostic, both clinical and 

radiological, becomes crucial; in case of the tumor suspicion, it is necessary to quickly 

obtain a pathological diagnosis and initiate a proper treatment. Kreppel et al. stated that 
patients with a tumor diagnosed in an early stage (where the duration of symptoms is 

0-2 months) have a better prognosis than those who have been diagnosed with the 

disease after 2 months, and they have shown a statistically significant relationship 
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between staging and time (p > 0.05), which, however, our analysis has not confirmed 

(Kreppel, 2015). 

Deficiencies in oncological awareness have been demonstrated among doctors 
of various specialties. The problem, however, concerns the general oncology of the 

head and neck, including the oral cavity, where potentially the diagnostic process is 

facilitated by direct access. The similarity of SNM symptomatology to chronic sinusitis 
and other diseases, noted by other Polish authors, is also problematic. Patients who 

have not been previously subjected to sufficient diagnostics are treated with the use 

of medications aimed at chronic sinusitis therapy (Zylka, 2008). In addition, diagnostic 
problems in this anatomical region may be caused by the possibility of coexistence 

of benign and malignant lesions. An example is a polyp; during visualization in an 

endoscopic examination, the polyp can hide concomitant malignant tumors (Jegoux, 

2013). On the other hand, persistent nasal discharge often associated with swollen 
eyelids, prompts doctors to implement antiallergic treatment. The conclusion 

of Mahalingapp et al. is the necessity for educating primary care physicians about the 

clinical picture of head and neck cancers because difficulty of the detection is one 
of the main factors of the delay. Furthermore, they indicate a lack of public education 

about these pathologies (Mahalingappa, 2014). 

In turn, among dentists often occur a problem of paying attention only to teeth and 

associated with them non-specific pain, which indicates the lack of using the availa-
bility of diagnostic imaging. Noticeable ulceration within the palate, alveolar ridge, or 

vestibular mucosa raises the suspicion of cancer, but symptoms such as pathological 

tooth mobility, toothache often accompanying with edema induce dentists to conduct 
antibiotic therapy, extraction, or trephination with endodontic treatment.  

CONCLUSIONS 

Conservative treatment of a suspected benign disease should always be reviewed as to 

its effectiveness. Non-characteristic, prolonged, unilateral, and unresponsive for therapy 
symptoms should always raise suspicion of a tumor process and undergo extended 

radiological diagnostics. All benign lesions (such as polyps, cysts) require complete 

removal and pathological verification. Cone-beam computed tomography performed 

by dentists should be routinely evaluated not only for the evaluation of the stomato-
gnathic system before implantation but also for the pathology of this area. 
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ABSTRACT 

Chemotherapy-induced nausea and vomiting (CINV) is the most common and distressing side effect in 
patients undergoing emetogenic chemotherapy. There is no good oncological treatment without effective 
supportive care. Despite access to a wide range of agents and international guidelines, vomiting is still 
a significant clinical problem for cancer patients. In this study, we focus on currently available antiemetics 
according to the pathogenesis of CINV such as serotonin 5-HT3 and neurokinin-1 receptor antagonists  
(5-HT3 and NK1RA), corticosteroids. Knowledge of neurotransmitters that are involved in the 
pathomechanism of various types of vomiting (i.e. acute, delayed) makes it possible to isolate effective 
agents and use it in proper time and dose. The publication presents review of new regimens and schedules 
of multi-drug antiemetic prophylaxis in adults . Differences in efficacy against acute and delayed vomiting, 
duration of action, safety profile, clinically relevant drug interactions and effects on the QT interval have 
been discussed in each regimen group. Among the 5-HT3RA, granisetron and palonosetron are 
characterized by the lack of clinical effect on QT interval and low risk of drug interactions. Promising 
newer combinations of 5-HT3 and NK1RA increase the effectiveness of antiemetic prophylaxis and provide 
convenient dosing. The purpose of this study was also to identify and summarize current issues in 
obtaining satisfactory CINV prevention. The latest research results show the significant role of patient-
dependent risk factors in the effectiveness of vomiting prevention. Despite the accessibility of modern 
treatment, poor compliance with the supportive treatment guidelines of scientific societies is observed in 
the medical data. A continuous evaluation of the antiemetics regimen is needed. Knowledge of present 
therapeutic solutions is crucial for effective and safety CINV prevention. 

Keywords: CINV, antiemetics, risk factors, adherence, chemotherapy 

INTRODUCTION 

Chemotherapy-induced nausea and vomiting (CINV) is the most common and 
distressing side effect in patients undergoing emetogenic chemotherapy. Oncological 
treatment is possible due to effective supportive treatment. Despite access to a wide 
range of regimens and international guidelines, vomiting is still a significant clinical 
problem for cancer patients and providers. When choosing antiemetic prophylaxis, 
attention should be paid to the CINV pathomechanism, factors depending on the type 
of therapy and patient. Knowledge of the latest principles of supportive treatment is 
essential in everyday clinical practice (Aapro, 2019; Aapro, 2018; Mustian, 2013). The 
main purpose of the study was to summarize the knowledge about currently available 
regimens used in the prevention of CINV including the vomiting mechanism, drug-
drug interactions and the safety profile of individual agents. The secondary goal was to 
identify possible causes of insufficient CINV prophylaxis. 

SEARCH STRATEGY AND SELECTION CRITERIA 

The review was based on medical databases such as PUBMED, SCOPUS. The 
following keywords were used: chemotherapy-induced nausea and vomiting, vomiting, 
antiemetic, acute, delayed, 5-HT3 receptor antagonists, neurokinin-1 receptor anta-
gonists, olanzapine, risk factors, guidelines. 
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REVIEW 

NEUROTRANSMITTERS INVOLVED IN THE VOMITING PATHOMECHANISM. 

The CINV pathogenesis is multifaceted and not fully understood. CINV can be 

classified according to the time of administration of chemotherapy (CTH). There are 
acute, delayed and anticipatory CINV. Knowledge of neurotransmitters involved in 

CINV pathomechanism has contributed to significant progress in prevention and treat-

ment (Adel, 2017; Kawecki, 2018). The emetic reaction may occur on the peripheral 
pathways and central pathways. Researchers indicate that chemotherapeutic agents can 

directly affect cerebral cortex, the medulla oblongata or stimulate the small intestine of 

the digestive tract through the vagus nerve (Navari, 2016). Acute CINV occurs within 
the first 24 hours after administration of CTH, with a peak intensity of 5-6 hours. 

(Mustian, 2013) There is a peripheral pathomechanism. The main responsible neuro-

transmitter is serotonin released from enterocytes, which activates 5-hydroxytrypta-

amine type 3 (5-HT3) receptors in the vagal afferents and then transmit the stimulus to 
chemoreceptor trigger zone (CTZ) (Navari, 2015; Navari, 2016). Delayed CINV 

occurs after the first 24 hours to several days post administration of CTH with central 

pathomechanism. The highest intensity is observed 48 to 72 hours after administration 
of the therapy (Adel, 2017; Kawecki and Krzakowski, 2018). The role of pathway  

5-HT3 receptor is much lower in the case of delayed emesis but not excluded. The 

principal neurotransmitter appears to be substance P, which binds to neurokinin-1 

(NK1) receptors in the central nervous system. Attention should be paid to the presence 
of NK1 receptors in the gastrointestinal tract, which may indicate an additional role of 

SP in the pathomechanism of acute vomiting (Rapoport, 2017). Other neurotrans-

mitters also matter in triggering CINV. However, their mechanism is not well known. 
We can distinguish dopamine and noradrenaline, whose antagonists are used to treat 

CINV (Kawecki and Krzakowski, 2018; Mustian and Morrow, 2013). The data indicate 

the presence of "cross-talk" between 5-HT3 and NK1 pathways. Activation or blocking 
of one receptor affects the response of another receptor system. We can probably 

expect synergistic action between serotonin and SP antagonists in the prevention 

of CINV. More research is needed about this interaction (Adel, 2017; Mustian, 2013). 

Anticipatory CINV occur before CTH starts and are triggered by sensory stimuli in 
response to ineffective emetic prophylaxis in previous cycles (Adel, 2017; Navari, 

2016). Antiemetic prophylaxis and treatment is based on the blockade of receptors for 

the neurotransmitters that play a significant role in the pathogenesis of CINV. The 
effectiveness 5-HT3 and NK1 receptor antagonists (5-HT3RA and NK1RA) proves the 

validity of the concept (Kawecki, 2018; Navari, 2015). 

ANTIEMETICS 

SEROTONIN 5-HT3 RECEPTOR ANTAGONISTS 

Breakthrough in the managing of CINV was the use of selective 5-HT3 RA. The first 

generation includes: onadansetron, granisteron, tropisetron, dolasetron, azasetron, 

ramosetron. Due to the lack of access to azasetron and ramosetron in Europe and North 
America, they are not included in comparative analyzes (Navari, 2015). Indications for 

use include primarily acute vomiting. The chemical structure of ondansetron, 
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tropisetron, dolasetron and granistron is different but the mechanism of action is 

common. Among these drugs only dolasetron is a prodrug. The expected therapeutic 

effect is comparable. We should note the differences in metabolism based on 
cytochrome P-450, receptor affinity, dose response and duration of action (Gan, 2005). 

The safety profile is satisfactory. Patients most commonly report constipation, dizzines 

and headache as adverse events that are temporary with mild to moderate severity 
(Gan, 2005; Tricco et al., 2016). Ondansetron is characterized by a specific dose-

effectiveness curve, reduction of vomiting at low doses, increase at medium and again 

reduction at high. Other medicine have a linear correlation (Gan, 2005). Many 
cytochrome P-450 enzymes are involved in ondansetron metabolism. The researchers 

distinguish CYP3A4, CYP1A2, CYP2D6, where CYP3A4 is probably the dominant. 

The participation of CYP2D6 is 30%. Main path for the metabolism of tropisetron and 

dolasetron corresponds to the enzyme CYP2D6 (Gan, 2005; Huddart et al., 2019). 
Granisetron is principally metabolised by CYP3A enzymes and does not affect the 

other, which makes it unique among the 5-HT3RA (Aapro, 2004). Drug efficacy may 

be affected by differences in CYP2D6 activity because the rate of metabolism is 
genetically determined. Significantly reduced response to antiemetic therapy is 

observed in CYP2D6 ultrarapid metabolizers (UM). As expected, the largest treatment 

failure was reported with tropisetron followed by ondansetron. Granisteron seems to be 

a reasonable choice for UM (Gan, 2005; Huddart et al., 2019; Trammel et al., 2013). 
The frequency of drug interactions with 5-HT3RA is generally low but typical 

inducers/inhibitors of CYP enzymes potentially affect their metabolism (Gan, 2005). 

Several studies indicate an increase in the use of tramadol with concomitant 
administration of ondansetron. Antiemetic activity remained unchanged. Reduction 

of the analgesic effect may be due to a common pathway of metabolism via CYP2D6 

or a pharmacodynamic interaction associated with serotonin role in the pain 
transmission. Further research is needed to determine the exact mechanism and 

management of specific clinical situations (Becker et al., 2018; Gan, 2005; De Witte et 

al., 2001). Because of the frequent need for analgesics in cancer patients, the 

interaction appears to be clinically relevant. There have also been reports of a decrease 
in the antiemetic activity of ondansetron in patients taking selective serotonin reuptake 

inhibitors (SSRI). A pharmacokinetic mechanism would indicate an increase in 

ondansetron concentration, however a pharmacodynamic mechanism of interaction is 
suggested (Mir et al., 2012). Receiving appropriate dose of chemotherapy determines 

the therapeutic effect. Contrary to granisetron, there have been reports that ondansetron 

altered the systemic exposure of some chemotherapeutic agents (Aapro, 2004). It was 
observed that the AUC is significantly lower for high-dose cyclophofamide and 

ambiguously cisplatin when co-administered with ondansetron (Cagnoni et al., 1999; 

Gilbert et al., 1998). Furthermore granisetron is probably the only antiemetic that does 

not interact with aprepitant despite common metabolism. In contrast, ondansetron and 
dexamethazone levels were increased when combined with aprepitant (Aapro, 2004). 

By blocking potassium channels, 5-HT3RA can lead to QT interval prolongation and, 

consequently to serious arrhythmias. Dolasetron and ondansetron present the greatest 
cardiological risk. Due to the life-threatening risk IV dolasetron has been withdrawn. 

The maximum single dose of ondansetron has been reduced to 16 mg four times a day. 



 
Agnieszka Zieleń, Anna Czyż 

 

160 

Granisetron in any dosage form does not show the presence of disturbances within the 

cardiovascular system. There is no clear evidence of the usefulness of routine ECG in 

all patients receiving 5-HT3RA. In daily practice, the choice of an antiemetic should 
include cardiac risk. In the case of predisposed patients, cardiological supervision and 

analysis of other potentially QT-prolonging drugs used is recommended (Freedman et 

al., 2014; Gilmore et al., 2018; Hafermann et al., 2011; Mason et al., 2014; Tricco et 
al., 2013). First generation setrons (ondansetron, tropisetron, granisetron) have a short 

half-lifes and are usually administered on the first, second and third day of 

chemotherapy. However, their use on the second and third day is doubtful due to their 
low effectiveness in the case of delayed vomiting. The exception is the new extended-

release subcutaneous form of granisetron. The slow, controlled release of the drug 

ensures optimal therapeutic concentration for up to five days with achieving acute and 

delayed vomiting control after a single injection (Bossi et al. 2020; Gabrail et al. 2015; 
Gilmore et al., 2018; Raftopoulos et al., 2015). In contrast, the second generation 

setron – palonosetron due to the long half-life is administered only on the first day 

of treatment to control acute and delayed vomiting. The main differences compared to 
first generation agents are: longer biological half-life (approx. 40 h), inhibition 

of serotonin receptors in GI and CNV, efficacy in acute and delayed CINV, indirect 

effect on substance P, no effect on QT interval (Navari, 2015). The metabolism is 

mainly mediated by CYP2D6, however the potential for clinically relevant drug-drug 
interactions is low (Celio, 2015). Glucocorticosteroids (GSK) enhance the effect  

of 5-HT3RA and are part of antiemetic drug schedules. Reducing the total GSK 

exposure may be beneficial for patients with hematological malignancies. GSK 
administration increase immunosuppression in patients undergoing multi-drug CTH, 

which intesify the risk of neutropenic fever (Uchida, 2018). Studies suggest that 

reduction or withdrawal dexamethasone with concomitant use of palonosetron does not 
affect the effectiveness of antiemetic prophylaxis (Celio, 2011; Komatsu, 2015). 

Uchida et al. (Uchida, 2017) reported in patients with lymphoma that palonosetron not 

combined with dexamethasone and aprepitant was significantly more effective than 

granisetron during the delayed phase, no difference in the acute phase. Reduction or 
discontinuation of GSK may reduce the risk of infection and should be considered 

when individualizing antiemetic prophylaxis. The safety profile of palonosetron is 

similar to the first generation of setrons except for a significantly lower sever 
of dizziness (Celio, 2015). 

NK1 RECEPTOR ANTAGONISTS 

Approved NK1RA are aprepitant, rolapitant, fosaprepitant (prodrag of aprepitant), 
fosnetupitant (prodrug of netupitant), netupitant. Individual regimen differ in formu-
lation, effectiveness, indication and safety profile (Navari, 2018). Netupitant and 
fosnetupitant are only available in a fixed version in combination with a palonosetron. 
The metabolism of NK1RA undergo via cytochrome p450, which may cause inter-
actions with CYP inducers/inhibitors (Navari, 2018). Aprepitant and fosaprepitant is 
a moderate CYP3A4 inhibitor, however, after 3 days of use, it induces CYP2C9 and to 
a lesser extent CYP3A4. Interactions with dexamethasone, oral contraceptives, 
warfarin, oxycodone, strong CYP3A4 inducers (e.g. rifampin) are clinically relevant. 
There is a risk of interaction with antineoplastic drugs (e.g. cyclophosphamide, 
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isophosphamide, imatinib, irnotecan) but data are not clear and further studies are still 
needed (Schoffelen, 2018). However, in the case of netupitant/palonosetron (NEPA) 
studies do not indicate the need for modification of pharmacotherapy with the co-
administration of CYP inducers/inhibitors. Dexamethasone dose reduction is also 
recommended (Natale, 2016). Rolapitant is metabolised by CYP3A4 and inducers 
should not be used continuously. However, it alone does not induce/inhibit CYP3A4. 
CYP2D6 is involved in the metabolism of rolapitant and caution should be exercised 
when using drugs with a narrow theraputic index metabolised through the same 
pathway (e.g. pimozide). In addition, rolapitant inhibits the efflux transporters  
P-glycoprotein and BCRP, increasing the exposure to their subtractions (e.g. digoxin) 
(Navari, 2018; Rapoport, 2017). The longest half-life (163-183 h) is shown by the 
rolapitant. Combinations with netupitant (96h) and fosnetupitant (144 h) also present 
a long half-life. We observe the shortest (9-13h) at the aprepitant (Navari, 2018). The 
indications for use depend on the emetogenic potential of CTH. For highly emetogenic 
CTH (HEC), IV and oral aprepitant, IV netupitant/palonosetron, IV fosaprepitant are 
recommended. The other formulation and agents are administered in moderate meto-
genic potential (MEC) chemotherapy (Navari, 2018). Hiccups and diarrhea appear to 
be the distinctive adverse effects of NK1RA (Yuan, 2016). Researchers have noted 
a significant increase in neutropenia severity (grade 3-4) in rolapitant recipients in 
cycle 1, indicating increased vigilance in patients at risk of severe infections (Bošnjak, 
2017). In another study, no significant adverse effects of rolapitant were reported when 
a 2-6 treatment cycle was considered. (Rapoport, 2016) NEPA design enables action 
against two major pathways of CINV pathomechanism (5-HT3 and NK1 receptors). 
NEPA in combination with dexamethasone is highly effective against acute and 
delayed vomiting in patients receiving HEC or MEC. A convenient single admini-
stration of the fixed-dose drug is possible due to the long half-life, which gives new 
possibilities for clinicians. The studies did not observe AEs that would lead to disconti-
nuation of the drug. No cardiological incidents were reported, which is important when 
choosing an antiemetic drug (Navari, 2014). In a multicenter, randomized, double-
blind, phase III trial, a significant advantage of a single dose of NEPA was found 
compared to three-day palonosetron treatment. Clinical efficacy was maintained during 
multi-cycle CTH (Aapro, 2014). A comparative study showed a similar complete 
response (CR) to NEPA treatment compared to aprepitant with palonosetron in 
treatment with multi-cycle CTH (Gralla, 2014). Intravenous NEPA, which consists of 
the prodrug fosnetupitant and palonosetron, is being studied to further expand 
treatment options. Data from clinical trials (phase II and III) suggest similar efficacy 
and safety profile of IV NEPA and oral NEPA (Schwartzberg, 2018; Sugawara, 2019). 
There were no reactions associated with IV NEPA injection (Schwartzberg, 2018). 
Clinicians obtain another effective and convenient solution in the prevention of CINV 
with a low risk of drug-drug interactions and cardiological events. 

OLANZAPINE  

Olanzapine is a well-known antipsychotic drug with proven antiemetic activity. Doses 
of 5 and 10 mg are used for prophylaxis CINV. The most commonly observed side 
effects are sedation and dizziness. In the meta-analysis of Yang et al. showed 
a significant higher CR (especially with delayed vomiting) when olanzapine was 
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included in antiemetic schedules. In contrast, nausea was not affected (Yang, 2017). It 
has been observed that the use of olanzapine with aprepitant improved CR in both 
acute and delayed vomiting (Yang, 2017). Clemmons et al. showed that administration 
of olanzapine to the 3-drug regimen (dexamethasone, ondansetron, fosaprepitant) 
significantly improved CR in the delayed and overall phases in patients who underwent 
hematopoietic cell transplantation (Clemmons, 2018). Due to high doses and multi-day 
cycles of CTH, patients are particularly vulnerable to CINV, which requires the 
implementation of additional solutions. The rules for administering olanzapine with 
other antiemetics require further investigation. In addition, attention was paid to the 
supportive effect of olanzapine at low doses (1.5 mg daily) in cancer-related anorexia. 
More research is needed (Okamoto, 2019). 

CHOOSING THE OPTIMAL ANTIEMETIC STRATEGY 

Currently, a wide range of antiemetic drugs poses the challenge of selecting optimal 
pharmacotherapy. The Multinational Association of Supportive Care in Cancer 

(MASCC), European Society for Medical Oncology (ESMO), American Society 

of Clinical Oncology (AMCO) provide recommendations on the proper use of antiemetic 
agents in cancer patients. Depending on the emetic potential of CTH (minimal, low, 

moderate, high) treatment schedule is proposed (Rabago, 2009). In the medical data, 

we find classifications of emetogenic potential for intravenous and oral anticancer 
drugs. Management of CINV prevention is based on combining 5-HT3 and NK1 RAs, 

dexamethasone, olanzapine in various variants (Aapro, 2019; Roila, 2016). For 

chemotherapy with HEC and carboplatin, a multi-drug combination is recommended: 

5-HT3 and NK1 RAs, dexamethasone, and optionally olanzapine and metoclopramide. 
At moderate risk of CINV, a dual drug strategy with 5-HT3RA and dexamethasone is 

proposed. Monotherapy with setron or dexamethasone or metoclopramide may be 

given at low risk. Pharmacoprophylaxis is not routinely used with a minimal risk 
of CINV. The guidelines specify the doses and dosage ranges of individual agents by 

type of vomiting and the emetogenicity of chemotherapy (Aapro, 2019). The use of each 

agent requires careful benefit/risk assessment due to differences in duration of action, 
clinically significant drug interactions, exposure to anticancer therapy, effect on QT 

interval, route of administration, dosing frequency, and adverse reactions (Schwartzberg, 

2018). In addition, dose reduction or complete withdrawal of dexamethasone should be 

considered in particular situations. Effective prevention from the first cycle is crucial to 
obtaining CINV control during further oncological treatment (Schwartzberg, 2018). 

UNSATISFACTORY CINV CONTROL 

Literature data indicate that, despite substantial progress in antiemetic strategies, 
patients still suffer from CINV. As a consequence, it may lead to malnutrition, 

dehydration, reduced quality of life, delay or failure to fully complete chemotherapy 

cycles, which affects the final result of cancer treatment. It seems that there is greater 

efficiency in the case of acute vomiting than delayed (Aapro, 2018). One of the 
objectives of this study was to identify the problems with the fullness of antiemetic 

control. The classification of antineoplastic according to their emetogenic potential has 

several limitations: no potential risk of vomiting, divided into acute, delayed and 
breakthrough; no dependence on the total dose received; focus on individual anticancer 
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regimens, limited data in multi-drug cycles with potential additive effect on CINV. 

Deficient placement of oncological therapy into the risk group of CINV may lead to an 

insufficient and unexpected response to the administer antiemetic prophylaxis. The 
guidelines do not take into account patient-dependent CINV risk factors, which may 

also contribute to suboptimal response to treatment (Trammel, 2013). Identifying 

differences between individuals can help doctors choose the right regimens. Female 
sex, young age, motion sickness, nausea during pregnancy, low alcohol consumption 

are considered predisposing to CINV. Tsuji et al. noted that CR (in acute, delayed, and 

overall phase) was significantly higher in patients with at least one CINV patient-
related risk factor receiving triplet regimens with palonosetron compared to 

granisetron. The researchers confirmed that female gender and age < 60 years were an 

important risk factor for vomiting in the acute, delayed and overall phase (Tsuji, 2019). 

Due to the wide selection available among setrons, the isolation of an individual 
algorithm can significantly improve the final effect of CINV prevention. There is still 

a need for research divided into in acute, delayed, and overall phase of vomiting and 

comparison of specific anti-emetic drugs. The implementation of a comprehensive risk 
assessment in daily oncological practice is necessary to improve the effectiveness 

of anti-emetic prophylaxis. Identification of CYP2D6 UMs may contribute to indivi-

dualization of dosage and increase the effectiveness of setrons metabolised by this 

route. Genotype testing seems to be considered for patients with documented CINV 
severity (Niewiński, 2018; Trammel, 2013). The above deficiencies may be the reason 

for insufficient CINV control (Bossi, 2020; May, 2016). On the other hand, literature 

data show that the scope of compliance with the guidelines is at an unsatisfactory level 
(Aapro, 2018). Researchers point to an inadequate risk assessment of emetogenicity, 

under-utilization of aprepitant at HEC, over-utilization of metoclopramide at HEC, 

over-utilization of expensive granisetron at LEC, unreasonable extended use of first-
generation setrons for several days after CHT (Alamri, 2018; Płuzański, 2015; 

Yoshida, 2019). MASCC provides tools for self-monitoring of CINV MASCC 

Antiemesis Tool (MAT), which is useful for physicians supervising the effectiveness 

of supportive treatment (MASCC, 2015; Uchida, 2018). Due to the nature of CINV, 
observation should be carried out for 5 days after CTH administration. Continuous 

verification of the applied standards of supportive treatment in everyday clinical 

practice is needed. As a consequence, patients still suffer from CINV, despite access to 
modern pharmacotherapy. Patients with hematological malignancies who receive high-

dose chemotherapy and multi-day cycles are particularly vulnerable to CINV (Yoshida, 

2019). Further research and clear recommendations are needed in this group of patients 
(Aapro, 2019). Working in interdisciplinary therapy teams can contribute to an increase 

in the optimization of pharmacotherapy. Attention is drawn to the participation 

of pharmacists in supervising the validity of guidelines and maintaining access to the 

latest evidence-based therapies (Adel, 2017; Alamri, 2018). 

SHORT CONCLUSION  

In summary, insufficient control of CINV prompts the search for new therapeutic 

options and expanding knowledge about currently available drugs. The 5-HT3 and NK1 

RAs safety profile is satisfactory. When choosing an antiemetic, attention should be 
paid to differences in efficacy against acute and delayed vomiting, duration of action, 
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clinically relevant drug interactions and effects on the QT interval. Among the setrons, 

granisetron and palonosetron are characterized by the lack of clinical effect on QT 

interval and drug interactions. Interesting newer combinations of 5-HT3 and NK1RA 
increase CR in the case of HEC or MEC and provide convenient dosing. However, 

there is still a need to improve the compliance with guidelines in everyday medical 

practice. Further studies require: potential interaction of NK1RAs with anticancer 
drugs, withdrawal/reduction of GSK dose in patients exposed to severe infection, 

recommendations for hematological patients. Considering the routine management of 

patient-dependent CINV risk factors and evaluation of the effectiveness of antiemetic 
prophylaxis is crucial to improving chemotherapy tolerance. 
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ABSTRACT 

Sonographic measurement of endometrial thickness remains an important tool in the assessment of women 
with abnormal uterine bleeding, but the role of endometrial thickness measurement by ultrasound in 
asymptomatic women is unclear. The aim of this review is to describe the diagnostic accuracy of various 
endometrial features assessed at pelvic ultrasonography for predicting endometrial hyperplasia and 
endometrial cancer in women with perimenopausal and/or postmenopausal bleeding. When increased 
endometrial thickness is found in postmenopausal women with bleeding, the risk of endometrial carcinoma 
increases. Traditionally, in women with focal intrauterine lesions and in cases of thickened endometrium, 
endometrial sampling is often performed. Also, postmenopausal bleeding is a frequent indication for 

invasive procedures, however, the sensitivity of endometrial sampling to detect any endometrial lesion 
such as polyps, atypical hyperplasia and endometrial, is lower than previously thought. Blind uterine 
biopsies may yield insufficient material in as many as 30% of cases. Both two-dimensional grayscale 
sonography using endometrial thickness assessment and uterine cavity imaging with various types 
of contrast may be used to assess the risk of malignancy within endometrium and allow for the preliminary 
distinction between precancerous lesions and endometrial cancer. Three dimensional sonography with 
tumor vascularity assessment may further improve the prognostic value of ultrasound imaging. Finally, the 
advantages and disadvantages of the new ultrasound-based risk prediction models that can support clinical 

decision making in women with suspected endometrial lesions are presented. 

Keywords: abnormal uterine bleeding, endometrial hyperplasia; endometrial cancer, transvaginal 
ultrasound, contrast sonography, color Doppler imaging, predictive models 

INTRODUCTION 

Abnormal uterine bleeding and related endometrial lesions represent a very common 

diagnostic challenge in everyday gynecological practice. Most of the cases are related 
to the benign conditions such as steroid hormonal level changes with age, uterine 

fibroids and various forms of endometrial hyperplasia. Once an abnormal picture of the 

endometrium is detected, the clinicians’ priority is to detect whether or not it could be 
related to intrauterine malignant growth and, next, to assess the options for the optimal 

management. In addition, irregular or postmenopausal bleeding (PMB) can be the first 

sign of endometrial cancer which is the most common gynecologic malignancy seen in 

women today (Siegel1, 2018). This type of cancer affects mainly post-menopausal 
women with the average age of 60 years and is uncommon in women under the age 

of 45 years. Although endometrial cancer is more prevalent in high-resource countries, 

according to the newer epidemiologic data, the incidence of this malignancy is growing 
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in low-resource countries as a result of rising obesity and improved longevity. There 

are approximately 4500 new cases diagnosed each year in Poland (Didkowska1, 2020). 

In most textbooks, endometrial cancer is classified according to its histologic subtypes, 
but more recently, a molecular-based classification has been advocated owing to its 

superior prognostication (Talhouk1, 2016; Al Nemer1, 2019). Due to relatively low 

prevalence of endometrial cancer and the lack of universally accepted screening test 
currently no screening is recommended in asymptomatic women. 

When endometrial cancer is detected following intrauterine sampling, ultrasound 

imaging and MRI are used for evaluating the extent of local disease, while CT and PET 
are useful for detecting lymph node or distant metastases (Yin Lin1, 2018). Although 

the cure rates in women with endometrial cancer approach 85%, in about 15% of cases 

the malignancy is highly aggressive and rarely diagnosed in early stage, i.e. when the 

disease is confined to the uterus. 

When abnormal uterine bleeding is reported, most of such women will be directed to 

more or less invasive procedures including the most popular endometrial dilatation and 

curettage and/or aspirational biopsies such as Vabra or Pipelle (Al Nemer1, 2019). The 
advantages of invasive biopsies include the sampling of uterine cavity and obtaining 

a material for histological examination, but there are also disadvantages such as e.g. 

higher costs, patients’ distress, significant proportion of unsuccessful procedures with 

lack of or non-representative material obtained (Colombo1, 2016).  

The existing variety of diagnostic tools used to determine the type of endometrial 

lesion makes the first choice difficult and controversial. In most instances, transvaginal 

sonography (TVS) is the first modality used to assess the presence or absence 
of abnormal endometrial growth, both in pre- and postmenopausal women. If 

difficulties with uterine cavity assessment are found, a contrast examination such as 

Saline Infusion Sonohysterography (SIS) may be used. Multiple published studies 
indicate that SIS is superior to TVS in terms of its predictive value (Durbin, 2011; 

Moradan1, 2019). Diagnostic hysteroscopy with endometrial biopsy remains the gold 

standard of uterine pathological lesions verification as it enables a direct visualization 

of intrauterine lesions, allows for the sample collection or direct treatment of the causes 
of abnormal uterine bleeding (Stachowicz1, 2017). 

For many years, dilatation and curettage (D&C) has been the method of choice for 

diagnosing endometrial abnormalities in women with abnormal uterine bleeding. 
However, in approximately 60% of the curettage procedures less than half the uterine 

cavity is curetted, thereby affecting the sensitivity of D&C. Hysteroscopy with endo-

metrial sampling is superior to curettage alone in accurately diagnosing abnormalities 
in the uterine cavity. However D&C and hysteroscopy are both invasive diagnostic 

procedures, which are generally performed under local or general anesthesia and at 

considerable cost (Clarke1, 2018). In their recent meta-analysis van Hanegem et al. 

have evaluated 12 studies reporting on 1029 women with postmenopausal bleeding: 
five studies with dilatation and curettage (D&C) and seven studies with hysteroscopy 

as a reference test. They have found that weighted sensitivity of endometrial sampling 

with D&C as a reference for the diagnosis of endometrial cancer was 100% and 92% 
for the diagnosis of atypical hyperplasia (Hanegem1, 2016). Moreover, sensitivity 
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of 76% for the detection of any endometrial disease was reported in only one of those 

studies. Additionally, for the diagnosis of endometrial cancer, atypical hyperplasia and 

endometrial disease hysteroscopy when used as a reference demonstrated weighted 
sensitivities of endometrial sampling of 90%, 82% and 39%, respectively. Intere-

stingly, in this meta-analysis the weighted failure rate of endometrial sampling was 

11%, and non-diagnostic endometrial samples were found in 31% of cases of whom 
precancerous lesions or endometrial cancer was found in 7% of patients. The Authors 

have concluded that when postmenopausal bleeding is an indication for invasive 

procedures, the sensitivity of endometrial sampling to detect any endometrial lesion 
such as polyps, atypical hyperplasia and endometrial, is lower than previously thought. 

Apparently, when benign focal endometrial lesions are found following endometrial 

sampling there is still a need for further diagnostic work-up. 

In the last 30 years ultrasound examination has become the main imaging modality 
used to assess endometrial pathology. Advances in transvaginal ultrasound technology 

and color Doppler blood flow imaging have significantly improved the ability 

of clinicians to assess other pelvic organs as well. The reason for selecting the 
transvaginal examination is to place the ultrasound probe as close to the uterus as 

possible, so even very small details of uterine cavity, endometrial-myometrial border 

and endometrial internal structure can be precisely depicted. Focal abnormalities most 

commonly acquired within the uterine cavity include endometrial polyps arising from 
the endometrium and submucous fibroids that arise from the myometrium. These 

benign lesions may be responsible for several medical problems, including abnormal 

uterine bleeding (AUB) and subfertility.  

Traditionally, in women with focal intrauterine lesions and in cases of thickened 

endometrium, endometrial sampling is often performed. The main advantages of this 

imaging technique are well known and include amongst others: non-invasiveness, lack 
of irradiation, relatively low cost an easy access in most gynecological outpatient 

offices. Moreover, it has been proved that in the hands of experienced examiners 

ultrasound imaging has the highest performance for the preoperative classification 

of intrauterine lesions, both benign and malignant. The highest available image 
resolution is also extremely important in the studies of endometrial lesions vascularity 

as transvaginal probes of most currently used ultrasound high-quality scanners are 

sensitive enough to detect Doppler signal and blood flow even in very small tumor 
vessels (Stachowicz1, 2005).  

The major limitation of transvaginal sonography in discriminating endometrial lesions 

is related to the fact that it is highly examiner-dependent and even in the same 
sonographer it may have a large inter-observer variability. It is not surprising that since 

the introduction of modern transvaginal ultrasound imaging several groups 

of researchers have developed and proposed specialized tools that could help medical 

professionals to interpret correctly ultrasound images of the uterus and endometrium 
(Durbin1, 2011). 

In order to summarize the recent research work, the objective of this paper is to provide 

a comprehensive review of the transvaginal ultrasound imaging and current approaches 
to classify endometrial lesions in women with and without abnormal uterine bleeding. 
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TWO-DIMENSIONAL TRANSVAGINAL SONOGRAPHY 

Measurement of endometrial thickness is an important tool in the assessment of women 

with postmenopausal bleeding, but the role of endometrial thickness measurement by 

ultrasound in asymptomatic women is unclear. One of the most important and 
pioneering study in this area was published in by Granberg and Wikland (Granberg1, 

1991). These Authors were among the first ones to propose endometrial thickness 

assessment by endovaginal ultrasonography as an indicator of endometrial abnor-
mality. Their study included 205 women with postmenopausal uterine bleeding. The 

results indicated that if the endometrium was < 9 mm thick, no endometrial cancer was 

found at curettage. The mean endometrial thickness in those women with endometrial 
cancer was 18.2 ±6.2 mm as compared with the mean of 3.4 ±1.2 mm in women finally 

diagnosed as having atrophic endometrium only. When the cutoff limit for endometrial 

abnormality was set at 5 mm, the positive predictive value for identifying endometrial 

abnormality was 87.3%. The Authors have concluded that when the limit of less than  
5 mm thickness had been used in this study, then as many as 70% of the curettage 

procedures could have been spared. Subsequent studies have indicated that when at 

transvaginal ultrasound examination endometrial thickness is thin (i.e. < 5 mm for 

both layers), this finding rules out about 99% of endometrial cancers in women with 

postmenopausal bleeding (Smith-Bindmann1, 1998). Therefore, when transvaginal 
ultrasound examination was used in hands of an expert sonographer, the substantial 

proportion of unnecessary endometrial curettage procedures could have been avoided 

(Gull1, 2003). Although the measurements of the endometrial thickness are highly 

sensitive to exclude endometrial cancer, there are some important limitations related to 
this test. The method will not bring a conclusive answer if the uterine cavity is distorted 

and/or cannot be fully visualized for other reasons like e.g. large uterine fibroids, bowel 

movements etc. Whole uterine cavity with left and right corneal regions should be 
clearly visualized and the endometrial thickness assessed at its thickest place.  

In some postmenopausal women an interesting finding is a "microcystic" endometrial 

pattern. This kind of lesion is difficult to distinguish between complex hyperplasia, 
endometrial polyp and endometrial cancer. In their recent study, Ko et al have found 

that various gynecologic conditions such as submucosal leiomyoma with degeneration, 

endometrial polyp, pseudocystic endometrial lesions associated with tamoxifen use, 

progesterone associated endometrial change, pyometra, retained placenta, and uterine 
synechiae manifested with similar thick endometrium with "Swiss cheese" appearance 

in transvaginal sonographic images (Ko1, 2019). In the studied group the most 

common diagnosis in postmenopausal women was atrophic endometritis, followed by 
endometrial cancer and endometrial polyps. The most common diagnosis in premeno-

pausal women was abnormal uterine bleeding without biopsy-confirmed pathologic 

lesions. Figure 1 presents typical two-dimensional and three-dimensional images of 
normal proliferative endometrium and abnormal endometrial lesions. 
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Figure 1. Gray-scale image of proliferative endometrium (between the "x-x" calipers), color Doppler 
sonographic 2D image and 3D "power" Doppler image of the thickened endometrium and vascularized mass 

seen at transvaginal sonography 

Figure 2 presents examples of imaging and three dimensional measurement 

of endometrial volume, two dimensional "power" Doppler vascularity of endometrial 

cancer and a false positive finding of the distended spurious uterine cavity with highly 
irregular shape that turned out to be a uterine fibroid with the massive cystic 

degeneration. 

 

 

Figure 2. (A) Endometrial hyperplasia. (B) Endometrial cancer. (C) Submucosal leiomyoma with cystic 
degeneration 
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SALINE INFUSION SONOGRAPHY  

Saline infusion sonohysterography (SIS) refers to a minimally invasive procedure in 

which saline solution is instilled into the uterine cavity. Distension of the cavity with 

the fluid allows the separate evaluation of a single layer of the endometrial lining. In 
both saline (SIS) or gel infusion sonography (GIS) methods the principle is that the 

instilled fluid being sonolucent acts as a negative contrast agent and enhances the 

visualization of even small focal lesions protruding into the uterine cavity. This method 
enables a better differentiation between polyps and submucosal fibroids that following 

fluid instillation are typically well-highlighted against the echolucent background. 

Importantly, SIS may enhance the intrauterine small lesions visibility in order to 
reliably distinguish focal from diffuse endometrial pathologic conditions. The 

advantages of SIS are related to the fact that it is less expensive, less complicated, and 

less time-consuming than hysteroscopy for the detection and differentiation 

of intrauterine abnormalities. Currently, SIS is the most commonly performed imaging 
procedure used to evaluate abnormal uterine bleeding reasons in both pre- and 

postmenopausal women. Other indications for SIS include infertility, recurrent 

pregnancy loss, and congenital uterine anomalies. The diagram of the intrauterine 
catheter and transvaginal probe placement is presented on figure 3. 

 

 

Figure 3. The diagram showing the intrauterine catheter placement before Saline Infusion Sonography 

In one of the first studies that used contrast hysterosonography Dubinsky et al. have 
compared the combination of transvaginal sonography and transvaginal hysteron-

sonography to aspiration endometrial biopsy in the evaluation of women with 

postmenopausal bleeding. In a prospectively collected 148 women transvaginal 

sonography was performed within 1 month after having had an aspiration endometrial 
biopsy. In women who had endometrial thickness greater than 5 mm transvaginal 

hysterosonography was next performed. Interestingly, transvaginal contrast imaging 

was able to indicate 45 lesions including 23 pedunculated endometrial masses and 22 
inhomogeneous non-pedunculated other lesions. At hysteroscopy or hysterectomy, 41 

of those 45 cases with intrauterine masses seen on transvaginal hysterosonography had 

false-negative aspiration biopsies. Additionally, of 11% lesions that were malignant 
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only one result was true positive, three resulted in false-negative biopsies and one 

biopsy revealed endometrial hyperplasia. In contrast to this finding, all 36 women with 

negative transvaginal hysterosonography examinations also had negative biopsy 
findings. The Authors have concluded that the combination of transvaginal sonography 

and transvaginal hysterosonography was more sensitive in the detection of endometrial 

pathological conditions than was endometrial biopsy. Because of this the combined 
imaging approach should be used in women with postmenopausal bleeding 

(Dubinsky1, 1995). In 2000, Dijkhuizen et al. provided excellent sensitivity (100%) 

and a very good specificity (85%) for SIS when used to detect the uterine lesions. Most 
of the researchers at that time concluded that the diagnostic accuracy of the SIS was 

higher than those of the TVS. They have also suggested to use saline infusion 

sonohystrography in difficult cases, i.e. in women with endometrial thickness increased 

above 5 mm. Another indication for SIS would be the case when the patient’s 
endometrium could not be adequately visualized at TVS (Dijkhuizen1, 2000). 

Epstein et al. have prospectively studied 105 women with postmenopausal bleeding 

and endometrial thickness > 5 mm who had conventional ultrasound examination and 
saline contrast sonohysterography followed by diagnostic and operative hysteroscopy 

under general anesthesia (Epstein, 2001). At ultrasound examination, the Authors have 

assessed the presence of focally growing lesions and the type of lesion and found that 

hysteroscopy was superior to both saline contrast sonohysterography (SCSH) and two-
dimensional ultrasound (2D US) with regard to discriminating between benign and 

malignant lesions. Sensitivity and false positive rates for hysteroscopy, SCSH and 2D 

US were 84%, 44%, and 60% and 15%, 6% and 10%, respectively. An interesting 
result was related to the estimated risk of malignancy that was increased seven-fold in 

patients who experienced uterine cavity distension problems at saline contrast 

sonohysterography. Surprisingly, as many as two thirds of the women with a poorly 
distensible uterine cavity had an endometrial malignant lesion at final histological 

diagnosis. These Authors have concluded that neither hysteroscopy nor saline contrast 

sonohysterography can reliably discriminate between benign and malignant focal 

lesions. Additionally, they have suggested that when distension difficulties were found 
at saline contrast sonohysterography, then such finding should raise a suspicion 

of endometrial/uterine malignancy. These results were confirmed by other similar 

studies. For instance, Aslam et al. have reported sensitivity of 92.9% and specificity 
of 89.7% for the SIS (Aslam1, 2007). Most studies assessing the diagnostic accuracy 

of saline infusion sonography (SIS) have evaluated this imaging method by using 

hysteroscopy and endometrial sampling as the reference test. 

THREE DIMENSIONAL SONOGRAPHY 

Raine-Fenning et al. were the first to present the comprehensive results of subendo-

metrial blood flow studies with 3D power Doppler technique (Raine-Fenning1, 2003). 

They were able to assess the blood flow with semi-quantitative approaches that could 

be potentially useful for intrauterine pathological lesions discrimination. Stachowicz et 
al. in their preliminary studies have used 3D volume and blood flow analysis for the 

discrimination between endometrial hyperplasia and endometrial cancer. The diagnostic 

performance of 3D ultrasound imaging with regard to discriminating between benign 
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and malignant endometrium was superior to that of endometrial thickness measured by 

2D ultrasound examination, and that 3D power Doppler flow indices added some 

information to the measurements of endometrial thickness or volume (Stachowicz1, 
2005). Subsequent studies of Merce et al. have confirmed a potential usefulness of 3D 

power Doppler studies in the assessment of endometrial cancer uterine invasion 

(Merce1, 2007) 

In 2010 Opolskiene et al. published the results of the study that aimed to determine 

whether endometrial volume or power Doppler indices as measured by three-

dimensional (3D) ultrasound imaging can discriminate between benign and malignant 
endometrium (Opolskiene1, 2010). The Authors also wanted to compare the diagnostic 

performance with that of endometrial thickness measurement using two-dimensional 

(2D) ultrasound examination, and to determine if the use of power Doppler 3D indices 

could add any diagnostic information to endometrial thickness or volume assessment 
alone. The area under the ROC curve (AUC) of endometrial thickness was 0.82, that of 

endometrial volume 0.78, and that of the two best power Doppler variables (VI and 

VFI in the endometrium) 0.82 and 0.82. The Authors have constructed two logistic 
regression models of which models containing endometrial volume and flow indices 

performed less well than did endometrial thickness alone with AUC = 0.79 vs.  

AUC = 0.82. The conclusions of this study were that the diagnostic value for 

discrimination between endometrial benign and malignant lesions for 3D ultrasound 
imaging was not superior to that of endometrial thickness measurement at 2D 

sonography, and the additional use of 3D power Doppler imaging added little to 

endometrial thickness or volume. In a more recent meta-analysis Alcazar et al. have 
analyzed the studies comparing MRI and 3D US imaging in women with endometrial 

cancer. They have concluded that MRI showed a better sensitivity than TVS for 

detecting deep MI in women with endometrial cancer, but the observed differences 
between the groups were not statistically significant (Alcazar1, 2017). 

THREE-DIMENSIONAL SALINE INFUSION SONOGRAPHY (3D-SIS) 

Small endometrial lesions can be further characterized with the addition of the three-

dimensional (3D) to conventional sonohysterography. If correctly performed, this 

technique increases the accuracy of the diagnosis of endometrial pathologies. When the 
three perpendicular planes are displayed at the same time it is possible to manipulate 

the image sections to obtain a more comprehensive overview of the studied area. The 

access to the uterine coronal plane view is in most cases not possible at conventional 
two-dimensional ultrasound scanning. If intracavitary uterine lesion is found, it is also 

possible to visualize its surface and within cavity localization. Three-dimensional 

approach may be used to obtain more accurate than the 2D US examination of the 
endometrial and subendometrial lesions. The results of the several published studies 

indicate that the diagnostic accuracy of 3D-SIS is comparable to the results obtained by 

the diagnostic hysteroscopy (Scofienza1, 2010; Khan1, 2011; Salim1, 2005). Khan et 

el. reported detection of endometrial polyps with an accuracy of 97.5%, compared to 
97.6% detection accuracy by diagnostic hysteroscopy. Also, they reported 3D-SIS 

accuracy of 100% in the detection of submucous fibroids, compared to 91.6% 

detection by diagnostic hysteroscopy (Khan1, 2011). 



 
Norbert Stachowicz, Hubert Stachowicz, Artur Czekierdowski 

 

176 

In general, 3D SIS has high sensitivity and specificity in the diagnosis of various 
endometrial pathologies, particularly endometrial polyps and submucous fibroids. 
Since two dimensional sonography may be less accurate than hysteroscopy, a three 
dimensional and contrast ultrasound – saline infusion sonography (2D and 3D SIS) has 
been used for an initial intrauterine focal lesions discrimination. According to the 
recent meta-analysis presented by Nieuwenhuis et al. Meta-analysis of the relevant 
studies indicated that there were no statistically significant differences between 2D SIS 
and 3D-SIS. Overall sensitivity and specificity were higher for 3D-SIS, but because 
2D-SIS is typical highly accurate method, the margins of improvement were. The 
Authors results indicated that both 2D-SIS and 3D-SIS should be considered 
alternatives to diagnostic hysteroscopy when intracavitary pathology is suspected in 
subfertile women and in those with abnormal uterine bleeding (Nieuwenhuis1, 2017). 
More recently, Sabry et al. have discussed 3D-SIS technique and concluded that when 
3D imaging was supplemented with the saline infusion sonohysterography, this 
procedure could help to better differentiate endometrial and myometrial lesions. Also, 
in hands of those Authors a better delineation of uterine anatomy resulted in more 
precise and accurate diagnosis (Sabry1, 2018). 

THE IETA GROUP CLASSIFICATION 

Despite numerous studies described in the previous parts of this review no uniform 
classification of endometrial lesions was available for many years that elapsed since 
the introduction of transvaginal probes. In 2010, following extensive research a group 
of experts called the IETA ("International Endometrial Tumor Analysis" group) 
released their consensus statement on terms, definitions and measurements that may be 
used to describe the sonographic features of the endometrium and uterine cavity on 
gray-scale sonography, color flow imaging and sonohysterography. The reasons for 
this statement were to describe the background, rationale, and structure of the 
ultrasound examination, and to identify the best techniques for diagnosing endometrial 
cancer in an early stage, to determine the frequency with which such tests should be 
employed, to assess false-positive results, and to identify women who might benefit 
from invasive diagnostic procedures such as various types of endometrial biopsies or 
hysteroscopy. According to the IETA group guidelines a proper midsagittal section 
of the uterus should be visualized first and the measurement of the both layers of the 
endometrium should follow.  

In difficult cases the IETA group recommend to start scanning from the endocervical 
canal and then moving up to the uterine fundus up and down and from right to left. 
When the uterus seems to be twisted laterally a proper midsagittal view may not be 
obtained. In those cases, a 3D volume acquisition and a minimal manipulation of the 
three perpendicular planes usually enables the sonographer to achieve the correct 
section. If 3D acquisition is not available, the endometrial thickness should NOT be 
measured and it should be reported as "not measurable", along with a short explanation 
of the reason why it was not feasible. If the distortion of the uterine cavity or 
shadowing due to calcified fibroids is found, the endometrium might not be visible at 
all and this should indicate the need for saline or gel infusion sonography. Table 1 
presents the most important features that should be studied with ultrasound 
examination of endometrial lesions. 
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Table 1. Important ultrasound imaging features of the endometrium used for the discrimination of endometrial 
lesions proposed by the IETA group (modified from Leone et al., 2010 and Dueholm et al., 2014) 

Parameter 
Thickness 
 

measurement of the total double‐layer 
cutt of = 4.0-5.0 mm 

Echogenicity 

Hyperechogenic 
Isoechogenic 
Hypoechogenic 
Homogeneous 
Heterogeneous 

middle echo 

present or not 
continous or intermittent 
straight or modeled 
indefinite 

endometrial border 

Irregular 
Interrupted 
no bright line 
heterogenous 

„junction zone” 

regular 
irregural 
broken 
indefinite 

presence of blood vessels 

no blood flow is found, 
minimal flow is found, 
the flow is moderate 
full vascularization. 

blood vessels 
mono or multifocal 
densely arranged or rarely arranged 

dominant vessels 
present or absent 
single or many 

branching vessels 
present or absent 
regular or irregular 

SIS 
regular endometrial surface 
irregular endometrial surface 
presence of localized lesion 

 

PROGNOSTIC MODELS 

The IETA group proposed features although verified and comprehensive cannot 
replace training and experience in female pelvic ultrasonography as well as they cannot 
compensate for poor ultrasound equipment quality. When applied alone these features 
do not allow to calculate the risk of malignancy and the confidence level of uterine 
lesions classification. Novel scoring models that use both clinical and US imaging 
features, have recently gained increasing interest. They represent promising additional 
tools that could be used in the better characterization of endometrial lesions including 
endometrial cancers. 

Dueholm et al. proposed a simplified scoring system that would enable correct 
classification of various endometrial and intrauterine cavity lesions (Dueholm1, 2014). 
Unenhanced TVS, Doppler examinations and gel infusion sonography (GIS) were 
performed prospectively in 174 consecutive postmenopausal women with endometrial 
thickness ≥ 5 mm. The reference standard in all women was hysteroscopy or 
hysterectomy with pathological evaluation of the malignancy. The presence of various 
ultrasound pattern characteristics indicative of endometrial malignancy and intra- and 
interobserver variability in their assessment were evaluated (fig. 4). In this study 
a simple Doppler flow score that considered only presence of vascularity had an area 
under the receiver-operating characteristics curve (AUC) of 0.83 for the correct 
prediction of endometrial cancer. Interestingly, other more complicated models that 
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included endometrial thickness, Doppler score and interrupted endomyometrial 
junction on unenhanced TVS predicted endometrial cancer with an AUC of 0.95. 
When the feature of irregular intrauterine surface on GIS was added to the model, the 
AUC was 0.97. The Authors have extended their observations and proposed a new risk 
of endometrial cancer (REC) scoring system. This model was based on patient’s body 
mass index, the lesion Doppler score, endometrial thickness and interrupted 
endomyometrial junction on unenhanced TVS and irregular surface at GIS. The results 
of such modeling of the data performed very well at identifying endometrial cancer; at 
a REC-score of ≥ 4 the sensitivity for detection of endometrial cancer was 91% and 
specificity was 94%. Figure 4 presents a diagram of two prognostic models proposed 
by Dueholm et al. (Dueholm1, 2019). 

Parameter 
 

Score Endometrial scoring Endometrial scoring Parameter Score 

Vessels not 
stated as 

dominant 
single/ 
double 
vessel 

1 

 

 

Vessels not 
stated as 
dominant 
single/doub
le vessel 

1 

Large 
vessels 

1 
Large 
vessels 
 

1 

Multiple 
vessels 

1 
Multiple 
vessels 

1 

interrupted 
endo-
myometrial 
junction 

2 

interrupted 
endo-
myometrial 
junction 

1 

undetermin
ed + GIS: 
irregular 

endometria
l surface 
outline 

1 

Score A 

Score B 

Figure 4. Gray-scale ultrasound and color Doppler parameters used for the two REC models construction 
(modified from Dueholm et al., 2019) 
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The above predictive models represent clinically valuable tools for preoperative 

evaluation the presence of deep myometrial invasion and the risk of lymph node 

metastases in endometrial carcinoma patients (Dueholm1, 2019). Applying various 
model cutoffs may increase the test diagnostic accuracy and aid preoperative 

identification of high-risk patients, enabling restriction of lymphadenectomy for 

patients with a low risk of aggressive cancer. 

Summary 

It this review we have highlighted the "milestones" indicating how the transvaginal 

ultrasound examination of the endometrium and uterine cavity has evolved from the 
simple measurements of the endometrial thickness to a much more sophisticated 

evaluation and reporting of the results. We present currently used ultrasound features 

that would merge not only simple 2D imaging data, but also vascularity assessment 

with color and "power" Doppler blood flow characteristics, various intrauterine fluid 
instillation techniques and the modern use 3D ultrasound imaging. Although a large 

number of studies that investigated the use of transvaginal ultrasound examination 

of uterine cavity in women with abnormal uterine bleeding was published to date, to 
the best of our knowledge, very few prospective studies highlighted the potential 

clinical benefits of scoring systems in preoperative discrimination between malignant 

and benign intrauterine lesions. Recent data indicate that of the several existing 

prognostic systems, two simple models proposed by Dueholm et al. either with or 
without gel infusion present the best predictive values and are simple enough to be 

used for the ultrasound-based endometrial cancer risk estimation. This in turn could 

enable the improved patient’s qualification for expectant or invasive management. 
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ABSTRACT 

Antimicrobial peptides (AMPs) are responsible for part of the innate immunity of humans, animals and 
plants. So far, over 5 000 peptides have been reported. Previously, AMPs were thought to possess only 

antimicrobial activity, but subsequent research revealed that they also exhibit various properties including 
immune-modulating, anticancer, antiviral, antibiofilm, antifungal, antiparasitic and cell-penetrating 
activities. Different molecular mechanisms of their action are suggested, mainly by permeabilizing of cell 
membranes. 

The emergence of multidrug-resistant bacteria and new pathogens is a threat to human health. Therefore, 
the development of novel antimicrobial agents is a pressing need. AMPs have been considered as 
promising candidates for new therapeutics to combat this problem, because their antimicrobial spectra are 
broad and the development of bacteria resistance against them is difficult compared to classical antibiotics. 

Anticancer peptides (ACPs) bind and destroy cancer cells without harming normal cells. Apart from the 
selectivity, many peptides kills low-growing multidrug resistant (MDR) cancer cells, due to their unique 
activity. Thus, ACPs represent a new alternative to conventional chemotherapy and may contribute to long-
term benefits promoting patient’s survival.  

Keywords: Antimicrobial petides (AMPs), Anticancer peptides (ACPs), bacterial resistance, human α-
defensins (DEFA), human β-defensins (hBDs), immunomodulation, innate immune defense, insect AMPs 

INTRODUCTION 

Antimicrobial peptides (AMPs) represent an ancient defense mechanism against 

infections in all living organisms. These natural molecules in a length of five to over 

a hundred amino acids are multifunctional components of the innate immune defense 
systems in a world of both Procaryota (e.g., bacteria) and Eucaryota (e.g., single-

celled protozoa, fungi, plants, invertebrate and vertebrate animals) including humans. 

The peptides exhibit a wide spectrum of antibiotic activities against viruses, bacteria, 
fungi, parasites and also cytotoxic activity on cancer cells (Pushpanathan, 2013). They 

can physically disrupt microbial cellular membranes and kill pathogens. Their killing 

effects are rapid, a few seconds after the initial contact with cell membrane. AMPs 

display also synergic effects with conventional antibiotics. They can facilitate entering 
of more antibiotic molecules into the microorganism cytoplasm, where they can 

interact with their target(s) (Palffy, 2009). Moreover, bacteria do not develop resistance 

to AMPs as easily as to traditional antibiotics. Additionally, AMPs have been found to 

mailto:annkowal@man.poznan.pl


Antimicrobial peptides and their bactericidal, immunomodulating and anticancer activities –  
a literature mini-review 

 

183 

influence host’s inflammatory response during an infection; they can reduce or 

enhance adaptive immunity of the host immune system. Antibiotics do not have this 

type of regulation. Every multicellular organism expresses antimicrobial peptides as 
a key element of their immune system. Most AMPs are produced by specific cells 

continuously, while the production of some of them is inducible. The several following 

types of eucaryotic cells are involved in a production of AMPs: lymph, epithelial cells 
in gastrointestinal and genitourinary systems, phagocytes and lymphocytes of the 

immune system. Because of the importance of their immunomodulatory functions, 

AMPs are also known as host defence peptides (HDPs) or alarmins (Yang, 2017; 
Meade, 2018). In addition to their antimicrobial and anti-inflammatory/immunomodu-

lating properties, AMPs play an important role in many host’s intracellular processes, 

such as cell signaling, angiogenesis, wound healing responses, and maintenance of the 

skin barrier function (fig. 1).  

 
Figure 1. Biological activities of AMPs 

For all these reasons, both the natural (derived from plants or animals) and synthetic 

(designed in silico) AMPs are very promising candidates to develop new drugs, 

especially for combined therapies with antibiotics (Durska, 2017; Juretić, 2011; 

Molchanova, 2017). A rapid increase in drug-resistant infections has presented 

a serious challenge to antimicrobial therapies. Effective and non-toxic AMPs have 
potential of using them to control biofilm (multicellular structures of bacteria 

embedded in extracellular matrixes; e.g., gingival biofilm in oral cavity) and persister 

cells (dormant phenotypic variants of bacterial cells that are highly tolerant to 
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antibiotics) (Fauvart, 2011). A number of papers presenting newly identified AMPs 

and their very important properties for human body homeostasis is constantly 
increasing. The aim of this chapter is to provide a basic information on some biological 

aspects of these exciting peptides which give hope for a significant progress in the 

treatment of many civilization diseases.  

ANTIBACTERIAL PEPTIDES: STRUCTURE, BIOLOGICAL ACTIVITY AND 

MECHANISM OF ACTION 

To date, more than 5 300 AMPs have been reported and catalogued in the AMP 

database (APD). APD contains 3.058 antimicrobial peptides from six kingdoms (337 
bacteriocins/peptide antibiotics from bacteria, 5 from archaea, 8 from protists, 18 from 

fungi, 346 from plants, and 2.264 from animals, including some synthetic peptides) 

(http://aps.unmc.edu/AP/main/php; Jhong, 2019; Wackett, 2019). Main physiochemical 
properties of AMP such as size/ length (usually 12-50 amino acids), primary sequence 

(often occurrence of rare amino acids), net charge (mostly cationic, alkaline), helicity, 

hydrophobicity (generally hydrophobic part takes up more than 50% amino acids 

residues), amphipathicity or solubility are crucial for their antimicrobial activities and 
target specificity. Most AMPs reported to date can be characterized as one of the 

following four types on their secondary structures: β-sheet, α-helix, extended confor-

mation, and β-hairspin or loop. Among these structural groups, α-helix and β-sheet 
structures are more common. But not all AMPs belong to one of these groups. Certain 

AMPs contain two different structural components or form their active structure only 

when they interact with the membranes of target cells. There is still no data demon-

strating a clear relationship between the structural groups of an AMP and its mode 
of action or the degree of activity. Although, positive charge quantity, hydrophobic 

property and the secondary structure of the peptide are the most important for AMP 

antibacterial activity. Enzymatic mechanisms are not involved in their action. The two 
following different classifications of AMPs have been proposed:  

1. based on their targets: antiviral (a disruption of viral envelope, blocking viral 

receptors), antibacterial (a disintegration of bacterial cell membranes or inhibition 
of important metabolic pathways inside the cell), antifungial (targeting both cell 

wall with increasing permeabilization of the plasma membrane and/or intracellular 

components), and antiparasitic peptides.  

2. mode of action (membrane-active AMPs and intracellular-active AMPs) (Bahar, 
2013).  

AMPs kill bacteria via a variety of mechanisms including membrane disruption, 

interference with bacterial metabolism and targeting of cytoplasmatic components. 
Unlikely antibiotics, which target specific cellular activities of bacteria (e.g.: synthesis 

of DNA, protein or cell wall), AMPs target mainly negatively charged lipids on cell 

membranes via electrostatic or hydrophobic interactions. The primary contact between 
an AMP and bacteria is highly dependent on the lipid composition of the bacterial 

membrane. AMPs interact with bacterial membranes due to high density of electro-

negative charges in the bacterial surface, such as lipopolysaccharide on the outer 

membrane of Gram-negative bacteria (Gustafsson, 2010) or lipoteichoic acid on Gram-

https://pubmed.ncbi.nlm.nih.gov/?term=Fauvart+M&cauthor_id=21459912
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positive bacteria (Jasir, 2004). The interaction alters bacterial cell membrane perme-

ability and is directly related to the antibacterial activity of the AMPs. After the 

interaction of AMPs with the cell membrane of microbes, formed transmembrane 
potential affects the cellular osmotic pressure balance (Palffy, 2009; Pushpanathan, 

2013). There are at least four models of action commonly used to described the 

membrane activity of AMPs: barrel-stave, carpet, toroidal-pore and disordered toroidal-
pore (fig. 2). AMPs can also disrupt intracellular enzymes and DNA when they 

translocate into the pathogen. The mechanism of action of different AMPs may be 

variable. Further research is needed to explain more details and answer to many 
questions, e.g. whether there are other factors synergistically working with AMPs?  

 
Figure 2. Models of interactions between AMPs and bacterial cell membrane 

SELECTIVITY AND TOXICITY OF AMPS 

AMPs exhibit cell selectivity. They kill microorganisms without being significantly 

toxic to host cells. AMPs are able to destroy bacterial cells at concentrations much 

lower than those causing cell damage of the host organism (it was confirmed in in vitro 

tests) (Hollmann, 2016). This selectivity is not due to interaction with specific 
receptors but is determined by the different lipid compositions of the membranes of the 

two different cell types and by the physicochemical properties of AMPs, particular 

their cationic (alkaline, positive net charge) and amphipathic character. The cationic 
property of AMPs mainly contributes to the cell selectivity because the surface 

of bacterial membrane has higher negative charge than other cells such as mammalian 

cells. The cell membranes of bacteria are rich in acidic phospholipids (phosphati-

dylglycerol and cardiolipin). Bacteria with higher levels of negatively charged lipids 
are more susceptible to AMPs. In contrast, acidic phospholipids are usually 

sequestered in the inner leaflets of plasma membranes of mammalian cells, while the 

outer leaflets are mainly composed of zwitterionic phosphatidylcholine and 
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sphingomyelin. Hydrophobic interactions between the hydrophobic face of the 

amphipathic peptide and zwitterionic phospholipids on the cell surface play a major 

role in the contacts of AMPs with mammalian cell membranes (Matsuzaki, 2009). Our 
knowledge on the interaction of AMPs with mammalian cells is still very limited. 

Factors other than cell surface charge also contribute to cell selectivity. The presence of 

membrane-stabilizing cholesterol in mammalian cells protects the cells from attack by 
AMPs. A high cholesterol level and low anionic charge of eukaryotic cells put them 

out of the target range of many AMPs. There is evidence that the selectivity of AMPs 

action is modulated by a complex interplay of several interconnected phenomena, 
including peptide association to target and host cells, peptide conformational 

transitions, and AMP aggregation. Multiple equilibria between conformational 

transitions and self-assembly modulate the effective peptide hydrophobicity, the 

electrostatic and hydrophobic contributions to the membrane-binding driving force and 
kinetic processes which can play an important role in selective bacterial killing in the 

presence of host cells. Certainly, a better understanding of a network of interactions 

between AMPs and different types of cells will allow to improve their selectivity 
properties in the future.  

AMPs derived from plants and animals often show a toxicity to human cells. The 

potential toxicity is one of factor limiting their clinical application as drugs. Toxic 

concentrations are commonly one log of magnitude higher compared to minimum 
inhibitory concentrations against bacteria (Hollmann, 2016). AMPs with promising 

pre-clinical data will display a minimum therapeutic index (maximum tolerated dose/ 

minimum therapeutic dose) required for efficacy in specific applications (Hoskin, 
2008; Biswaro, 2018).  

ANTICANCER PEPTIDES 

Some AMPs show anticancer effects or have anticancer properties (ACPs: AntiCancer 

Peptides). The ACPs are expected to be selective toward cancer cells without impairing 
the normal cells (Jin, 2019). Membrane differences of untransformed and transformed 

cells contribute to the selectivity of AMPs for cancer cells. It is possible, that the 

surface negative net charge carried by cancer cells, as compared to the overall neutral 

charge carried by untransformed cells, can be key factor in the anticancer action 
of ACPs (Deslouches, 2017). There are many other differences in membrane compo-

sition of cancer and non-cancer cells. Most cancer cell membranes are more fluid than 

those in normal cells allowing to membrane destabilization by ACPs (Hilchie, 2019). 
Cholesterol is present in the membranes of both cancer and non-cancer cells, but its 

level and distribution are different which may have variable effect on both selectivity 

and toxicity of AMPs/ ACPs to these two types of cells (Andersson, 2016). Phosphati-
dylserine (PS) is usually found on the inner leaflet of the cytoplasmic membrane 

of normal mammalian cells. Transformed cells (tumor or cancer cells) incorporate PS 

into the outer leaflet of the plasma membrane (Deslouches, 2017). During cell 

transformation, anionic molecules of the PS accumulate on the outer membrane leaflet, 
counteracting the typical phospholipid asymmetry of the membrane (Matsuzaki, 2009). 

PS can be transferred to the outer leaflet of the plasma membrane of cells undergoing 

apoptosis, which disrupts the asymmetry observed for normal mammalian cell 
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membranes (Gaspar, 2013). Changes in the asymmetry facilitate recognition and 

clearance of these cells by monocytes. A higher level of PS in the outer leaflet of the 

plasma membrane elevates negative charges on cancer cell surface enhancing inter-

actions with AMPs (fig. 3). Moreover, the presence of filopodia and microvilli on the 
tumor cells surface may increase their susceptibility to ACPs and can promote selective 

cytotoxic activity. In addition, some AMPs have shown to induce release of tumor 

antigens and potent damage associated molecular patterns by causing alterations in the 
intracellular organelles of cancer cells (Torsenello, 2020) (fig. 3). 

 
Figure 3. A model of the molecular basis of ACPs selectivity towards cancer cells based on differences 

of phospholipids and cholesterol distribution in cancer and non-cancer cells 

Several natural and synthetic AMPs acting as ACPs can be applied for clinical use as 

anticancer drugs targeting hematological and solid tumor cells, for example: 

cathelicidins, human defensins, bovine lactoferricin, gomesin (spider Acanthoscurria 

gomesiana), mastoparan-C (hornet Vespa crabo), cecropin B1 (silkworm Hyalophora 
cecropia), magainin 2 (Xenopus leavis), buforin IIb (frog Bufo bufo garagrizans) and 

many others (Table 1) (Riedl, 2011; Kang, 2017; Chen, 2020). 

Table 1. The most representative antimicrobial peptides acting as anticancer molecules according to 
Tornesello et al. (Tornesello, 2020) 

AMP name Source Tumor target Mechanism 

Cathelicidins LL-37 (hCAP18) Human HTS/ STS MP/ Apoptosis 

α-Defensin-1 (HNP-1) Human HTS/ STS Apoptosis 

Human β-defensin-3 (hBD3) Human HTS/ STS Mp 

Lactoferricin B (LfcinB) Bovine HTS/ STS MP/ Apoptosis 

Gomesin Spider STS MP 

Mastoparan-C (MP-C) Venom STS Apoptosis 

Cecropin B Silk moth HTS/ STS MP/ Apoptosis 
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Magainin 2 Frog HTS/ STS MP 

BuforinIIb Frog HTS/ STS Apoptosis 

Brevenin-2R Frog STS LDP 

LFB Frog STS MP 

Phylloseptin-PHa Frog STS MP 

Ranatuerin-2PLx Frog STS Apoptosis 

Dermaseptin-PS1 Frog STS/ ICD MP 

Dermaseptin (DPT9) Phyllomedusatarsius STS MP 

Chrysophsin-1 Red sea bream HTS/ STS MP 

SS-arasin Indian mud crab STS uncharacterized 

Turgencin A and B Synoicum turgens STS uncharacterized 

D-K6L9 Engineered STS MP 

KLA Engineered STS MP 

LTX-315 Engineered HTS/ STS MP/ ICD 

Abbrreviations: HTC – hematological tumor cells, STC – solid tumor cells, MP – membrane permeabilization, 

LDP – lysosomal death pathway, ICD – immunological cell death. 

HUMAN AMPS 

In humans, there are two major families of antimicrobial peptides: defensins and 
cathelicidins. These peptides can be either constitutively expressed or inducible in 

various tissues and cell types (tab. 2). Cathelicidins are stored as inactive pro-forms in 

neutrophils. Only after proteolytic cleavage of the proprotein, the active form is 

released. hCAP18 is the only human cathelicidin. Its C-terminal, LL37, displays an 
antimicrobial activity and immune modulating effects. Recently, an increasing amount 

of evidence suggests that LL-37 can have two different and contradictory effects –

promotion or inhibition of tumor growth. (Piktel, 2015). In addition, seventeen human 
defensins have been identified and classified into two subfamilies: the α-defensins and 

β-defensins (Ganz, 1985). β-defensins mostly generate a barrier of epithelial cells, 

whereas α-defensins are mainly stored in azurophil granules of neutrophils. The genes 

of all known human α-defensins are located on chromosome 8p23 about 100-150 kb 
from the β-defensin 1 gene (Jarczak, 2013). The genes that encode human α-defensins 

1, 2 and 3 (DEFA-1, DEFA-2 and DEFA-3) each have a length of about 3 kb and 

contain three exons while genes of human α-defensins 5 and 6 consist of two exons. 
All known human genes of β-defensins comprise two exons. The DEFB-1 and DEFB-2 

genes are located very closed to each other on chromosome 8 in the p22-23 region. It is 

possible that the two genes are created by duplication of a single ancestral gene 
(Pazgier, 2006). The DEFB3 gene is located only 13 kb from the DEFB2 gene. The 

next β-defensin genes (known as pseudogenes of β-defensins) have been found on 

chromosomes 4, 6, 11 and 20 (Pazgier, 2006; Jarczak, 2013). Moreover, at least six 

genes coding for θ-defensin have been found in the human genome but premature stop 
codons in the genes abort translation and subsequent peptide production (Pazgier, 

2006). 

Of the six human α-defensins (from DEFA-1 to DEFA-6), four members commonly 
named human neutrophil peptide (HNP)-1 to HNP-4 are a major constituent of human 
neutrophils (Ganz, 1985), to a lesser extent also HNPs are produced by monocytes, 
lymphocytes, and neutral killer cells (Niyonsaba, 2016; Wada, 2017). The other two, 
human defensin DEFA-5 and DEFA-6, are almost exclusively generated by Paneth 
cells, which are secretory epithelial cells found in the crypts of the small intestine 
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(Selsted, 2005). In contrast to α-defensins, eleven human β-defensins (hBDs) are 
predominantly expressed in epithelial cells, but certain hBD family members have been 
detected in monocytes, macrophages and dendritic cells (Mattar, 2016). hBD-1, hBD-
2, hBD-3 and hBD-4 are primarily detected in the epithelia of the skin, airways and 
urogenital tract, whereas hBD-5 and hBD-6 are exclusively found in epidymis. In general, 
hBD-1 is regarded as being constitutively expressed, while hBD-2 to hBD-4 are indu-
cible following microbial challenge and exposure to pro-inflammatory stimuli such as 
lipopolysaccharide, tumor necrosis factor (TNF)-α and interleukin (IL)-1β (Li, 2014; 
Niyonsaba, 2016). Other inducers of hBDs expression include: UVB irradiation, growth 
factors (e.g. insulin-like growth factor-1, and transforming growth factor-α) and injury 
(e.g. thermal injury) (Niyonsaba, 2016). In contrast to other hBDs, hBD3 is expressed 
in non-epithelial tissues such as the heart, liver and skeletal muscles (Harder, 2001).  

Table 2. Human six α-defensins and eleven β-defensins detected in human body: gene names, cells and tissues 
of their expression, functions of the peptides according to Pazgier et al. (Pazgier, 2006) and Jarczak et. al. 
(Jarczak, 2013) 

Gene Protein name Expression place Biological function 
α-defensins 

DEFA1 

(DEFA1B) 

Neutrophil 

defensin1, 

(α-defensin 1, 

HNP-1) 

Neutrophils, Paneth cells, tracheal 

epithelium, saliva, gums, tongue, mucosa 

of cheeks and lips, submandibular gland 

and small labial gland 

Antimicrobial activity against 

Gram-negative and Gram-

positive bacteria, fungicide and 

antiviral activities 

DEFA2   Neutrophils, Paneth cells, tracheal 

epithelium, saliva, gums, tongue, mucosa 

of cheeks and lips, submandibular gland 

and small labial gland 

Antimicrobial activity against 

Gram-negative and Gram-

positive bacteria, fungicide and 

antiviral activities 
DEFA3  

(DEF3) 

Neutrophil 

defensin3, 

(α-defensin 3, 

HNP-3) 

Neutrophils, Paneth cells, saliva, gums, 

tongue, mucosa of cheeks and lips, 

submandibular gland and small labial gland 

Antimicrobial activity against 

Gram-negative and Gram-

positive bacteria, fungicide and 

antiviral activities 
DEFA4 

(DEF4) 

Neutrophil 

defensin4, 

(α-defensin 4, 

HNP-4) 

Neutrophils, Paneth cells, tracheal 

epithelium, saliva, gums, tongue, mucosa 

of cheeks and lips, submandibular gland 

and small labial gland 

Antimicrobial activity against 

Gram-negative, and to a lesser 

extent against Gram-positive 

bacteria and fungi, protection 

of blood cells against HIV-1 

infection (in vitro) 

DEFA5  

(DEF5) 

Defensin-5  

(α-defensin5) 

Vagina, cervical mucosa, oviduct, Saliva, 

gums, tongue, mucosa of cheeks and lips, 

submandibular gland and small labial gland, 

neutrophils, Paneth cells of the small 

intestine, tracheal epithelium 

Antimicrobial activity against 

Gram-negative and Gram-

positive bacteria 

DEFA6 

(DEF6) 

Defensin-6  

(α-defensin6) 

Saliva, gums, tongue, mucosa of cheeks and 

lips, submandibular gland and small labial 

gland, neutrophils, Paneth cells of the small 

intestine, tracheal epithelium  

Very low antimicrobial activity 

against Gram-negative and 

Gram-positive bacteria, 

fungicide and antiviral activities, 

possible cell protection against 

HIV-1 infection 

β-defensins 
DEFB1 

(BD1, HBD1) 
β-Defensin 1 

(hBD-1) 

Small intestine, colon, pancreas, kidney, 

prostate, kernels, vagina, mucous 

membrane of cervix canal, uterus, oviduct, 

placenta, thymus,epithelial cells from 

trachea, bronchi, mammary gland, parotid 

gland, mucous membrane of cheeks, tongue 

or gums, macrophages from patients with 

bronchopneumonia, mammary gland, 

plasma  

Bactericidal activity 
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DEFB4A 

(DEFB2) 
β-Defensin 

4A  

(β-defensin 2, 

hBD-2) 

Epithelium of tracheal, kidney, bladder, 

kernel, uterus, prostate, stomach, small 

intestine, liver, pancreas, thymus, marrow, 

white blood cells, cells forming keratin and 

skin 

Antibacterial activity 

DEFB103A 

(DEFB103, 

DEFB3, 

DEFB103B) 

β-Defensin 

103 

(β-defensin 3, 

hBD-3) 

Keratinocytes, tonsils, skin, esophagus, 

placenta, trachea, uterus, prostate, stomach, 

small intestine, liver, pancreas, thymus, 

adenoid, pharynx, tangue, heart of adults, 

fetal thymus, skeletal muscle, gums, 

mucosa of cheeks and lips, dental follicle 

and pulp 

Antimicrobial activity against 

Gram-positive bacteria: S.aureus 

and S.pyogenes, Gram-negative 

bacteria: P.aeruginosa, and 

E.coli and the yeast C.albicans, 

killing of multi-resistant 

S.aureus and E.faecium 
DEFB104A 

(DEFB104, 

DEFB4) 

β-Defensin 

104 

(β-defensin 4, 

hBD-4) 

Stomach, neutrophils, epithelium of kidney, 

lungs, uterus, thyroid, gastric antrum 

Antibacterial activity. Synergic 

effects with lysozyme and 

DEFB103 

DEFB105A 

(DEFB105, 

DEFB5, 

DEFB105B) 

β-Defensin 

105 

(β-defensin 5) 

Testis Antibacterial activity 

DEFB106A 

(DEFB106, 

DEFB6, 

DEFB106B) 

β-Defensin 

106 

(β-defensin 6) 

Epidymis and lung Antibacterial activity 

DEFB107A 

(DEFB107, 

DEFB7, 

DEFB107B) 

β-Defensin 

107 

(β-defensin 7) 

Testis Antibacterial activity 

DEFB108A 

(DEFB108, 

DEFB8) 

β-Defensin 

108B 

(β-defensin 8) 

Testis and liver Antibacterial activity 

DEFB118 

(DEFB18, 

ESC42) 

β-Defensin 

118 

(β-defensin 

18) 

Epithelium of the caput, lumenand sperm, 

pancreas 

Antibacterial activity 

DEFB129 

(DEFB29) 
β-Defensin 

129 

(β-defensin 

29) 

Testis Antibacterial activity 

DEFB131 

(DEFB31) 
β-Defensin 

131 

(β-defensin 

31) 

Testis, prostate, small intestine Antibacterial activity 

 
All human β-defensins exhibit broad-spectrum antimicrobial activity against a wide 
range of pathogens, including bacteria, fungi, viruses and parasites. The positive charge 

of the peptides (ranging from +2 to +11) facilitates their association with the negatively 

charged microbial membranes followed by the generation of pores, resulting in cell 

death. hBD-3 (with a net positive charge of +11) seems to be more potent than other 
hBDs (net positive charge of +4 to +7), it kills pathogenic microorganisms at very low 

concentrations and shows strong antimicrobial activity at physiological salt levels. 

hBDs modulate also both adaptive and innate immune responses by targeting a wide 
range of cells, including keratinocytes, airway epithelial cells, neutrophils, mast cells, 

monocytes, macrophages, T cells, dendrite cells and others. To date, there is still 

disagreement as to whether hBDs are pre-dominantly pro- or anti-inflammatory. hBDs 

may act as pro-inflammatory factor by inducing the keratocyte production of pro-
inflammatory cytokines/chemokines such as: IL-6, IL-8, IL-18, IL-20, IL-31, 
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interferon-γ-inducible protein 10 (IP-10), monocyte chemoattractant protein-1 (MCP-

1), macrophage inflammatory protein-3α (MIP-3α) and RANTES (Niyonsaba, 2005; 

Siddiqui, 2017). At the same time, hBDs have been shown to display immuno-
suppressive activities. They may induce production of the anti-inflammatory cytokine 

IL-10, bind to LPS and enhance the LPS-induced production of nitric oxide synthase, 

nitric oxide, IL-6, IL-8, TNF-α, granulocyte-macrophage colony-stimulating factor 
(GM-CSF), IP-10 and MCP-1 and down-regulate nuclear factor-κB-dependent 

inflammation in dendritic cells, macrophages, monocytes and fibroblasts (Semple, 

2010). Additionally, hBD3 enhances the expression of the anti-inflammatory cytokine 
IL-37. Moreover, hBDs are able to induce chemotaxis in keratocytes, neutrophils, 

monocytes, T cells, dendritic and mast cells stimulating cell proliferation, maturation, 

angiogenesis and accelerate wound healing. Some of hBDs can interact with specific 

cell surface receptors such as the chemokine receptors: CCR2 and CCR6, Toll-like 
receptor (TLR) 1, TLR2, and epidermal growth factor receptor (EGFR).  

Alterations in the concentration of AMPs, most often caused by their reduced 

production, are associated with the initiation and development of many human 
pathologies, mainly infectious like pulmonary tuberculosis and inflammatory diseases 

of skin (atopic dermatitis, atopic eczema, rosacea, psoriasis, thermal injury), oral cavity 

(periodontitis, caries), gastrointestinal (Crohn’s disease, infectious diarrhea) and urinary 

(bladder infection) tracts, also allergic diseases such as: atopic dermatitis, allergic 
rhinitis, asthma, chronic rhinosinusitis. (Rivas-Santiago, 2009) and systemic disorders 

(diabetes type I, HIV-1 infection). 

A molecular basis of the AMP production deficiency-related diseases can be deter-
mined by patient’s genome variability within hBDs genes based on numerous single 

nucleotide polymorphisms (SNPs), e.g. in the DEFB1 gene (rs1047031, rs1800972, 

rs1799946 or rs11362) associated with several oral pathologies (Kowalska, 2019; 
Ślebioda, in press) and copy number variations (CNVs), e.g. in the DEFB4A gene 

coding defensin 2 involved into the pathogenesis of Crohn’s disease (Bentley, 2009). 

Table 3: Immunomodulatory properties of human β-defensins (hBDs) according to Niyonsaba et al. 
(Niyonsaba, 2016) 

Target Immunomodulatory effects 

Endothelial cells 
stimulation of migration and proliferation (hBD-2), 

angiogenesis (hBD-2, hBD-3) 

Corneal epithelial 

cells 
enhancement of migration and proliferation (hBD-2) 

Epidermal 

keratinocytes 

induction of cytokine and chemokine production (hBD-1, hBD-2, hBD-3, hBD-4), 

promotion of migration, proliferation and wound healing (hBD-2, hBD-3, hBD-4), 

improvement of tight junction barrier function (hBD-3) 

Intestinal 

epithelial cells 
promotion of migration and wound healing (hBD-3) 

Lung epithelial 

cells 

stimulation of apoptosis (hBD-2), 

induction of cytokine and chemokine production (hBD-2), 

inhibition of inflammatory cytokines (hBD-2) 

Oral epithelial 

cells 

reduction in HIV infectivity (hBD-2, hBD-3), 

inhibition of inflammatory cytokines (hBD-3) 

Fibroblasts 
stimulation of proliferation (hBD-2, hBD-3), 

attachment and secretion of MMP-1 and prostaglandin (hBD-3) 
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Dendritic cells 

(DCs) 

iDCs: chemotaxis (hBD-2, hBD-3), mDC: maturation, up-regulation of co-stimulatory 

molecules (hBD-3), 

pDCs: cytokine production (hBD-2, hBD-3), LC-DC: maturation (hBD-3) 

Macrophages 

induction of cytokine and chemokine production (hBD-3), 

inhibition of inflammatory mediators (hBD-3), 

chemotaxis (hBD-1, hBD-2, hBD-3, hBD-4) 

Mast cells 

stimulation of degranulation, 

secretion of lipid mediators, production of cytokines, chemokines, enhancement of vascular 

permeability 

through mast cell activation (hBD-2, hBD-3, hBD-4) 

Monocytes 

chemotaxis (hBD-1 to hBD-4), 

up-regulation of cytokine and chemokine production (hBD-2, hBD-3), 

up-regulation of co-stimulatory molecules (hBD-3) 

Neutrophils 
chemotaxis (hBD-2), 

inhibition of apoptosis (hBD-3) 

NK cells 
enhancement of cytolytic activity and cytokine production, 

facilitation of mDC-NK cell interaction (hBD-3) 

T cells 

chemotaxis (hBD-1, hBD-2, hBD-3), 

maturation and proliferation (hBD-3), 

enhancement of cytokine production (hBD-2, hBD-3), 

suppression of IL-17 production (hBD-2) 

Cancer cells 

tumor suppression (hBD-1), control of cell growth (hBD-3), 

chemotaxis of tumor-associated macrophages (hBD-3), 

inhibition of cancer cell migration (hBD-3), 

promotion of cancer cell proliferation (hBD-4 at low concentrations), 

inhibition of cell proliferation and viability (hBD-4 at high concentrations) 

DC: dendritic cells; iDC: immature DC; IL-17: interleukin-17; LC-DC: Langerhans cell-like DC; mDC: 

myeloid DC; MMP: matrix metalloproteinase; NK: natural killer; pDC: plasmacytoid DC. 

FUTURE DIRECTIONS 

Despite all advantageous features of AMPs, there are still some difficulties in their 

applications such as: potential toxicity to humans (Kumar, 2002), sensitivity to harsh 

environmental conditions (susceptibility to proteases and extreme pH), a lack of 
selectivity against specific bacterial strains, high production costs, folding issues of 

some large AMPs, reduced activity when used for surface coating, bacterial resistance 

to some AMPs.  

It is possible to make fully synthetic AMPs by chemical synthesis or by using 

recombinant expression system. These approaches are useful for modification 

of existing AMPs and for designing new synthetic ones. Such modifications have 

potential to change the targets of AMPs and improve the stability of AMPs against 
proteases. Unfortunately, de-novo designed synthetic AMPs often may be not 

bioavailable. They are costly to produce, can be toxic, do not recognize specific 

receptors hence are not selective and often unstable in the serum because of proteases.  

Thus, searching for new AMPs from natural sources remains still promising approach. 

The flies of the order Diptera seem to be special interesting. The response to stress in 

the flies is associated with the expression of a number of genes encoding AMPs, as 
well as different heat shock proteins (Hsps) (Bonnay, 2014; Kleino, 2014; Myllymäki, 

2014; Malewski, 2015). We have already received preliminary data about potential 

antibacterial properties (i.a. growth inhibition of Pseudomonas aeruginosa) of the 

larvae hemolymph obtained from Megaselia scalaris (Diptera, Phoridae) – a small fly 
which has been proposed as a model organism for bioassays for drugs and pollutants 
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(Disney, 2008; Durska, 2017; Pennington, 2017). The ability of M. scalaris larvae to 

grow in the environment of bacteria and fungi, often pathogenic for insects, as well as 

at high temperatures, makes this species an excellent subject for study of defense 
mechanisms. The key AMPs in flies of the Diptera order are diptericins associated with 

the Imd-NF-κB pathway (signal transduction i.a. after contact to Gram-negative 

bacteria). The antibacterial activities of AMPs in Diptera are diverse and related to the 
character of C-end of the anti-bacterial peptide. Diptericin (Dpt B, Dpt C) found in 

species of the genus Drosophila has been shown not to be amidated, in contrast to 

diptericin (Dpt A) of Phormia (Diptera) species (Wicker, 1990). Probably, individual 
species of the flies under environmental pressure (stressors, pathogens) evolved 

towards increasing the potential production of diptericin protecting the host organism 

(Hanson, 2019). One can assume that probably due to the phylogenetic background the 

AMPs of M. scalaris larvae, in contrast to Drosophila species, are able to inhibit both 
bacteria and the pH-dependent viruses in the low pHs in the host cells, at temperatures 

exceeding 40ºC (Malewski, 2015; Malik, 2016). The use of synergic interactions 

of AMPs and Hsp proteins or proteases/ antiproteases contained in the hemolymph of 
M. scalaris larvae, resistant to high temperatures, characteristic of dangerous 

infections, may be a breakthrough not only in a fight of bacterial resistances to current 

antibiotics, but also for combating the pH-dependent respiratory viruses including 

SARS-CoV-2 (Mahlapuu, 2016; Zhao, 2020). 
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ABSTRACT 

The skin contains about 5% of melanin-producing cells called melanocytes. The analysis of melanocytes is 
of greatest interest for multiple fields of dermatology, especially those concerning the detailed molecular 
mechanism of melanogenesis and melanin transfer to keratinocytes. An effective and simple method aimed 
at the culture of melanocytes is also essential for the investigation regarding melanoma development, the 
deadliest skin cancer. The main purpose in the current melanoma research is focused on the better 
understanding of the metastasis process, which can lead to the development of new techniques concerning 

early diagnosis as well as an effective treatment. Because differences and similarities in cell properties can 
be observed simultaneously between the clinical samples, gaining general knowledge about the melanoma 
phenomenon, particularly in case of the unusual tumors, is a priority.  

Unfortunately, due to the low percentage of melanocytes in the skin, the establishment of a pure 
melanocyte culture (without fibroblast and keratinocyte contamination) is difficult. For this reason, access 
to larger amounts of patient-derived cell models and established cell lines should be assessed by 
laboratories which are focused on the isolation of the cells of interest themselves. Here, we present an 
overview of the traditional as well as innovative procedures of isolation and culture of melanocytes and 

melanoma cells, which will be useful for the improvement of the existing laboratory protocols, as well as it 
may inspire novel laboratories to enlarge the spectrum of their scientific interest in melanoma research. 

Keywords: melanocytes, melanoma, cell isolation, procedures 

INTRODUCTION 

Cancer remains as one of the biggest threats to human wellbeing, therefore novel 

diagnostic tools and procedures for its detection should be developed. The establishment 
of a quick but trustworthy test for the identification of cancer biomarkers in the human 

organism is intensively conducted by various scientists (Sobiepanek and Kobiela, 

2018). The availability of many different cell lines (from normal to the cancerous types 
being at different stages of progression) is of great importance for the researches 

performed in vitro. One of the main scientific objectives is focused on the better 

understanding of the metastasis process, what is indispensable for further development 

of novel techniques aimed at early diagnosis and effective treatment in vivo. To help 
with this issue and at the same time to better comprehend the metastasis process as well 

as to develop an effective treatment, access to larger numbers of melanoma models like 

primary cells, cell lines, mouse models and computer simulations (theoretical models) 
is essential. Since each model has its limitation (e.g. the in vitro models lack 

responsiveness from the immune system), application of several models at the same 
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time of the study may help in a detailed understanding of cancer or its response to the 

proposed treatment (Madhunapantula et al., 2019). On the other hand, some cases 

of cancer may be unique (e.g. unusual or rare mutation, very aggressive tumor cells), 
thus cell isolation would be beneficial for further research and highly recommended. 

Furthermore, the isolation of the normal and cancerous cells from the same patient 

would be of tremendous value to widen the knowledge about tumor development and 
changes occurring between both types of cells. In this article, our interest will be 

focused on melanocytes and melanoma cells.  

Melanocytes are the cells of neuroectodermal origin, which can be found in the skin, 
brain, eyes, ears, lungs, heart, hair and in some mucous membranes. Their broad 

spectrum of functions depends on their location in the human body, e.g. in the brain 

melanocytes may be involved in the process of detoxification; in the heart they play 

a role in the reduction of free radicals and anti- inflammatory processes; while in the 
skin, hair and eyes melanocytes provide protection against the ultraviolet radiation due 

to melanin synthesis during melanogenesis. In the epidermis melanocytes constitute 

only 5% of all types of the skin cells, which contributes to about 1,200 melanocytes 
per mm

2
 of the skin (independently of the human race), thus isolation and culture of the 

pure melanocytes may be of great challenge for many scientists (Marczyńska and 

Przybyło, 2013; Wikramanayake et al., 2014; Rzepka et al., 2016; Johansen, 2017). 

Melanoma arises from melanocytes as a result of mutation/s and subsequent 
uncontrolled cell proliferation. Among skin cancers, melanoma represents the most 

malignant type, with the highest rate of mortality. According to the World Health 

Organization, nearly 288,000 of melanoma cases were diagnosed in 2018 worldwide 
and the occurrence of this disease in 2025 may be even greater and reach 

approximately 340,000 cases per year (nearly 20% more cases). The majority of the 

melanoma cells sustain their ability to melanin synthesis; thus, they form pigmented 
melanoma – typically brown or black. In rare cases with disrupted melanin synthesis, 

amelanotic melanoma may also occur. Many different clinical subtypes of melanoma 

have been described, but the most frequent are: acral lentiginous melanoma (ALM), 

nodular melanoma (NM), lentigo maligna melanoma (LMM) and superficial spreading 
melanoma (SSM). On the other hand, the development of melanoma consists of six 

steps: (i) the common acquired melanocytic nevus, (ii) a melanocytic nevus with 

lentiginous melanocytic hyperplasia, (iii) a melanocytic nevus with aberrant diffe-
rentiation and melanocytic nuclear atypia, (iv) the radial growth phase (RGP) of the 

primary melanoma, (v) the vertical growth phase (VGP) of the primary melanoma and 

(vi) metastatic melanoma (MM) (Forman et al., 2008; Dummer et al., 2016; Elder, 
2016; Sobiepanek et al., 2017). 

Although, there are many commercially available cell lines of melanocytes and 

melanoma cells, the possibility of cell isolation directly from individuals allow for 

a comprehensive analysis of cell function and differentiation, as well as cance-
rogenesis. The establishment of pure cultures of melanocytes and/or melanoma cells is 

indispensable for the researchers focused on the analysis of the in vitro relationship 

between melanocytes and keratinocytes (De Luca et al., 1988), mechanism of melanin 
production and its biosynthesis (Bao et al., 2015; Knapp and Iden, 2020), melanocytes 
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implementation in the 3D skin equivalents (Gledhill et al., 2015), as well as for the 

diagnostic procedure aimed at the differentiation melanomas from melanocytes in vitro 

(Fujiwara et al., 2019). 

STATE OF ART 

The skin is the largest organ of the human body, composed of the epidermis and the 

dermis built by progenitors and variously differentiated cells (De Falco et al., 2014). 

The main component of the outermost epidermal layer are keratinocytes. Keratinocytes 
undergo the differentiation process during which they maturate into corneocytes. These 

non-nucleated flattened and cornified cells, together with ceramides, cholesterol and 

free fatty acids form water impermeable layer located at the surface of the skin called 
stratum corneum (Sobiepanek et al., 2019). Other components of the epidermis are: the 

Langerhans cells (dendritic cells of the immune system of the integument), the Merkel 

cells (cells of the neural origin) and melanocytes. Melanocytes are located in the 

stratum basalis, the deepest layer of the epidermis located directly above the basement 
membrane, which separates the epidermis from the dermis (Sobiepanek et al., 2020). 

They are interspersed among the keratinocytes at a ratio of 1:30 depending on the body 

site (De Falco et al., 2014; Dehdashtian et al., 2018; Graham et al., 2019). The concept 
of a melanocyte interacting with a specified group of keratinocytes, creating the Epi-

dermal Melanin Unit (EMU), was first proposed by Fitzpatrick and Breathnach in 

1963. However, there are votes in favor to include the Langerhans cells in the 

physiological functional unit, which would be known as the keratinocyte-Langerhans-
melanocyte (KLM) unit (Nordlund, 2007).  

In order to maintain the homeostasis in vivo, melanocytes require the presence 

of keratinocytes to which they bind through adhesion molecules called E-cadherins. 
The downregulation of their expression breaks the control of keratinocytes over 

melanocytes. In general, melanocytes have a small proliferative potential and rarely 

divide, therefore melanocyte overactivity leads to pathological conditions (Santiago-
Walker et al., 2009; Marczyńska and Przybyło, 2013). Moreover, changes in the 

cadherins expression pattern, from the E-cadherin into the N-cadherin is observed 

during the epithelial-mesenchymal transition (EMT) that leads to the malignant 

transformation. The cadherin-switch allows for the mobility of melanocytes and for 
their interaction with fibroblasts, endothelial cells or themselves. This also leads to the 

penetration of the deeper layer of the dermis and to the further cell expansion through 

the blood and lymphatic vessels (Santiago-Walker et al., 2009; Marczyńska and 
Przybyło, 2013).  

Although, the molecular bases of melanoma progression are still the subject of an 

intensive research, it is associated with mutations in genes responsible for the proli-
feration and apoptosis, as well as with epigenetic changes, loss of adhesion ability or 

production of the autocrine growth factors, which disturbs the signal transduction 

pathway in melanocytes (Pokrywka and Lityńska, 2012). The National Cancer Institute 

distinguishes four types of the patient-derived models (PDMs) for cancer research: the 
in vitro patient-derived tumor cell cultures (PDCs) and cancer-associated fibroblasts 

(CAFs), the ex vivo patient-derived organoids (PDOrg), as well as the in vivo patient-

derived xenografts (PDXs). Several PDMs of melanoma and skin cancers are 
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commercially available (6 cases of PDCs) or undergoing quality control like the Next-

Generation Sequencing (NGS) and tumorigenicity verification (10 developed PDCs) 

(Evrard et al., 2019). The PDCs may reflect the characteristic features of the patient's 
tumor cells and can be used to deepen the molecular validation process e.g. gene 

expression profiling or immunohistochemical staining with the selected biomarkers. 

On the other hand, with the use of the optimal technique for melanocytes and 
melanoma cell isolation and culture, the variety of the available cell lines can be 

significantly increased (Bleijs et al., 2019). Therefore, here we summarize the spectrum 

of techniques used for melanocytes and melanoma cell isolation and culture described 
in literature and commonly used in laboratories. We believe this will be helpful for the 

improvement of the existing protocols or an inspiration for novel scientists who intend 

to perform their first experiments on melanocytes and melanoma cells. 

SEARCH STRATEGY AND SELECTION CRITERIA 

Literature analysis has been performed with the use of the PubMed database and the 
search term combinations of "melanocytes – melanoma – cell isolation – techniques – 

cell culture in vitro". For further analysis we have chosen articles in which melanocytes 

and/or melanoma cell isolation methods from human or animal tissues samples were 
well described. Moreover, during hand search in Google Scholar, some additional 

articles were also investigated for a better comprehension of the subject. 

REVIEW AND DISCUSSION 

For the in vitro research purpose, commercially available cell lines are frequently 

selected. Since 1978 over 350 human melanoma cell lines have been established and 
characterized in the Melanoma Research Center as well as in the Wistar Institute, 

which initiated major advances in melanoma research. These different cell lines, from 

each tumor progression stage (tab. 1), may be purchased from companies like ATCC, 
Biocompare, European Collection of Cell Cultures (ECACC), JCRB Cell Bank, 

Rockland Immunochemicals Inc. and Merck (formerly Sigma Aldrich). The establish-

ment of a melanoma cell line is difficult and the success rate often depends on the stage 
of cancer progression. For example, the RGP melanoma cell lines are rarely developed, 

mainly due to the small specimen size available for isolation. On the other hand, the 

success rate for VGP melanomas culture ranges from 30-70% and also depends on the 

size of the lesion obtained during surgery. The highest success rate (75-80%) for the 
cell line establishment is observed for metastatic melanomas, in which the most 

common sources of samples are the lymph node metastases and the least common 

cutaneous nodules (Hsu et al., 1999). Despite the great diversity in melanoma cell lines 
which originated from the different stages of melanoma progression, the establishment 

of the cell line models containing specific mutations, for example, in BRAF or NRAS 

genes, is also of great importance for scientific purposes (Schadendorf et al., 2018). An 
extremely valuable study can also be performed on the multiple types of cell lines 

isolated directly from the tumor and healthy samples of one patient. This model allows 

for the comparison between closely related cells that differ in morphology or in their 

invasive potential. Some of the related melanoma cell lines are presented in table 2. 
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Table 1. Examples of commercially available cell lines from different progression stages of melanoma 

RGP site VGP site Lymph node MM Solid tumor MM 

SBC12 
WM1552C 
WM1862 
WM35 

WM75 
WM115 
WM278 
WM278 
WM793 
WM902B WM983A 

A2058 
GAK 
Hs 294T 
Ma-Mel-15 

MeWo 
SK-MEL-1 
WM266-4 

451Lu 
A375 
C32 
CHL-1 

Colo 794 
G-361 
WM1026 

Table 2. Examples of the multiple cell lines developed from the same patient (Hsu et al. 1999) 

Vertical Growth Phase Metastatic Melanoma 

WM75 WM373 

WM115 
WM165-1, WM165-2, WM239A, WM239B, 
WM266-1, WM266-2, WM266-3, WM266-4 

WM278 WM1617 

WM740V WM858, WM873-1, WM873-2, WM873-3 

 

In case of melanocytes, the commercially available cell lines are limited to two types 
of cells offered from each company: neonatal or adult skin. However, there is also 

a choice between cells obtained from lightly, moderately or darkly pigmented donors. 

Some of the established and commercially available melanocytes are listed in table 3. 
These cell lines are frequently used in cancer research studies. Unfortunately, the 

comparison of cells obtained from different donors may lead to a misinterpretation 

of the obtained results and mask the true mechanisms which melanoma pathogenesis 
undergoes. Due to this reason, the isolation of the cancerous and normal cells from the 

same patient becomes increasingly important. 

Table 3. Examples of the commercially available melanocytes  

Company Melanocytes and their source 

ATCC 
Primary Epidermal Melanocytes; Normal, Human, Neonatal (HEMn) 
Primary Epidermal Melanocytes; Normal, Human, Adult (HEMa) 

Cell Applications, 
INC. (distributor 
MERCK) 

Human Epidermal Melanocytes: HEM, adult 
Human Epidermal Melanocytes: HEM, neonatal 

GibcoTM 
Thermofisher 
Scientific 

Human Epidermal Melanocytes, adult, lightly pigmented donor, (HEMa-LP) 
Human Epidermal Melanocytes, neonatal, lightly pigmented donor, (HEMn-LP) 
Human Epidermal Melanocytes, neonatal, moderately pigmented donor, (HEMn-
MP) 
Human Epidermal Melanocytes, neonatal, darkly pigmented donor, (HEMn-DP) 

PromoCell 
Normal Human Epidermal Melanocytes (NHEM) 
Normal Human Epidermal Melanocytes 2 (NHEM 2) 

Ximbio Immortalised Human Melanocyte [PIG1] Cell Line 

 

Ameri Research Inc. showed in 2016 that the total cost of the necessary instruments, 
consumables and reagents required for cell culture and isolation reached about 3.4 
billion dollars and by the year of 2024 this cost may increase to even 11.5 billion 
dollars, what highlights the importance of the research using cell culture techniques 
(Ameri Research Inc. webpage). In general, the isolation procedure consists of a few 
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stages. First, (i) the tissue should be collected during surgery, then the sample should 
be stored in a dedicated transport media (ii), next the sample should be washed (iii), 
fragmented (iv) and digested (v) with the use of specific enzymes (e.g. collagenase, 
dispase, hyaluronidase, liberase or trypsin). After cell separation (vi), features of the 
isolated cells should be tested and confirmed by molecular methods. The most 
important and frequently used protocols implemented for melanocytes and melanoma 
cell isolation are summarized in table 4 and table 5.  

Table 4. The described conditions for melanocyte isolation. The used abbreviations are: BBE – bovine brain 
extract, bFGF – basic fibroblast growth factor, BPE – bovine pituitary extract, CT – cholera toxin, EDTA – 
ethylenediaminetetraacetic acid, EGF – epidermal growth factor, FBS – fetal bovine serum, FCS – fetal calf 
serum, HBSS – Hanks Balanced Salt Solution, IBMX – isobutylmethyl xanthine, TPA – 12 
tetradecanoylphorbol 13-acetate (otherwise known as PMA, phorbol 12-myristate 13-acetate) 

The method of epidermis separation 
from the dermis (tissue origin) 

The method of 
receiving a single cell 
suspension for 
seeding 

The used culture medium  Reference  

The tissue was incubated in 0.25% 
trypsin in PBS for 30 min at 37°C, 
next the epidermis was 
mechanically separated from the 
dermis (human) 

A single-cell 
suspension was 
obtained by gentle 
agitation in the 
medium 

McCoy's 5A medium with 
10% CS, 1 nM CT and 
0.33 µM IBMX  

Tsuji  
and 
Karasek, 
1983 

The tissue was incubated in Eagle's 
minimal essential medium without 
calcium (MEMS) with 0.25% 
trypsin, 200 U/ml penicillin, 
100 µg/ml streptomycin and 
100 ng/ml TPA at 4°C overnight 
(human) 

The tissue was shaken 
vigorously in the 
melanocyte growth 
medium and the 
supernatant with cells 
was collected 

Ham's F-10 medium with 
10% Nu-serum, 2% CS, 
penicillin, streptomycin, 
48 nM TPA, 2.5 nM CT and 
0.1 mM IBMX 

Halaban 
and 
Alfano, 
1984 

The skin biopsy was minced and 
digested in 0.05% trypsin/0.01% 
EDTA at 37°C for 3 h (human) 

The cells were 
collected from the 
received supernatant  

Dulbecco-Vogt Eagle's and 
Ham's F12 medium (3:1) 
with 5% FCS, 5 µg/ml 
insulin, 5 µg/ml transferrin, 
0.18 mM adenine, 0.4 mg/ml 
hydrocortisone, 1 nM CT, 
10 ng/ml EGF, 20 pM 
triiodothyronine, 10 ng/ml 
PMA, 50 IU/ml BBE and 
50 IU/ml penicillin/ 
streptomycin 

De Luca 
et al., 
1988 

The tissue was cut into pieces and 
incubated in Eagle's minimum 
essential medium (EMEM) with 
0.5% collagenase Type V 5% FBS 
for 1-2 h at 37°C (human) 

The cell suspension 
was obtained by 
treating the tissue with 
0.05% trypsin and 
0.53 mM EDTA for 
5-10 min at 37°C  

EMEM with 10% FBS, 
0.2 µg/m1 CT, 50 nM PMA, 
0.05 mg/ml gentamicin, 
2.5 μg/ml fungizone and 
keratinocyte serum-free 
medium 

Tobin 
et al., 
1995 

The tissue was cut into pieces and 
digested in 2 mg/ml dispase at 4°C, 
mechanical separation of the 
epidermal tissue was performed 
with forceps (human) 

The tissue was 
incubated in 0.25% 
trypsin at 37°C for 
5 to 10 min 

MCDB153 with 10 µg/ml 
bovine insulin, 10 µg/ml 
transferrin, 2.8 µg/ml 
hydrocortisone, 2 mM 
glutamine, 10 U/ml nystatin, 
1 ng/ml vitamin E, 10 nM 
PMA, 100 ng/ml CT, 
100 µg/ml bovine 
hypothalamic extract and 
2% FCS chelex-treated 

Goodall 
et al., 
1994 
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The epidermis was separated from 
the dermis after an overnight 
incubation in 0.25% trypsin at 4°C 
(human) 

undescribed Medium 199 with 10 ng/ml 
EGF, 1 nM triiodothyronine, 
10 µg/ml transferrin, 
10 µg/ml insulin, 1.4 µM 
hydrocortisone, 1 nM CT, 
10 ng/ml bFGF and 5-10% 
FBS 

Hara 
et al., 
1996 

The tissue was cut into small pieces 
and incubated in 0.25% trypsin for 
12 h at 4°C, and next the epidermis 
was mechanically separated from 
the dermis (sheep) 

A single-cell 
suspension was 
derived by vigorous 
pipetting in 10% FCS 
from the epidermis 

Melanocyte basal medium 
with 0.05 µg/ml 
amphotericin B, 1 ng/ml 
bFGF, 13 mg/ml BPE, 
50 µg/ml gentamicin, 
0.5 µg/ml hydrocortisone, 
10 ng/ml PMA, 5 µg/ml 
bovine insulin, 1% FCS, CT  

Sanchez 
Hanke  
et al., 
2005 

The tissue was digested with 0.2-
0.4% dispase for 1-18 h depending 
on the thickness of the dermis 
(human) 

The tissue was 
digested with 0.05% 
trypsin-EDTA  

Melanocyte medium (254-
CF)  

Ghosh 
et al., 
2008 

The tissue was minced into 
0.2×0.5 cm pieces, digested in 
0.25% trypsin solution or in 0.05% 
trypsin in 0.02% EDTA at 4°C for 
20 h, next the tissue was incubated 
at 37°C for 2 h, the mechanical 
separation of the epidermal tissue 
was performed with forceps 
(alpaca) 

The epidermal tissue 
was digested in 0.25% 
trypsin in 0.02% 
EDTA for 8 min at 
37°C and vigorous 
pipetting in 
Melanocyte Basal 
Medium + 10% CS 
and filtration through 
a 200-pore steel sifter 
with a pore diameter 
of 76 μm 

Melanocyte basal medium 
supplemented with 
0.2 μg/ml CT, 0.05 mg/ml 
gentamicin, 2.5 μg/ml 
fungizone, 50 μg/ml BPE, 
0.5 μg/ml hydrocortisone, 
1 ng/ml bFGF, 5 μg/ml 
insulin and 10 ng/ml TPA 

Bai et al., 
2010 

The tissue was cut into small stripes 
and digested in 1.07 U/ml 
Dispase II in HBSS at 4°C 
overnight, next the mechanical 
separation of the epidermal tissue 
was performed with forceps (fox) 

Mechanical blowing 
was performed and 
cell suspension was 
obtained with a cell 
sieve (200 meshes) 

Keratinocyte serum free 
medium (K-SFM) with 10% 
FBS and 1% penicillin- 
streptomycin, EGF and BPE 
(for 3 days); next the full 
medium was supplemented 
with PMA (for 7-10 days) 

Bao et al., 
2015 

The subcutaneous adipose tissue 
was manually removed from the 
dermis with a scalpel, the remaining 
tissue was cut into small pieces and 
incubated in 2.4 U/ml dispase in 
PBS for 1.5 h, next the epidermis 
was mechanically separated from 
the dermis (human) 

The tissue was treated 
with 0.25% trypsin 
and 0.53 mM EDTA 
for 10 min at 37°C 
and next the 
suspension was 
filtered through 
a 200 m filter 

Medium 254 supplemented 
with a human melanocyte 
growth supplement (HMGS) 

Zhang 
et al., 
2017 

The mechanical removal of the 
subcutaneous tissue, mincing and 
digestion with trypsin (human) 

The cells were 
collected from the 
received supernatant  

DermaLife medium Fujiwara 
et al., 
2019 

The tissue was incubated in RPMI 
with 10%FCS, 100 U/ml penicillin, 
100 µg/ml streptomycin, 100 nM 
sodium pyruvate, 10 nM non-
essential amino acids and 5 mg/ml 
Dispase II at 4°C overnight (mouse) 

The tissue incubated 
in TrypLE for 20 min 
at room temperature 

RPMI-1640 with 200 nM 
TPA 
and 200 pM CT 

Knapp 
and Iden, 
2020 
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Table 5. The described conditions for melanoma isolation. The used abbreviations are: CT – cholera toxin, 
FBS – fetal bovine serum, FCS – fetal calf serum, G418 – geneticin, PMA – phorbol 12- myristate 13-acetate 

Applied method of melanoma cell isolation (tissue 
origin) 

The used culture medium Reference  

The tissue was digested with dispase (1:2) in RMPI for 
3 h at 37°C, and next digested with collagenase (1:100) 
in Tris-buffered saline containing CaCl2 for 2 h at 37°C, 
the cell suspension was filtrated through 70- µm nylon 
strainers (horse) 

RPMI-1640 with 10% FCS, 
5 mM glutamine, 1 mM sodium 
pyruvate, 10,000 U/ml penicillin 
and 10 mg/ml streptomycin 

Chapman 
et al., 2009 

The tissue was cut into small pieces and digested with 
235 U/ml collagenase and 850 U/ml hyaluronidase in 
RPMI+1%FBS for 2 h at 37°C, and next the suspension 
was filtered through 70- and 40- μm strainers (human) 

RPMI-1640 with 10% FBS  Luo et al., 
2013 

The tissue was digested with 60 μg/ml liberase 
Blendzyme TM mix in Medium 199 for 1 h at 37°C and 
filtered through 70 μm nylon mesh (human) 

Medium 199  Boiko, 
2013 

The tissue was digested with 200 U/ml collagenase 
type IV for 20 min at 37°C, and next incubated with 
0.05% trypsin-0.5 mM EDTA as well as 100 U/ml 
DNase solution for 2 h at 37°C. The suspension was 
filtered through a 40 µm strainer (human) 

80% MCDB153 and 20% L15 
supplemented with 2% FBS, 
5 μg/ml insulin and 1.68 mM 
CaCl2  

Slipicevic 
et al., 2014 

The tissue was digested with trypsin and collagenase 
(human) 

Ham F12 medium with 10 ng/ml 
CT, 100 nM PMA, 100 μg/ml 
G418 and 50 μg/ml gentamicin  

Weidmann 
et al., 2017 

The tissue was mechanically disaggregated and next 
digested with 2 mg/ml collagenase type II for 2 h at 
37°C, the suspension was filtered with a 70 μm nylon 
strainer (dog) 

RPMI-1640 Glutamax growth 
medium with 10% FCS and 
100 U/ml penicillin and 
0.1 mg/ml streptomycin  

Segaoula 
et al., 2018 

The tissue was mechanically disaggregated (human) DMEM with 10% FBS, 2 mM 
glutamine and a 1% penicillin/ 
streptomycin mixture  

Heitzer 
et al., 2019 

The mechanical removal of the subcutaneous tissue, 
mincing and digestion with trypsin (human) 

DermaLife medium Fujiwara et 
al., 2019 

 

The study in which the cells are isolated from the tissue can begin as soon as the 
consent of the local Bioethics Committee for these experiments is acquired. The 
researcher may proceed with the following steps of the isolation procedure and adapt it 
to his/her needs or capabilities: 

a) tissue collection during the surgery and its transport 

The first two steps of the process require tissue collection after surgery (after a written 
consent is signed by the patient) and its transport to the destinated laboratory. The most 
common sources of normal melanocytes are newborn foreskin or adult skin removed 
for cosmetic as well as health reasons (Halaban, 2005). On the other hand, the lymph 
nodes are the most frequent source of melanoma cells in comparison with cutaneous 
tissue. Typically the tissue is stored in a medium containing a mixture of an antibiotic-
antimycotic solution (e.g. 400 U/ml penicillin, 400 µg/ml streptomycin or 10 µg/ml 
Amphotericin B) and subsequently transported to the laboratory within 24-48 hours 
while stored at 4°C. Prolongation of the transport time may affect the quality of the 
tissue sample, and in consequence, the success rate of the subsequent cell isolation and 
culture (McLeod and Mason, 1995; Ghosh et al., 2008; Bai et al., 2010). 



A short guide on the selection of melanocytes  
and melanoma cells’ isolation procedures for cancer research 

 

205 

b) tissue preparation for cell isolation and the disaggregation step 

Large tissue fragments should be rinsed with an antiseptic solution (e.g. 2.5 mg/ml 
iodine solution, 70% ethanol) for 5-10 minutes. If the tissue fragments are very small, 
medium with 10-times greater concentration of an antibiotic solution should be used 
for quick rinsing only (rinsing with the antiseptic solution, like in case of the large 
tissue fragments, will fix the cells). Subsequently, the tissue should be washed with 
a Phosphate-Buffered Saline (PBS) or Dulbecco's Phosphate-Buffered Saline (DPBS) 
without Ca

2+
 or Mg

2+
 ions for 5-10 minutes. The subcutaneous fat should be removed 

from the tissue with the use of a scalpel and the tissue should be cut into smaller pieces. 
The size of the tissue fragment recommended for the enzymatic digestion is 1 cm x 1 cm, 
while for the mechanical disaggregation 1 mm x 1 mm. Furthermore, the incubation 
of the tissue fragments with a buffer containing ethylenediaminetetraacetic acid (EDTA; 
1-50 mM depending on the cell type) may decrease the adhesion of naturally adherent 
cells and allow to obtain a single cell suspension (McLeod and Mason 1995, Ghosh et 
al. 2008, Godwin et al. 2014, Heitzer et al. 2019, Reichard and Asosingh 2019). 

In order to separate the epidermis from the dermis, the enzymatic digestion (mainly 
with dispase and/or collagenase; for up to 2 hours at 37°C or 24 hours at 4°C) is 
frequently implemented. After separation of the layers, melanocytes can be found 
within the basal layer of the epidermis. To obtain cell suspension, the epidermis should 
be shortly washed with PBS or DPBS and incubated with a typsin/EDTA solution or 
a TrypLE reagent (up to 30 minutes at 37°C). Next, the enzyme should be inactivated 
and cell suspension should be filtered through a cell strainer, typically nylon or 
polyethylenterephthalat (PET) meshes (McLeod and Mason 1995, Halaban 2005, 
Godwin et al. 2014). The mesh size should be adjusted to the cell type; in case 
of melanocytes and melanoma cells the mesh size should be approximately 200 µm 
and 70 µm, respectively (Bai et al., 2010; Boiko, 2013). Before cell seeding or specific 
cell separation, suspension after filtration should be centrifuged at 1000 g for 5-10 
minutes. Next, the pellet with cells should be resuspended in the appropriate medium 
and cells may be counted before approaching the next step (Bai et al., 2010; Zhang et 
al., 2017).  

Another approach in order to obtain cell culture is to attach the tissue fragment to the 
culture dish, the so-called skin explants method, however it is rarely used (Tobin et al., 
1995). 

c) the separation of different cell types and cell culture 

Once cell suspension is assessed, the desired method of cell separation may be 
implemented without the cell culture. Cells coupled with fluorochromes or magnetic 
particles, may be separated by the use of the flow cytometry analysis: the fluorescence-
activated cell sorting (FACS) or magnetic-activated cell sorting (MACS), respectively 
(Hu et al., 2016). For this purpose, the presence of particular biomarkers expressed on 
the cell surface should be known to the investigators. For example, in order to sort cells 
of melanotic origin, a CD117 marker (the transmembrane tyrosine kinase growth factor 
receptor) is frequently used (Fujiwara et al. 2019). Other biomarkers specific for the 
detection of melanoma cells are CD45, CD31, CD2, CD3, Glycophorin A, EpCAM 
(Epithelial Cell Adhesion Molecule) (Boiko, 2013). After sorting, the obtained 
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melanocytes or melanoma cells may be cultured or used directly for the planned 
experiments. 

Cells may be seeded into 6-well plates (usually at a density of 1×10
5
 cells per well) in 

a complete growth medium. For melanocytes and melanoma cell cultures, many 

different commercially available media may be used like DMEM (Dulbecco's Modified 
Eagle Medium), RPMI-1640 (Roswell Park Memorial Institute Medium), Ham’s F10, 

Ham’s F12, Medium 199 or MCDB153, almost all supplemented with fetal bovine 

serum (FBS, 1-10%) or fetal calf serum (FCS, 1-10%) and an antibiotic mixture (see 
Tables 4 and 5). In some cases, the ready-to-use media were applied like DermaLife 

(for both cell types) or Medium 254 supplemented with HMGS (in case of melanocytes 

only). For the stimulation of melanocyte growth in vitro four mitogens may be added 

to the growth medium: TPA (12-O-tetradecanoylphorbol 13-acetate; otherwise known 
as phorbol 12-myristate 13-acetate, PMA), cholera toxin (CT), endothelin 1 (ET1) and 

stem cell factor (SCF) (Bai et al. 2010, Godwin et al. 2014). Cholera toxin decreases 

the growth of cells typically stimulated by serum added to the medium. Therefore, in 
the presence of CT, the growth of fibroblasts, the most frequent contaminant of the 

melanocytes culture, is significantly reduced. However, in the case of metastatic 

melanoma cultures, the addition of the CT will influence their morphology. On the 
other hand, fibroblasts can proliferate in the TPA-supplemented medium even in the 

presence of CT, that is why a selective combination of the growth factors is required to 

minimalize the proliferation of the contaminant cells and stimulate the desired cells 

(Halaban, 2005). 

In some cases, the co-culture may be separated due to the differential trypsin digestion 

as it is noted in case of keratinocytes-melanocytes cell culture (Ścieżyńska et al., 2019). 

The application of low concentrated trypsin (e.g. 0.05%) for a short time (up to 
5 minutes) allows to collect only melanocytes or melanoma cells present in the culture. 

In order to detach keratinocytes, a longer time of incubation (10-15 minutes) with 

trypsin is needed (Fujiwara et al., 2019). Unfortunately, the separation of melanocytes 
from fibroblasts causes more difficulties (a similar trypsinization time) and requires 

cell incubation with a selective agent like geneticin (G418). It is an aminoglycoside 

antibiotic, which eliminates the quickly dividing cells (in this case fibroblasts) from the 

mixed cell culture by blocking the polypeptide synthesis. The effective concentration 
of geneticin is described usually as 100 µg/ml which should be added to the cell culture 

in the full growth medium for 2-3 days (Halaban and Alfano, 1984; Zhang et al., 2017). 

Next, pure cell cultures may undergo experiments which confirm their melanotic origin. 

d) confirmation of the cells’ origin 

To confirm the origin of the cell, specific biomarkers characteristic for each cell type 

should be selected. In this step the biomarkers must be expressed by the cells, in 

contrast to the cell sorting methods where the biomarkers had to be present on the cell 
surface. For this reason, the real-time polymerase chain reaction (qPCR) as well as 

immunohistochemical (IHC) or immunofluorescent (IF) cell staining methods are 

typically used. The selection of genes and proteins is strictly determined due to the 
possible false positive results. If cells express melanocyte markers (genes MLANA, 

MITF, DCT, TYR; positive staining of the S100 protein family or of the HMB45-
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antigen), they are qualified as cells of melanocytic origin (Li et al., 2012; Weinstein et 

al., 2014). In case of the accompanying cells, their presence in the culture can be 

confirmed by biomarkers like the cytokeratin family for keratinocytes (Guo and 
Jahoda, 2009) and the collagen family for fibroblasts (Nissen, 2019).  

Another frequently used approach is based on the detection of tyrosinase activity in the 

cultured cells of melanocytic origin, a specific biochemical marker of these cells. The 
DOPA assay allows not only to confirm the purity of the melanocyte/melanoma culture 

but also the phenotypic characteristics of the cells. To determine the ratio between 

melanocytes and keratinocytes in co-culture experiments, cells must be grown on 
coverslips, then fixed, permeabilized, subjected to the reaction with L-DOPA and 

scored for positivity (brown stained cells) under the optical microscope (De Luca, 

1988; Ghosh et al., 2008; Bai et al., 2010). 

The presence of mycoplasma contamination in the established cell lines should be 
checked before cell banking or further cell culturing. A frequently applied method to 

detect most species of mycoplasma (M. fermentans, M. hyorhinis, M. arginini, 

M. orale, M. salivarium, M. hominis, M. pulmonis, M. arthridtidis, M. bovis, 
M. pneumoniae, M. pirum, M. capricolum) is PCR due to its sensitivity and specificity. 

The second approved method is DNA staining with DAPI (4,6-diamidino-2-

phenylindole-dihydrochloride), Hoechst 33258 or Hoechst 33342. Although it is an 

easy and rapid test, the interpretation of results in some cases can be difficult and 
require experience (Nikfarjam and Farzaneh, 2012). 

e) cell banking 

As soon as the origin and purity of the isolated cells is confirmed, they should be 
frozen before direct experiments are performed. This step is important due to the fact 

that cells have a limited lifespan in culture (Hayflick, 1965). Melanocytes derived from 

newborn foreskin can proliferate up to 18 passages in culture, whereas cells derived 
from adult skin only up to 5 passages. Some components of the growth medium may 

also prolong the lifespan of these cells before the signs of senescence appear (e.g. 

bFGF, HGF/SF and ETl) (Halaban, 2005). As a consequence, only cells at a low 

number of passages are suitable for functional studies and the sooner the cells will be 
frozen, the more experiments can be performed with their use (Dell’Anna and Cario-

André, 2019).  

Cells may be stored in liquid nitrogen for a long period of time and may be sub-
sequently, easily transported in dry ice. The recommended concentration of dimethyl 

sulfoxide (DMSO) in the freezing medium (full growth medium) is 7.5% (v/v), while 

cell density should be in the range of 0.5-1×10
6
 cells/ml (Godwin et al., 2014). 

SHORT CONCLUSION 

Although the isolation of cells is time-consuming, it is highly recommended in case 

of unique cell types or cells with low commercial access (e.g. melanocytes). Primary 

cells allow for a better understanding of cell interactions, their function and changes 

occurring during cell differentiation or tumor development. The isolation of melano-
cytes and melanoma cells may be performed according to several protocols. The basic 
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steps include: tissue collection during surgery, securing the sample in proper conditions 

for their transport, preparation of the tissue for subsequent fragmentation, digestion, 

cell separation, cell culture and confirmation of the cell origin. Each step may be 
adjusted to the researchers needs based on the described conditions.  
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ABSTRACT 

Clostridium is a genus of Gram-positive bacteria including several significant human pathogens. Bacteria 
are obligate anaerobes capable of producing spores. Bacterial toxins are responsible, among others for 
botulism, tetanus, gas gangrene and gastrointestinal tract infections. However, after years it turned out that 
bacteria of the Clostridium genus, their toxins and enzymes may be used in modern medicine. Botulinum 
toxin nowadays is used commercially for several medical and cosmetic purposes. Collagenase Clostridium 
histolyticum (CCH) is an enzyme, that dismantles collagen. CCH is used as for the treatment of connective 
tissue diseases such as Dupuytren’s contracture and Peyronie’s disease. Bacteria from Clostridium genus 
and their toxins and enzymes found also application in oncology. In 1813, Vautier reported regression 
of cancer in patients with gangrene, caused by Clostridium perfringens. Hypoxia is a pathophysiological 
feature in the majority of solid tumours. Research show also that it is possible to use Clostridium spp. for 
biotechnology purposes in oncology. A recombinant produced C-terminus of the C. perfringens enterotoxin 
was conjugated to gold Nanoparticles to produce a C-CPE-AuNP complex, which can be later used for 
killing tumor cells with laser. Similarily the C. butyricum strain has been successfully used in the therapy 
of colorectal cancer in the mouse model. It can reduce the expression of inflammatory cytokines, which are 
vital in carcinogenesis process. Also C. novyi – NT with iron oxide found application in modern imaging 
of solid tumors in Magnetic Resonance Imaging (MRI). Also C. Novyi – NT spores can be successfully 
labeled with iron oxide nanoparticles for MR imaging. Bacteria of the genus Clostridium have been an 
important clinical problem for centuries. In this review we will discuss the application of Clostridium spp. 
and their toxins/enzymes in medicine, especially in treatment of oncologic and other pathologies in the 
light of medical literature, as well as our own experiences. 

INTRODUCTION 

Clostridium is a species of Gram-positive obligate anaerobes, capable of producing 
spores. The bacterial reservoir is soil and digestive system of human and animals.The 
bacterial malignancy factors are toxins, produced most often in the intestinal lumen, 
wounds or soft tissues. Bacterial toxins are responsible, among others for botulism 
(C. botulinum), tetanus (C. tetani), gas gangrene and gastrointestinal tract infections 
(C. perfringens) and symptomatic Clostridioides difficile infections (CDI), which can 
cause symptoms such as abdominal pain, diarrhea and fever. This is also the most 
common cause of antibiotic associated diarrhea. Clostridial infection may be lethal. In 
this review we will discuss the application of Clostridium spp. and their toxins/ 
enzymes in medicine, especially in treatment of oncologic and other pathologies in the 
light of medical literature. 

HISTORY: WHAT WE KNOW ABOUT DEVELOPMENT CLOSTRIDIAL 

INFECTIONS? 

Through ages clostridial infections causing gas gangrene were serious treat for surgeons. 
But it wasn’t until the first half of the 20

th
 century that William Welch discovered the 

etiological factor of gas gangrene. Welch was an American physician, pathologist 
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and bacteriologist. He was precursor of modern medicine named one of the "Big Four" 
founding professors at the Johns Hopkins Hospital and also the founder of the Johns 
Hopkins School of Hygiene and Public Health, the first School of Public Health in the 
USA. Welch's research was principally in bacteriology, and he is the discoverer 
of the microorganism that causes gas gangrene. It was named Clostridium welchii in 
recognition of that fact, but now the microorganism is known as Clostridium perfringens.  

C. botulinum was first recognized and isolated in 1895 by Emile van Ermengem from 

home – made ham associated with a botulism outbreak.
 
The isolate was originally 

named Bacillus botulinus, after the Latin word for sausage, botulus ("sausage 
poisoning" was a common problem in XVIII/XIX century Europe most likely caused 

by botulism toxin).  

First descriptions of tetanus in Hippocrates' Aphorisms dated to IV century BCE. In 
1889, C. tetani was isolated from a patient by Kitasato Shibasaburō. Moreover he later 

proved that the disease is caused by toxins produced by bacteria. 

C. histolyiticum was first isolated in 1916 by Weinberg and Séguin. They discovered 
bacterial cultures may cause extensive local tissue destruction, splitting of the skin and 

sometimes autoamputation in human body. In 1923 Bergey, Harrison, et al. reclassified 

it as Clostridium histolyticum. 

Clostridium butyricum is uncommonly reported as a human pathogen and is widely 
used as a probiotic in Asia (particularly in Japan and China). First strains were isolated 

in the 1930s in Japan from soil. For over 60 years C. butyricum was used as a probiotic 

in Japanese hospitals, especially during an antibiotic therapy with strong antibiotics 
(eg III generation cephalosporins or Levofloxacin).  

Clostridioides (Clostridium difficile was first isolated from the stool of a healthy infant 

by Hall and O’Toole in 1935. It was not recognized as a pathogen until 1978, however, 

that George and colleagues associated C. difficile with human disease and discovered 
that C. difficile was the microorganism responsible for the majority of cases of anti-

biotic-associated diarrhea in the developed countries. The species was transferred from 

the genus Clostridium to Clostridioides in 2016, thus giving it the binomial Clostri-
dioides difficile. This new name reflects the differences in taxonomy between this 

species and members of the genus Clostridium. 

MEDICAL APPLICATION OF CLOSTRIDIUM SPP. AND THEIR TOXINS/ENZYMES 

However, after years it turned out that bacteria of the genus Clostridium, their toxins 
and enzymes are used not only in cosmetic purposes but in modern medicine as well. 

We currently use clostridial toxins and enzymes, but also biotechnologically modified 

microorganisms for clinical purposes.  

Botulinum toxin (BTX), produced by the bacterium Clostridium botulinum and related 
species, is a neurotoxic polypeptide protein. It prevents the release of the neuro-

transmitter acetylcholine from axon endings at the neuromuscular junction and thus 

causes flaccid paralysis in mechanism of localized reduction of muscle activity by 
inhibiting acetylcholine release at the neuromuscular junction. In 2004, the US Food 

and Drug Administration approved its application in the treatment of various medical 
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conditions, such as facial wrinkles, strabismus, cervical dystonia, blepharospasm, and 

hyperhidrosis. Since then crowds of patients could take advantage of this method. The 

toxin nowadays is more widely used both for medical and cosmetic purposes. In 
neurology it is used for treatment of disease’s connected with muscle spasticity such as 

head and neck (dystonia), vocal cords and jaw spasm. Dystonia is a condition 

characterized by involuntary muscle contraction in one or more regions. It may be 
idiopatic or secondary to other neurologic conditions. Many patients complains the 

pain accompanying the disease. Current medical strategies consist of oral treatment, 

behavioral modification of lifestyle, exercises and BTX injection, where intermittent 
injections were found superior to the above treatment (Grazzi, 2014). It is not only 

effective and well-tolerated treatment but also BTX reduces concomitant pain. 

Also chronic migraine (CM) reductant for other treatment methods is an indication for 

botulinum use. CM affects 1.4-2.2% of the population (Diener, 2004). In the treatment 
protocols NSAIDs and triptans play the greatest role. Recent studies show that 

Onabotulinum toxin A is a safe, well-tolerated and effective headache prophylactic 

treatment for CM (Blumenfeld, 2010). The mechanism of action is still not well 
recognized although it is suggested that toxin inhibits the release of the neuro-

transmitters responsible for neural inflammation (Aoki, 2005). Recent studies show 

encouraging results as the Onabotulinum toxin A seems to be efficient especially in 

patients who do not tolerate oral preventive drugs (Grazi, 2014).  

Strabismus is either intermittent or persistent deviation of ocular alignment. It may 

have many underlying causes among which abnormal anatomical development 

of extraocular muscles, impaired neurological input to extraocular muscles, 
uncorrected refractive error or hereditary factors are the most common ones. There are 

various treatments associated with strabismus eg. orthoptic exercises and ophthalmic 

surgery. BTX use in strabismus is modern alternative treatment in this indication. BTX 
injection temporarily paralyses the extraocular muscle and results in a changed ocular 

alignment that persists over time (usually after 2-3 months) (Bunting, 2013). Once 

a muscle is paralysed, opposing muscles take on a greater movement force and the eye 

position changes allowing the visual axes to move into a straighter eye alignment 
(Bunting, 2013) 

Important is the fact that BTX found also application in the urology field. As it is 

effective treatment for overactive smooth muscles, overactive bladder (OAB) reductant 
for behavioral therapy and oral medications (alfa-blockers, beta-3-agonist) may be 

treated with it. For many patients with urinary incontinence on the basis of OAB the 

BTX injection therapy may be the only solution as injected directly to bladder detrusor 
causes muscle relaxation, weakens the muscle and brings temporary relief (generally 

up to 6). Side effects may include urinary tract infections and urinary retention that 

may require catherization. Despite this treatment method is find safe and effective. 

Also lower urinary tract symptoms (LUTS) associated with benign prostatic hyperplasia 
(BPH) may be treated in minimally invasive therapy with BTX injections directly to 

prostate during cystoscopy. This method may be recommended for patients who do not 

will or cannot undergo surgical procedures (Transurethral resection or enucleation 
of prostate), due to comorbidity. Intraprostatic injections induces smooth muscle 
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relaxation and atrophy of the prostate gland which result in diminishing LUTS 

(Chuang, 2006). 

Last but not least BTX is used for prevention of facial wrinkles and for excessive 
sweating therapy in cosmetology and broadly understood anti-aging medicine. 

Wrinkles are the effect of hyperfunction of muscular action of facial muscles. The 

BTX mechanism of action makes it an ideal agent in prevention of facial wrinkles 
(Blitzer, 1997). BTX injections decrease facial muscles activity thus smooth the facial 

skin and diminishes facial lines. Sweat glands activity is regulated via parasympathetic 

synapses, thus Ach release may be blocked by BTX, drastically reducing sweat 
production. Hyperhidrosis results from overactivity of sweats glands based on central 

dysregulation of autonomic neural system. If topical (stronger antiperspirants, 

aluminum hydroxide) or systemic (anticholinergics) remedies fail to help, BTX is 

highly effective therapy (Kreyden, 1997). Injections must be applied to each armpit or 
hand depending on affected area, resulting in 3-6 months period of time free of the 

symptoms (Naumann, 1998) 

Collagenase Clostridium histolyticum (CCH) on the other hand, is an enzyme produced 
by the bacterium C. histolyticum that dismantles collagen. It is used as for the treatment 

of connective tissue diseases such as Dupuytren's contracture (DC), a condition where 

the fingers bend towards the palm and cannot be fully straightened, and Peyronie's 

disease (PD), a connective tissue disorder caused by the growth of fibrous plaques in 
the soft tissue of the penis.  

Dupuytren’s disease is nonmalignant fibromatosis of the fibrous skeleton of the hand 

manifesting in a progressive flexion contracture of the finger. It is more common in 
developed countries especially among older people (Langer, 2017). Alcohol abuse, 

diabetes and vibration disease take part in disease etiology. Although surgical methods 

has been used for many years it was the development of CCH that modernized disease 
treatment. Surgical treatment is characterized by large number of side effects and 

undesirable events such as poor healing of the wound (especially in diabetic patients), 

infections, paresthesia and neurovascular injuries (Denkler, 2010). The effectiveness 

and safety of CCH use in DC was confirmed in two placebo controlled trials 
Collagenase Option for the Reduction of Dupuytren’s I and II (CORD I and CORD II) 

(Keller, 2017). Following researches confirmed effectiveness and safety of the 

procedure with no serious side effects (Rohit, 2019).  

As mentioned above PD is a connective tissue disease that affects tunica albuginea 

of the penis characterized by the plaques deforming penis (because of the penile 

curvature). Although many treatment options has been described (oral treatment, 
surgery, Extracorporeal Shock Wave Therapy – ESWT), CCH is the most up to date 

therapy that represents the most promising advance in the treatment of PD in long time 

(Jordan, 2014). Effectively used to successfully treat Dupuytren’s contracture found an 

application in PD after a while. Patient are given a series of intralesional injections 
associated with traction therapy with vacuum devices. Overall effects of the treatment 

are very good despite the fact that patients with significant curvature may not achieve 

functionally satisfactory results and may need to undergo surgery (Ralph, 2010). 
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But Clostridium group bacteria found application also in oncology. Historically it was 

Vautier who reported in 1813 regression of cancer in patients with gangrene, and in 

such individuals, the tumour was found to be infected with Clostridium spp. (Wei, 
2007). Later, it was shown that the causative agent was the bacterium Clostridium 

perfringens. Hypoxia is a pathophysiological feature in the majority of solid tumours. 

Hypoxic areas in poorly vascularized tumours are main barriers to successful cancer 
therapy. The blood vessels in tumours are structurally and functionally abnormal, 

resulting in unsettled blood supply. The hypoxic microenvironment in solid cancers is 

ideal for multiplication of anaerobic bacteria. Clostridium spp. was shown to cause 
tumour regression in a rodent model (Roberts, 2014). However, in subsequent clinical 

studies in human populations, significant therapeutic effect was not demonstrated. 

Research show also that it is possible to use clostridium for biotechnology purposes in 

oncology. A recombinant produced C-terminus of the C. perfringens enterotoxin was 
conjugated to gold Nanoparticles to produce a C-CPE-AuNP complex (Becker, 2018). 

By binding to claudins, the C-CPE should allow to target the AuNPs onto the claudin 

expressing tumor cells for a subsequent cell killing by application of the gold 
nanoparticle-mediated laser perforation technique. Furthermore cells without claudin 

expression (not showing cancer morphology) were spared in treatment. Observations 

show that C-CPE can be used to functionalize gold nanoparticles in order to 

specifically and efficiently kill a broad spectrum of claudin expressing tumor cells. The 
area of oncology treatment using microbiology techniques may require further researches.  

The C. butyricum strain has been successfully used in the therapy of colorectal cancer 

(CRC) in the mouse model. Among other, inflammations it is one of the CRC risk 
factor. Toll Like Receptors (TLRs) are significantly up-regulated in intestinal epithelial 

cells in colitis. The activation of TLRs pathways activates the transcription of nuclear 

factor kappa-light-chain-enhancer of activated B cells (NF-κB) and participates in 
intestinal tumorogenesis. Chen et al. demonstrated that C. butyricum can reduce the 

expression of Toll Like Receptor 4 and NF-κB. In addition, C. butyricum can reduce 

Th17 cell populations, which are vital in carcinogenesis process although its role is not 

yet understood in spleen. Moreover, the role of C. butyricum as an antitumour factor 
through induction of apoptosis, inhibition of tumour growth and improvement 

of immune response was described. 

Noteworthy is the fact that bacterium is widely used as a probiotic in Asia (particularly 
in Japan and China), especially during an antibiotic therapy with strong antibiotics 

(e.g. III generation cephalosporins or Levofloxacin). Simultaneously prevalence of 

CRC in Asian countries are much lower than in Western countries (Wong, 2019). Of 
course etiology of CRC is complex yet in the light of the up to date research, further 

clinical trials on human model are required. 

Clostridium novyi strain NT is bioengineered strain that lacks pathogenic toxins. Due 

to their affinity to oxygen-depleted parts it can selectively colonize hypoxic regions 
(e.g. solid tumors). Labeling C. novyi NT with iron oxide found application in modern 

imaging of solid tumors in Magnetic Resonance Imaging (MRI). C. novyi strain NT 

spores can be successfully labeled with iron oxide nanoparticles for MR imaging in 
animal model. Noteworthy is the fact that in many animal models intravenous infusion 

https://en.wikipedia.org/wiki/Probiotic
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of the spores resulted in tumor size reduction and increased necrosis in histologic 

preparations. This leaves a chance for the above strain to be used in targeted oncologic 

therapy based on genetically modified microorganism (GMO) in the future. 

Also, the role of C. difficile in the wider application of fecal microbiota transplantation 

(transfer) (FMT) cannot be ignored in the above study. It is the Clostridioides 

infections resistant to conservative treatment that gave impact to the use of this method 
among others in oncological patients. The oncological patients often have weakened 

immunity as a result of the specific treatment and the underlying diseases required 

prolonged antibiotic therapy, which may result in the development of CDI. 

DISCUSSION/CONCLUSION 

Bacteria of the genus Clostridium have been an important clinical problem for 

centuries. The eighteenth and nineteenth centuries brought the discovery of etiological 

factors of the Clostridium spp. as pathogens. Even nowadays Clostridioides difficile 

and C. perfringens are a real challenge for the health care of many countries. However, 
over time, we've learned to use Clostridium spp. for commercial purposes, including 

cosmetology and medicine. This mainly applies to the use of botulinum in neurology 

and anti aging medicine. Also Collagenase Clostridium histolyticum (CCH) in the 
treatment of connective tissue diseases including Peyronie's and Dupuytren's disease 

therapy. Opportunities for their use in biotechnology and oncological treatment are 

opening up and the first discoveries often related to animal models encourage further 

research in this direction. 

 
 

Figure 1. Picture of Clostridium sp. colony (photograph taken by M. Kabała) 
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ABSTRACT 

Angiogenesis, a formation of a new blood vessels from existing vasculature, plays important roles both 
physiologically and pathologically. Large number of pro- and anti-angiogenic factors participate in 
vascular homeostasis and its disturbed balance can lead to serious angiogenesis-dependent diseases, such as 
cancer. Tumor angiogenesis is a complex and multi-stage process including: production of proangiogenic 

growth factor by cancer cells, endothelial cells (ECs) activation, and proliferation, protease production, 
ECs migration and proliferation, vascular tube formation, lumen of the vessels formation, maturation of the 
new vessels with synthesis of a new basement membrane, and incorporation of pericytes. The goal 
of antiangiogenic therapy is preventing tumor cells from obtaining nutrients by destruction the available 
vessels in tumor and hindering the formation of new vessels. Antiangiogenic therapy is based on 
angiogenesis inhibitors action which can influence tumor blood vessels by several mechanism including 
vessel depletion, vessel normalization and/or immune activation. Antiangiogenic agents belong mainly to 
the direct or indirect inhibitors of angiogenesis. The first group includes ECs inhibitors binding integrins 

receptors and destroying proliferating and migrating EC such angiostatin, endostatin, arrestin, canstatin, 
and tumstatin. Indirect angiogenesis inhibitors block the expression or activity of proangiogenic proteins 
like vascular endothelial growth factor (VEGF), or their receptors. Bevacizumab, an anti-VEGF monoclonal 
antibody, was the first antiangiogenic drug, that is currently used in clinic. There are various antiangiogenic 
multi-kinase inhibitors, for example sunitinib, sorefanib, pazopanib, nintedanib that are used to treat the 
various types of cancer. Monotherapy with an antiangiogenic drug is generally less effective than 
administration of such a drug with a chemotherapeutic agent.  

INTRODUCTION 

Angiogenesis a process of new blood vessels formation from preexisting vasculature is 

a complex and multi-stage process, which involves many different factors stimulating 

or inhibiting this process (Carmeliet, 2011). The process is considered as a physiological 
phenomenon and involved in pathology (Fallah, 2019). Physiological angiogenesis is 

a key regulator of embryogenesis and organogenesis (Demir, 2007). In an adult body 

angiogenesis affects reproductive processes, such as the regeneration of the endo-

metrium, during the menstrual cycle and developing of the corpus luteum. It regulates 
the hair cycle and plays a pivotal role in wound healing (Sobczyńska-Rak, 2016). Dis-

regulated process of new blood vessels formation may result in numerous angiogenic-

depended diseases. It plays an crucial role in tumor growth, maintenance and metastasis. 
In adult body vascular endothelial cells (ECs) are generally dormant, but they can be 

activated by growth factor released from growing tumor. The tumor grows to a size 

of 0.2-2 mm in diameter without the participation of blood vessels, however it become 

hypoxic, because nutrients and gases penetrate the tumor only by diffusion (Saponaro, 
2013). Hypoxia causes activation of transcription factors, such as hypoxia-inducible 

factor (HIF), which induces angiogenesis by increasing production of the proangiogenic 

genes for proteins stimulating angiogenesis (Fong, 2006; Ferrara, 2003). These pro-
angiogenic factors cause activation of endothelial cells (ECs) leading to the development 

of further stages of angiogenesis and finally to formation of a new blood vessel 

(Rajabi, 2017). 
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Vascular homeostasis is regulated by a large number of pro- and antiangiogenic factors 

(Lugano, 2020). Proangiogenic factors include: VEGF, fibroblast growth factor (FGF) 

α and FGFβ, transforming growth factor (TGF), platelet derived growth factor (PDGF), 
hepatocyte growth factor (HGF), placental growth factor (PIGF), angiogenin, 22 kDa 

fragment of heparin, chemokine, erythropoietin, interleukin (IL) 8. The process 

of angiogenesis is inhibited by: angiostatin, endostatin, thrombospondin (TSP)-1, TSP-
2, platelet factor 4, tissue inhibitors of matrix metalloproteinases (TEMP), interferon α, 

IL-1, IL-6, IL-10, IL-12. When pro-and antiangiogenic factors are in balance, the 

vasculature is quiescent and endothelial cells are non-proliferative. During angiogenic 
switch pro-angiogenic factors predominate resulting in angiogenesis development and 

tumor progression (Ferrara, 2005).  

SEARCH STRATEGY AND SELECTION CRITERIA 

Research strategy was focused on providing current data on angiogenesis, cancer 

disease and anti-cancer antiangiogenic therapy. The terms like: angiogenesis disorders, 
"hypoxia-inducible transcription factor 1 α", "vascular endothelial growth factor", 

"vascular endothelial growth factor receptor", "endothelial nitric oxide synthase", 

"integrins", "metalloproteinases", "tissue inhibitors of metalloproteinase", "angio-
poietins", "tumor angiogenesis" as well as "cancer treatment", "antiangiogenic therapy", 

were searched in PubMed, ResearchGate and Google Scholar database. Scientific 

articles from 1971 to 2020 and relevant papers were reviewed. Search results were 

limited by the association of "angiogenesis" and "angiogenesis disorders in cancer". 

TUMOR ANGIOGENESIS 

ANGIOGENESIS INDUCTION 

The appearance of tumor angiogenesis may be a consequence of gene mutation and the 

induction of epigenetic changes that lead to the expression of the angiogenic phenotype. 
This mechanism of induction of the angiogenic switch phenotype is based on the 

formation of permanent genetic modifications in tumor cells that activate genes encoding 

angiogenic factors. 

The second mechanism of tumor angiogenesis induction is based on presence of tumor 

associated inflammation and recruitment of immune cells (Lugano, 2019). These 

mechanisms lead to hyper-proliferation of tumor cells resulted in increased oxygen 

consumption, followed by generation of hypoxic conditions, characteristic for growing 
small tumors. Cellular response to hypoxia is mainly mediated by hypoxia-inducible 

factors, a family of transcriptional regulators. HIFs are heterodimers consisting of an 

oxygen- sensitive α-subunit (HIF-α) and an oxygen-independent β-subunit (HIF-β). 
Hypoxia induced stabilization of HIF-1α subunit and promote the upregulation 

of several pro-angiogenic genes (Lamalice, 2007). Therefore, the hypoxic cancer cells 

secreted numerous angiogenic cytokines, such as VEGF, IL8, bFGF, which attach to 
the receptors localized on host vessels endothelial cells leading to their activation (van 

Hinsbergh, 2008). In cancer, VEGF, the most angiogenesis stimulator, is produced and 

secreted by tumor cells and surrounding stroma and induces ECs proliferation and 

survival primarily via the ERK and PI3K/Akt pathways (Takahashi, 2001; Jiang, 
2009). It is known that VEGFA, a dominated isoform of VEGF, is overexpressed in the 
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majority of solid tumors (Kerbel, 2008). It enhances ECs migration and chemotaxis as 

well vascular permeability by several mechanisms including junctional remodeling, 

induction of fenestrae, and vesiculo-vascular organelles (Weis, 2005; Koch, 2012). 
Hyper-permeability induced by VEGF may in turn exerts direct effects on the tumor 

microenvironment including increased interstitial pressure and impaired therapeutic 

delivery (Ferrara, 2003). Moreover, the leaky vasculature may facilitate the escape 
of tumor cells into the bloodstream promoting the establishment of distant metastases 

(Azzi, 2013). VEGF contributes to tumor progression, increased vessel density, 

invasiveness, metastasis and tumor recurrence (Apte, 2019; Weis, 2005). 

DEGRADATION OF THE BASEMENT MEMBRANE AND EXTRAVASCULAR MATRIX BY 

PROTEOLYTIC ENZYMES 

An essential element of angiogenesis development is proteolytic enzyme action, such 

plasmin and matrix metalloproteinases (MMPs). MMPs are the family of zinc-
dependent endopeptidases, which degrade basal membrane of the maternal vessel and 

extracellular matrix surrounding this vessel (Bellon, 2004). They are activated 

indirectly by cytokines and growth factors produced and released from cancer cells. 
MMPs can be secreted also by many other cells including fibroblasts, vascular smooth 

muscle and leukocytes (Bellon, 2004). Under MMPs influence the ECM components 

such as laminin, fibronectin, collagen, vitronectin, are degraded leading to ECM 

structure remodeling and relaxation, which allows and facilitates migration and 
proliferation of ECs (Jabłońska-Trypuć, 2016).  

SPROUTING ANGIOGENESIS: MIGRATION OF ACTIVATED ENDOTHELIAL CELLS 

TOWARDS ANGIOGENESIS STIMULATORS, FORMATION AND ELONGATION OF THE 

VESSELS TUBE  

Activated endothelial cells begin to proliferate in response to tumor-derived growth 

factors and migrate forming a sprout of a new blood vessel toward the increasing 
concentration of the factors, that is, towards the tumor (Lamalice L., 2007). A cell from 

the parent vessel becomes the migratory leading cell and blocks its neighboring cells 

from adopting a tip cell fate by a lateral inhibition process. Then the tip cell migrates 

along the chemotactic path, followed by trailing stalk cells. ECs lengthen and arrange 
themselves one by one, forming in this way a sprout of a new blood vessel in which 

further divisions occur proximal to the traveling peak, enabling vascular bundle growth 

in length (Lamalice L., 2007).  

Migration of ECs is possible due to integrins, a family of transmembrane glycoprotein 

receptors, composed of alpha and beta chains. They affect as well differentiation, 

proliferation and survival of ECs. They are known to participate in both physiological 
and tumor angiogenesis. Integrins transmit signals from the extracellular environment 

to the cell and vice versa (Jin, 2004). The key integrins necessarily for angiogenesis are 

αvβ3 and αvβ5. Integrin αvβ3 ensures adhesion to fibrinogen, laminin, collagen, 

vitronectin, and Villebrant factor and it is expressed in a number of tumor types, such 
as melanoma, late stage glioblastoma, ovarian, breast, and prostate cancer. It was found 

to participate in bFGF and TNFα dependent angiogenesis. Integrin αvβ5 takes a part in 

VEGF and TGFβ induced angiogenesis (Zhu, 2010). 
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The late phase of the sprouting angiogenesis involves lumen formation, a process of 

connection of the luminal space of the sprout with the parent vessel (Jakobsson, 2010). 

A significant role in this process, in addition to growth factors, cytokines and 
interleukins, play the following genes: Notch, Coup TFII and EGF-L7. During vessel 

formation Notch signaling system activates processes related to cell survival and affect 

vessel remodeling, stabilization vessel walls and the acquisition of phenotypic features 
characteristic of arteries (Krishna Priya, 2016). Epidermal growth factor-like domain 7 

(EGF-L7) plays an important role in angiogenesis. Its high expression occurs in the 

vessels of proliferating tissues, and lowered in developed vessels supplying normal 
mature tissue (Parker, 2004). It is secreted by endothelial cells and plays a regulatory 

role in the recruitment of smooth muscle cells, migration and sprouting of endothelial 

cells during formation lumen of the new vessel. EGF-L7 is present in the environment 

of EC surrounding sprouting vessel and affects optimal assurance microenvironment 
for migrating ECs (Schmidt, 2007). Chicken ovalbumin upstream promoter – 

trascription factor II (Coup TFII) gene is essential during physiological vasculogenesis 

and lymphangiogenesis. It modulates the expression of many proangiogenic factors, 
mainly VEGF, its receptors and angiopoietin 1, while in pathological angiogenesis it 

stimulates processes affecting the development of the microenvironment of the tumor. 

Is a gene parent, whose inclusion in the precursor endothelial cells causes their 

transformation in vein endothelium (Xu, 2015). 

MATURATION OF THE NEW VESSELS 

Newly formed vessels maturation is dependent mainly on platelet derived growth 

factor (PDGF) and transforming growth factor (TGF) β as well bFGF. PDGF, 
chemoattractant and mitogen for pericytes, causes a new vessels stabilization while 

TGF β ensures differentiation of precursors into mature pericytes and smooth muscle 

cells. Monocytes and macrophages recruited by MMPs are also involved in the final 
stabilization of the newly formed blood vessel. At the very end of tumor angiogenesis 

activities of MMPs are silenced (van Hinsbergh, 2008), endothelial cells mature and 

synthesis of a basal membrane of vessels as well incorporation of pericytes stabilizing 

newly formed vessels occur.  

In addition to PDGF and TGF β the special role in the late phase of angiogenesis play 

growth factors specific for endothelial cells – angiopoietins (Angs). Their receptors 

called TIE 1 and TIE 2 are tyrosine kinases and their expression are found on 
endothelial and some progenitor cells. Ang 1 and Ang 2 are able to bind TIE 2 

competitively, but elicit various responses. Ang 1 stimulates vessels maturation, vascular 

bud formation and maintains ECs survival. It stabilizes the newly-formed vessels 
through the Akt/survivin pathway. Excess Ang1 causes the formation of more numerous 

and more branched capillaries. Ang 2, in the absence of VEGF in environment, 

sensitizes EC to angiogenic factors, which leads to vessel destabilization follow by loss 

of smooth myocytes and pericytes, while in the presence of VEGF it acts 
proangiogenously. 

Angs and VEGFRs inhibitors were used to treat cancer in animal model. Inhibition 

of Ang 2 and VEGFR2 in glioma bearing mice impaired tumor growth, prolongs vessel 
normalization and blocks macrophage recruitment leading to improving of mice 
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survival (Peterson, 2016). Murine tumor model proved as well the effectiveness of co-

targeting of Ang-2/VEGFR2 in early breast cancer, colorectal and renal cancer (Wu, 

2016). 

STRUCTURE OF THE NEW VESSELS IN TUMOR 

The structure of vessels formed in the process of tumor angiogenesis differs from 

normal vessels. Due to the presence of constant pro-angiogenic signaling in the tumor 

the newly formed vascular networks may fail to mature and prune, the division into 
arterioles, capillaries and venules may be lacking, vessel caliber size can be markedly 

heterogeneous and blood flow through the poorly organized and malformed vessels can 

be chaotic (Baluk, 2005; McDonald, 2005). ECs contain unusual in normal 
endothelium protein – endoglin, involved in TGF binding. The amount of perlecan 

increases – facilitating binding FGF β and specific receptors for some growth factors 

appear, especially for VEGF (Sobczyńska-Rak, 2016). The vessels have a discontinuous 

basal membrane, in which there are "windows" and "gaps". Hyaluronic acid content is 
higher and lower proteoglycan heparin sulfate in the structure of basal membrane. 

There is also a small number of smooth muscles or their lack. Endothelial junctions are 

often disrupted in tumor vessels leading to increased permeability and increased 
interstitial fluid pressure (Hashizume, 2000). 

ANTIANGIOGENIC THERAPY IN CANCER 

The goal of current antiangiogenic therapy is preventing tumor cells from obtaining 

nutrients by destruction the available vessels in tumor and hindering the formation 

of new vessels. The antiangiogenic therapy can effectively improve the potency 
of chemotherapy by various mechanisms such the partial normalization of the tumor-

associated vasculature and their selective targeting, improved bioavailability, and 

enhanced drug delivery to the tumor site (Goel, 2012; Javaherian, 2011). This kind of 
therapy is based on angiogenesis inhibitors which can influence tumor blood vessels by 

several mechanism including vessel depletion, vessel normalization and/or immune 

activation (Lugano, 2011). Folkman J postulated angiogenesis inhibitors as anticancer 
drug in early 1970s (Folkman, 1971). In last decades numerous antiangiogenic inhibitors 

were developed, and some of them have been applied clinically. Antiangiogenic agents 

can be classified into two main group: (i) direct ECs antagonists and (ii) indirect 

inhibitors that target either tumor cells or the other tumor-associated stromal cells (El-
Kenawi, 2013). The first group includes ECs inhibitors such angiostatin, endostatin, 

thrombospondin, troponin, arrestin, canstatin, and tumstatin. Many of them are product 

of ECM degradation during angiogenesis process, for example, angiostatin and 
endostatin are formed during collagen degradation (Javaherian, 2011). They were 

found to bind integrins receptors accompanied by several intracellular signaling 

pathways to destroy proliferating and migrating EC (O’Reilly, 1997; Mundel, 2007). 

Indirect angiogenesis inhibitors block the expression or activity of proangiogenic 
proteins, like VEGF, or their receptors. Of all identified molecules that lead to the 
blood vessels formation, VEGFA appears the main molecular driver of tumor 
angiogenesis, therefore it is dominant target for antiangiogenic drugs (Ferbel, 2008) in 
this group. Bevacizumab, a recombinant humanized monoclonal antibody to VEGF 
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with brand name, Avastin®, was the first antiangiogenic drug, registered by FDA in 
2004 and was approved for the treatment of patients with advanced metastatic 
colorectal cancer, breast cancer, non-small lung cancer, ovarian cancer, metastatic 
cervical cancer, metastatic renal carcinoma and glioblastoma multiforme (Hsu, 2009). 
However, monotherapy with bevacizumab failed to increase patients overall survival 
(OS), but in combination with chemotherapy it can extent progression free survival and 
/or OS in several cancer types including metastatic colorectal cancer and recurrent 
glioblastoma multiforme (Comunanza, 2017). Indeed, it has been proven that mono-
therapy with an anti-angiogenic drug is generally less effective than administration 
of such a drug with a chemotherapeutic agent (Lugano, 2020), but the side effects 
usually increased. Bevacizumab administered with carboplatin and paclitaxel improved 
the overall response and time to progression in patients with advanced non-small-cell 
lung cancer, but severe pulmonary hemorrhage has been observed (Johnson, 2004).  

In addition to drugs that target angiogenic growth factors, this group also includes drugs 
that block their tyrosine kinases receptors. Such anticancer drugs have been approved 
usually as single therapies. For example, sunitinib, multi-kinase inhibitor that targets 
VEGFR1-3, PDGF α and β, FLT3, RET, and CSF-1 was registered by FDA in 2006 
and is applicable in patients with advanced kidney cancer, hepatocellular carcinoma, 
prostate cancer, soft tissue sarcomas and gastrointestinal stromal tumors in which 
cytokine therapy failed (Nassif, 2017). There are many other antiangiogenic multi-
kinase inhibitors that are used in the treatment of various types of cancers, such 
sorefanib, which blocks VEGFR1-3, PDGFRβ, raf kinase, FLT3, Ret, c-kit, BRAF, 
RAF-1. Owing to antiproliferative, apoptotic, antiangiogenic, antifibrotic effects it can 
be administered to patients with kidney cancer, hepatocellular carcinoma, prostate 
cancer, soft tissue sarcomas and thyroid cancer (Abdelgalil, 2019). Among the second 
generation of multi-kinases class of inhibitors pazopanib, cabozantynib, lenvatinib, 
axitinib, vantedanib have been approved as single therapies in specific indication. 
Pazopanib inhibits VEGFR, PDGFR and it is used in kidney cancer (RCC), hepato-
cellular carcinoma, breast cancer, bladder cancer (Miyamoto, 2018) . Nintedanib which 
was introduced recently, is another a multi-kinase inhibitor that targets tyrosine 
kinases: VEGFR, PDGFR α and ß; FGFR 1-3. It is administered in combination with 
docetaxel to patients with advanced lung cancer after first-line chemotherapy failure 
(Khalique, 2017). 

Anti-cancer antiangiogenic therapies are currently being modernized and extended to 
enable effective treatment of cancer patients. The combination between the anti-
angiogenic aimed therapies and the current chemotherapy seems to represent a new, 
feasible and promising approach. 

CONCLUSION 

The role of angiogenesis in tumor development is crucial. The concept of antiangio-
genic therapy was a great breakthrough in anticancer treatment, introducing new 
treatment options and improving our knowledge of cancer biology. Antiangiogenic 
therapy is effective in stopping tumor progression. However, to eliminate the tumor, 
such therapy, especially with one drug, may not be sufficient. For this reason, the 
combination of an antiangiogenic drug and chemotherapy might be essential for 
effective tumor treatment.  
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ABSTRACT 

INTRODUCTION: Photodynamic therapy (PDT) is used in many different oncologic fields. This study 

includes PDT in prostate cancer (the second most common neoplasm after lung cancer in men in the 
European Union), colorectal cancer (third in men, second in women after breast cancer,) as well as 
a therapy for infectious problems accompanying these oncologic diseases. This review aims to give a 
general overview of the PDT application to those diseases in the field of clinical trials to emphasize its 
curative, and insufficiently exploited potential. 

MATERIAL AND METHODS: Literature on PDT for cancer treatment with the following medical 
subject headings search terms: colorectal cancer, prostate cancer , photodynamic therapy, clinical trials, 
antimicrobial photodynamic therapy and bacterial infection was reviewed. The articles were selected by 
their relevance to the topic. 

RESULTS: There are many positive and promising trial results from I to II/III phase for the use of PDT in 
colorectal cancer both in less advanced tumors as well as in the palliative therapy of advanced lesions. As 
well in prostatic cancer some studies had evaluated a negative biopsy rate after PDT. The most common 
adverse events were haematuria, erectile dysfunction, and dysuria. It also has been proven that PDT can be 
used as an adjuvant for the treatment of infectious diseases. The use of photosensitizer methylene blue, 
toluidine blue O (TBO), indocyanine green with light diode laser centered at (630 ±10 nm) and (650 ±10 
nm) wavelengths have been shown to have significant results for the treatment of infectious diseases 
because of bactericidal properties. In the skin diseases, a PDT has been tested with promising results in 

different infections. Therefore, it is presented as a possible treatment option against antibiotic resistant 
microbes. 

CONCLUDING REMARKS: PDT seems to be a safe and a feasible treatment option for colorectal cancer. 
Theoretical assumptions confirmed by many results of preclinical studies taking into consideration an 
increasing number of analyzed clinical trials, should lead to the development of optimized standards by 
using PDT in colorectal cancer treatment. 

Review results show that PDT for patients with prostate cancer can be considered as effective based on 
single-arm clinical trials. Meanwhile, this study reveals that there are not only low levels of side effect rates 

but also insignificant effect on both urinary and erectile function. 

These findings also suggest that a PDT can be an efficient method in the treatment of localized and 
superficial infections. 

INTRODUCTION 

Prostate cancer is a major cause of disease and mortality among men, and each year 1.6 

million men are diagnosed with and 366,000 men die of prostate cancer (Siegel et al., 
2017). Current treatment options for men with localized PC include active surveillance 

and radical therapy. The optimal treatment should provide cancer control with only few 

side effects (Kasivisvanathan et al., 2013). Radical prostatectomy is the first-line therapy 
for patients with prostate cancer. However, considering the morbidity and prognosis, 

the risks and efficacy of radical therapy were frequently not identified (Kawczyk-

Krupka et al., 2015). Photodynamic therapy (PDT) is one of the focal therapies used 



 
Hanna Doleżych-Teister, Katarzyna Komoniewska, Iwona Wilk, Gayane Martirosian 

 

230 

for prostate cancer. This treatment modality uses laser of a specific wavelength in the 

presence of oxygen to activate a photosensitizing medication. This process causes 

localized cell death or tissue necrosis (Zhu et al., 2005). PDT has been used for 
neoplasms including cancers of lung, head and neck, pancreas, esophagus, and bladder 

(Gheewala et al., 2017). Since the 1990s, studies of PDT for localized PC have been 

reported (Windahl et al.,1990).  

Colorectal cancer is the third most commonly diagnosed cancer and fourth leading 

cause of cancer-related deaths, it accounts for almost 10% of cancer-related deaths in 

Western countries .This cancer is associated with a high risk of metastasis and 
recurrence despite an increased availability of diagnostic and therapeutic strategies. To 

treat patients with colorectal cancer, an approach that selectively targets cancer cells 

without damaging normal cells and which minimizes the risk of perforating the 

intestinal barrier is needed (Kawczyk-Krupka et al., 2015). Early detection of precan-
cerous polyps may prevent the onset of colorectal neoplasm or increase the chances 

of a successful treatment. Currently, several different screening tests are available 

including endoscopy, stool-based blood tests, and radiology-based tests. Colorectal 
cancer is commonly treated by tumor resection, as chemotherapy and radiation have 

proven to be less effective, especially if the tumor has metastasized. Resistance to 

therapies occurs in almost all patients with colorectal cancer, especially in those with 

metastatic tumors. Cancer stem cells have the ability to self-renew, and their slow rate 
of cycling enhances resistance to treatment and risk of tumor recurrence. Most metastatic 

tumors are unable to be surgically removed, thus creating a need for treatment moda-

lities that target cancers directly and can destroy cancer stem cells. Photodynamic 
therapy involves a photosensitizer that when exposed to a light source of a particular 

wavelength becomes excited and produces a form of oxygen that kills cancer cells. 

Photodynamic therapy is currently being investigated as a treatment modality for 
colorectal cancer, and new studies are exploring enhancing photodynamic therapy 

efficacy with the aid of drug carriers and immune conjugates. These modifications 

could prove effective in targeting cancer stem cells that are thought to be resistant to 

photodynamic therapy. In order for photodynamic therapy to be an effective treatment 
in colorectal cancer, it requires treatment of both primary tumors and the metastatic 

secondary disease that is caused by colon cancer stem cells. This review focuses on 

current photodynamic therapy treatments available for colorectal cancer and highlights 
proposed actively targeted photosynthetic drug uptake mechanisms specifically 

mediated towards colon cancer stem cells, as well as identify the gaps in research 

which need to be investigated in order to develop a combinative targeted photodynamic 
therapy regime that can effectively control colorectal cancer primary and metastatic 

tumor growth by eliminating colon cancer stem cells. 

PDT is considered as a complementary therapy aimed at preventing tumor recurrence 

after surgical resection of colorectal cancer (Shishkova et al., 2013) making a suitable 
approach for continuous removal of small fractions of tumors (Barr et al., 1990). It has 

also been reported that PDT is an effective alternative treatment for drug-resistant 

colorectal cancer (Halaburková et al., 2017). PDT uses a modality-based photosensitizer, 
which selectively affects cancer cells, using excitation and light-absorption in the 
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presence of oxygen to produce a high concentration of reactive oxygen species (ROS), 

such as singlet oxygen and other free radicals (Kwiatkowski et al., 2018). The resulting 

damage cannot be overcome by the antioxidant system to protect the cell from 
oxidative damage, leading to necrosis, apoptosis, or autophagy of the target cell and 

tissue (Broekgaarden et al., 2015).  

The broad antibiotic resistance of hospital pathogens is inducing human morbidity and 
mortality, as well as hospital costs (Geralde et al., 2017). The antibiotic resistant strains 

of bacteria imply the demand for alternative treatments for infectious disease. One 

strategy that may lead to improved antimicrobial treatment is the application of anti-
microbial photodynamic therapy (aPDT) (Nakonechny et al., 2010). a PDT involves 

the use of a chemical photosensitizer or a nontoxic photoactivatable dye, visible light, 

and reactive oxygen. The therapy is based on the energy (absorbed as light via the 

intracellular photosensitizer) transferred to the oxygen molecules producing extremely 
reactive mediation, such as singlet oxygen and superoxide, that are noxious to the cells 

(Mahmoudi et al., 2018). The spread of multi-resistant bacterial strains is one of the 

most worrying threats to public health in recent years and has arisen due to the 
excessive use of antibiotics (Fotinos et al., 2008). In view of the prediction of the "end 

of the antibiotic era" (Nordmann et al., 2011), antimicrobial photodynamic therapy is 

starting to be considered as a promising alternative approach to resistant infections and 

has the further advantage of not leading to the selection of resistant strains (Sperandio 
et al., 2013).Antimicrobial PDT is particularly good for dental (Sprendido et al., 2013, 

Dai et al., 2009) and dermatological (Choudhary et al., 2009) applications, involving 

the light irradiation of a tissue containing microorganisms that were previously 
exposed to a photosensitizing dye (PS). This PS should be able to generate reactive 

oxygen species (ROS) in the presence of light and oxygen (Kawczyk-Krupa et al., 

2015). In order to be suitable for antimicrobial PDT, the ideal PS should possess low 
levels of dark toxicity and the presence of absorption bands in the so-called optical 

window (600-900 nm) for sufficient tissue penetration of light (Sharma et al. 2011). 

The PS should have a high yield of excited electronic triplet state and of singlet oxygen 

(Sharma et al., 2011). The PS should be excited by visible light of the correct 
wavelength (wavelength absorbed by the PS) to enter a long-lived triplet state. This 

particular state of the PS can then interact with molecular oxygen by energy transfer or 

by electron transfer processes. (Castano et al., 2004). After being excited to the short-
lived singlet state the PS can lose energy by fluorescence, heat conversion or can 

undergo intersystem crossing to the long-lived triplet state. In case the PS is a fullerene, 

energy loss by fluorescence is negligible, and in the absence of oxygen fullerene triplet 
states lose energy by phosphorescence (Sharma et al., 2011). Antimicrobial PS should 

be able to kill multiple classes of microbial cells at relatively low concentrations and 

low fluences of light. The PS should also be reasonably nontoxic in the dark and 

should show selectivity for microbial cells over host mammalian cells. In fact, the 
microbial uptake process of PS with cationic substituents such as quaternary ammonium 

groups is rapid when compared to the uptake of these PS by host mammalian cells, 

which slowly occurs over time (Soncin et al., 2002). Therefore, if light is delivered 
soon after applying the PS to the infected area, microbial cells can be killed without 

causing harm to the host tissue (Sperandio et al., 2013). 
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BACTERIA AND COLORECTAL CANCER 

The growing evidence suggests that bacteria can play an important role in the initiation 

and progression of colorectal neoplasm by inducing chronic inflammation and by the 
release of carcinogenic metabolites (Marchesi et al., 2011). Some of the bacteria most 

commonly associated with colon cancer include: Fusobacteium nucleatum (Shang et 

al., 2018), Bacteroides fragilis, and Escherichia coli (Dejea et al., 2018). Inflammatory 
bowel disease (IBD)-associated colorectal cancer is a classic example of an inflam-

mation-induced cancer (Choi et al., 2017). 

The intestinal tract acts as a reservoir for various microbial species, together known as 
the intestinal microbiota (Thursby et al., 2017). In the last two decades, strong evidence 

has indicated that the gut microbiota plays a critical role in providing nutrients to the 

gut mucosa, in the development of the mucosal immune system, and in preventing 

pathogen colonization (Kang et al., 2017). The mucosal immune system’s main tasks 
are to mount an immune response against pathogenic microbes and to maintain tolerance 

against food and commensal microbial antigens. Loss of tolerance to commensal 

enteric microorganisms finally leads to uncontrolled chronic inflammation like that 
seen in patients with IBD. In addition, since the colon carries 10

12
 bacteria/mL, 

compared to 10
2
 bacteria/mL in the small intestine, the colon presents a 12-fold higher 

risk of developing tumors (Tjalsma et al., 2012). Recent findings suggest that microbes 

such as F. nucleatum, (Kostic et al., 2013) enterotoxigenic B. fragilis, Streptococcus 
bovis, E. coli, and Klebsiella pneumoniae can play an important role in colon cancer 

development (Antonic et al., 2013). These gut-associated bacteria can increase the risk 

of tumor malignancy by several mechanisms including secretion of mutagenetic 
metabolites and promoting inflammation. Lately, a link between gut bacteria and the 

efficacy of anti-PD-1 immunotherapy has also been uncovered (Routy et al., 2018). 

Collectively, these studies show important link between bacteria and colorectal cancer 
pathogenesis. Although several studies have demonstrated the involvement of micro-

bes in IBD and cancer progression, the mechanistic insights into how these bacteria 

actually lead to these conditions or their potential role in relapse of disease are yet to be 

discovered.  

URINARY MICROBIOME IN MEN WITH PROSTATE CANCER 

Studies profiling the urinary microbiome in men with and without a biopsy proven 

diagnosis of prostate cancer revealed that the urinary microbiota of most men is predo-
minated by a single genus and notably by species of Corynebacterium, Staphylococcus 

and Streptococcus. While similar trends have been reported in urine samples from 

women, female urine samples differ in that the predominant microorganisms are 
Lactobacillus and Gardnerella (Pearce et al., 2014; Shrestha et al., 2018). Interestingly 

we identified a subset of men with predominant urine representation from Lacto-

bacillus or Gardnerella species. The presence G. vaginalis was associated with chronic 

inflammation in corresponding prostate biopsies. This raises the intriguing possibility 
that some men may harbor urinary microbiota associated with inflammatory conditions 

in women (e.g. bacterial vaginosis – BV). 
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Several additional species of pro-inflammatory bacteria and/or known uropathogens 

were differentially represented in men with prostate cancer. Notable examples included 

A. schaalii, an emerging uropathogen of potentially underestimated clinical significance 
due to difficulty with phenotypic identification (Chu et al., 2009). A. schaalii was 

found in men with and without prostate cancer but this species was included in the 

cluster of pro-inflammatory bacteria more prevalent in men with cancer (Shrestha et al., 
2018). As mentioned, species of Ureaplasma were also differentially abundant in the 

urinary microbiota of men with prostate cancer. In Shresta’s study, the cancer on SB 

samples had the highest average number of OTUs and none showed a predominance 
of Corynebacterium, Staphylococcus or Streptococcus (Shrestha et al., 2018). There 

were several limitations to the current studies, including the fact that all men were 

being seen for some indication for prostate biopsy. Although men in the benign group 

were biopsy negative for prostate cancer, they nevertheless represented a population 
with elevated PSA and were likely to have BPH and/or prostatic inflammation. Indeed, 

the men in the benign group had a larger average prostate TRUS volume than the men 

with cancer or cancer on SB, indicating prostate enlargement in this group. As BPH is 
also associated with chronic inflammation, (Gandaglia et al., 2013; Shrestha et al., 

2018) future studies warrant an association of urinary microbiota with the presence of 

BPH. In addition, it is likely that a fraction of the men with a negative biopsy actually 

had prostate cancer because the false-negative rate of TRUS guided prostate biopsy is 
commonly reported to be up to 30%. Future followup studies will necessitate a true 

control population of men without an indication for prostate cancer to determine 

whether the urinary microbiome profile is unique in those without prostate disease or 
rather consistent with the control group in the current study (Shrestha et al., 2018). 

Several studies have shown that there is an increased risk of prostate cancer in men 

with a history of prostatitis (Shrestha et al. 2018, Cheng et al., 2010). The key hypothesis 
that emerged from the current study is that pro-inflammatory species that reside in the 

urinary tract may serve as a potential source of inciting chronic inflammation in the 

prostate. Ultimately establishing the link between the urinary microbiome and chronic 

inflammation in the prostate may be keenly important in terms of developing strategies 
for prostate cancer prevention. 

INTESTINAL MICROBIOME AND PROSTATE CANCER RELATIONSHIP  

Prostate cancer is the second leading cause of death in the United States and accounts 
for 1 in 5 new diagnoses in the male population (Siegel et al., 2019). The lifetime risk 

for prostate cancer is about 16%, with 276,000 new cases in 2018 (The Global Cancer 

Observatory, 2018). In Europe, the statistics are similar (Sha et al., 2020). Standard 
treatment for prostate cancer include androgen-based therapies; however, this treatment 

does not change other risk factors for prostate cancer, such as bacterial infections, 

environmental stimuli, or inflammatory markers. Due to prostate cancer's high 

prevalence, these alternate risk factors are explored in recent years (Sha et al., 2020). 
With an increasing understanding of microbial effects on carcinogenesis, studies have 

been conducted exploring specific GI microbes and prostate cancer outcomes. The 

composition of intestinal microbiome may influence the metabolism of certain 
compounds that may be associated with increased prostate cancer risk (Sha et al., 
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2020). Intake of calcium in dairy products (Lampe, 2011), red meat (Punnen et al., 

2011), and fat (Sonn et al., 2005) have been linked to increase prostate cancer risk or 

progression. This may relate to the microbiome's role in phytochemical digestion 
(Musso et al., 2011), dairy product digestion (Masood et al., 2011), and the generation 

of inflammatory molecules (Sha et al., 2020; Arthur et al., 2012), which can influence 

neoplastic development, not only locally in gut mucosa but also in distant locations. 

Antibiotics commonly used in hospital and outpatients environment lead to microbial 

selection, in most cases with adverse result. A reduced diversity profile can lead to an 

overgrowth of bacteria that promote inflammation and neoplasia. Studies have shown 
that antibiotic usage increases likelihood of bacterial infections from Clostridioides 

difficile and methicillin-resistant Staphylococcus aureus (Hunter et al., 2010). These 

bacterial species are typically present in the GI microbiome, but are able to proliferate 

under conditions of microbial disruption. The association between prostate cancer risk 
has been investigated in the context of antibiotic exposure. Antibiotic-induced changes 

in microbiota form changes in intestinal permeability, introducing risk of neoplastic 

changes (Tulstrup et al., 2011). Another paper shows that an antibiotic would cause 
a change in the bacterial diversity of the GI and induce chronic inflammation. The risk 

of prostate cancer increased moderately with the use of penicillins, quinolones, 

sulphonamides, and tetracyclines (Boursi et al., 2015). When describing how the micro-

biome affects distant carcinogenesis from the GI, as in the case of prostate cancer, 
a functional estrobiome, or enteric bacterial genes that are able to metabolize estrogen 

were postulated (Plottel et al., 2011). β-Glucuronidases and β-glucuronides are 

particularly important in the metabolism of estrogen by conjugation and deconjugation. 
Elevated estrogen levels were reported in patients with prostate cancer compared to 

healthy controls (Althuis et al., 2004). Estrogen promotes carcinogenesis by activating 

polycyclic aromatic hydrocarbons (PAHs) which involve the formation of carcinogenic 
metabolites, diol epoxides and radical cations. Diol epoxides and radical cations react 

with DNA that can lead to cancer-promoting mutations. This estrogen mechanism is 

linked to Plottel's hypothesis of the estrobiome, or estrogen-metabolizing bacteria, and 

therefore when disturbed would cause an increase in serum estrogen (Plottel et al., 2011). 

In addition to the estrogen-driven carcinogenesis hypothesis, chronic inflammation has 

been described to create dysbiosis and subsequently increase cancer risk. In vivo studies 

showed that GI tract bacterial infection is sufficient to enhance prostate intraepithelial 
neoplasia (PIN) and microinvasive carcinoma (Poutahidis et al., 2013). Induction 

of neoplasia was started by the prior neutralization of inflammatory molecules such as 

tumor necrosis factor α, suggesting that GI microbial-based inflammation plays a large 
role in tumor formation and progression. There are certain microbes that increase the 

risk of prostate cancer in vivo. Campylobacter jejuni was found to induce cell cycle 

arrest, chromatin fragmentation, and cell death from its toxin termed cytolethal 

distending toxin (Lara-Tejero et al., 2000). Clostridium was found to convert gluco-
corticoids in the gut to androgens by side-chain cleavage, which could contribute to 

prostate cancer development (Ridlon et al., 2013). Escherichia coli is common in the 

human gut and is typically in symbiosis with the host; however, it was (Cuevas-Ramos 
et al., 2010) noted that in vivo infection of E. coli induced DNA damage response with 
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signs of incomplete DNA repair. In addition, E. coli has been found to be associated 

with prostate inflammation. Mice infected with E. coli developed bacterial prostatitis 

and many developed dysplastic changes; zero of the control mice developed prostate 
infections or inflammation (Elkahwaji et al., 2009). 

There were studies on rectal swabs from men (rectal microbiome profiles were 

sequenced prior to transrectal prostate biopsy). There were significant increases in 
proinflammatory Bacteroides and Streptococcus species in those diagnosed with 

prostate cancer (Sha et al., 2020). Inflammation may be related to neoplasia by inflicting 

cellular and genomic damage, triggering a cascade of cell repair, angiogenesis, and 
tissue repair on a larger level (Nakai et al., 2013). Furthermore, it has been hypo-

thesized that reactive oxygen species and reactive nitrogen species are released through 

immune cells during times of inflammation, directly damaging cells and DNAs (De 

Marzo et al., 2007). This oxidative damage and cellular death is the cause of proli-
ferative inflammatory atrophy, which is identified as a precursor to prostatic neoplasia 

and potentially adenocarcinoma (De Marzo et al., 1999). 

The studies exploring the specific microorganism and prostate cancer risk discussed 
above are summarized in table1 (Sha et al., 2020) 

Table 1. Studies discussed about specific gastrointestinal microbiota and prostate cancer 

Study Results Bacteria involved 

Liss et al., 
2018 

Rectal swabs were taken and found an increase in Bacteroides and 
Streptococcus in those with prostate cancer compared to controls. 

Bacteroides, 
Streptococcus 

Alanee et al., 
2019 

Bacteroides from fecal samples was highly associated with prostate 
cancer diagnosis. 

Bacteroides 

Golombos et 
al., 2018 

Bacteroides massiliensis was in higher relative abundance in 
prostate cancer cases, while Faecalibacterium prausnitzii and 
Eubacterium rectalie was in higher relative abundance in controls. 

B. massiliensis, 
F. prausnitzii, 
E. rectalie 

Miyake et al., 
2019 

Men with more extensive prostate cancer disease (T2c-3b) had a 
higher rate of Mycoplasma genitalium infection compared to those 
who had benign prostate hyperplasia. 

M. genitalium 

 

FOLIC ACID/PROBIOTIC THERAPY 

What is more there were several research programmes about microbiota, folic acid 

metabolism and prostate cancer. High dietary folate intake was associated with a decre-

ased risk of prostate cancer. Microbiota involved in folate production were increased in 
men without prostate cancer; therefore, there seems to be a difference between endo-

genous folate production and folate supplementation (Liss et al., 2018). This could 

have implications for preventative medicine by encouraging men to use probiotics for 
natural folate production and discourage use of folate supplements.  

HISTORY OF PHOTODYNAMIC THERAPY  

The origin of the laser/light therapy found as an alternative treatment in medicine from 

ancient to contemporary time. Phototherapy trace its root back to ancient Greece, Egypt 

and India, however not applied for centuries (Mahmoudi et al., 2018). Ultimately, it 
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has been rediscovered for the westen society at the outset of the 20
th
 century by 

a Danish physicist, Niels Finsen. He successfully used photodynamic therapy by 

applying heat and light filtered through a carbon lamp for the treatment of cutaneous 
tubercles known as lupus vulgaris (Daniell et al., 1991). The idea of necrobiosis caused 

by action and reaction between light and chemicals were the earliest described by Raab 

in Munich. He found that chemical changes in the presence of a pigment called 
acridine light, inducing the death of a paramecium (Raab et al., 1990). Photodynamic 

therapy was confirmed by the Food and Drug Administration in 1999 to treat pre-

cancerous skin lesions in the head and face (Lui et al., 1992). 

THE MECHANISM OF ACTION OF PHOTODYNAMIC THERAPY  

PDT method binds the application of visible light, combined with a photosensitizer 

(PS) and with the oxygen (Mahmoudi et al., 2018). PDT is based on the interaction 

of visible light and a photosensitizer agent which under photo-activation generate short 
lasting cytotoxic radicals locally. After stimulation, the photosensitizer is converted 

from singlet to triplet state by an intersystem crossing process which, in turn, reacts with 

surrounding molecules to produce radical species and hydrogen peroxide, or transfers 
its energy to molecular oxygen to manufacture singlet oxygen. Oxygen species that are 

capable of eliminating target cells by oxidative stress to cell membranes and other 

cellular parts (Darabpour et al., 2016). 

Photodynamic therapy involves the generation of ROS resulting from the interaction 
of photosensitizer and VIS light. However, VIS light is too weak to penetrate deep into 

the tissue. Also, ROS production is limited due to the hypoxic environment of tumor 

and the colon tissue. Furthermore, ROS production consumes most of the oxygen 
available to an induced hypoxic environment in the tissue, which further potentiates 

tumorigenesis. Talaporifin sodium (TS), a light-activated drug/photosensitizer, has 

been approved in Japan for the treatment of early-state endobronchial cancer (Wang et 
al., 2010). Activation of TS with a 664 nm VIS range light generates a single oxygen 

species, resulting in the induction of apoptotic cell death. In a Phase II trial of TS in 

patients with colorectal cancer and metastasis to the liver, the efficacy of the treatment 

depended on the number of excitation sources used to activate the drug (Kujundžić et 
al., 2007). This study shows that the treatment efficacy depends on the penetration 

of cancer tissue by the excitation light with enough photons to activate the photo-

sensitizer. UCNPs with emission at UV range could be used to overcome these 
limitations associated with VIS light and ROS production. Deep penetrating NIR light 

can be used to excite the UCNPs, and the localized emission of UV can be used to kill 

the surrounding carcinogenic cells. 

PHOTOSENSITIZERS  

An optimal photosensitizer ought to have favorable structural features including 

physical, chemical, and biological characteristics. Many optical photosensitizers for 

photodynamic therapy have been tested both in vitro and in vivo. PDT photosensitizers 
are found in this chemical groups: porphyrins (5-aminolevulinic acid is a porphyrin 

precursor), chlorine and dyes such as toluidine blue O (TBO), methylene blue (MB) 

and Azure.  
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PHOTOSENSITIZERS WITH CATIONIC CHARGES  

It is well known that Gram-positive bacteria can be inactivated with PDT (Sperandio et 

al., 2013); however Gram-negative bacteria are far more resistant to this therapy 
(Malik et al., 1992). To overcome this limitation, besides penetrability the outer 

membrane with PMBN ( Nitzan et al., 1992) or Tris/EDTA (Bertoloni et al., 1990) to 

allow non-cationic PS to be used, some cationic PS may also be employed. 

Polycationic colours need to gain access through the outer membrane to more sensitive 

parts of the cell (Hamblin et al., 2002); however, the efficacy of this process depends 

on the size of the polycationic chain . Conjugates with eight, thirty-seven lysines and 
free ce6 can efficiently inactivate Staphylococcus aureus; but only the conjugate with 

thirty-seven lysines could kill E. coli. It is plausible that 37-lysine can interact with the 

outer membrane of E. coli, perhaps causing the loss of some LPS and rendering the 

remaining LPS more permeable, allowing the conjugate to penetrate. On the other 
hand, the 8-lysine conjugate did not provoke the same effect, which was probably due 

to its insufficient polycationic character (Hamblin et al., 2002). 

NOVEL PHOTOSENSITIZERS FOR ANTIMICROBIAL PDT OF GRAM-NEGATIVE BACTERIA  

One of the most studied groups of PS consists of porphyrin derivatives, which are 

described in inventions and may act as photodynamic agents, since these derivatives 

generate reactive oxygen forms such as singlet oxygen or oxygen free radicals when 

irradiated with appropriate wavelengths and in the presence of oxygen. Consequently, 
these compositions are suitable for curative or prophylactic treatment of several 

medical conditions including infections with Gram-negative cocci (e.g. Neisseria sp.) 

and Gram-negative bacilli (e.g. E. coli) (Love et al., 2011). 

Another family of potent photosensitizers are the halogenated xanthenes, since they 

also become photoactivated upon shining visible light on the treatment site that was 

previously exposed to these compounds (Dees et al., 2005). These medicaments are in 
turn suitable for intracorporeal administration and thus were employed to achieve 

photodynamic therapy in human or animal tissues. In three distinct inventions, the 

primary component of given medicaments is a halogenated xanthene or a halogenated 

xanthene derivative. Furthermore, this xanthene molecule is more preferably Rose 
Bengal or a functional derivative of Rose Bengal (Dees et al., 2011). As it was explained 

before, the susceptibility of bacteria to phenothiazinium mediated PDT depends on 

whether the bacteria are Gram-positive or Gram-negative. New methylene blue and di 
methyl methylene blue, for example, were proven to be efficient at inactivating MRSA 

(Wainwright et al., 1998). Biologically active methylene blue derivatives are also 

effective in deactivating a wide range of microorganisms, including Gram-positive and 
Gram-negative bacteria, MRSA and fungal infections (Brown et al., 2011). 

On the other hand, naturally occurring and synthetically available siderophore structures 

can be conjugated chemically with photoactive compounds such as chlorin to improve 

their penetration into bacterial cells, via microbial proteins that recognize and transport 
iron-loaded siderophores. In that way, PS that otherwise could not cross the cell wall 

and membranes can then be transported inside the bacteria (Grafe et al., 2004) allowing 

Gram-negative bacteria to be susceptible to this particular approach. Actually, the 
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siderophore-transporting systems of microbes are specific to individual classes 

of bacteria and fungi. Due to that, siderophore-conjugates with PS are not taken up by 

mammalian cells, what makes them a good alternative for antimicrobial PDT, since 
they are not harmful to the host and are truly specific for pathogenic microbes. Then, 

the application of this method presents a highly efficient treatment of pathogenic 

Gram-positive and Gram-negative bacteria such as P. aeruginosa, E. coli, Strepto-
coccus pyogenes, S. aureus, as well as for other antibiotic resistant microbial infections 

including infections that occur in chronic wounds (Sperandio et al., 2013; Grafe et al., 

2004). 

Another patent describes a method and composition that utilizes Safranin O in 

conjunction with light irradiation (530 nm) in order to destroy microbes, especially 

bacteria. The Safranin O containing compound must be introduced to the treatment 

area and then, after a sufficient period of time, the light must be delivered to this area. 
This is an effective PDI approach for Gram-positive and Gram-negative bacteria, 

particularly good for areas surrounded by complex media such as blood serum, blood 

or saliva (Albrecht et al., 2005). In another study E. coli was only sensitive to 
porphyrin and light after suffering a pretreatment with toluene, which then induced 

susceptibility of this Gram-negative bacteria to PDT with hematoporphyrin derivative 

(Boye et al.,1980). In addition, positively charged (cationic) PS, including porphyrins 

and pthalocyanines, promote efficient inactivation of Gram-negative bacteria without 
the need of modifying the natural structure of the cellular envelope (Minnock et 

al.,1994, Merchat et al.,1996). Finally, not all microbial infections are suitable for PDT, 

because some infection sites may not be accessible to light (Love et al., 2007). 

Several improvements are continuously made in PDT. tThe method with PS selected 

from toluidine blue O, methylene blue, dimethylene blue or azure blue chloride that 

can be employed to both hard and soft tissues was studied. Even military medical 
procedures are mentioned in the text, illustrating a particular utility for this therapy 

(Clements et al., 2010). 

Hydrophilic cationic and anionic photosensitizers have been found to inactivate 

pathogenic bacteria. In a recent invention photosensitizers are formulated in calcium 
phosphate nanoparticles formulations for antibacterial PDT. These formulations were 

tested against S. aureus and Gram-negative P. aeruginosa demonstrating a very high 

percentage of killing (Gitter et al., 2011). 

It has been said that certain edible or ingestible food colours are equal to or even 

superior to synthetic chemical photodynamic agents. They are of non-toxic nature, 

which definitely configures an advantage. In addition, they have the ability to be safely 
consumed and their breakdown is always to safe and environmental friendly products 

(Olson et al., 2010). By that means, an invention teaches how to treat an infected 

animal or decontaminate a surface, for example, by using a safe natural or synthetic 

food coloring agent that has photodynamic properties (Olson et al., 2010; Sperandio et 
al., 2013). The PS may be selected from the group of chlorophylls, carotenoids, 

flavenoids, quinonoids, coumarins, indigoids, curcuminoids, befalins, acthocyanins, 

cyanines, indocyanines, phthalocyanines, rhodamines, phenoxazines, phenothiazines, 
phenoselenazines, fluoresceins, porphyrins, benzoporphyrins, squaraines, corrins, 
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croconiums, azo compounds, methine dyes, and indolenium (Sperandio et al., 2013). 

A novel series of PS that have advantages over other known compounds has been 

described. These compounds are actually meso-substituted porphyrins that have an 
absorption in the region of the visible spectrum, high molar extinction coefficients, and 

high quantum yield in singlet oxygen production (Roncucci et al., 2011). As previously 

mentioned, there are some limitations of porphyrin-based PDT. Among the limitations 
is the poor selectivity toward eukaryotic cells and the micoorganisms. In tumors, this 

selectivity can be enhanced by increasing the degree of hydrophobicity of the PS or by 

imparting amphiphilic properties to its molecule (Jori et al., 1996). Alternatively, these 
meso-substituted porphyrins are conjugated with a bio-organic carrier, ensuring high 

efficiency and selectivity against the target, i.e. Gram-negative bacteria (Roncucci et 

al., 2011). 

BLUE LIGHT ANTIMICROBIAL PHOTOINACTIVATION 

The advantages of using blue light alone to kill resistant microbes, is that the light is 

not as harmful to the host tissue or to the surroundings compared to UV light and 

moreover no added exogenous PS or dye is required (Dai et al., 2012). The most 
effective range is from ~390 nm to 420 nm (more accurately termed "violet" light), the 

next most effective range is from 450-480 nm and possible the least effective range is 

from 420-450 nm. Over the last five years a wide range of microbial cells, including 

Gram-positive bacteria, Gram-negative bacteria, mycobacteria, molds, yeasts and 
dermatophytes have been shown to be susceptible to blue light (Wang et al., 2017). 

Studies have been carried out in vitro using planktonic cells or biofilms, ex vivo, and in 

vivo using animal models (pre-clinical) and even in patients (clinical trials). The 
biological response to blue-light was firstly reported in 1881 by Charles Darwin when 

he described a blue light induced phototropic response in plants (Darwin, 1881). Blue 

light can regulate bacterial motility, suppress biofilm formation, and subsequently 
potentiate light inactivation of bacteria. On the other hand, the presence of blue light 

may also activate or increase bacterial virulence (Hamblin et al., 2019).  

The lethality of blue light for bacteria has been reported both in vitro and in vivo. Blue 

light can mediate a broad-spectrum antimicrobial effect on both Gram-negative and 
Gram-positive bacteria. While the wavelength range of 390-420 nm has been reported 

to be the most effective antimicrobial spectral range, both 455 nm and 470 nm have 

also been found to have some antimicrobial effects on some bacterial species (e.g.,  
S. aureus). The mechanism of the antimicrobial effect of blue light is that blue light 

excites endogenous intracellular metal-free porphyrins to behave as PS as described 

above for the case of aPDI. This photon absorption then leads to energy transfer from 
the porphyrin triplet state to oxygen producing 

1
O2 in a similar manner to PDT 

(Hamblin et al., 2019; Hamblin et al., 2005). Different bacteria demonstrate variable 

susceptibilities to blue light. Studies have reported that Gram-positive species, in 

general, were more susceptible to 405 nm light inactivation than Gram-negative species, 
which is generally consistent with the results obtained in a recent study (Murdoch et 

al., 2013). It has also been theorized that the differences in inactivation kinetics may be 

due to organism-specific differences in porphyrin levels, different individual porphyrin 
sub-types, or different porphyrin subcellular localizations (Maclean et al., 2009). 
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Moreover, it has been speculated that less oxygen-tolerant bacterial species may be 

particularly susceptible to the effects of ROS as some microaerophilic species have 

been found to possess fewer key antioxidant defenses than most aerobes (Jean et al., 
2004). Some studies have shown blue light to be capable of inactivating the anaerobic 

oral pathogens Prevotella, Porphyromonas, and Fusobacterium, P. acnes as well as 

microaerophilic pathogen as and H. pylori (Feuerstein et al., 2005). 

Table 2. Studies about blue light antimicrobial action 

Light Source Radiant exposure Bacterial 

species/strains 

Inactivation efficacy  Ref 

405 nm diode 
laser 

20 J/cm2 H. pylori  > 99.9% Hamblin  
et al., 2005 

380-520 nm 
broadband 

light 

4 . 2-42 J/cm2 P. gingivalis, 
P. intermedia,  

P. nigrescens,  
P. melaninogenica, 
S. constellatus 

P. intermedia and P. nigrescens:  
> 5 log10 at 4.2 J/cm2;  

P. melaninogenica: > 5 log10 at  
21 J/cm2; P. gingivalis:1.83  
log10 at 42 J/cm2 

Soukos  
et al., 1998 

405 and 470 
nm light 

 15 J/cm2 S. aureus,  
P. aeruginosa 

S. aureus: 90% at 405 nm, 62% at 
470 nm; P. aeruginosa: 95.1% at 
405 nm, 96.5% at 470 nm 

Guffey and 
Wilborn  

407-420 nm  75J/cm2 P. acnes less than 2-log10 units (99%) 
illuminated once; decreased by  
4-log10 units (99.99%) after two 
illuminations and by 5-log10 units 
(99.999%) after three illuminations 

Feuerstein  
et al., 2005 

405-425 nm 
LED 

110 J/cm2 A. baumannii 7.64-log10 CFU Dai et al., 
2011 

 118-2214 J/cm2 S. aureus,  
S. epidermidis, 
E. faecalis,  
S. pneumoniae, 
Corynebacterium 
striatum,  
E. coli, 

K. pneumoniae, 
P. aeruginosa,  
Serratia marcescens 
C. albicans. 

Complete inactivation (> 4-log10 

CFU) in suspension was achieved 
in all of the isolates tested. 

Dai and 
Gupta, 2012 
  

MATERIAL AND METHODS 

Literature on PDT for cancer treatment with the following medical subject headings 

search terms: colorectal cancer, prostate cancer, photodynamic therapy, clinical trials, 
antimicrobial photodynamic therapy and bacterial infection was reviewed. The articles 

were selected by their relevance to the topic. 
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RESULTS 

PDT AND PROSTATE CANCER 

As the most common treatment alternatives for localized prostate cancer, radical 

surgery and radiotherapy are used with a considerable morbidity. Patients with low risk 
and localized PC do not benefit from radical prostatectomy (Wang et al., 2019; Nelson 

et al., 2014). A number of alternative (focal) treatments such as high-intensity focused 

ultrasound, cryotherapy, and radiofrequency have been used (Gheewala et al., 2017; 
Golan et al., 2017). Although cancerous cells are destroyed, traditional focal treatment 

frequently leaves the tumor vessels intact, which can lead to recurrence of the tumor 

while treatment is insufficient, leaving not only the tumor parenchyma but also tumor 
vessels. PDT is specialized in target ablating and can prevents recurrence by reactive 

oxygen species such as singlet oxygen and free radicals (Wang et al., 2019; Dolmans et 

al., 2003). Percent negative biopsy, Gleason score, clinical stages, and PSA are tools 

for risk estimation in prostate cancer. Unlike radical prostatectomy and radiotherapy, it 
is suitable for a biopsy-based outcome after PDT (Nelson et al., 2014; Azzouzi et al., 

2017).  

The most important finding in recent studies was that the pooled rate of negative 
biopsy after PDT and decreased PSA were 55.0% and 35.0%, respectively. The control 

group in some studies was active surveillance and several other focal treatments (such 

as cryotherapy and brachytherapy), respectively (Azzouzi et al., 2017). According to 

the result of the randomized clinical trials, negative biopsy rate of active surveillance 
was less than one-third of the rate in the PDT group (Wang et al., 2019; Azzouzi et al., 

2017). All the patients of the studies in this systematic review were considered having 

low-risk, localized PC which was well or moderately differentiated (most biopsy Gleason 
score was less than 6). The PSA after PDT was less than 4.0 ng/mL in the follow-up 

duration. In the study of high-risk PC (Nathan et al., 2002), although the PSA decreasing 

rate was 42.0%, the PSA after PDT was still higher than 10.0 ng/mL. This suggested 
that PDT was not suitable for the patients with high-risk, poorly differentiated PC. On 

the other hand, PDT can play an important role in patients who have recurrence after 

radical prostatectomy or who have failed previous definitive radiotherapy (Du et al., 

2006). 

The review studies show that rates of adverse events were variable but at a low level. 

By comparing PDT with cryotherapy, brachytherapy, and high-intensity focused ultra-

sound, PDT appears to have a reasonably low rate of side effects (Wang et al., 2019), 
Barret et al., 2013). The most common adverse events were hematuria, erectile dysfun-

ction, and dysuria. Due to the vascular target toxicity, hematuria always emerges in the 

duration of early posttreatment in about seven days (Kulik et al., 2014). Another 
notable complication was retention. There are studies that found that retention was the 

most common serious adverse event in patients who underwent PDT. They thought it 

was associated with timing of withdrawal of the urinary catheter (Azzouzi et al., 2017). 

Other rare adverse events such as rectourethral fistulae and injury of seminal vesicle 
were almost asymptomatic and with a self-healing process, probably for extraprostatic 

sliding of an optical fiber (Wang et al., 2019). It is worth noting that photo toxicity is 

an inherent risk when using a photosensitizer (Kawczyk-Krupka et al., 2015). 



 
Hanna Doleżych-Teister, Katarzyna Komoniewska, Iwona Wilk, Gayane Martirosian 

 

242 

The expected survival benefit of treatment for PC must be balanced against the related 

side effects such as erectile dysfunction and dysuria (Sachdeva, 2015). Some studies 

found that occurrence of erectile dysfunction and incontinence during high-intensity 
focused ultrasound and cryotherapy was not only variable but also high (20.0-55.0%, 

0.0-10.0%, 15.0-40.0%, and 1.0-10.0%, respectively) (Gómez-Veiga et al., 2014). In 

comparison to high-intensity focused ultrasound and cryotherapy, PDT has less effect 
on urinary and erectile function (Gómez-Veiga et al., 2014). Efficacy and functional 

outcomes of PDT were variable when using different photosensitizers. Padeliporfin 

and motexafin lutetium were usually used in PC, whereas temoporfin was usually used 
in lung and head and neck malignancies (Dąbrowski and Arnaut, 2015). The selection 

of photosensitizer is important for patients if PDT is planned. Decreasing PSA was also 

associated with the follow-up duration. It indicated that a long-time follow-up is 

necessary when evaluating the changing PSA.  

Table 3 PDT in prostate cancer-studies 

References PDT parameters photosensilizer patients effect 

Azzouzi et al., 
2017 
 

753 nm  
150 mW/cm for 
22 min 15 s 

Padeliporfin low-risk, localised 
prostate cancer 
(Gleason pattern 3) 

patiens, no previous 
treatment 

safe, effective 
treatment for 
low-risk, 

localised 
prostate cancer 

Barret et al., 2013  753 nm  
150 mW/cm 

Padeliporfin Gleason 6 effective 

Du at al., 2006  motexafin lutetium Prostate 
adenocarcinoma 

safe 

Kasivisvanathan 
et al., 2013 

753 nm 
200/300 J/cm 

TOOKAD Gleason 3+3 effective 

Kawczyk-Krupka 
et al., 2015 

753 nm 
150 mW/cm 

palladium-based 
WST-09 and WST-
11 photosensitisers 

Prostate 
adenocarcinoma 
cells 

effective 

PDT AND COLORECTAL CANCERS 

Recent studies have shown that photodynamic therapy (PDT) treatment has the ability 

to activate the tumor‐specific immune responses by producing tumor‐associated 
antigens from tumor cell residues, which afterward may be processed by APCs such as 

DCs and then presented to T cells (Gerosa et al., 2002). It is known that the immuno-

logical memory response, which is the hallmark feature of adaptive immunities, plays 

crucial roles in protecting organisms from the second attack of pathogens including 
tumor cells (Ferlazzo et al., 2002). Upon a second encounter with the same pathogens, 

memory T cells can rapidly respond and mount faster and stronger immune responses 

than the first time the immune system response (Degli‐Espsosti and Smyth, 2005). It is 
generally recognized that the underlying mechanisms of the combination therapy with 

ideal inhibition activities on the growth of both primary and distant tumors, as well as 

the immune memory protection to prevent tumor relapse, may be explained as follows. 

The PDT destruction of primary tumors would generate a pool of tumor‐associated 

antigens – TAA to trigger specific immune responses, which were then amplified by 

UCNP‐Ce6‐R837 – based PDT as the immune adjuvant, which combined with 

T‐lymphocyte‐associated protein 4 (CTLA‐4) blockade would effectively induce the 
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generation of TEM‐based immune memory response to prevent tumor relapse, similar 

to the functions of cancer vaccines. More significantly, PDT with UCNP‐Ce6‐R837 in 

combination with the CTLA‐4 checkpoint blockade not only showed excellent efficacy 
in eliminating tumors exposed to the NIR laser but also resulted in strong antitumor 

immunities to inhibit the growth of distant tumors left behind after PDT treatment. 

Furthermore, such a cancer immunotherapy strategy has a long‐term immune memory 
function to protect treated mice from tumor cell challenge (Hayakawa and Smyth, 

2006). This study presents an immune‐stimulating UCNP‐based PDT strategy in 

combination with CTLA‐4 checkpoint blockade to effectively destroy primary tumors 
under light exposure, to inhibit distant tumors that can hardly be reached by light, and 

to prevent tumor reoccurrence via the immune memory effect. 

In summary, study demonstrates the great potency of integrating UCNP‐based PDT 

with cancer immunotherapy to realize a remarkable synergistic therapeutic outcome in 
eliminating primary tumors, inhibiting distant tumors, and preventing tumor relapse. 

While immunotherapy has become a highly promising paradigm for cancer treatment 

in recent years, it has long been recognized that PDT has the ability to trigger antitumor 
immune responses. However, conventional PDT triggered by visible light has limited 

penetration depth, and its generated immune responses may not be robust enough to 

eliminate tumors (Gang et al., 2018). 

PHOTODYNAMIC THERAPY AN EMERGING TREATMENT MODALITY IN ONCOLOGY 

Photodynamic therapy (PDT) is a promising method used for the control of a variety 

of cancers (Hu et al., 2014). PDT is a harmonized process which first requires the 

exposure of the cancer tissue to a photosensitizer (PS), administered either topically or 
intravenously, depending on the location of the targeted tissues (Portilho et al., 2013). 

A PS is a molecule that is taken up and localizes in the target cell and/or tissue and can 

only be activated by light (Wan and Lin, 2014). Activation of a PS is achieved through 
exposure to laser irradiation at a specific wavelength. Once photons are absorbed by 

a PS, it is excited and stimulated from the ground state to a higher level of energy, 

a singlet state (Chiaviello et al., 2011). Alternatively, the molecule may convert to the 

triplet state through a mechanism called intersystem crossing, which results in a change 
in the spin of an electron. In this triplet state, the PS reacts with molecular oxygen and 

gives rise to free ROS that can destroy cancer tissue (Mroz et al., 2011). A major 

advantage of using PDT is that it achieves selective cell destruction and minimizes 
damage to adjacent healthy structures. PSs are taken up by all cells; however, they tend 

to preferentially localize in diseased tissue and remain in diseased tissue for a longer 

period of time due to the enhanced permeability retention (EPR) effect (Yo and Haa, 
2012). Consequently, it is vital to ensure PS activation only occurs once the proportion 

of PS in diseased tissue is greater than that present in healthy tissue (Josefsen et al., 

2012). Other advantages of PDT over conventional treatment options include being 

a minimally invasive technique, lowering morbidity rate, ability to reserve the 
anatomic and functional integrity of many cells, minimal side effects, selective 

targeting, and no drug resistance, as well as reduced toxicity which allows for repeated 

treatment (Olivo et al., 2010). 
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SUBCELLULAR LOCALIZATION OF PHOTOSENSITIZERS (PS) 

PS uptake and localization play a critical role in the effectiveness of PDT in the 

treatment of cancer. Subcellular localization of photosensitizers in different cellular 
components may induce various pathways of cell death/damage. Subcellular localization 

sites of PSs include the plasma membrane, lysosomes, Golgi apparatus, the nucleus 

and the mitochondria (Kim et al., 2014). PSs that accumulate in smaller amounts in 
more than one organelle (co-localization) may be used in combination to enhance the 

PDT efficacy of the PSs (Castano et al., 2004). 

PS SOLUBILITY 

Solubility also plays a role as most PSs are hydrophobic (Kim et al., 2014). Hydro-

phobicity and a tendency to aggregate in aqueous environments hinder bioavailability 

of several PSs. Aggregation reduces increased uptake of photosensitization by the 

mononuclear phagocytic system (MPS) and decreased uptake by target cells as well as 
an increased risk of anaphylactic reactions (Sobczyński et al., 2013). Conjugation to 

nanoparticles can tune the water solubility and aggregation of the PCSs, without 

significantly affecting its photophysical properties (Chernonosov et al., 2014). 

PS DELIVERY AND SELECTIVITY 

Abundant literature describes the use of NPs as a delivery system of drugs to increase 

the response to anticancer compounds (Roblero-Bartolon et al., 2015). A wide variety 

of organic and inorganic nano-constructs, such as liposomal, micellar, polymeric, silica 
and gold NPs, have been introduced to deliver high payloads of PS to desired sites, 

when combined with targeting processes. Advantages of using NPs include lower 

levels of the PSs used in treatment, increased selectivity, reduced side effects and 
reduced dark toxicity. In addition, peptide or antibody tags in NP systems can increase 

selectivity more efficiently and aid in controlling the size of the particle, which can 

influence better passive targeting through EPR effect and, therefore, increased cellular 
uptake (Mehraban et al., 2015). 

ANTIBODY-MEDIATED SPECIFICITY 

In an effort to increase PS accumulation specificity and reduce unwanted PDT PS and 

NP side effects, significant effort has been devoted towards the synthesis, and charac-
terization, of bio-conjugates. Synthesis with either NPs or PSs further enhances PDT 

NP-PS passive drug delivery by actively and specifically targeting tumourous cells 

with monoclonal antibody (mAb) conjugates. In the case of anticancer-mediated PDT, 
malignant cells present different types, as well as greater amounts, of many surface 

antigens (Abrahamse and Hamblin, 2016). Antibodies against TAA (tumour-associated 

antigens) are easily generated, and if correctly attached to a PS drug delivery system, 
the PS can be directly targeted and absorbed via cell membrane endocytosis into specific 

tumours and therefore causes targeted cancer cell death upon PDT light activation  

(St Denis et al., 2013). 
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PS TARGETING OF CRC AND CRC STEM CELLS 

Although some PSs used in PDT reveal certain tumour selectivity by the EPR effect, 

they can also accumulate in healthy tissues causing side effects such as phototoxic and 
photoallergic reactions (Varol, 2015). To avoid this complication, targeted photo-

dynamic therapy (TPDT) was fashioned to improve PS drug delivery to cancer tissue, 

and the overall specificity and efficiency of PDT was increased (Kawczyk-Krupka et 
al., 2015). TPDT can be divided into two mechanisms of action: passive or active 

targeting. Passive PDT targeting makes use of the PSs drug carrier’s physicochemical 

factors, as well as the morphological and physiological differences between normal and 
tumour tissue (i.e. EPR effect) to deliver the PS to a target site (Yoo and Ha, 2012). 

Active PDT targeting involves PS drug delivery to a specific tumour site, which is 

based on a molecular recognition process, using specific ligands or antibodies which 

bind to overexpressed cancer cell receptors (Kawczyk-Krupka et al., 2015).  

Table 4. PDT in clinical trials – oncology 

Photosensitizer 
Clinical trial phase (ClinicalTrials.gov) 

Phase I Phase II Phase III 

Porfimer sodium 
(Photofrin) 

Pancreatic cancer 
Human head & neck 
cancer 
Cholangiocarcinoma 

Esophageal and/or gastric 
cardiac cancer 

Aminolevulinic acid (5-
ALA) 

Early stage head & 
neck tumors 
Multple basal cell 
carcinomas 

Colon cancer 

Malignant gliomas 
Basal cell carcinoma  

Verteporfin Brain tumors Age – related macular degeneration 

mTHPC (Foscan) 
Non-small cell lung 
cancer 

Nasopharyngeal 
carcinoma 
Cholangiocarcinoma 

 

TOOKAD Renal tumors 
 

 

ANTIBACTERIAL PDT 

APPLICATION OF PHOTODYNAMIC THERAPY IN VITRO  

The impact of with photosensitizers (XF73, XF70, CTP1) on strains of S. aureus resistant 

to methicillin (MRSA) was investigated. The findings showed that concentrations 
(0.005 μM) of photosensitizers, using light (13.7 J/cm

2
) for 10 minutes is effective to 

reduce a 3log10 (> 99.9%) of bacteria (Maisch et al., 2005). In another study   the bacte-

ricidal effects of the photodynamic inactivation with a porphoporphyrin photosensitizer 
at 624  nm wavelength with an energy density of (0.2 J/cm

2
) on 40 clinical isolates 

of MRSA and 40 clinical isolates of MSSA isolated patients admitted to the hospital in 

Gdansk was evaluated. The results of the study indicated the reduction of 3log10 in the 

number of bacteria (Grinholc et al., 2008). Another study evaluated the impact of PDT 
using photosensitizers MB (3 mM) and gallium-aluminium lasers at a wavelength 

of 660 nm red light with an energy density and time of 35 mW, 10 J, and 285 seconds, 

http://clinicaltrials.gov/
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on S. aureus. The findings showed  the number of bacteria (4.89-6.83 log
10

 CFU/mL) 

decreased in relation to the initial concentration of bacteria (Miyabe et al., 2011). Also 

the effect of photodynamic therapy using a protoporphyrin 25 μM photosensitizer with 
laser radiation at a wavelength of 624 nm on the MRSAstrains and MSSA strains was 

evaluated. The results of this study indicated that there was a reduction of 0-3 log
10

 and 

0.2-3 log
10

 strains of MRSA and MSSA in the number of bacteria, respectively 
(Grinholc et al., 2008). Sharma assessed the effectiveness of aPDT on S. aureus biofilm 

formation. In this study, a TBO photosensitizer was used at concentrations of 10-80 μm 

and light source diode laser with a 640 nm wavelength. The results showed that at 40 
μM concentration, biofilm was destroyed and has the least cytotoxic effect in cells 

(Sharma et al., 2008). Li investigated the effect of photodynamic therapy with 5-amino-

levulinic acid (ALA) photosensitizer and a concentration of 40 mM and an optical 

source laser with 635 nm wavelength for activating ALA at doses (0, 100, 200, 300 
J/cm

2
) used. The results of this study showed that ALA without exposure to light or red 

light does not affect bacterial biofilm. However, a significant number of cells in the 

biofilm was inactivated during radiation with different doses of red light in the 
presence of 5-aminolevulinic acid, and at the dosage of 300 J/cm

2
, all bacteria 

(99.99%) were killed (Li et al., 2013). Some scientists reported the effect of laser light 

on MRSA strains using TBO photosensitizer at a concentration of 50 μg/mL and 

a HeNe laser light with a wavelength of 632.8 nm in 1, 5, 10 minutes. The findings of 
the study indicated that 100% of the bacteria were killed in 15 minutes. Antibiotic 

resistance patterns of these strains were different before and after laser radiation, so 

that they were resistant to gentamicin 10 μg prior to the laser irradiation, and had an 
intermediate resistance to vancomycin. Moreover, after laser radiation, they became 

sensitive to both these antibiotics (Hajim et al., 2010). Another study showed the effect 

of photodynamic therapy on clinical isolates of MRSA strains and S. aureus strain 
ATCC 25923 under the conditions of using TBO photosensitizer at concentrations  

(80 μM-400 μM) and Pl-ce6 at a concentration of (8 μM) and an optical source of laser 

600 nm wavelength with doses (10-30 J/cm
2
) for 30 minutes. The results of this study 

showed that Pl-ce6 and TBO at the concentration (8 μM, 30 J/cm
2
 – 80 μM, 30 J/cm

2
) 

induced killing of MRSA (4log
10

 and 3log
10

) and S. aureus (ATCC 25923 (3log
10

-

2log
10

)) (Tang et al., 2007). 

For Gram negative bacteria – the photodynamic inactivation influence on Escherichia 
coli (ATCC25922) and clinical resistant strains of E. coli using photosensitizers of MB 

and toluidine blue O (TBO) was studied (Kashef et al. 2012). MB (50 μg/mL) with 

a laser light of red (163.8 J/cm
2
) capable of reducing 53.1% and 37.6% in the number 

of viable E. coli (ATCC25922) and  drug resistant E. coli (the initial number of bacteria 

was 10
4
-10

5
 Cfu/mL). Moreover, TBO (50 μg/mL) and a laser dose of 46.68 J/cm

2
 

killed 98.2% and 83.2% of E. coli (ATCC25922) and drug-resistant E. coli. In another 

study,   the photodynamic efficiency on the plankton condition in Acinetobacter 
baumannii was evaluated. The results showed that the decreasing in the number  

of A. baumannii in plankton condition was 2-3log10 reported after photodynamic 

inactivation with 2 photosensitizers of TBO and MB (Ragas et al., 2010). The efficacy 
of photodynamic therapy on A. baumannii was assessed in another study – the findings 

showed the reducing in logarithmic growth of live cells after photodynamic inacti-
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vation with MB and TBO (TBO) for 5 strains of A. baumannii was between (1.3 log10), 

(3.5-2.4 log10), (2.9-2.2 log10) and (2.6 log10). Furthermore, photodynamic inactivation 

reduced the minimum inhibitory concentrations of growth inhibitors into Azithro-
mycin, Imipenem, Ciprofloxacin and Gentamicin antibiotics (Kashef et al., 2014). 

A photodynamic test of 2 photosensitizers of TBO and meso-Tetra(N-methyl-4-

pyridyl) porphine tetra tosylate (TMP) at a concentration of 5 mg/mL on 5 strains 
of Pseudomonas aeruginosa isolated from cystic fibrosis was performed, and the laser 

light killed 99.99% of bacteria (Donnelly et al., 2007). 

Another study determined the efficacy of sub-lethal photodynamic therapy with the 
ability to form biofilm and the metabolic activity of Enterococcus faecalis under in 

vitro conditions by using indocyanine green photosensitizer at concentrations 

(2 mg/mL) and TBO and MB at a concentration of 0.2 mg/mL with a diode laser as 

light source for TBO and MB and indocyanine green were 635 nm-200 mW, 660 nm-
150 mW, 810 nm-200 mW, respectively. The findings showed that PDT-ICG and 

PDT-MB and TBO-PDT sub-lethal reduces 42.8%, 22.6%, and 19.5% of biofilms, the 

sub-lethal dose of PDT-ICG and PDT-MB and TBO PDT reduced 98%, 94%, 82% 
of metabolic activity in Enterococcus spp., respectively (Pourhajibagher et al., 2016). 

In another study the effect of photodynamic therapy on E. faecalis in biofilm formed at 

root infections under the laboratory conditions was investigated. The findings of the 

study suggest that 97% of the bacteria were reduced when they were exposed to  red 
laser light  and MB at a concentration of 25 mg/mL (Soukos et al., 1998). 

IN VITRO AND CLINICAL EFFECTIVENESS OF ANTIMICROBIAL PHOTODYNAMIC 

THERAPY (APDT) 

Photodynamic therapy is effective against bacteria, viruses, fungi, and parasites but its 

inactivation efficiency varies according to the microorganism. In general, bacteria and 

viruses are more easily inactivated than fungi and parasites. Spores of bacteria and 
fungi, particularly endospores, and parasite eggs and cysts are more resilient to inacti-

vation than the corresponding vegetative cells (Almeida et al., 2011).  

BACTERIA SENSIBILITY 

Gram-positive bacteria are more laser- sensitive than Gram-negative bacteria (Grinholc 
et al., 2008; Almeida et al., 2011). The difference in the sensitivity of the two groups is 

related to their different cell wall composition. Most Gram-positive bacteria have a cell 

wall consisting of several layers of peptidoglycans, negatively charged, which exhibit 
a relatively high degree of porosity. Macromolecules having a molecular weight 

of 30,000-60,000 (like glycopeptides and polysaccharides) can easily pass through this 

structure. Consequently, most photo-sensitizers (PS) can go through their membranes, 
since its molecular weight generally is situated between 1500 to 1800 Da (Jori et al., 

2006). On the contrary, Gram-negative bacteria display in the cell wall, an additional 

highly organized outer membrane, which is external to the peptidoglycan layer. The 

asymmetric nature of the outer membrane is a consequence of the distribution of its 
phospholipids, proteins, lipoproteins, and negatively charged lipopolysaccharides 

(Maisch et al., 2004; Sharma et al., 2011; Sperandio et al., 2013) which do not allow 

the passage of various molecules into its interior. However, hydrophilic molecules of 
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600-700 Da can diffuse through the porins (Nikaido et al. 1994).Gram-positive bacteria 

can be efficiently inactivated by neutral and anionic PS since the diverse PS can 

effortlessly go through their highly permeable cell wall. Yet, these PS are not effective 
against Gram-negative bacteria (Hamblin et al., 2005), unless they are co-administered 

with external membrane disrupting agents such as CaCl2, EDTA, and polymyxin B, 

which can lead to electrostatic repulsion and destabilize the cell wall (Jori et al., 2004). 
Gram-negative bacteria can be directly and effectively inactivated by cationic PS since 

these PS are able to bind to the negatively charged components of the outer membrane 

and allow a more effective interaction (Hamblin et al., 2002).  

As stated above, the primary difficulty of killing Gram-negative bacteria using PDT is 

to achieve a good penetration of the PS inside the bacterial cell wall. However, 

different approaches aim to eliminate this problem by, for example, creating positively 

charged (cationic) PS or by coupling or combining the PS with positively charged 
entities such as poly-L-lysine (Sperandio et al., 2013; Sahu et al., 2014), polyethyle-

nimine (Tegos et al., 2006) and polymyxin B nanopeptide (PMBN) (Nitzan et al., 1992). 

VIRUSES SENSIBILITY 

There are several studies that suggest that lipid-enveloped viruses are more susceptible 

to PDT (Costa et al., 2012). It is also suggested that different types of nucleic acids 

viruses (DNA and RNA) present different susceptibility to PDT, but the differences 

between RNA and DNA viruses are not only attributed to their nucleic acid type, but 
also to the composition of their capsids (Costa et al., 2012).The clinical trials of aPDT 

application to inactivate viruses has been successful. Neutral red/proflavine was 

effectively used to treat herpesvirus genital infection without relevant side effects 
(Moore et al., 1972). Porphyrins were shown to be effective against Herpes virus, the 

Influenza virus, and the Papillomavirus (Perlin et al., 1987). aPDT is already approved 

to sterilize plasma. Different viruses such as Hepatitis viruses, Parvoviruses, the West 
Nile virus, and HIV have been effectively inactivated by methylene blue (Mohr et al., 

2004). 

FUNGI AND PARASITES SENSIBILITY 

Since fungi and parasite cells are larger when compared to bacteria and viruses, the 
amount of ROS needed to kill such a larger cell is much higher than is necessary to kill 

a bacterial cell or a viral particle (Demidova et al., 2005). On the other hand, the 

eukaryotic cell structure makes aPDT effect more difficult to work for these micro-
organisms than for bacteria and viruses. Unlike bacteria and viruses, fungi and parasites 

are compartmented cells and, consequently, whenever the cell wall and membranes are 

damaged by the ROS, the PS enter its interior. Similar to bacteria, fungi also have 
a cell wall, which is more permeable to external substances than Gram-negatives cell 

wall, but less than in Gram-positives (Cabral et al., 2019). Since ROS are highly 

reactive and have a short lifetime, the localization of the PS into the cell is very 

important, since the organelles located nearby to the PS have the highest probability 
of being affected.  

However, effective inactivation of fungi and parasites has already been observed 

(Calzavara-Pinton et al., 2012). In fact, to obtain the effective inactivation of fungi and 
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parasites, it is necessary to adjust both PDT conditions and increase the PS 

concentration and the light dose (Donnelly et al., 2007). What is interesting, Candida 

spp. are effectively inactivated by aPDT, but they are not as susceptible to PDT as 
several prokaryotic bacteria, including Staphylococcus aureus or Streptococcus mutans 

(Pereira et al., 2011). It was observed that aPDT is effective for inactivating parasites, 

but also requires a higher PS concentration and higher light doses than those required 
for bacteria and viruses. aPDT with different PS have been tested for the inactivation 

of Leishmania spp. (Morgenthaler et al., 2008) and Plasmodium falciparum (Grellier et 

al., 1997). Cysts of Colpoda inflate and eggs of helminths like Ascaris lumbricoides 
and Taenia spp. were also successfully photo-inactivated (Alouini, 2001). 

IN VIVO STUDIES PDT IN INFECTIOUS DISEASES – PDT APPLICATIONS FOR GRAM-

NEGATIVE BACTERIA  

Gram-negative bacteria are responsible for many life-threatening infections in humans, 
especially in elderly people, and they are often innately resistant (especially P. aerugi-

nosa) to the most commonly used antibiotics, making the search for new antibacterial 

drugs and alternative therapies, such as PDT, very important (Sperandio et al., 2013). 
The PS molecule, for instance, has to bind to the bacterial cell (Malik et al., 1982), 

most often to the cell plasma membrane (Ehrenberg et al., 1985) so the PDT killing 

effect can take place (Nitzan et al., 1992). Gram-positive bacteria and yeasts are affected 

by neutral or anionic metal-free porphyrins (Malik et al., 1990), while Gram-negative 
bacteria are not. This resistance to photosensitization by Gram-negative bacteria with 

anionic porphyrins was widely reported in the literature of the 1980’s (Sperandio et al., 

2013; Malik et al., 1982; Venezio et al., 1985; Nitzan et al., 1987). PDT of both Gram-
negative Escherichia coli and P. aeruginosa with high concentrations of hemato-

porphyrin derivative (HPD) or deuteroporphyrin (DP) combined with high intensities 

of illumination did not result in any bacterial inactivation ( Sperandio et al., 2013; Malik 
et al., 1982; Venezio et al., 1985; Nitzan et al., 1987). In addition, E. coli was only 

sensitive to porphyrin and light after suffering a pretreatment with toluene, which then 

induced susceptibility of this Gram-negative bacteria to PDT with hematoporphyrin 

derivative (Boye et al., 1980). It is only when the inner membrane of E. coli is exposed 
that porphyrin can bind to this membrane (Sperandio et al., 2013; Boye et al., 1980). 

Knowing this and the fact that the polycationic agent polymyxin nonapeptide can 

disturb and disorganize the outer-membrane structure of Gram-negative bacteria 
(Vaara et al., 1983), scientists were able to successfully kill E. coli and P. aeruginosa 

with PDT mediated by deuteroporphyrin (DP) (Nitzan et al., 1987), what represented 

a true advance in photodynamic inactivation of Gram-negative bacteria. Nevertheless, 
neither of these results (Nitzan et al., 1987; Boye et al., 1980) resolved the problem 

of Gram-negative bacterial resistance (Malik et al., 1992). 

One approach to turn Gram-negative susceptible to PDT is to pre-treat them with 

ethylene diamine tetraacetic acid (EDTA). It is known that Gram-negative wild-type 
cells treated briefly with EDTA lose up to 50% of their lipopolysaccharide into the 

medium and become very sensitive to hydrophobic agents (Malik et al., 1992). In fact, 

cationic molecules can more easily bind to the cell wall of Gram-negative bacteria, 
which is negatively charged due to teichoic acid residues, for example (Bourre et al., 
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2010). The negatively charged LPS molecules also have a strong affinity for cations 

such as calcium (Ca
2+

) and magnesium (Mg
2+

), the binding of which is required for the 

thermodynamic stability of the outer membrane (Hancock, 1984). Again, considering 
the physical arrangement of the LPS layer of the Gram-negative bacteria outer 

membrane, treatment with low concentrations of polycations that tend to bind tightly to 

the highly negatively charged surface and to displace divalent cations can be effective 
(Malik et al., 1992). As previously stated, the combined exposure to PMBN, DP and 

light inhibited E. coli and P. aeruginosa cell growth (Nitzan et al., 1987). In addition, it 

was stated the disappearance of plasmid super-coiled fraction of E. coli when post-
treated by PMBN and DP (Nir et al., 1991). Finally, a disturbance in the outer membrane 

of Gram-negative bacteria must occur so porphyrins and phthalocyanines can act in 

their inner membrane. In that way, the permeabilizing agent PMNP can disrupt the 

outer membrane and allow the penetration of porphyrin, consequently enabling the 
photosensitization of Gram-negative bacteria (Fotinos et al., 2008). In addition, through 

the same mechanism, EDTA treatment combined with phthalocyanines inactivate those 

bacteria and consist in a promising photodynamic therapy (Malik et al., 1992). 

CONCLUSIONS 

A photodynamic therapy-PDT is a modern, very promising modality for both scientific 

research and clinical treatment of oncologic and infectious diseases. The most advanced 

experiments were performed on tissue level in colorectal cancer cells while the most 

common application is in dentistry and skin diseases. 
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