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1. INTRODUCTION AND BACKGROUND FOR THE PROPOSED RESEARCH  

 

The word cancer indicates a group of diseases caused by the uncontrolled change and 

proliferation of cells in the body. In most cases, cancer develops as a mass in an organ from its 

cells and it is named as a tumor of that organ. Breast cancer (BC) develops from breast tissue, 

which consists of glands for milk production or lobules, and ducts, which make the connection 

between the lobules and the nipple. In addition, the composition of the breast includes 

connective, adipose, vascular, and lymphatic tissue (1). 

Breast development begins in intrauterine life, then at puberty and later during the lactation 

period. In the girls around the age of adolescence, the first signs of breast formation begin. 

Estrogen, which begins to be secreted by the ovaries, affects the growth of the breasts and the 

development of the duct system. At the time when ovulation and the menstrual cycle begin, the 

maturation of the breasts begins with the formation of secretory glands (2). 

 

1.1. The structure of the breast 

The breast is an organ that is anatomically located on the outside of the thoracic wall between 

ribs II and VI, from the sternal line to the axillary line. For clinical reasons, the breast is divided 

into 4 quadrants: lower inner, lower outer, upper inner, upper outer. BC usually develops in the 

upper outer quadrant. The breast is made up of 15-20 lobes, and each lobe is surrounded by 

connective and adipose tissue, and it consists of many lobules. The lobules are also named ductal-

lobular units and are the basic structural unit of the breast. This structure is surrounded by 

epithelial cells. The lobules are divided into dozens of alveoli, the unit where milk is produced. 

Milk flows from the alveoli into the ducts. The ducts flow into larger ducts (10-15), and each of 

them meets a lobe, connecting it to the nipple. The most common BC originates from the 

epithelial cells. About 85% of breast cancers originate from ductal cells (ductal carcinoma) (3). 
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The rest originates from lobules (lobular carcinoma) (4). Other tumors are rare and originate from 

connective tissue. The breast also contains blood and lymph vessels. Most of the breast lymph 

vessels drain into the axillary lymph nodes, while some of them in the infraclavicular and 

supraclavicular lymph nodes. Cancer cells can penetrate the blood and the lymph vessels and 

spread through them to other parts of the body. 

                                                            

                                                 

Figure 1. Anatomy of the breast: 1-chest wall, 2-muscle, 3-ducts, 4-areola, 5-nipple, 6-lobules, 7-

stroma, 8-ribs. The image modified from: American Cancer Society (5).  

 

 



    

 

3 
 

 

1.2. Epidemiology 

BC is the most common malignant pathology in women with about 32% of all malignant 

tumors affecting them. BC is also responsible for 15% of deaths from malignant tumors in women 

worldwide. In 2020, 2.261.419 new cases were registered and there were 684.996 worldwide 

deaths caused by this disease (6). While the incidence of BC is in rise in both development end 

developing countries, the number of deaths in developed countries is declining, whereas in the 

developing countries is in rise.  

The global incidence of BC has increased from year to year by about 3%. This has been seen in 

the last four decades, and this trend seems to continue (7). All over the world, the burden of 

cancer, including BC on women, is increasing regardless of the level of economic development of 

different countries, due to the general growth and aging of the population. The female gender 

constitutes 49.5% of the worldwide population in general, while it constitutes most of the 

population over the age of 60 (8). However, the incidence is higher in developed countries than 

in developing and underdeveloped countries, due to the increased presence of risk factors and 

easier access to mammography and other diagnostic methods. It is important that, in developed 

countries, the diagnosis of BC is made at an early stage, enabling a more effective treatment and 

longer life expectancy than in developing countries, where they are usually diagnosed at more 

advanced stages and consequently have a worse prognosis (9). The data from the previous study 

have also shown that, in women living in Asia, BC occurs at a younger age, the vast majority at 

the age of 40-50 years, while in the mentioned places the peak is around the age of 60-70 years 

(10). Tumor biology also varies between different ethnicities. Therefore, in African and African 

American women the triple negative BC type dominates, also a higher percentage of metastatic 

disease and a higher percentage of poor-differentiated tumor is observed, which affects the poor 

prognosis of these patients (11).  

BC is a disease that usually affects women, and it is relatively uncommon in men. The female: 

male ratio is 100:1. The incidence of BC in men has remained unchanged for decades, except for 

Africa, where an increase in incidence has been observed recently, for reasons still unclear. The 









    

 

7 
 

tomosynthesis can also be used. This new mammography technique is up to 28% more accurate 

in diagnosing BC compared to standard mammography (27).  

Ultrasound is useful when the mass is large enough, and the images can be further evaluated for 

other abnormalities. Through breast ultrasound, the mass can be distinguished in solid, cystic, or 

fluid containing. It also enables the determination of the size of the mass and the correct 

localization (28). 

Magnetic resonance imaging (MRI) enables the examination of the breast tissue through multiple 

images, and it is usually used when preliminary examinations are not conclusive. MRI scans breast 

tissue by taking detailed photographs of areas within the breast and distinguishing between 

normal and pathological tissue (29). 

Biopsy is an invasive method by which a piece of tissue or fluid is taken from a suspicious site, to 

be examined under a microscope, and then other tests are done in order to verify the presence 

or absence of malignant cells. Biopsy is the only diagnostic procedure that definitively determines 

whether a suspicious area is cancerous. There are different types of biopsies: fine-needle 

aspiration, core-needle aspiration, and surgical biopsy. Several factors determine the type of 

biopsy, i.e., appearance of mass, size, and localization (30). 

 In addition to clinical and imaging examination, two tumor markers are already in use (CEA and 

CA15-3). The investigation for the ideal tumor marker that will be used for the diagnosis, 

prognosis or monitoring of the therapy is continuing. The ideal tumor marker needs to be tumor 

specific, measurable without invasive methods, with high sensitivity and specificity (31). 

 

Pathological report 

For an invasive carcinoma, the histopathological report should contain details, such as 

histological type of tumor, tumor size, histological grade, hormonal receptors status, Progesteron 

(PR) and Estrogen (ER), Her2 status, involvement of lymph nodes, perineural and lymphovascular 

invasion as well as surgical margins. These data are necessary to establish an adequate treatment 

for the patient (32). Based on the latest edition of the WHO classification, BC is divided into 19 
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subtypes (33). The most common types of BC are Non special type (NST) which constitutes about 

70-75%, Lobular invasive carcinoma 10-15 %, while the tumors that appear less frequently are  

Mixed type, and more rarely Ductal carcinoma in situ, Lobular carcinoma in situ, Medullary 

carcinoma, Tubular carcinoma, Mucinous carcinoma (Colloid), Paget disease of the breast, and 

Angiosarcoma (34).  

The histological grade is made according to the system of Elston and Ellis-modified Scarff-

Bloom-Richardson (35), and it is based on the proportion of cancer cells, which are in tubular 

formation, anisocaryosis and the number of mitoses. The final grade is marked with G1, G2 or 

G3. The histological grade indicates the potential aggressiveness of the tumor and it is an 

important prognostic factor. In all invasive BC, it is necessary to determine the ER, PR and Her2 

receptors status (36, 37, 38) as a predictive factor to help determine the therapy. These are 

determined through immunohistochemistry as a routine diagnostic procedure. According to the 

American Society of Clinical Oncology (ASCO), if nuclear staining occurs in >1% of tumor cells it is 

considered a positive hormone (ER and PR) (39). Her2 can be positive, negative, or equivocal. In 

cases where it results equivocal, additional analysis by fluorescent in situ hybridization or 

chromogenic in situ hybridization is used to determine the status of Her2, whether it is positive 

or negative. Ki67 is used to determine cell proliferation and it is a predictive factor for 

determining chemosensitivity, especially for BC ER-positive and Her2 negative. The 

determination of perineural and lymphovascular invasion is also of great importance, because a 

correlation between these factors, lymph node metastases, and local recurrence, has been 

observed (40). 

Lymph node evaluation is done through sentinel lymph node biopsy (SLNB) or through complete 

axillary dissection. Through SLNB, it is determined if there are any pathological lymph nodes even 

when they are clinically negative, and this is done to avoid unnecessary axillary dissection. Axillary 

lymph node dissection is a surgical procedure through which the metastatic lymph nodes 

confirmed by SLNB or clinically pathological lymph nodes are removed from the axillary region. 

The results of these tests help to determine more accurately the treatment of the patient as well 

as the prognosis of the disease (41).  
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1.6. Staging and prognosis 

Tumor staging is based on the American Joint Committee on Cancer System (AJCC) (42), also 

known as TNM classification system, which is based on tumor size, lymph node status, and the 

presence of distant metastases.  

Prognostic factors include tumor type, disease stage, tumor grade, lymphovascular invasion, age. 

Patients who are diagnosed with BC before 35 years old have potentially more aggressive disease 

than the ones in older age (43). The detection of the disease at an earlier stage through the 

widespread use of mammography has made patients have a better prognosis. The histological 

type also has prognostic importance, for example, some special types such as tubular, cribriform, 

and mucinous, have a better prognosis. Whereas some other types like pleiomorphic lobular 

carcinoma, high grade metaplastic carcinoma and micropapillary carcinoma have worse 

prognosis. Molecular surrogate subtypes of invasive BC according to the expression of formerly 

mentioned molecular markers, namely Luminal A-like, Luminal B/Her2 negative-like, Luminal 

B/Her2 positive-like, Her2 positive type and Triple negative, represent five groups in which the 

prognosis differs significantly from each other and help to determine the most specific therapy 

for a particular patient (38, 44). 

 

1.7. Treatment 

BC, as the most common malignant disease in women, is very heterogeneous at the 

molecular level. In the last two decades, much importance has been given to this heterogeneity 

to select biological therapy, which will be more specific, and with fewer side effects on the 

patient. Early BC, which is considered as such when it is localized only in the breast or even when 

it has involved axillary lymph nodes, is now considered curable in up to 70-80% of cases, thanks 

to the advancement of multimodal treatment. The whole concept of BC treatment is divided into 

two main pillars: locoregional and systemic treatment. This is largely based on the clinical-

pathological and molecular characteristics of the tumor. In clinical practice, the classification of 

five surrogate subtypes based on histological and molecular characteristics is now used (45). It is 
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important that treatment by specialized multidisciplinary teams has given good results in survival 

and quality of life in patients with localized and metastatic BC. 

 

Localized breast cancer 

For localized and non-metastatic BC, the standard treatment is surgery. However, most 

of the patients should be treated with systemic therapy (endocrine therapy, chemotherapy, 

target therapy). In the patients with large tumor or locally advanced disease, systemic therapy 

may be applied prior to surgery (neoadjuvant therapy). Tumor type, tumor size, degree of disease 

progression and many immunohistochemical biomarkers which are also used as prognostic 

factors participate in the definition of systemic therapy (adjuvant therapy). Patients with positive 

ER and/or PR receptors should be treated with endocrine therapy, while the ones with high risk 

factors should be treated with chemotherapy (46). There are already many guidelines based on 

the prognostic values of MammaPrint and OncotypeDx, based on which treatment is planned 

(47, 48, 49). 

 

Surgery 

The surgery of the primary tumor remains the main method of treating BC. Historically, 

mastectomy has been the standard method, but in recent decades, breast conservation has 

become the primary method, when it can be applied. In studies performed on young women <40 

years old with BC, breast conserving surgery combined with adjuvant radiotherapy has showed 

the same overall survival rate as the ones who have undergone total mastectomy (50). When, 

from oncological point of view, mastectomy is indicated, breast reconstruction can be done in 

patients who want to do it. Surgery can be applied as the first method or after neoadjuvant 

therapy, depending on the size of the tumor and the relationship with the breast, tumor biology 

and the decision of the patient. Axillary evaluation is preferably performed by SLNB, given the 

morbidity that can be caused by open axillary dissection (51). 
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progression (62, 66). Combination of the chemotherapy should be reserved for cases of rapid 

disease progression (62). If the patient has been previously treated with anthracycline and taxane 

as adjuvant chemotherapy, then Capecitabine, Vinorelbine, or Eribulin are recommended. 

Anthracyclines and taxanes can be reused in patients with a treatment-free interval of more than 

one year (67). In the patients with Her2-positive regardless of hormonal receptors, anti-Her2 

agents should be used until disease progression (68, 69). The first line of choice is trastuzumab 

with pertuzumab in combination with Docetaxel, Paclitaxel or Capecitabine (70). For patients 

with triple negative BC the use of platinum agents has given good results (71). In addition, the 

use of PARP inhibitors (olaparib or talazoparib) has shown to increase progression-free survival 

(PFS) and improve quality of life (72). Recently the use of immunotherapy (pembrolizumab or 

atezolizumab) has shown good results by increasing PFS (73, 74).  

Recent studies in the field of molecular biology and immunology have provided impressive data, 

based on which future therapy for BC will be decided. 

 

1.8. Screening 

BC screening is defined as the evaluation of women without signs and symptoms to detect 

BC in its early stage. The most effective and widely used method worldwide is mammography 

screening. Other methods used for screening are breast self-examination, clinical breast 

examination, digital breast tomosynthesis, ultrasonography, magnetic resonance imaging of the 

breast and identification of various genetic oncogenes (75). The main advantages of BC screening 

programs are early diagnosis, classification, and prevention of risk factors, and timely treatment 

to reduce morbidity. Screening has also reduced the overall mortality rate by about 20%. The 

main disadvantages of BC screening are overdiagnosis, high cost, ionizing radiation, 

recommendation of false positive biopsies, false negative results. Most of the countries in the 

World recommend starting screening at the age of 50 and continuing until 74 years old (76). 

However, some countries, based on the higher risk of their populations being affected by BC, 

recommend beginning screening at 40. 
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1.9. Epidemiology of the breast cancer in Croatia  

Like in Europe, breast cancer (BC) is the most common malignant tumor among women in 

Croatia; one-quarter of newly diagnosed women with cancer have BC (77). In 2016, 2735 new 

cases of BC were registered among Croatian women (126.6 per 100,000 people) with 990 deaths 

(45.8 per 100,000 people), making it the most common cause of death for women diagnosed 

with cancer in Croatia (77). A constant increase in the incidence of BC was evident with 2303 

women diagnosed in 2005 and 2748 women in 2015. However, with the stabilization of the 

mortality trend in recent years, the number of cases in 2012 was 1033, whereas it dropped to 

990 cases in 2016 (77, 78, 79, 80). Compared to other European countries, Croatia has a medium-

high incidence and high mortality due to BC (81). Some progress has been made in the last 15 

years regarding the treatment of BC and cancer survival rates in Croatia. However, the statistics 

remain below the average for EU member states. 

Since 2006, when the National Program of Breast Cancer Early Detection (Mamma) was first 

implemented in Croatia, 60-70% of newly diagnosed women (50-69 years old) with BC were the 

localized stage. However, prior to the start of Mamma, this value was 40%. The positive effect of 

the implementation of the screening program of BC is also evident in the 2017 data, which 

demonstrate a 15-20% reduction in the mortality rate from BC. A significant achievement has 

been observed in the last two years. Specifically, a decrease in mortality from BC was noted in all 

age groups with the largest decline in the older age groups of 70 years and older. 

According to the results of the CONCORD-3 study, which analyzed individual records of 37.5 

million patients diagnosed with one of 18 cancers from 322 population-based registries in 71 

countries, Croatia is in the lower half of the European rankings for BC 5-year survival (79%) (82). 

In comparison, according to the EUROCARE-5 study, the 5-year BC survival rate for women 

diagnosed between 2000 and 2007 in Croatia was 76.3%, whereas the average survival rate in 

European countries was 81.8% (83). According to the aforementioned data, over the last 15 

years, there has been progress in terms of cancer survival in Croatia; however, there is still room 

for improvement. 
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1.10. Epidemiology of the breast cancer in Kosovo  

In contrast, data in relation to the situation with BC in Kosovo are limited. Centralized 

oncology services in Kosovo started for the first time in 2011. Until this time, oncology patients 

have been partially treated in various clinics and surgery departments of the University Clinical 

Center of Kosovo (UCCK) in Prishtina. In 2011, the National Program for Cancer Control in Kosovo 

was prepared by the National Board for Cancer Control in Kosovo. Based on this program, since 

2012, the registration of the new cases of cancer in the relevant application form by health 

personnel throughout Kosovo has begun (84). 

The data from the Kosovo Agency of Statistics-Health Statistics show a steady annual increase in 

new BC cases. During the period of 2012 to 2018, there was a continuous increase in the number 

of new cases ranging from 207 in 2012 to 444 new cases in 2018 (85). Notably, in 2019, there 

were 376 new registered cases (20.9 per 100000 people). These figures in Kosovo can be 

attributed to the worldwide increase in incidence as well as improved reporting, better means of 

detection, and mammography program, which was established in 2014, has played an important 

role in reaching out to patients living in remote areas. According to Kosovo data, only 

approximately 40-50% of cases are diagnosed in the early stages of the disease regardless of age 

(86). However, data on the survival and mortality rates of BC patients in Kosovo are not available.  

 

 

 

1.11. The immune system and cancer 

The idea that the immune system helps fight cancer is very old and dates back more than a 

century, when in 1909 the German scientist Paul Ehrlich stated that the incidence of cancer would 

be greater if the human immune system was weak, and that immune system cannot recognize 

and damage malignant cells. Meanwhile, various scientists have dealt with cancer and the 

immune system, but as a separate field, it began to develop in the 1950s. It took several decades 

to develop the concept of immune surveillance. Thus in 2001, it was reported that in genetically 

modified mice with weakened immune system components, there was a higher incidence of 

cancer (87). This theory was later supported by several studies in humans. In patients with 
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Adapted immune system: As long as the innate immune system is present from the birth 

and it is constantly active, the adaptive immune system needs time to develop. It does not exist 

from the birth but it is created in time, after the body is faced with different agents (95). The 

adaptive immune system has three components: diversity, specificity, and memory (96). It can 

be said that it is characterized by diversity due to the possibility that it must recognize any foreign 

molecule in countless targets. It is specific because it detects and protects the body from specific 

pathogens, for example a specific virus. Moreover, the fact that it distinguishes between 

components of our body and foreign agents is particularly important. The adaptive immune 

system has memory, which means that if the body is once exposed to a pathogenic agent, then 

the immune system will memorize it and, in case of re-encounter, it will react very quickly, within 

a few hours. The fact that in old age we have weaker adaptive immunity is one reason why 

malignant diseases are more common. The adaptive immune system is made up of specialized 

white blood cells called lymphocytes, which born in the bone marrow and after their maturation 

pass into the bloodstream (97). T lymphocytes perform part of their maturation in the Thymus. 

After the maturation, T and B lymphocytes pass to the lymph nodes and other lymphoid organs. 

A characteristic of the T and B lymphocytes is that they could generate almost endless new 

receptors for the identification of pathogens. They accomplish this through genetic regeneration 

and DNA resynthesize. T and B lymphocytes, in addition to the receptors they have on their 

surfaces, also secrete various chemicals that enable communication between them and other 

immune cells. These chemicals are called cytokines (98). 

The inflammatory process is very important for the protection of the body from external 

pathogens and cancer. In this case, both the innate and the adaptive immune system interact 

with each other. The moment a foreign agent enters the body, it is immediately surrounded by 

immune cells, and the cells of the innate immune system, including macrophages and 

neutrophils, are the first to arrive. Inflammation also plays an important role in cancer. During 

the tumor growth, it causes disruption of the structure of the organ and in this case stimulates 

the immune response. In addition to directly damaging cancer cells, another function of innate 

immune system cells is to present this information to the cells of the adaptive immune system, a 

process called antigen presentation (99). These antigens are recognized by the respective T cell 
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involved in several EMT pathways contributing specifically to the metastasis process (115, 116, 

117, 118). The role of many other ILs in tumor genesis is also very important for further studies, 

to develop the diagnosis and new immunotherapeutic tools in cancer. For this reason, better 

understanding of the signaling pathways used and the interaction between ILs and TME, stem 

cells, microRNA, mesenchyme epithelial transition, DNA methylation, immunoassay, is of 

particular importance. 
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1.13. Interleukin 7 

Interleukin-7 (IL-7) is a particularly important cytokine to the adaptive immune system. It 

supports the development of lymphocytes in the thymus, the organogenesis of the lymph nodes, 

and ensures the maintenance of activated T cells in the secondary lymphoid organs (119, 120). 

 

 

 

 

 

 

 

Peripheral expansion 

 

 

 

                                                                                                                                                                                                                          

 

 

 

 

                                                                    
Figure 2. IL-7 has the main role in the regeneration of T cells in the Thymus as well as in the 
peripheral expansion of the Mature T cells. 

             T-cell pool 

Thymic 
differentiation 

Extrathymic 
differentiation 

IL-7 







    

 

24 
 

 

Figure 3. IL-7 receptor signaling pathway. IL-7 participates in the regulation of pro-apoptotic and 
anti-apoptotic genes. Increased concentration of IL-7, increases the expression of anti-apoptotic 
proteins (Bcl-xL, Bcl-2, Mcl-1) and decreases the expression of pro-apoptotic proteins (Box, Bad, 
Bax). Also, it is involved in glucose metabolism in the tumor cell. Thus IL-7 inhibits apoptosis and 
increases energy in the cell and consequently the growth and proliferation of tumor cells.  
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proliferation, apoptosis, angiogenesis, and metastasis through activating the downstream cell 

receptors of effectors (143).  
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Figure 4. IL-7 has a key role in many processes of the tumor development: 1- epithelial 
mesenchymal transition (EMT), 2- migration, invasion, and metastasis, 3- osteoclastogenesis in 
bone metastasis, 4- proliferation, 5- resistance to chemotherapy, 6- lymphangiogenesis.  
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2. HYPOTHESIS 

 

�x IL-7 serum concentration is higher in the patients diagnosed with early invasive BC 

in comparison with healthy control group, and positively correlates with the tumor 

size, poor cell differentiation, lymphovascular and perineural invasion, negative 

hormone receptors' status, axillary lymph node metastasis, and the high Ki-67 

proliferation index. 

�x In addition, there is no difference in the IL-7 serum concentration between the 

patients recruited in Croatia and Kosovo, respectively. 
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3.  AIMS AND PURPOSE  

 

3.1. AIMS OF THE RESEARCH 

       General aim: 

�x To assess the presence of elevation of the IL-7 serum concentration in the patients 

diagnosed with early invasive BC in comparison to the healthy control group. 

 

       Specific aims: 

�x To evaluate the correlation between the IL-7 serum concentration in patients with BC and 

the clinicopathological characteristics of the tumor. 

�x To evaluate possible differences in clinicopathological characteristics between Croatian 

and Kosovo subcohorts. 

�x To evaluate IL-7 serum concentration differences between Croatian and Kosovo 

subcohorts of the patients diagnosed with early invasive BC. 

�x To evaluate IL-7 serum concentration among different surrogate subtypes of BC. 

 

 

3.2. PURPOSE OF THE RESEARCH 

 

The purpose of the research is to confirm that the IL-7 concentration in the serum of BC 

patients is higher compared to the healthy control group. In the future the IL-7 could be used 

as a tumor biomarker to complete the BC diagnosis. As a proinflammatory cytokine could be 

tested as a poor prognostic factor and could help us to stratify risk of recurrence, as well as 

to be used in follow-up of the patients after the primary oncological treatment. 
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4. MATERIALS AND METHODOLOGY 

 

4.1.    Study population 

In this dual center, cross-sectional and case-control study included consecutive female 

patients with BC which were referred for surgery at the University Hospital Center Zagreb, in 

Zagreb and University Hospital Center of Kosovo in Prishtina, from January 2018 until June 2019. 

Both of these university hospitals are located in capital cities and are the largest hospitals in both 

countries.  

Patients have been selected as consecutive among women, aged between 20 -70.  

Patients meeting the following criteria were included in this study:  

1. Patients confirmed to BC by biopsy. 

2. Operable and without distant metastases. 

3. Overall good health condition 

4. Willingnes to participate 

 

Exclusion criteria were: 

1. BC patients previously treated by surgery, chemotherapy, radiation therapy, 

endocrine therapy, target therapy or immunotherapy. 

2. Patients with any other malignant disease at the same time. 

3. Patients which were using any immunomodulatory therapy. 

4. Patients with any acute or chronic inflammatory disease. 

5. Patients with dementia or any other psychological disorders. 

6. Patients in fasting state. 

 

The criteria for withdrawal from the study: 
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IL-7 serum concentration has been initially determined in all the study participants, 

including patients and the control group. Then it has been evaluated if there has been any 

difference of IL-7 serum concentrations between EIBC patients and control group. After that, 

appropriate analyses have been done to see if there is any correlation between IL-7 serum 

concentration of the patients and histopathological characteristics of the tumor, as well as age 

and menopausal status. In addition, the potential difference of IL-7 serum concentrations 

between patients coming from Croatia and Kosovo has been evaluated. 

 

 

4.5. Ethical consideration 

The study has been carried out in compliance with the Code of Ethics of the Helsinki 

Declaration, as well as the ethical approval from both institutions: Ethics committee of the 

University Clinical Center of Kosovo (no. 913/2; 30 October 2017), and the University Clinical 

Center Zagreb (no. 02/21 AG; 02 November 2017). All the participants have been informed about 

the aim of this study along with safety and security considerations prior to signing the informed 

consents, as study prerequisites. Moreover, they have been informed about the right to 

withdraw and ask for their data to be destroyed. 

 

4.5. Statistical analysis 

After checking for normality of distribution by the Kolmogorov-Smirnov test, numerical 

variables have been presented as median and interquartile range.  The differences of the 

distribution of the numerical variables have been analyzed with Mann-Whitney U test and 

Kruskal-Wallis ANOVA test. Associations between numerical variables have been analyzed as 

Spearman rank correlation coefficient. The diagnostic accuracy and the optimal cut point value 

for IL-7 level between two groups have been obtained based on the value of the area under the 

ROC curve. Categorical variables were compared using chi-square analysis and presented as 
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frequencies and percentages. The results were calculated as the mean and standard deviation or 

median and range. Analyses have been performed with statistical software IBM SPSS Statistics 

for Windows, Version 25.0. (IBM Corp. Armonk, NY). A P-value < 0.05 was considered statistically 

significant. 
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ROC curve analysis has been applied to analyse diagnostic accuracy of measurements and optimal 

cut-point values for IL-7 concentration between verified EIBC and control group.  

IL-7 concentration 14 shows 73.7% sensitivity and 83.3% specificity for carcinoma, AUC was 0.854 

(CI 95% 0.803-0.896) at a cut-off value of 13.4 pg/ml. Figure 7. 

IL-7 concentration 99 show 88.9% sensitivity and 90.9% specificity for carcinoma, AUC was 0.942 

(CI 95% 0.819-0.991) at a cut-off value of 41.8 pg/ml. Figure 8. 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. This figure represents the standard ROC curve analysis of all patients and the control 

group. IL-7 concentration 14 shows 73.7% sensitivity and 83.3% specificity for carcinoma, AUC 

was 0.854 (CI 95% 0.803-0.896) at a cut-off value of 13.4 pg/ml. 
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Figure 9. Median IL-7 serum concentrations/histological subtypes. 

 

 

 

 

 

 

Table 4. The distribution of the IL-7 serum concentrations according to the tumor characteristics. 
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Grouping     
variables 

Categories of grouping 
variables (n) 

IL-7/ Median (25% - 75%) P value 

 

Histological subtype 

 

IDC (NST) (164) 65.25 pg/ml (29.4- 166.0) pg/ml Kruskal-Wallis 
ANOVA test value 

H (2.0) =6.30; 

P = 0.043 

ILC (20) 18.5 pg/ml  (6.9- 150.3) pg/ml 

Other (28) 74.6 pg/ml  (23.4-148.0) pg/ml 



    

 

42 
 

 

Axillar involvement 

 

Yes (86) 70.9 pg/ml  (30.8-166.5) pg/ml Mann-
Whitney adj 

z=0.94; P=0.348 No (127) 58.8 pg/ml  (22.9-147.0) pg/ml 

T-Stage 

T1 (103) 59.0 pg/ml  (22.8-144.1) pg/ml Kruskal-Wallis 
ANOVA test value 

H=0.3; P=0.856 
T2 (101) 64.0 pg/ml  (25.1-166.7) pg/ml 

T3 (9) 57.9 pg/ml  (26.9-182.0) pg/ml 

Stage 

I (77) 52.1 pg/ml  (19.2-134.3) pg/ml Kruskal-Wallis 
ANOVA test value 
H=1.72; P=0.419 II (97) 63.6 pg/ml  (26-166.4) pg/ml 

III (39) 79.9 pg/ml  (23.9-169.3) pg/ml 

Grade 

I (13) 42.4 pg/ml  (11.6-174.1) pg/ml Kruskal-Wallis 
ANOVA test value 
H (2.213)= 1.14; 

P=0.572 

II (138) 62.4 pg/ml  (29.1-166.1) pg/ml 

III (62) 62.4 pg/ml  (16.8-129.2) pg/ml 

ER 
Positive (169) 59.0 pg/ml  (23.9-159.3) pg/ml Mann-

Whitney adj 
z=0.53; P=0.593 Negative (44) 66.1 pg/ml  (20.0-168.2) pg/ml 

PR 
Positive (65) 40.5 pg/ml  (11.7-110.9) pg/ml Mann-

Whitney adj 
z=0.96; P=0.334 Negative (148) 66.7 pg/ml  (29.9-168.1) pg/ml 

Her-2 
Positive (40) 66.8 pg/ml  (26.6-140.0) pg/ml Mann-

Whitney adj 
z=1.42; P=0.672 Negative (172) 61.1 pg/ml  (23.4-166.0) pg/ml 

Molecular 
surrogate subtypes 

LumA (77) 71.1 pg/ml  (34.1-183.9) pg/ml Kruskal-Wallis 
ANOVA test value 

H (5.47)  4.0; 

P=0.247 

LumB/HER2 neg (75) 51.1 pg/ml  (18.9-117.3) pg/ml 

LumB/HER2 pos (20) 52.6 pg/ml  (23.9-90.0) pg/ml 

Her-2 overexpression (19) 96.6 pg/ml  (43.9-225.3) pg/ml 

TN (22) 57.2 pg/ml  (17.9-151.0) pg/ml 
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There is no difference in the IL-7 serum concentrations between premenopausal and 

postmenopausal patients, neither between patients coming from Croatia and Kosovo (Table 5). 

 

Table 5. The distribution of the IL-7 serum concentrations in the patients coming from Kosovo 
and Croatia and according to the menopausal status. 

 

 

 

The median age at diagnosis for patients from Kosovo and Croatia was 54 and 57, respectively 

(P=0.173). The percentage of premenopausal women included in the study was 33% and 37% in 

Kosovo and Croatia, respectively (P=0.972) (Table 6). 

 

 

LVI 
Positive (70) 62.6 pg/ml  (34.7-166.3) pg/ml Mann-

Whitney adj 
z=0.7; P=0.484 Negative (138) 62.4 pg/ml  (23.1-156.0) pg/ml 

PNI 
Positive (24) 69.0 pg/ml  (37.9-166.8) pg/ml Mann-

Whitney adj 
z=0.87; P=0.385 Negative (80) 54.5 pg/ml  (22.9-158.1) pg/ml 

 N IL-7/ Median (25% - 75%) P value 

Country Kosovo (100) 66.1 pg/ml (31.5-183.3) pg/ml Mann-
Whitney adj 

z=1.42; P=0.156 Croatia (113) 54.7 pg/ml (18.0-134.3) pg/ml 

Postmenopausal Yes (144) 67.0 pg/ml  (25.3-166.4) pg/ml Mann-
Whitney adj 

z=0.56; P=0.575 No (69) 52.1 pg/ml  (20.3-137.3) pg/ml 
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The rate of LVI was significantly increased (P=0.012) as well as the expression of PR (P=0.014) in 

Kosovo patients. Differences were noticed between the two cohorts regarding Her-2/neu 

amplification status, with higher rate in Kosovo cohort, but this tendency did not reach statistical 

significance (P=0.073) (Table 7).  

The histological types did not significantly differ between the two groups. Invasive breast 

carcinoma (NST) was the most common type with a frequency of approximately 75% in both 

countries. Histological grade, Ki-67 proliferation index, ER status and distribution of molecular 

subtypes were not significantly different when compared in subjects living in Kosovo or Croatia. 

 

Table 7. Comparison of tumor characteristics of the Kosovo and Croatian cohorts 

 Kosovo Croatia P value 

 

Histological subtype 

IBC, NST 

ILC 

Mixed type 

Other 

 

76 (76%) 

6 (6%) 

7 (7%) 

11 (11%) 

 

88 (78.6%) 

14 (12.5%) 

6 (5.4%) 

4 (3.6%) 

P=0.078 

Median tumor size (cm) 

(25%-75%) 

 

2.8cm (2.2- 3.5)cm 

 

1.6cm (1.1- 2.2)cm 

P=0.013 

Axillary involvement 

Yes 

No 

 

47 (47%) 

53 (53%) 

 

38 (33.6%) 

75 (66.4%) 

 

P=0.047 

pN(+) status 

N1 

N2 

N3 

 

 

20 (42.1%) 

17 (36.2%) 

10 (21.3%) 

 

27 (71.1%) 

9 (23.7%) 

2 (5.3%) 

 

P=0.023 
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Stage 

I 

II 

III 

 

18 (18%) 

54 (54%) 

28 (28%) 

 

58 (51.3%) 

45 (39.8%) 

10 (8.8%) 

P=0.012 

Histological grade 

G1 

G2 

G3 

 

3 (3%) 

69 (69%) 

28 (28%) 

 

10 (8.8%) 

69 (61.1%) 

34 (30.1%) 

P=0.168 

Ki-67 (%) 

(Median, 25%-75%) 

 

20 (10-30) 

 

22 (12-35) 

P=0.134 

Estrogen Receptor status 

ER(+) 

ER(-) 

 

77 (77%) 

23 (23%) 

 

92 (81.4%) 

21 (18.6%) 

P=0.418 

Progesteron Receptor  status 

PR(+) 

PR(-) 

 

16 (16%) 

84 (84%) 

 

45 (39.8%) 

68 (60.2%) 

P=0.014 

Her-2/neu amplification 
status 

Her-2 (+) 

Her-2 (-) 

 

24 (24%) 

76 (76%) 

 

16 (14.2%) 

97 (85.8%) 

P=0.073 

LVI status 

Positive 

Negative 

 

52 (52.5%) 

47 (47.5%) 

 

18 (25.7%) 

91 (65.9%) 

P=0.012 

Total Lymph nodes obtained 

(Median, 25%-75%) 

 

13 (9-18) 

 

8.5 (4.75-13.25) 

P=0.014 

Metastatic lymph nodes 

(Median, 25%-75%) 

4 (2-8) 2 (1-4.25) P=0.011 

Molecular subtypes   P=0.403 
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Lum A 

Lum B/HER2 neg 

Lum B/HER2 pos 

HER2 positive 

Triple negative 

34 (34%) 

31 (31%) 

12 (12%) 

12 (12%) 

12 (12%) 

43 (38.1%) 

44 (38.9%) 

8 (7.1%) 

8 (7.1%) 

18 (8.8%) 

 

 

 

 

Figure 10. Median tumor size (cm) at the time of diagnosis: Kosovo/Croatia.  
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Figure 11. Breast cancer stage distribution of Kosovo and Croatian cohorts 

 

 

The distribution of the patients in each substage is presented in Table 8. 

 

Table 8. Breast cancer substage distribution of Kosovo and Croatian cohorts 

 I IIA IIB IIIA IIIC  

P=0.013 Kosovo 18 (18%) 37 (37%) 17 (17%) 18 (18%) 10 (10%) 

Croatia 58 (51.3%) 34 (30.1%) 11 (9.7%) 8 (7.1%) 2 (1.8%) 

 

There were no patients in substage IIIB. 
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6. DISCUSSION 

 In this study, a significantly higher IL-7 serum concentration in EIBC patients compared 

to healthy control cases, (P<0.001), has been noticed. On the other hand, no correlation has been 

noticed between IL-7 serum concentrations and tumor size, metastasis in lymph nodes or tumor 

passes from well to poorly differentiation. The higher IL-7 serum concentration in BC patients can 

be explained by the production of different cytokines including IL-7 from cancer cells. In a study 

done by Cheavy et al. -2007, it was established that several cytokines were produced from breast 

cancer tissue (154). Therefore, these cytokines have been overexpressed when compared to 

normal breast tissue (155). However, the discontinuing increase of IL-7 serum concentration 

during the tumor growth and disease progression is controversial. It was also shown in another 

study that most of cytokines that were overexpressed in the BC tissue have not shown correlation 

with patient age, tumor size, histological type, nor lymph node status (155).  

Another reason for the increase of IL-7 serum concentration in the start of tumor growth can be 

the counteraction of immune system to the tumor, producing various cytokines, among them IL-

7. Interleukins are cytokines or immunomodulatory proteins that are activated in response to 

changes that occur in organs and tissues (156). Most of them modulate growth and 

differentiation of different immune cells and activation of several mechanisms during immune 

response (157). Interleukins are closely involved in cellular defence against various pathological 

agents as well as the physiological response to infection. They have also been shown to 

participate in many processes of tumor growth and development (158). It is already known that 

the immune system plays a key role in the mechanism of cancer development through various 

processes involved under the concept of immunosurveillance and immunoediting (159, 160, 

161). Most of the interleukins are secreted by the cells of the immune system, such as CD4+ T 

helper lymphocytes, monocytes, macrophages, and endothelial cells. CD4+ T helper lymphocytes 

have as their main function the regulation of the immune response and the modulation of the 

function of CD8+ cytotoxic T lymphocytes, B cells, natural killer cells, macrophages and dentritic 

cells (162, 163). New findings in tumor immunogenetics have shown the role of the tumor 

microenvironment in tumor progression and its close association with the interleukin-related 
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dependent transmembrane protein that enables adhesion between cells, and in its absence, 

there is a characteristic non-cohesive increase (183). On the other hand, the estrogen receptor is 

expressed in about 90% of cases in ILC, so many times more pronounced than in IDC, while 

Her2/neu overexpression is in only about 5% of cases, much lower than in IDC. According to the 

study done by Davoli et al. - 2017, an overexpression of CD274 (PD-L1), PDCD1 (PD-1) and CTLA4 

has been observed in ILC (184). In the study done by Plitzko B et al. - 2018, it has been proven 

that ILC is characterized by a lower rate of cellular metabolism compared to IDC, confirming it by 

basal oxygen consumption rate and basal extracellular acidification rate as indicators of oxidative 

phosphorylation (185). Many genetic profile studies have been conducted to see the difference 

between ILC and IDC. Zhao H et al. - 2004 and Buerger H et al. - 2000, have found 11 genes that 

can make the difference between these two subtypes, but in the meantime, many other studies, 

which have detected functional sets of genes, responsible for the etiological differences between 

ILC and IDC, have been performed (186, 187). Neoadjuvant chemotherapy treatment is now 

standard for locally advanced breast cancer, although there has been no increase in disease-free 

survival and overall survival. However, this method affects down staging, and increases the 

chance of breast-conserving surgery, while also enabling chemosensitivity to the tumor. In 

previous studies, it has been observed that patients with IDC have benefited greatly from 

neoadjuvant chemotherapy, while the effect in patients with ILC was very small (188, 189, 190).  

Given the already established differences in terms of clinicopathology, genomic profile, as well 

as different responses to therapy, it can be assumed that also the immune response to these two 

histological subtypes may be different, specifically the production of different cytokines, in this 

case IL-7.  

After reviewing the data by the Expert panel at the 13 St Gallen International Breast 

Cancer Conference (2013), some data regarding the most specific treatment at the local and 

regional level in BC were approved. They recognize five molecular surrogate subtypes of invasive 

BC according to the expression of formerly mentioned molecular markers, namely Luminal A-like, 

Luminal B/Her-2 negative-like, Luminal B/Her-2 positive-like, Her-2 positive type and Triple 

negative. In this study, patients have been divided into these five groups, respectively into five 
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patients from Kosovo University Hospital underwent axillary lymph node dissection. This 

difference is attributed to the application of sentinel lymph node biopsy (SLNB), a widely adopted 

routine method for axillary involvement assessment in University Hospital Center Zagreb (UHCZ) 

that is equal to axillary dissection under certain clinical conditions (no evident clinical axillary 

involvement in preoperative work-up), whereas SLNB is not performed in Kosovo as routine. 

Axillary lymph node involvement was significantly increased in Kosovo compared with Croatian 

patients (47% vs 33.6%, P=0.047) based on the clinical stage of disease presentation before 

surgery of the patients in both countries, regardless of the method for the axillary lymph node 

involvement assessment. The numbers of total (P=0.014) and metastatic lymph nodes (P=0.011) 

were also significantly increased in Kosovo patients. The number of total lymph nodes obtained 

could be explained by different methods of axillary involvement assessment (axillary dissection 

vs SLNB). The higher number of metastatic lymph nodes in the Kosovo cohort could be explained 

by the more advanced stage of the disease at the time of diagnosis (larger tumors and more 

patients with positive axillary lymph nodes). Therefore, BC patients from Kosovo University 

Hospital at the time of diagnosis had a significantly more advanced stage than patients from 

Croatian University Hospital, (P=0.013). 

 There are several reasons to explain such a large difference in the stages of the disease at the 

time of diagnosis, between BC patients from two neighboring countries. Until recent years, the 

largest concentration of the population in Kosovo was in rural areas, a situation accompanied by 

lack of information regarding malignant diseases in general and BC in particular. In many 

settlements, access to health facilities for routine check-ups has been difficult. Confidentiality of 

the disease, so even when patients have noticed changes in the breasts or axilla, have not been 

reported to the doctor due to fear, stigma, low awareness of malignant diseases, low socio-

economic position. Major shortcomings have also been noted in the health system, ranging from 

lack of qualified health personnel, lack of diagnostic tools and technology, poor geographical 

distribution of health services, delayed referrals, lack of good coordination between levels of the 

health system. The treatment of cancer patients at the Clinic of Oncology has started in 2012. 

Until this time, cancer patients have been partially treated at other clinics at UCCK in Prishtina, 

and a significant part of them have been treated outside of Kosovo. In these conditions, the 
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information of the population regarding malignant diseases has been very small. With starting of 

the provision of the health services in the Clinic of Oncology in Prishtina, the gradual increase of 

information of the population regarding the issue has begun.  

This finding also can be explained by the lack of application of screening and early detection 

methods in Kosovo. While this program was implemented in 2006 in Croatia, Kosovo 

implemented its first mobile mammography program in 2014. Based on the data of this study it 

is seen that the difference is still very large and that much work is still needed to be done in this 

regard.  

The exclusion of patients treated with neoadjuvant chemotherapy, endocrine therapy or 

targeted therapy prior to surgery is one of the reasons that patients with stage III disease are less 

represented, and this category is more populated in the Croatian cohort due to the larger number 

of patients treated with neoadjuvant therapy compared to patients in Kosovo. Regarding surgical 

treatment, a more aggressive approach has been observed in patients from Kosovo, especially 

expressed axillary dissection, due to the lack of the application of SLNB, diagnosis of the disease 

in more advanced stages and the lack of the regular application of neoadjuvant therapy.  

On the other hand, no significant differences in access and treatment with adjuvant systemic 

therapy, such as chemotherapy, endocrine therapy and target therapy, or radiotherapy, was 

noted in the BC patients between two university hospitals in Croatia and Kosovo. 

The rate of LVI it seems to be significantly increased in Kosovo BC patients (P=0.012). LVI is 

characterized by the presence of malignant cells within the definite endothelial-lined space of 

blood or lymph vessels (207). The presence of LVI is indicative of a higher risk for axillary lymph 

node involvement and distant metastasis (208). Although the exact mechanism of LVI is not yet 

known, it is considered a prognostic factor in patients operated for BC and undergoing 

chemotherapy. Even in the meeting of St. Gallen-2005, LVI has been approved as a prognostic 

factor for patients with negative lymph nodes. LVI it was seen also to have directly related to 

tumor size, histological grade, loco-regional lymph node involvement (208), and this is 

corresponding with our findings. The Kosovo patients have the median tumor size significantly 

larger than Croatian patients (P=0.013). Additionally, axillary lymph node involvement was 
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significantly increased in Kosovo compared to Croatian patients (47% vs 38%, P=0.047), as well 

as the number of total and metastatic lymph nodes was also significantly increased in Kosovo 

patients (P=0.014). Although based on the data so far, it is seen that LVI as a prognostic factor 

when it is expressed, indicates a worse prognosis for the patient, still there is no definitive data 

that proves why in some patients it is more pronounced than in others. 

The rate of the expression of PR it was significantly increased in Croatian patients in comparison 

with Kosovo patients, 39.9% respectively 16% (P=0.014). Based on the data from previous study, 

PR is more pronounced in Luminal A-like BC (209), and this also is corresponding with our data. 

In Kosovo cohort there are 34% of patients in Luminal A-like, while in Croatian cohort there are 

38.1%. The growth of BC cells that have PR, depends on the hormone Progesterone. 

Progesterone together with Estrogen play an important role in many functions in women, such 

as sexual development, pregnancy, childbirth, and menopause.  

Human epidermal growth factor (Her2) is overexpressed in approximately 20-30% of breast 

cancer. The patients with Her2 overexpressed are associated with higher recurrence rate, more 

aggressive disease, and generally shorter life expectancy. Her2 is a part of the epidermal growth 

factor (EGF), which includes 3 other receptors such as: Her1, Her3, and Her4. Trastuzumab as a 

monoclonal antibody which has the Her2 receptor as its target for action, has been in use since 

1998. Trastuzumab has been shown to be more effective when combined with chemotherapy. 

Differences were noted between the two cohorts regarding Her-2/neu amplification status (24% 

in the Kosovo cohort and 14.2% in the Croatian cohort), but this tendency did not reach statistical 

significance (P=0.073). The reason for this in a certain percentage may be the examinations 

performed in different laboratories in Croatia and Kosovo.  Her2 overexpression as a biochemical 

marker for BC prognosis is also associated with sentinel lymph node metastasis (209, 210). 
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6.1.     Study limitations 

This study has some limitations. First, although the criteria for inclusion of the participants 

in this study were clear and meticulously respected, it is still impossible to conclude absolutely 

that the patients and participants of the control group, did not have any other malignant or any 

unconfirmed inflammatory disease, at the same time. Second, except to age and menopausal 

status, other clinical data on patients are lacking. The lack of data on parity, body mass index, 

hormone replacement therapy, alcohol and tobacco use, diet, and physical activity, makes it 

impossible to have a clear picture of the risk factors that affect the occurrence of BC, and at the 

same time makes it impossible to assess the eventual correlation between IL-7 and these risk 

factors. 
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7. CONCLUSION 

Based on our results, the following conclusions were drawn: 

1. Significantly higher IL-7 serum concentration was assessed in the EIBC patients compared 

to healthy control cases. 

 

2. There has been no correlation between IL-7 serum concentration and histopathological 

characteristics of the tumor, with neither age nor menopausal status of the patients. 

 
 

3. Patients with invasive lobular carcinoma (ILC) seem to have lower IL-7 serum 

concentration compared to other histological subtypes, and the difference was 

significant. 

 

4. There is no differentiation in the IL-7 serum concentration between patients coming from 

Croatia and Kosovo. 

 
 

5. There have been no significant differences of IL-7 serum concentration among different 

molecular surrogate subtypes. 

 

6. The median tumor size at the time of diagnosis was significantly larger in the patients 

from Kosovo than in those from Croatia. 

 
 

7. The number of metastatic lymph nodes was also significantly increased in Kosovo patients 

compared to Croatian patients. 

 

8.  BC patients from Kosovo at the time of diagnosis had a significantly more advanced stage 

than the ones from Croatia. 
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