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1. Breast cancer 

Breast cancer occurs when healthy cells coating the duct or lobules of the breast 

divides rapidly, grow out of control, and form tumors [8]. The human breast are paired 

structures located between the 2nd and 6th ribs below the subcutis on the muscles of the 

ventral thorax [8]. It include the duct and lobules, two types of epithelial cells (luminal 

and myoepithelial), and two types of stroma (interlobular and intralobular) as shown in 

Figure 1.1 [9]. The female breast consists of about 10–20 lobes, each containing 

lobules, and many terminal duct lobular units that constitute the milk duct system and 

drain to the nipple via the primary milk ducts and the lactiferous sinuses [8]. Each of 

these elements can be a site for both benign and malignant tumors (Figure 1.2). 

  

Figure 1.1 – Breast anatomy 

 

Figure 1.2 – An image of cancer in the breast. A- Cancer in the lobes; B- Cancer in 

the duct 
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Breast cancer can affect both men and women, but it is increasingly frequent in 

women. Being female, increasing age, history of breast conditions or breast cancer, 

closed relative with the disease, germline mutation of BRCA1 and BRCA2 genes, 

inherited genes that increase cancer risk, radiation exposure, obesity, little or no 

physical exercise, early period, later menopause, late childbirth, reduced breastfeeding, 

fewer children, having never been pregnant, postmenopausal hormone therapy, oral 

contraceptives and alcohol are some of the factors that increases the chance of getting 

this cancer as a woman [10,11]. Male breast cancer risk increases with age, BRCA1/2 

gene mutations, and obesity just as female breast cancer does. Klinefelter syndrome, 

testicular diseases and tumors, diabetes, gynecomastia and obesity are some risk factors 

for men [12-14]. 

1.1 Incidence of breast cancer 

Breast cancer is a major public health issue worldwide with a high incidence rate 

in almost all countries [15]. This cancer affects approximately 1 in every 8 women, but 

only about 1 in 1,000 men. Annually, about 2.26 million cases are reported, 

representing 11.7% of total cancer cases and 24.5 % of cancers in female [16]. Indeed, 

population expansion and ageing populations are contributing to an increase in the 

worldwide burden of cancer among women in all nations. Approximately 49.5% of the 

people on earth are women, and they make up a higher share of people who are over 60 

years of age. Breast cancer incidence varies by region and country [11]; hence, certain 

countries or regions have a higher incidence than others. Breast cancer cases are 

reported more in high-income regions than in low-income regions. For instance about 

92 per 100,000 cases are reported in North America whereas about 27 per 100,000 are 

recorded in middle Africa and eastern Asia [11] In this regard, the highest incidence is 

in North America, Australia, New Zealand, northern and western Europe. 

Breast cancer cases has been rising at a rate of 3.1% globally every year since 

1980, reaching more than 1.6 million cases in 2010, and this trend is projected to 
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continue [11]. In 2012, about 1.7 million new cases and 521,900 deaths were reported 

globally [17].  Ferlay et al [18] reported in their studies that about 1.7 million new cases 

are recorded yearly making up twenty five percent of all cancer cases. In 2017, about 

54,700 women and 390 men were diagnosed of this cancer in the United Kingdom as 

reported by Cancer Research UK[19]. About 2.09 million new cases and 630, 000 

deaths were recorded globally in 2018 [20]. 

In the United States, it is the commonest cancer and the second largest cause of 

cancer-related deaths among women. In 2019, about 268,600 women were diagnosed 

of the disease which accounted for about 15.2% - 30% of all cancer cases recorded in 

US women [21]. Approximately, 42,000 US women die yearly from this cancer.   

This cancer occurs in men as well, but it is rare, constituting less than one percent 

of all breast cancer [22]. In 1995, out of the 183,400 cases of breast cancer reported in 

the United States, 1400 was linked to breast cancer in men, and 240 died [23]. 

Unfortunately, male breast cancers are mostly discovered at the advanced stage due 

decreased awareness [23]. In a studies conducted by Seer [23], they observed a decrease 

in deaths from 0.4 deaths per 100 000 men in 1975-1979 to 0.3 deaths per 100 00 men 

in 2013-2017. This decrease was associated with advances in treatment as at that time. 

Male breast cancer globally is not more pronounced compared to women. However, in 

2019, approximately 2,670 male breast cancer cases were recorded, representing < 1% 

of all male cancer cases that year [21]. 

About 2.3 million new cases were recorded globally in 2020 with 685, 000 deaths 

as illustrated in Figure 1.3 [24] . The 10 countries that recorded the highest breast cancer 

occurrences and fatalities in 2020 are presented in Table 1.1 [24]. 
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                         A                                                                     B 

Figure 1.3 – Cancer incidence and mortality statistic worldwide. A- Number of new 

cases in 2020; B- Number of deaths in 2020. Source: Globocan 2020 

 

Table 1.1 – Countries with highest rate of breast cancer incidence and mortality in 

women in 2020. A- Nation with largest incidence rate; B- Nations with the largest 

fatality rate. 

                                                                            

In the United States, about  287, 850 incidences were recording in 2022 [16] In 

India, breast cancer is among the five leading cancers. In China, about 429, 105 cases 

were recorded, which represent 8.9% of all cancer cases. In Chinese women, breast 

A 

Rank Country Number 

 World 2,261,419 

1 Belgium 11,734 

2 The Netherlands 15,725 

3 Luxembourg 497 

4 France 58,083 

5 France, New 

Caledonia 

185 

6 Denmark 5,083 

7 Australia 19,617 

8 New Zealand 3,660 

9 Finland 5,228 

10 US 253,465 

B 

Rank Country Number 

 World 684,996 

1 Barbados 111 

2 Fiji 184 

3 Jamaica 637 

4 Bahamas 80 

5 Papua New 

Guinea 

847 

6 Somalia 1,189 

7 Mali 1,425 

8 Dominican 

Republic 

1,577 

9 Syria 1,946 

10 Samoa 21 
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cancer was the leading the cancer, representing 19.5 % of cancer cases in female in 

2022 [16]. 

In Africa, breast cancer is among the 3 major cancer of concern. Similar to other 

countries, it is the most common cancer in women. And in 2022, 186, 598 new cases 

and 85,787 deaths were recorded in African women. 

Despite the fact that the rate of occurrence in advanced countries is substantially 

higher than in less advanced countries, death rate is higher in less advanced countries 

due to enhanced screening and early detection of the cancer. In contrast, screening and 

healthcare are not as widely available in less developed countries where the disease is 

typically diagnosed at the advanced stage. Breast cancer burden is projected to increase 

to over 3 million with 1 million deaths yearly due to population growth and aging[24]. 

1.2 Clinical classification of breast cancer  

Breast cancer is a highly diverse disease because of its different morphological 

characteristics, and response to treatments [25]. Due to this diversity, the disease cannot 

be viewed as a whole clinic-pathological entity, and hence requires classification [25]. 

Accurate classification of breast cancers into clinically relevant subtypes is very 

important for therapeutic decision making, predicting survival, and informing 

preventive activities [26,27]. 

In a study conducted by De Ward et al [28], they discovered that female breast 

cancer mortality has a bimodal age distribution, with early and late age distributions at 

diagnoses. Based on these findings, they hypothesized that there are two types of breast 

cancer which are influenced by age and hormone. The first type of breast cancer is 

hormone-dependent, with a peak incidence around the age of 50, whereas the second 

type is hormone-independent, with a peak incidence around the age of 60 [28]. 

However, later studies revealed that these two age-related groupings of breast tumors 

had separate etiologies [29–31]. In view of this, breast cancer is grouped into classes 

by histological and molecular appearances, tumor grade, and tumor stage. 
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1.2.1 Molecular classification  

This classification is based on gene expression. Perou et al [32] in 2005 identified 

two groups of breast cancer which they further divided the groups into four molecular 

subtypes on the basis of gene expression profile similarity and or epithelial cell of origin 

(luminal or basal). There are two hormone receptor positive (HR+) breast cancers 

(Luminal A and Luminal B) and two hormone receptor negative (HR-) cancers (human 

growth factor receptor (HER2)-enriched and basal-like) with distinctive biological and 

clinical features [30,33]. They are Luminal A (HR+/HER2), Luminal B (HR+/HER2+), 

HER2-enriched (HR-/HER2+), and triple-negative (HR/HER2-).  The group of genes 

that influence these subtypes are genes related to the expression of estrogen receptors 

(ER), progesterone receptors (PR),  human epidermal growth  factor receptor 2 (HER2), 

and cell proliferation regulator (Ki-67) [32]. 

Luminal A is the commonest subtype making up about half of newly detected 

cases [32] with age adjusted rate of 88.1 new cases per 100,000 women [34]. The 

biomarkers associated with this subtype are estrogen receptor positive (ER+), 

progesterone receptor positive (PR+), human epidermal growth factor receptor 2 

negative (HER2-) and low Ki67. It is more common in non-Hispanic white women than 

in non-hispanic black women [28].  Luminal B can be grouped into Luminal B (HER2-

) or Luminal B (HER2+). HER2+ subtype is distinguished by high expression of HER2, 

estrogen and progesterone receptor negative (ER- and PR-), and high Ki-67 [32]. The 

least common subtype is triple negative. Patients with BRCA 1 mutations and young 

women are more likely to experience it [32]. An overview of the types of classification 

is presented in Table 1.2 [32]. 
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Table 1.2 – Classification of molecules subtypes of breast cancer 

Molecular 

Subtyppes 

Luminal A           Luminal B HER2+ Tripple 

negative (TN) 
(HER2-) HER2+) 

Biomarkers ER+ 

PR+ 

HER2- 

Ki67 low 

ER+ 

PR- 

HER2- 

Ki67 high 

ER+ 

PR- 

HER2+ 

Ki67 low/  

high 

ER- 

PR- 

HER2+ 

Ki67 high 

ER- 

PR- 

HER2- 

Ki67 high 

Frequency of 

cases (%) 

40-50             20-30 15-20 10-20 

Histological 

grade 

Well 

differentiated 

(Grade 1) 

Moderately differentiated 

(Grade II) 

Little 

differentiated 

(Grade III) 

Little 

differentiated 

(Grade III) 

Prognosis Good  Intermediate  Poor Poor 

1.2.2. Histopathological classification  

This type of classification is based on the diversity of the morphological features 

of the tumor. To understand the morphological features of breast cancer, it is important 

to understand the location of the tumor, that is whether it is limited to the epithelial 

component of the breast or has colonized surrounding stroma as well as whether it 

appeared in the mammary ducts or lobes [35]. Features such as cell type characteristics, 

number of cells, type and location of secretion, immunohistochemical profile and 

architectural are used to classify breast cancer in this classification. Generally, 

carcinoma in situ and invasive carcinoma are the two major type breast cancer under 

this classification. 

Carcinoma in situ is a proliferation of cancer cells in the epithelial cells within 

the ductal and lobular system of the breast without invading surrounding tissues. There 

are two types of carcinoma in situ: ductal and lobular carcinoma in situ (DCIS and 

LCIS). LCIS is an early type and the most common form of carcinoma in situ breast 

cancer that occurs within the ductal system and has not yet invaded surrounding tissues 

whereas LCIS is the rarest type which typically does not develop into invasive cancer 

[32]. Invasive carcinoma is a group of epithelial cancer that invade adjacent tissues and 

have the tendency to metastasize [32]. In this type, the cancer arises from the mammary 
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epithelium mostly from the terminal duct lobular unit cells. Invasive ductal carcinomas 

(IDCs) and invasive lobular carcinomas (ILCs) are the two types of breast cancer under 

this type of breast  cancer with IDCs been the most dominant cases representing about  

[35] representing about 50% to 80% of breast cancer cases [32]. 

Furthermore, invasive ductal carcinomas can be classified as no specific type 

(IDC-NST) if they present insufficient morphological characteristics to be determined 

as a characteristic histological type or special type (IDC-ST)if they present sufficient 

distinctive characteristics and particular cellular and molecular behavior [32]. The most 

common IDC-ST are medullary carcinoma, metaplastic carcinoma, apocrine 

carcinoma, mucinous carcinoma, cribriform carcinoma, tubular carcinoma, 

neuroendocrine carcinoma, classic lobular carcinoma and pleomorphic lobular 

carcinoma.  

1.2.3 Staging of breast cancer  

Staging is the process of measuring the size and how far the cancer has 

disseminated [36]. It is an integral component of treatment optimization, as well as 

determining prognosis and cancer classification. Determining the stage of a cancer 

depend on the size or extent of the primary tumor. That is, it considers if the malignant 

has migrated to nearby lymph nodes or distant organs [36]. If the cancer cell is within 

and confined to its original layer, then the stage is in situ whereas if it has spread to 

surrounding tissue, it is considered invasive. Invasive tumors are further classified as 

local, region, or distant dependent on the degree of spread.  

Clinically, cancer growth and spread are assessed by TNM staging system: size 

or extent of primary tumor (T), absence or presence of regional lymph node 

involvement (N), and absence or presence of distant metastases (M). This system uses 

the letter “T” and a number (0-4) to describe the size and location of the tumor [36]. T0 

indicates no primary tumor whereas T1-4 indicate tumors of increasing size and/or 

involvement of lymphatic vessels or surrounding tissues. N0 indicates the existence or 
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non-existence of cancer in the lymph node; N1 indicates the spread of tumor to 1-3 

axillary/internal mammary lymph nodes; N2 means that 4-9 axillary lymph nodes are 

involved; whereas N3 indicates that more than 10 lymph nodes are involved [36,37]. 

According to American Cancer Society [36], once the T, N, M is established, a stage of 

0, I, II, III, or IV is assigned, with stage 0 being in situ, stage I being early, and stage 

IV being the most advanced disease as shown in Table 1.3[36]. Stage 0: This is a 

precancerous breast cancer and it is located only in the breast. This stage is called the 

non-invasive or in situ stage and there are two types: lobular and ductal carcinoma in 

situ (LCIS and DCIS). In both LCIS and DCIS, there are abnormal growth of cells in 

either the lobules or duct which are not yet cancerous. However, these abnormal growth 

increases the risk of one developing an invasive breast cancer [38] In contrast to DCIS, 

LCIS normally does not become invasive if not treated. 

Stages I and II are considered the early stage of breast cancer. This stage means 

the cancer has spread beyond the lobes or duct to adjacent tissues, making it an invasive 

one. In stage I, tumor size is 2 cm and no lymph nodes are involved where as in Stage 

II, the tumor size is greater than 2 cm but less than 5 cm and may involve one to three 

lymph nodes.  

Stages IIIA and IIIB are locally advanced stage of breast cancer. Here, the cancer 

involves at least four lymph nodes and or the tumor size is greater than 5 cm.  
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Table 1.3 – Stages of breast cancer 

Stage T N M 

0 Tis N0 M0 

IA T1 N0 M0 

IB T0 N1mi M0 

 T1 N1mi M0 

IIA T0 N1 M0 

 T1 N1 M0 

 T2 N0 M0 

IIB T2 N1 M0 

 T3 N0 M0 

IIIA T0 N2 M0 

 T1 N2 M0 

 T2 N2 M0 

 T3 N1 M0 

 T3 N2 M0 

IIIB T4 N0 M0 

 T4 N1 M0 

 T4 N2 M0 

IIIC Any T N3 M0 

IV Any T Any N M1 

1.3 Breast cancer therapy  

Different cancer treatments are available, depending on a variety of things 

including the type of cancer, where it is located, its biological traits, its stage, patient’s 

health and treatments goals [39]. Most treatments are designed to either directly kill or 

remove cancer cells or deprive them of signals needed for their survival. Generally 

cancer treatments are classified into three groups: surgery, systemic and radiation 

therapy [40]. Systemic therapy includes chemotherapy, hormonal therapy, targeted 

drugs, and immunotherapy. In most cancer cases, one or two of these treatments are 

combined for best results and administered as adjuvant or neoadjuvant. 

1.3.1 Surgery  

Standard surgical therapy for breast cancer has seen significantly improvement 

over the past three decades, leading to far better outcomes. Removal of cancer and 

staging of the disease are the two major objectives of breast cancer surgery. In this 



27 
 

treatment, either the whole breast tissue is removed which is referred to as mastectomy 

or only the tumor and a margin of surrounding normal tissue is removed and this termed 

as breast conserving surgery (BCS) or lumpectomy. 

In early stage treatments (stage I and II), the later is the most recommended 

surgery since it offers survival comparable to complete mastectomy and axillary 

dissection while sparing the breast [41]  BCS with radiotherapy is recommended as the 

preferred treatment option because it is a less invasive procedure, provides a better 

cosmetic outcome, and is associated with less morbidity [42] However, BCS is not 

recommended for patients with late stage breast cancer. Despite equivalent survival and 

advantages of BCS over mastectomy, there are some BCS-eligible patients who still 

opt for mastectomy due to dear of recurrence, aversion of radiation and desire for 

symmetry [42,43]. 

Mastectomy, on the other hand removes the whole breast tissue which includes 

the skin, nipple, areola, and pectoral muscles [44]. There are several types of 

mastectomy which includes radical, modified radical, skin-sparing, and nipple sparing 

mastectomy[45]. In comparison to BCS, most mastectomy patients have a significantly 

lower body image, poorer sexual function,  a lower quality of life and lower rate of 

surgical satisfaction [46]. 

Sentinel lymph node biopsy (SLNB) is frequently used in both BCS and 

mastectomy to evaluate the extent of the tumor. It entails the removal of one or more 

reginal lymph nodes from the armpit in order to determine the lymph node(s) to which 

the cancer is most likely to spread. Axillary lymph node dissection (ALND) is used in 

patient who need extensive lymph node dissection [47] yet, this type of procedure might 

induce swelling in the arm due to lymph fluid retention (lymphedema). Swelling occurs 

in SLNB patients as well; however, the number of SLNB patients who experience it is 

lower [47].  
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1.3.2 Chemotherapy  

Chemotherapy utilizes anticancer medicines to halt the growth and spread of 

cancer cells by targeting and destroying the cells, and preventing them from 

proliferating [48–50]. The medications can be taken either orally or intravenously, and 

they can be used alone or in combinations of two or more. Based on the features of the 

breast cancer, chemotherapy may be coupled with other treatments like surgery or 

radiation therapy [49]. The administration of chemotherapy prior to or post-surgery 

depend on some factors such as the stage of the disease, and presence or absence of 

hormone receptors [49]. 

In the metastatic stage of the disease, chemotherapy is regarded as an essential 

component of systemic therapy and it is used in treating most early breast cancers such 

as the luminal A and B, HER2 enriched, and triple negative cases [50] Adjuvant 

Chemotherapy are given after breast cancer surgery to destroy any undetected cancer 

cells during the surgery and also to prevent recurrence. On the other hand, neoadjuvant 

treatment is given before surgery to reduce the size of large cancer cells so that surgical 

removal will be easier and less extensive [50]. The classes of drugs which are mostly 

used to treat breast cancers are alkylating agents, antimetabolites, anthracyclines and 

mitotic inhibitors [40]. 

Although chemotherapy is an effective treatment option, it has some side effects. 

These side effects depend on the type of drug and the quantity given, and how long the 

treatment last [40]. Some patients may experience hair loss, nail changes, mouth sores, 

loss of appetite or weight changes, nausea and vomiting, diarrhea, hot flashes and or 

vaginal dryness, and nerve damage [40]. 

1.3.3 Radiotherapy  

Radiotherapy is a type of  treatment that uses high doses of radiation to destroy 

cancer cells and reduce tumor size [51] either by external beams and or by internal 

brachytherapy source. It entails the use of various types of radiation such as X-rays, 



29 
 

Gamma rays, particles to harm and eliminate tumors, either as a single modality or 

combined with surgery or chemotherapy [52]. At high doses, radiation kills or inhibits 

cancer cell division by damaging the DNA. External and internal radiotherapy are the 

two main types [53], and the type used for a patient depend on some factors such as 

type of cancer, tumor size and location, tumor proximity to radiosensitive normal 

tissues, health status and medical history of patient, and age. Radiotherapy can be used 

both intraoperatively and postoperatively, however it is most commonly employed 

postoperatively to eradicate undetected cancer cells after surgery in the breast, chest 

wall, or underarm, as well as to reduce the chance of the cancer occurring again. 

Radiation applied after breast conserving surgery (BSC) has been found to 

decrease cancer relapse by about 50% after 10years and the probability of breast cancer 

fatality by about 20% after 15years [47]. On the other hand, it does not increase the 

survival chance for breast cancer patients of 70 years and above with small, lymph 

node- negative, HR+ cancers who are treated with hormonal therapy, despite reducing 

the probability of local relapse [47]. Radiation can also be applied in mastectomy 

patients whose tumor is larger than 5cm, and is spreading into surrounding tissues or if 

lymph nodes are included; as well as breast cancers that has expanded to the central 

nervous system or bones. 

1.3.3.1 External beam radiotherapy 

External radiotherapy is more commonly used to treat breast cancer. This is a 

type of radiation therapy in which an external radiation source placed at a distance from 

the body is directed on the cancerous area [49, 53]. The therapy is delivered by a Cobalt 

unit which emits high-energy gamma rays, or a linear accelerator, which emits high-

energy X-rays or electrons [52]. The radiation source is placed at a distance about 80-

150cm from the patient in order to deliver an even dose of radiation to the target. 

Sometimes healthy tissues such as the skin surrounding the target are irradiated in the 

process which may cause reddening of the skin or partial superficial peeling.  Higher-
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energy beams are employed for deeper tumors to lessen this impact, and treatment is 

delivered from multiple angles to optimize the dose at the intersection [52]. Two-

dimensional or conventional radiotherapy (2D), three-dimensional conformal 

radiotherapy (3D-CRT), intensity modulated radiotherapy (IMRT), volumetric 

modulated arc therapy (VMAT), and image guided radiotherapy (IGRT) are all forms 

of external radiotherapy. 

2D-conventional radiotherapy is the oldest external radiotherapy technique, 

having been employed in cancer treatments for centuries before the introduction of 

modern techniques. This technology guides and positions radiation beams using 2D 

anatomical images and x-ray films [54]. Radiographs are utilized in this approach to 

outline anatomic landmarks, with a restricted number of beams to treat the target, which 

are either square or rectangular in shape [55] Due to the low conformity of 2D 

conventional radiotherapy, healthy tissues surrounding the tumor frequently get 

excessive doses during irradiation. As a result, physical shielding or field shrinkage 

after a certain dose are used to protect organs at risk. In breast cancer treatment plans, 

wedges are used to compensate for this non-uniformity.  

Conformal therapy is a general approach of maximizing dose to the target volume 

while sparing critical organs [56]. In comparison to 2D conventional therapy, this 

approach uses a large number of beams with varying weights, sizes, forms, and 

direction to treat the target. There are various types of conformal therapy, including 

3DCRT, intensity-modulated radiation therapy (IMRT), and volumetric modulated arc 

therapy (VMAT), but 3DCRT was developed first. This therapy was developed based 

on 3D treatment with shaped fixed fields [56]. 3D-CRT entails the creation of 3-D 

computer images and the delivery of highly focused radiation to target while sparing 

surrounding healthy tissues [57]. This technique is dependent on precise anatomic 

delineation, particularly with regard to tumor site, as well as extensive knowledge of 

the mechanisms of likely infiltration and spread [56] Furthermore, it employs a 

multileaf collimator (MLC) with 40-80 tungsten leaves in a step-and-shoot approach. 
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The MLC can move autonomously into the beam path to create an infinite number of 

beam shapes that are delivered from various angles to treat the target volume [58]. 

Through the tailoring of the MLC to adapt as much as feasible to the structure of the 

tumor, 3D-CRT maximizes dosage to the target volume while minimizing damage to 

essential organs without compromising dose uniformity and target volume coverage.  

1.3.3.2 Brachytherapy 

Brachytherapy is a type of radiation therapy in which the source of radiation is 

placed near to or within the patient [59]. A radioactive substance is inserted into or near 

the tumor, where the dose is concentrated. And, because of the inverse square law, the 

dose falls off very quickly, with surrounding healthy tissues receiving substantially 

lower doses than the tumor. The location of the radioactive source within the patient 

(implant), type of loading, dose rate, duration of treatment, and type of emission all 

contribute to the classification of brachytherapy [59].  

Moulds or plaques, interstitial, and intracavitary are the three most prevalent 

radioactive implant procedures used in brachytherapy. Moulds or plaques are used for 

superficial lesions, with the radioactive source inserted on the skin 1-2 cm from the 

lesion. It is most commonly used to treat ocular tumors. Interstitial implant entails 

temporarily inserting a radioactive source directly into the tumor volume, such as breast 

tissue [59]. In intracavity, radioactive source is positioned in a bodily cavity near or 

within the tissues to be treated. Breast brachytherapy has five approaches and these are 

shown in Figure 1.4 [61]. 
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Figure 1.4 – Types of brachytherapy 

Accelerated partial breast irradiation (ABPI), uses brachytherapy, to treat early-

stage breast cancers that have not spread distant organs. This treatment is administered 

in conjunction with other therapies [61]. This technique is used to treat undetected 

cancer cells after lumpectomy, and occasionally maybe used to shrink tumors prior to 

surgery. In comparison to other treatments, brachytherapy damage surrounding healthy 

tissues less at high doses. During treatment, an imaging tool such as X-ray, ultrasound, 

or computed tomography is used to guide the placement of the radioactive source, and 

once the coordinated are established, one or more sources are carefully placed to the 

cancer [61]. 

1.3.3.3 Intraoperative radiotherapy 

Intraoperative radiotherapy (IORT) is a type of radiation treatment that is used 

during surgery. In IORT, a substantial single dose of radiation, typically 10 Gy, is 

delivered to the tumor cavity, possibly the affected site and the lymphatic drainage area 

that are exposed during surgery in a single session [60,61]. This treatment is highly 

precise because it permits direct imaging of the tumor bed, thereby excluding normal 

tissues from the radiation field. As a result, damage to surrounding healthy tissues and 
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incidence of radiation related complications is greatly minimized. IORT delivered 

immediately after resection of the tumor shortens the time between surgery and 

radiation and decreases tumor cells proliferation [60]. 

1.3.3.4 Boost technique in radiotherapy  

Postoperative radiotherapy has proven to reduce local recurrence and deaths due 

to breast cancer [62]. However, there is an additional increase in local control when 

boost is applied. Boost is the delivering of additional dose to the tumor bed following 

whole breast irradiation [62], Thus dose delivered to the tumor bed is always greater 

than the dose delivered to the whole breast in treatment plans with boost. In early stage 

breast where whole breast radiation after breast conserving surgery is recommended, 

boost is often applied to improve local control. In a study done by Kim et al. [63]  they 

observed an anomalous increase in local recurrences in patient who omitted 

radiotherapy after their surgery. This is because tumor cell density is higher in a 4 cm 

area surrounding the macroscopic tumor edge, making that region more susceptible to 

recurrences.  

Patients with higher risk of local recurrences are those with large tumor size, 

axillary lymph node involvement, young, high tumor grade, hormone receptor negative 

and positive margins [62]. These factors influence the addition of boost in a treatment 

as well. Adjuvant radiotherapy treatment include the use of external beam and 

intraoperative radiotherapy techniques, with the former being the most commonly used 

technique. Boost can be delivered by intraoperative technique and by external beam 

radiotherapy. 

IORT is a technique that can be used either as a boost or full dose partial breast 

irradiation. IORT can be delivered by low-kV orthovolt systems and intraoperative 

electron radiation therapy (IOERT) [60]. 

In the former, a spherical applicator with the same size as the excision cavity is 

placed at the top of the source; giving the dose a spherical shape with a very steep dose 
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fall-off [60]. For X-ray IORT, usually 20 Gy per fraction is delivered as a boost to the 

tumor bed. IOERT is the application of electron radiation to directly to the tumor bed. 

The depth of the electrons can be controlled by the number of megavolts as they 

penetrate through tissues. The energies of the electrons used in IOERT ranges from 4-

18 MeV. Usually dose of 10 Gy is applied to the tumor bed [60]. 

Boost dose can be divided into sequential (SEQ) and simultaneous integrated 

boost (SIB). SEQ is applied post WBI whereas SIB is delivered concurrently with WBI 

as shown in Figure 1.5. Simultaneous integrated boost compared to sequential 

integrated boost enables simultaneous delivery of varied dose per fraction to different 

target volumes while providing a high biologically effective dose to PTV. It reduces 

the treatment time and delivers a more homogenous and conformal dose than SEQ [63]. 

In both types, the dose usually of 10 Gy is delivered to tumor bed by photon beams. 

Boosting improves local control, reduces excess volumes of normal tissue irradiated, 

and decreases treatment course and dose per fraction for in breast cancer and this was 

confirmed by Katsochi  [64] in his studies where boost of 16 Gy was delivered to the 

lumpectomy cavity after administration of 50 Gy to the whole breast. However, prior 

to the administration of boost, the chances of recurrences in the patient should be 

assessed as boost may worsen cosmetic outcome and increase the total cost of treatment 

[62]. Simply put, the benefits one is likely to enjoy from boost should outnumber the 

risks.  
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Figure1.5 – Dose distribution and three dimensional view of a representative case 

using the sequential boost technique (A) versus the simultaneous integrated boost 

technique (B) 

However, local control with boost is most pronounced in young patients who are 

less than or equal to 50 years than in older patients who are 50 years or above [62]. 

There are some controversies on the application of boost in adjuvant radiotherapy and 

who qualifies for boost. In view of this there are numerous recommendations but, in 

this research, the GEC-ESTRO Breast Cancer Working Group recommendation for 

boost was used.  
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First of all, it is necessary to analyze possible technical solutions and choose the 

best one based on the considered technical and economic criteria. 

Evaluation map analysis presented in Table 4.1. The position of your research 

and competitors is evaluated for each indicator by you on a five-point scale, where 1 is 

the weakest position and 5 is the strongest. The weights of indicators determined by 

you in the amount should be 1. Analysis of competitive technical solutions is 

determined by the formula: 

i iC W P,  ,                                                     (4.1) 

С – the competitiveness of research or a competitor; 

Wi – criterion weight; 

Pi – point of i-th criteria. 

In order to attain the aim of radiotherapy, different techniques are used which 

also affect the outcome of a treatment plan. Over the years, the techniques for radiation 

treatments has evolved significantly from 2D-conventional to 3D-conformal 

radiotherapy. 

For the competitive analysis of technical solution, two treatment techniques are 

considered and these are: 

- 2D-Conventional radiotherapy – Pi 

- 3D-Conformal radiotherapy – Pf 

2D-conventional radiotherapy has been the traditional technique used in 

radiation treatment for years and it is still used in some institutions. However, this 

treatment technique as mentioned in Chapter 1, is based on 2D anatomical images and 

x-ray films which does not give details of the anatomy of the patients. Also the numbers 

of beams employed here are limited and are usually either square or rectangle in shape. 

This treatment technique has low conformity and as result healthy tissues surrounding 

the tumor are frequently exposed to excess dose.  
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3D-CRT on the other hand, allows the creation of 3D images of the tumor and 

surrounding tissues, hence the planner is able to focus the maximum dose to the target 

without exposing surrounding healthy tissues to unnecessary radiation. In comparison 

to 2D-conventional radiotherapy, these techniques employ MLC which shape the beam 

to conform to the shape of the tumor. Also, it allows target and normal tissues 

localization, and thus, organs at risk are exposed to less dose without compromising 

dose homogeneity and dose coverage in the target. Due to this, 3D-CRT is preferred 

over 2D-conventional radiotherapy.  

In this research, both techniques are applied to compare the dose delivered to 

organs at risk by each technique. 

Table 4.1 – Evaluation card for comparison of competitive technical solutions 

Evaluation criteria  

Example 

 

Criterion 

Weight 

 

Wi 

Points 

Competitiveness 

Taking into account 

weight coefficients 

    

1 2 3 4 5 6 

Technical criteria for evaluating resource efficiency 

1. Dose on critical organs 0.2 3 4 0.60 0.80 

2. Dose homogeneity in the target volume 0.15 5 2 0.75 0.30 

3. Ease of planning 0.14 5 2 0.7 0.28 

4. Risk of radiotherapy side effects 0.17 3 4 0.51 0.68 

5. Risk of recurrence 0.1 3 4 0.30 0.40 

Economic criteria for performance evaluation 

1. Development cost 0.1 5 4 0.50 0.40 

2. Competitive methods 0.08 5 4 0.40 0.32 

3. Expected lifecycle 0.06 4 4 0.24 0.24 

Total 1 33 28 4.0 3.42 

This result shows that the use of 3D-CRT technique in radiotherapy is a better 

option in comparison to 2D-conventional radiotherapy. 

4.2 SWOT analysis 

Complex analysis solution with the greatest competitiveness is carried out with 

the method of the SWOT analysis: Strengths, Weaknesses, Opportunities and Threats. 

The analysis has several stages. The first stage consists of describing the strengths and 

fP
i1P fC

i1C
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weaknesses of the project, identifying opportunities and threats to the project that have 

emerged or may appear in its external environment. The second stage consists of 

identifying the compatibility of the strengths and weaknesses of the project with the 

external environmental conditions. This compatibility or incompatibility should help to 

identify what strategic changes are needed. 

Table 4.2 – SWOT analysis 

 Strengths of the research 

project: 

S1. Decreased dose to critical 

organs without compromising 

dose to the target 

 

S2.  Tumor control due to 

increase in dose to tumor 

 

S3. Shorter treatment time with 

better outcome 

 

Weaknesses of the research 

project: 

W1. Lack of necessary 

software and equipment at 

oncology department in 

hospitals.  

W2. Difficulty in assessing 

late effects of radiation 

because it involves 

extended time of follow up. 

 

 

 

Opportunities: 

O1. Treatment of breast cancer 

patients 

 

O2.Reduction in treatment 

time, thus reducing the cost of 

patients staying in the hospital. 

 

 

 Strategy which based on 

strengths and opportunities: 

 

1. Acceleration of the whole 

radiotherapy course. 

 

2. Since the treatment time is 

shorter, there is no risk of 

developing radioresistance 

due to decrease in patient 

treatment failure. 

 

3. Reduction in mortality, 

morbidity and risk of 

recurrence 

 Strategy which based on 

Weaknesses and 

opportunities: 

 

1. Equipping oncology 

departments with the 

necessary software  

 

2. Training medical 

physicists on how to work 

with the planning program  

 

3. Conducting long term 

researches to study late 

effects radiation in patients 
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Threats: 

T1. Lack of commercial 

interest in the project due to 

the availability of other 

conformal radiotherapy 

techniques 

 

T2. Affordability of 2D 

conventional radiotherapy 

treatment machines as 

compared to 3D-CRT 

machines 

 

T3. The complexity of 

funding from both the 

university and the state 

 

Strategy which based on 

strengths and threats: 

 

Calculation of biological 

effective dose (BED) and 

equivalent dose in 2 

Gy/fraction (EQD2) for 2D-

conventional radiotherapy 

and 3D-CRT to choose the 

technique with better tumor 

control and less critical 

organs damage. 

Strategy which based on 

weaknesses and threats: 

 

1. Creation of a statistical 

database showing the 

benefits of using 3D-CRT 

over 2D 

 

2. Evaluation of the five-

year survival of patients with 

breast cancer who are treated 

with both techniques. 

 

Based on the results of this analysis, it can be concluded that the interest in the 

use of 3D-CRT for breast cancer treatment can be increased due to decrease in dose to 

organs at risk without compromising dose homogeneity and PTV coverage.  

4.3 Project initiation 

The initiation process group consists of processes that are performed to define a 

new project or a new phase of an existing one. In the initiation processes, the initial 

purpose and content are determined and the initial financial resources are fixed. The 

internal and external stakeholders of the project who will interact and influence the 

overall result of the research project are determined. 

Table 4.3 – Stakeholders of the project 

Project stakeholders Stakeholder expectations 

Oncology hospitals/ clinics, and 

patients 

Reduced patient mortality and morbidity; 

Reduced expenditure on treatment 

High efficiency of the procedure 

 

Medical Physicists 
Create treatment plans that maximize dose to the 

target while sparing organs at risk 

Oncologist Approve treatment plans. 

Research Institutions 
Better treatment outcome; 

Reduced overall expenditure on treatment 
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Tomsk Polytechnic University (TPU) 
The results obtained could open more research 

opportunities in TPU. 

 

Table 4.4 – Purpose and results of the project 

Purpose of project: 
To optimize dose to critical organs in breast cancer radiotherapy, 

taking into account modern approaches to dosimetry planning. 

Expected results of the 

project: 

1. Dose reduction for critical organs 

2. Increased local tumor control 

Criteria for acceptance of the 

project result: 

Maintenance of dose to organs at risk within the tolerance doses 

without compromising dose coverage in the target. 

Requirements for the project 

result: 

The project is completed on time. 

The efficiency of the equipment used. 

The results obtained must meet the acceptance criteria for the 

project result. 

4.3.1 The organizational structure of the project 

It is necessary to solve some questions: who will be part of the working group of 

this project, determine the role of each participant in this project, and prescribe the 

functions of the participants and their number of labor hours in the project. 

Table 4.5 – Structure of the project 

№  Participant Role in the project Functions Labor time, 

hours 

(working days  

× 6 hours)  

1 Irina 

Miloichikova 

Scientific 

Supervisor 

Coordination of work activities, 

guidance and assistance in project 

implementation. Verification of 

results obtained 

 

Review of master’s dissertation 

237 

(39 d x 6 h) 

2 Faustina Ntim 

Opoku 

Student Work on project implementation. 

Analyzing data obtained. 

Writing of master’s dissertation 

 492 

(82 d x 6 h) 

Total: 850 

4.3.2 Project limitations 

Project limitations are all factors that can be as a restriction on the degree of 

freedom of the project team members. 
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Table 4.6 – Project limitations 

Factors Limitations / Assumptions 

3.1. Project's budget 441 845.31 Rubles 

3.1.1. Source of financing TPU 

3.2. Project timeline: 1 February 2023 – 15 June 2023 

3.2.1. Date of approval of plan of project 1February 2023 

3.2.2. Completion date 15 June 2023 

4.3.3 Project schedule 

As part of planning a science project, you need to build a project timeline and a 

Gantt Chart. 

Table 4.7 – Project Schedule 

Job title 

Duration, working days 

(without holidays and 

weekends) 

Start date 
Date of 

completion 
Participants 

Drawing up the technical 

assignment 
3 1/02/2023 5/02/2023 

Scientific 

supervisor 

Literature review 11 6/02/2023 20/02/2023 Student 

Calendar planning 2 21/02/2023 22/02/2023 

Scientific 

supervisor, 

student 

Research 

method/procedure 
2 23/02/2023 25/02/2023 

Scientific 

supervisor 

Contouring 9 14/03/2023 24/03/2023 Student 

Plan simulation 22 27/03/2023 25/04/2023 

Scientific 

supervisor, 

student 

Analysis of the data 

obtained 
7 26/04/2023 3/05/2023 

Scientific 

supervisor, 

student 

Summary of results 2 4/05/2023 9/05/2023 Student 

Evaluation of the 

effectiveness of the results 
3 10/05/2023 12/05/2023 

Scientific 

supervisor, 

Student 

Model adjustment 5 13/05/2023 19/05/2023 Student 

Making an explanatory 

note 
8 20/05/2023 31/05/2023 Student 

Defense preparation 11 1/06/2023 15/06/2023 Student 

A Gantt chart, or harmonogram, is a type of bar chart that illustrates a project 

schedule. This chart lists the tasks to be performed on the vertical axis, and time 
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intervals on the horizontal axis. The width of the horizontal bars in the graph shows the 

duration of each activity.  

Table 4.8 – A Gantt chart 

№ Activities  Participants 
Тc, 

days 

Duration of the project 

February March April May 

1 2 3 1 2 3 1 2 3 1 2 3 

1 

Drawing up the 

technical 

assignment 

Scientific 

supervisor 
5 

 

           

2 Literature review Student 15              

3 
Calendar 

planning 

Scientific 

supervisor, 

student 

2   

 

         

4 
Research 

method/procedure 

Scientific 

supervisor 
3    

 

        

5 Contouring Student 9   
 

         

6 Planning 

Scientific 

Supervisor

, Student 

26    
 

        

7 
Analysis of the 

results 

Supervisor

, Student 
7      

 

      

8 
Summary of 

results 
Student 3         

 

   

9 
Evaluation of the 

effectiveness of 

the results 

Scientific 

supervisor, 

student 

3         
 

   

10 Drawing up a 

final report 
Student 10            

 

 
Defense 

Preparation 
Student 8            

 

- Scientific supervisor 

            - Student 
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4.4 Scientific and technical research budget 

The amount of costs associated with the implementation of this work is the basis 

for the formation of the project budget. This budget will be presented as the lower limit 

of project costs when forming a contract with the customer. 

To form the final cost value, all calculated costs for individual items related to 

the manager and the student are summed. 

In the process of budgeting, the following grouping of costs by items is used: 

- Material costs of scientific and technical research; 

- costs of special equipment for scientific work (Depreciation of 

equipment used for design); 

- basic salary; 

- additional salary; 

- labor tax; 

- overhead. 

4.4.1 Calculation of material costs 

The calculation of material costs is carried out according to the formula: 

1

1
m

m Т i consi

i

C ( k ) P N


   
                                   (4.2) 

where  m – the number of types of material resources consumed in the 

performance of scientific research; 

Nconsi – the amount of material resources of the i-th species planned to be used 

when performing scientific research (units, kg, m, m2, etc.); 

Pi – the acquisition price of a unit of the i-th type of material resources consumed 

(rub./units, rub./kg, rub./m, rub./m2, etc.); 

kТ – coefficient taking into account transportation costs. 

Prices for material resources can be set according to data posted on relevant 

websites on the Internet by manufacturers (or supplier organizations). 
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Table 4.9 – Cost of materials and specialized equipment  

Name Unit per 

measurement 

Quantity 

(units, 

amount) 

Price per unit 

(rubles) 

Sum 

(rubles) 

Transportation Unit 70 24 1680 

Stationaries Unit 1 each 1,000 1,000 

Printing Page 200 5 1,000 

Folder Unit 2 10 20 

Stapler Unit 1 200 200 

Staples Pack 1 50 50 

Hole puncher Unit 1 300 300 

Laptop Unit 1 40000 898.63 

Microsoft windows 10 

professional RU x 64 

Unit 1 5000 5000 

Kaspersky anti-virus Unit 1 2000 2000 

XiO and Monaco TPS Unit 2 300000 10379.18 

Total costs of materials 

Total transportation and purchasing costs (3-5%) 

Total costs per article, Cm      

22 527.81 

 

 

4.4.2 Calculation of Depreciation 

The cost of specialized equipment is recorded in the form of depreciation 

charges. Depreciation is a reduction in the value of an asset over time, due in particular 

to wear or tear. To calculate the total depreciation of the specialized equipment, the 

annual depreciation is calculated first, then the monthly depreciation, according the 

number of working days the equipment was used. The annual depreciation is calculated 

using the following formula: 

                             𝑁𝐷 =
1

𝑇
∙ 100%                                                  (4.3) 

where T is the expected lifetime in years. 

In this project, the equipment used were already available in the radiology 

department. 
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The life time of the laptop is approximately 10 years, the Microsoft Windows 10 

license is 4 years, the anti-virus software is 1 year, and the Xio TPS is 13 years. Then 

the annual depreciation rate for each of them respectively, is: 

𝑁𝐿𝑎𝑝𝑡𝑜𝑝 =
1

10
⋅ 100% = 10 %, 

𝑁𝑊𝑖𝑛10 =
1

4
⋅ 100% = 25 %, 

𝑁𝑎𝑛𝑡𝑖−𝑣𝑖𝑟𝑢𝑠 =
1

1
⋅ 100% = 100 % 

𝑁𝑇𝑃𝑆 =
1

13
⋅ 100% = 7.7 % 

The daily depreciation is estimated based on the number of days the equipment 

is used. In this project, it is assumed that each specialized equipment is used for 82 

days. Hence, the depreciation is calculated as such: 

𝐷𝐿 = 𝑃 ⋅
𝑁𝐷

100
⋅

𝑇

365
, where P is the cost of the equipment, 𝑁𝐷 is the annual depreciation 

and T is the period of use in months. 

𝐷𝐿 = 40000 ⋅
𝑁𝐷

100
⋅

𝑇

365
= 40000 ⋅

10

100
⋅

82

365
= 898.63 RUB, 

𝐷𝑇𝑃𝑆 = 600000 ⋅
𝑁𝐷

100
⋅

𝑇

365
= 600000 ⋅

7.7

100
⋅

82

365
= 10379.18 RUB, 

The sum of depreciation for all equipment is: 

𝐷 = 11277.81 𝑅𝑈𝐵 

Table 4.10 – Costs of special equipment (+software) 

№ 

 

Equipment 

identification 

Quantity 

of equipment 

Total cost of 

equipment, rub. 

Life 

expectancy, 

year 

Depreciation for the 

duration of the project, 

rub. 

1. Laptop 1 40 000 10 898.63 

2 
XiO and 

Monaco TPS 
2 600 000 13 10379.18 

Total            11 277.81 

Depreciation is not calculated for equipment, which costs less than 40 thousand 

rubles. 
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4.4.3 Basic salary 

The basic salary includes the basic salary of participants directly involved in the 

implementation of work on this research. The value of salary costs is determined based 

on the labor intensity of the work performed and the current salary system 

The basic salary (Sb) is calculated according to the formula: 

 , (4.4) 

where   Sb – basic salary per participant; 

Тw – the duration of the work performed by the scientific and technical worker, working 

days; 

Sd - the average daily salary of an participant, rub. 

The average daily salary is calculated by the formula: 

 

, 
(4.5) 

где  – monthly salary of an participant, rub .; 

М – the number of months of work without leave during the year: 

at holiday in 48 days, M = 10.4 months, 6 day per week; 

– valid annual fund of working time of scientific and technical personnel (251 days). 

 

  

b waS S Т 

v

m
d

S M
S

F




mS

vF
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Table 4.11 – The valid annual fund of working time 

Working time indicators  

Calendar number of days 365 

The number of non-working days 

- weekend 

- holidays 

 

52 

14 

Loss of working time 

- vacation 

-           isolation period 

- sick absence 

48 

 

The valid annual fund of working time 251 

Monthly salary is calculated by formula: 

 
month base premium bonus regS S ( k k ) k   

, 
(4.6) 

where  Sbase – base salary, rubles; 

kpremium – premium rate;  

kbonus – bonus rate; 

kreg – regional rate. 

Table 4.12 – Calculation of the base salaries 

Performers 
Sa, 

Rubles 
kpremium kbonus kreg 

Smonth, 

rub. 

Sd, 

rub. 

Тр, 

work 

days 
(from 
table 

4.5) 

Sbase, 

rub. 

Scientific Supervisor (Senior Lecturer, 

Ph.D.) 
34496 

0.3 0.2 1.3 
67267 2787 39 108693 

Master student (low-skilled medical 

physicist) 

 20064 
39125 1621 82 132922 

Total base salary, rub: 241615 

For Scientific Supervisor: 

𝑆𝑚𝑜𝑛𝑡ℎ = 𝑆𝑎 × (𝑘𝑝𝑟𝑒𝑚𝑖𝑢𝑚 + 𝑘𝑏𝑜𝑛𝑢𝑠) × 𝑘𝑟𝑒𝑔 

= 34496 × (1.3 + 0.2) × 1.3 = 67267 𝑟𝑢𝑏 

𝑆𝑑 =
𝑆𝑚𝑜𝑛𝑡ℎ × 𝑀

𝐹𝑣
=

67267 × 10.4

251
= 2787 𝑟𝑢𝑏 
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𝑆𝑏𝑎𝑠𝑒 = 𝑆𝑑 × 𝑇𝑤 = 2787 × 39 = 108693 𝑟𝑢𝑏 

 

For the master student, the calculations are performed in a similar way. 

4.4.4 Additional salary 

This point includes the amount of payments stipulated by the legislation on labor, 

for example, payment of regular and additional holidays; payment of time associated 

with state and public duties; payment for work experience, etc. 

Additional salaries are calculated on the basis of 10-15% of the base salary of 

workers: 

 𝑆𝑎𝑑𝑑 = 𝑘𝑒𝑥𝑡𝑟𝑎 × 𝑆𝑏𝑎𝑠𝑒,   (4.7) 

where  Sadd – additional salary, rubles; 

kextra – additional salary coefficient (10%);  

Sbase – base salary, rubles. 

Table 4.13 shows the form for calculating the basic and additional wages. 

Table 4.13 – Salaries of project executors 

Salary Scientific Supervisor Master  

Basic salary, rub 108693 132922 

Additional salary, rub 10869 13292 

Total, rub: 265776 

4.4.5 Labor tax 

Tax to extra-budgetary funds are compulsory according to the norms established 

by the legislation of the Russian Federation to the state social insurance (SIF), pension 

fund (PF) and medical insurance (FCMIF) from the costs of workers. 

Payment to extra-budgetary funds is determined of the formula:  

𝑃𝑠𝑜𝑐𝑖𝑎𝑙 = 𝑘𝑏 × (𝑆𝑏𝑎𝑠𝑒 + 𝑆𝑎𝑑𝑑)                                  (4.8) 

where  kb – coefficient of deductions for labor tax. 
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In accordance with the Federal law of July 24, 2009 No. 212-FL, the amount of 

insurance contributions is set at 30%. Institutions conducting educational and scientific 

activities have rate - 27.1%. 

𝑃𝑠𝑜𝑐𝑖𝑎𝑙 = 𝑘𝑏 × (𝑆𝑏𝑎𝑠𝑒 + 𝑆𝑎𝑑𝑑) = 0.271 × 265776 = 𝟕𝟐𝟎𝟐𝟓 𝒓𝒖𝒃 

Table 4.14 – Labor tax 

 Project leader Engineer 

Coefficient of deductions 27.1 

Salary (basic and additional), rubles 119562 146214 

Labor tax, rubles 32401.302 39623.99 

Total, rub 72025 

4.4.6 Overhead costs 

Overhead costs include other management and maintenance costs that can be 

allocated directly to the project. In addition, this includes expenses for the maintenance, 

operation and repair of equipment, production tools and equipment, buildings, 

structures, etc. 

Overhead is calculated according to the formula: 

𝐶𝑜𝑣 = 𝑘𝑜𝑣 × (𝑆𝑏𝑎𝑠𝑒 + 𝑆𝑎𝑑𝑑)                                        (4.9) 

 

where kov – overhead rate (30%) . 

𝐶𝑜𝑣 = 𝑘𝑜𝑣 × (𝑆𝑏𝑎𝑠𝑒 + 𝑆𝑎𝑑𝑑) = 0.3 × 265776 = 𝟕𝟗𝟕𝟑𝟑 𝒓𝒖𝒃 

Table 4.15 – Overhead 

 Project leader Engineer 

Overhead rate                                     30% 

Salary, rubles 119562 146214 

Overhead, rubles 35868.6 43864.2 

Total 79733 

4.4.7 Other Direct Costs 

Energy costs for equipment are calculated by the formula: 

 el eqС P Р F   ,                                     (4.10)  

where 
elP  − power rates (5.8 rubles per 1 kWh);                     
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Р  − power of equipment, kW; 

eqF  − equipment usage time, hours. 

Table 4.16. – Other direct costs 

 Power rates, kWh 
Power of 

equipment, kW 

Equipment 

usage time, hr 

Energy 

cost, 

rubles 

XiO TPS  5.8 0.5 123 356.70 

Laptop 5.8 0.5 492 1426.80 

Total  1783.50 

4.4.8 Formation of Budget Costs 

The calculated cost of research is the basis for budgeting project costs. 

Determining the budget for the scientific research is given in the Table 4.17 

below.  

Table 4.17 – Items expenses grouping  

Name Cost, rubles 

1. Material costs 4 250 

2. Equipment costs 18 277.81 

3. Basic salary 241 615 

4. Additional salary 24 161 

5. Labor tax 72 025 

6. Overhead 79 733 

7. Other direct costs  1783.50 

Total planned costs 441 845.31 

4.5 Evaluation of the comparative effectiveness of the project 

Determination of efficiency is based on the calculation of the integral indicator 

of the effectiveness of scientific research. Its finding is associated with the definition 

of two weighted average values: financial efficiency and resource efficiency. 

The integral indicator of the financial efficiency of a scientific study is obtained 

in the course of estimating the budget for the costs of three (or more) variants of the 

execution of a scientific study. For this, the largest integral indicator of the 
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implementation of the technical problem is taken as the calculation base (as the 

denominator), with which the financial values for all the options are correlated. 

The integral financial measure of development is defined as:  

 𝐼𝑓
𝑝

=
𝐹𝑝𝑖

𝐹𝑚𝑎𝑥
,, (4.11) 

where 𝐼𝑓
𝑝
 – integral financial measure of development; 

Ci – the cost of the i-th version;  

Cmax – the maximum cost of execution of a research project (including 

analogues). 

In this project, 𝐶𝑖 = 441 845.31. It is assumed that, 𝐶𝑚𝑎𝑥 = 450 000.00 

Hence, the integral financial indicator is: 

𝐼𝑓
𝑝

=
441845.31

450000.00
= 0.98 

The obtained value of the integral financial measure of development reflects the 

corresponding numerical increase in the budget of development costs in times (the 

value is greater than one), or the corresponding numerical reduction in the cost of 

development in times (the value is less than one, but greater than zero). The integral 

financial indicator is equal to 0.98. This means that, the corresponding numerical 

reduction in the cost of development times is 0.98. 

The integral indicator of the resource efficiency of the variants of the research 

object can be determined as follows:  

1

n
а а

т i i

i

I a b



     1

n
р р

т i i

i

I a b



                                 (4.12) 

where   тI
 – integral indicator of resource efficiency for the i-th version of the 

development;  

ia
– the weighting factor of the i-th version of the development;  
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a

ib , 
р

ib – score rating of the i-th version of the development, is established by an 

expert on the selected rating scale;  

n – number of comparison parameters.  

The calculation of the integral indicator of resource efficiency is presented in 

the form of Table 4.18. 

Table 4.18 – Evaluation of the performance of the project 

Criteria Weight criterion 
Points 

р

тI  
а

тI  
1. Reliability 0.15 5 4 

2. Dose load on patient 0.1 3 4 

3. Dose homogeneity in target volume 0.11 5 4 

4. Dose on organs at risk 0.2 5 4 

5. Ease of planning 0.1 4 4 

6 Risk of recurrence 0.1 3 5 

Economic criteria for performance evaluation 

1. Competitive methods 0.08 4 4 

2. Expected lifecycle 0,06 5 5 

3. Development cost 0.1 4 4 

Total 1 4.32 3.56 

𝐼𝑝
𝑚 =

1

n
а

i i

i

a b


  

𝐼𝑝
𝑚 = (0.15 × 5) + (0.1 × 3) + (0.11 × 5) + (0.2 × 5) + (0.1 × 4) + (0.1 × 3)

+ (0.08 × 4) + (0.06 × 5) + (0.1 × 4) 

𝐼𝑝
𝑚 = 4.32 

𝐼𝑎
𝑚 =

1

n
а

i i

i

a b


  

𝐼𝑎
𝑚 = (0.15 × 4) + (0.1 × 4) + (0.11 × 4) + (0.2 × 4) + (0.1 × 4) + (0.1 × 5)

+ (0.08 × 4) + (0.06 × 5) + (0.1 × 4) 

𝐼𝑎
𝑚 = 3.56 

The integral efficiency indicator of the scientific research project (𝐼𝑓𝑖𝑛
𝑝

) and of 

the analog (𝐼𝑓𝑖𝑛
𝑎 ) is determined according to the formula of the integral basis of the 
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financial integral resource efficiency: 

𝐼𝑓𝑖𝑛
𝑎 =

𝐼𝑚
𝑎

𝐼𝑓
𝑎 ;  𝐼𝑓𝑖𝑛

𝑝
=

𝐼𝑚
𝑝

𝐼𝑓
𝑝 ;   

𝐼𝑓𝑖𝑛
𝑎 =

3.56

1
= 3.56;   𝐼𝑓𝑖𝑛

𝑝
=

4.32

0.98
= 4.41 

Comparison of the integral indicator of the efficiency of the current project and 

analogs will determine the comparative efficiency the project. Comparative project 

efficiency: 

𝐸𝑎𝑣 =
𝐼𝑓𝑖𝑛

𝑝

𝐼𝑓𝑖𝑛
𝑎  

Where 𝐸𝑎𝑣 - is the comparative project efficiency; 𝐼𝑓𝑖𝑛
𝑝

 - integral indicator of 

project; 𝐼𝑓𝑖𝑛
𝑎  - integral indicator of the analog. 

𝐸𝑎𝑣 =
4.41

3.56
= 1.24 

Thus, the effectiveness of the development is presented in Table 4.19. 

Table 4.19 – Efficiency of development 

№ Indicators 

Points 

Project 

Analog (2D-

conventional 

radiotherapy) 

1  Integral financial indicator 0.98 1 

2  Integral resource efficiency 

indicator 

4.32 4.09 

3  Integral efficiency indicator 4.41 4.09 

Based on the values obtained for each indicator, we can conclude that the project 

is more competitive than the analog. 

4.6 Conclusion on the section “Financial management” 

Thus, in this section was developed stages for design and create competitive 

development that meet the requirements in the field of resource efficiency and resource 

saving. 
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These stages include: 

- development of a common economic project idea, formation of a project 

concept; 

- organization of work on a research project; 

- identification of possible research alternatives; 

- research planning; 

- assessing the commercial potential and prospects of scientific research 

from the standpoint of resource efficiency and resource saving; 

- determination of resource (resource saving), financial, budget, social and 

economic efficiency of the project. 
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when in close proximity to heat sources. Humidity also has a significant impact on 

human thermoregulation, so low humidity can lead to drying of the skin, mucous 

membranes and general dehydration of the body, and high humidity can lead to 

increased heat transfer and possible overheating of the body [95]. 

To maintain these sanitary standards, it is necessary to have a local air 

conditioning unit of a complete air conditioning unit that ensures a constant 

temperature, relative humidity, speed and air purity. A central water heating system is 

needed to provide a given temperature level in winter [95]. 

Table 5.1 shows the optimal values of microclimate indicators at workplaces, 

which are established by sanitary standards for various categories of work in different 

periods of the year. When working at a PC, the category of work is light (Ia), since there 

is no systematic physical activity [95]. 

Table 5.1 – Optimal values of microclimate indicators at workplaces of industrial 

premises 

Period of the 

year 

Category of work 

according to the 

level of energy 

consumption, W 

Air 

temperature, 

⁰С 

Surface 

temperature, 

⁰С 

Relative 

humidity, % 
Air speed, m/s 

Cold Ia (up to 139) 22-24 21-25 60-40 no more than 0.1 

Warm Ia (up to 139) 23-25 22-26 60-40 no more than 0.1 

 

In the office of medical physicist No. 307 of the Research Institute of Oncology 

of the Tomsk National Research Medical Center, the microclimate standards are met. 

To maintain sanitary standards, it is sufficient to have natural unorganized 

ventilation of the room and a local air conditioner of a full air conditioning unit, which 

ensures the constancy of temperature, relative humidity, speed of movement and air 

purity [98]. 

To calculate the air exchange performance of the ventilator in the office of a 

medical physicist at the Oncology Research Institute of the Tomsk National Research 

Medical Center, we use the formula: 
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W = V ∙ К ,                                                          (5.1) 

where V = 124.6 m3; air exchange rate in the room К = 3 h-1, which corresponds to the 

norm according to [98]. Substituting the known values into the formula, we get W = 373.8 

m3h-1. Based on the available criteria, a vortex blower is suitable Becker SV 400/1 5.5, 

with maximum performance 390 m3h-1 [98]. 

5.1.2 Ionizing radiation 

Laboratory No. 307, where the work was carried out, was tested in the radiation 

monitoring laboratory accredited by the State Standard of Russia in terms of the 

parameter: determination of the radiation situation and complies with regulatory 

requirements. 

It is necessary to ensure the radiation safety of personnel at the Oncology 

Research Institute of the Tomsk National Research Medical Center in connection with 

the radiation generated by the SL75-5-MT and Elekta synergy linear accelerators. 

Table 5.2 shows the main dose limits. The main dose limits, like all other 

permissible exposure levels for group B personnel, are equal to 1/4 of the values for 

group A personnel [96]. 

Table 5.2 – Basic limits of doses of ionizing radiation for personnel of group A and the 

public. 

Normalized values 
Dose limits 

Personnel (Group A) Population 

Effective dose 20 mSv per year on average 

for any consecutive 5 years, 

but not more than 50 mSv per 

year 

1 mSv per year on average for 

any consecutive 5 years, but not 

more than 5 mSv per year 

equivalent dose per year in 

– lens of the eye 

– skin 

– hands and feet 

 

150 mSv 

500 mSv 

500 mSv 

 

15 mSv 

50 mSv 

50 mSv 

 

To protect against the effects of ionizing radiation on the body, the following 

three methods are used: protection by quantity, time and distance. The main preventive 

measures include the correct choice of the layout of premises, equipment, interior 
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decoration, technological regimes, the rational organization of workplaces, the 

observance of personal hygiene measures by workers, rational ventilation systems, 

protection against external and internal radiation, collection and disposal of radioactive 

waste, as well as the use personal protective equipment [96]. 

When ionizing radiation interacts with air, a number of toxic substances are 

formed, the excess of which can pose a danger to human health. To reduce the 

concentration of toxic substances, special exhaust ventilation is calculated and installed. 

It should be taken into account that during the operation of the electron accelerator, 

ozone is mainly formed, respectively, ventilation is calculated based on ozone 

emissions [96].  

When working on a CT scanner, the main hazards are: 

 high voltage; 

 X-ray radiation when monitoring the position of organs; 

 noise generated by equipment; 

 heat release from equipment and communications; 

When working on the SL75-5-MT and the Elekta Synergy linear accelerator, the 

main hazards are: 

 high radiation background near the source storage; 

 high radiation background when the source exits during a treatment 

session; 

 high voltage; 

 heat release from equipment and communications; 

Persons who do not have medical contraindications, classified as group A 

personnel or group B personnel, accompanied by group A personnel, who have been 

trained in the rules of operation of the device and in radiation safety, and who have 

been instructed in radiation safety [97], are allowed to work. 
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During operation, warning light and sound signals are mandatory on the control 

panel and above the entrance to the working chamber. 

Also, the apparatus is located in a special bunker, the design of radiation 

protection of which provides the necessary protection for personnel and the public. 

Before switching on, it is necessary to urgently leave the bunker, and then make sure 

that the doors are tightly closed and all conditions meet the requirements. In addition, 

it is necessary to carry an individual dosimeter in a breast pocket. The internal radiation 

safety service regularly conducts dosimetric control of all premises, checks the readings 

of individual dosimeters, and controls the use of personal protective equipment [97]. 

5.1.3 Noise and vibration 

Noise worsens working conditions, has a harmful effect on the human body, 

namely, on the hearing organs and on the whole body through the central nervous 

system. As a result, attention is weakened, memory deteriorates, reaction decreases, 

and the number of errors during work increases. Noise can be generated by equipment 

in operation, air conditioning units, daylight lighting fixtures, and can also come in 

from outside. 

To assess the noise environment, it is allowed to use a numerical characteristic 

called the sound level (measured in dB). The permissible noise level during work that 

requires concentration, work with increased requirements for the processes of 

monitoring and remote control of production cycles at workplaces in rooms with noisy 

equipment is 75 dB [99]. 

Behind the working surface, the noise level from the computer reaches 30 dB, 

which is within the normal range. The noise level from the vortex blower is 53 dB, 

which complies with the standards [100]. 

5.1.4 Illumination 

Workplace lighting is the most important factor in creating normal working 

conditions. Lighting should be given special attention, since the eyes get the most stress 
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during work. Insufficient illumination of the working area is also considered one of the 

factors affecting human performance. For industrial enterprises, the optimal 

illumination of the territory and premises is an important and difficult technical task, 

the solution of which provides normal hygienic conditions for working personnel. 

Properly selected light sources and their design create conditions for production work, 

the correct execution of technological operations, compliance with rules and safety 

precautions. 

Lighting is divided into natural, artificial and combined. Combined combines 

both types of lighting. 

The reasons for the insufficiency of natural and artificial lighting are the 

remoteness of the workplace from light sources, insufficient power and poor quality of 

light sources, inappropriate weather factors or time of day. Insufficient lighting reduces 

labor productivity, increases fatigue and the number of mistakes made, and can also 

lead to occupational eye diseases [101]. 

The necessary illumination in the workplace is achieved by artificial lighting with 

fluorescent lamps. We calculate the required number of fixtures using the formula: 

n = 
E ∙ S ∙ Z ∙ K

F ∙ U ∙ m
,                                                       (5.2) 

where  E – normalized illumination, E = 300 lx; 

S – room area, S = 35.6 m2; 

Z – luminaire correction factor, Z = 1.2; 

K – safety factor taking into account the decrease in illumination during 

operation, K = 1.2; 

F – luminous flux of one lamp, LD 40, F = 2130 lx; 

U – utilization factor, U = 0.55; 

m – number of lamps in the lamp, m = 2. 
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Substituting the values, we get n = 6.56 pcs. But since an integer is needed, 

rounding up, we get 7 lamps, which corresponds to the number of lamps in the office 

of a medical physicist No. 307. 

5.1.5 Electrical safety 

Depending on the conditions in the room, the risk of electric shock to a person 

increases or decreases. You should not work with a computer in conditions of high 

humidity (relative air humidity exceeds 75% for a long time), high temperature (more 

than 35 ° C), the presence of conductive dust, conductive floors and the possibility of 

simultaneous contact with ground-connected metal elements and the metal case of 

electrical equipment. The operator works with electrical appliances: a computer 

(display, system unit, etc.) and peripheral devices. The danger of electric shock exists 

in the following cases [102]: 

‒ with direct contact with live parts during repair; 

‒ when touching non-current-carrying parts that are energized (in case of 

violation of the insulation of current-carrying parts); 

‒ when touching the floor, walls that are energized; 

‒ in case of a short circuit in high-voltage units: power supply unit and 

display scanner unit. 

Electric current, passing through the human body, has a thermal, chemical and 

biological effect. 

Thermal (thermal) effect is manifested in the form of burns of the skin area, 

overheating of various organs, as well as ruptures of blood vessels and nerve fibers 

resulting from overheating. 

Chemical (electrolytic) action leads to electrolysis of blood and other solutions 

contained in the human body, which leads to a change in their physico-chemical 

composition, and hence to disruption of the normal functioning of the body. 

Measures to ensure the electrical safety of electrical installations: 
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‒ disconnection of voltage from current-carrying parts on which or near 

which work will be carried out, and taking measures to ensure that it is impossible to 

supply voltage to the place of work; 

‒ hanging posters indicating the place of work; 

‒ grounding of housings of all installations through a neutral wire; 

‒ coating of metal surfaces of tools with reliable insulation; 

‒ inaccessibility of current-carrying parts of the equipment (conclusion in 

cases of electro-shocking elements, conclusion of current-carrying parts in a case)  

[103]. 

The room in which the work took place is suitable for class 1 rooms, in which 

the operating voltages do not exceed 1000 V [102]. 

5.1.6 Electromagnetic fields 

The main harmful factor in the use of computers is electromagnetic radiation 

from the constituent parts of devices. An increased level of electromagnetic radiation 

can negatively affect the human body, namely, lead to nervous disorders, sleep 

disturbance, a significant deterioration in visual activity, a weakened immune system, 

and disorders of the cardiovascular system. 

Electromagnetic fields are controlled in the following ranges: 50 Hz (power 

frequency) and from 30 kHz to 300 GHz. Measurements are carried out at the 

workplaces of users of stationary and portable personal computers. The following 

parameters are controlled: the strength of the electric and magnetic fields, the strength 

of the electrostatic field. 

The norms of maximum permissible levels (MPL) of electromagnetic radiation, 

established in the document [99], are shown in tables 5.3 and 5.4. 
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Table 5.3 – Maximum permissible levels of electric and magnetic fields of industrial 

frequency 50 Hz 
No. Impact type Electric field 

strength, kV/m 

Induction (magnetic field 

strength), µT (A/m) 

1 In residential buildings, children's, 

preschool, school, educational 

institutions 

0.5 

5.0 (4.0) 

2 In public buildings 0.5 10.0 (8.0) 

3 On the residential area 1.0 10.0 (8.0) 

 

Table 5.4 – Maximum permissible levels of EMF in the frequency range 30 kHz-300 

GHz 
Frequency 

range 

30-300 

kHz 

0.3-3 

MHz 

3-30 

MHz 

30-300 

MHz 

0.3-300 GHz 

Normalized 

parameter 

Electric field strength, E (V/m) Energy flux density, 

(μW/cm) 

Limit- 

acceptable 

levels 

25 15 10 3 10 

25 for cases of exposure 

from antennas operating in 

the circular view or scanning 

mode 

The computer, located in the office of medical physicist No. 307 of the Research 

Institute of Oncology of the Tomsk National Medical Research Center, creates 

electromagnetic radiation with a frequency of 130 Hz, which is not controlled [99]. 

5.1.7 Fire and explosion safety 

Depending on the characteristics of the substances used in the production and 

their quantity, according to fire and explosion hazard, the premises are divided into 

categories A,Б, В, Г, Д . Since the room belongs to category B in terms of fire and 

explosion hazard, i.e. to rooms with solid combustible substances, it is necessary to 

provide a number of preventive measures [104]. 

Possible causes of fire: 

‒ malfunction of current-carrying parts of installations; 

‒ work with open electrical equipment; 

‒ short circuits in the power supply; 

‒ non-compliance with fire safety rules; 
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‒ the presence of combustible components: documents, doors, tables, cable 

insulation, etc. 

Measures for fire prevention are divided into: organizational, technical, 

operational and regime. 

Organizational measures include the correct operation of equipment, the correct 

maintenance of buildings and territories, fire safety briefing for workers and employees, 

training of production personnel in fire safety rules, publication of instructions, posters, 

and an evacuation plan.  

Technical measures include: compliance with fire regulations, standards in the 

design of buildings, in the installation of electrical wires and equipment, heating, 

ventilation, lighting, proper placement of equipment. 

Regime measures include the following: the establishment of rules for the 

organization of work, and compliance with fire prevention measures. To prevent a fire 

from short circuits, overloads, etc., the following fire safety rules must be observed 

[104]: 

‒ exclusion of the formation of a combustible environment (sealing of 

equipment, air control, working and emergency ventilation); 

‒ correct operation of the equipment (correct connection of the equipment to the 

power supply network, control of equipment heating); 

‒ correct maintenance of buildings, territories (exclusion of the formation of an 

ignition source - prevention of spontaneous combustion of substances, restriction of hot 

work); 

‒ training of production personnel in fire safety rules; 

‒ publication of instructions, posters, availability of an evacuation plan; 

‒ compliance with fire safety rules and regulations in the design of buildings, in 

the installation of electrical wires and equipment, heating, ventilation, lighting; 

‒ correct placement of equipment; 

‒ timely preventive inspection, repair and testing of equipment. 
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In the event of an emergency, you must: 

– inform the manager; 

– call the emergency service or the Ministry of Emergency Situations - tel. 112; 

‒ take measures in accordance with [105].  

5.2 Safety in accident situation and emergencies 

An emergency (accident) situation is a situation in a certain territory that has 

developed as a result of an accident, a dangerous natural phenomenon, a catastrophe, 

the spread of a disease that poses a danger to others, a natural or other disaster that may 

or have caused loss of life, damage to human health or environment, significant material 

losses and violation of the living conditions of people. There are two types of 

emergencies: 

- technogenic; 

- natural. 

Man-made emergencies include fires, explosions, sabotage, and releases of toxic 

substances. Natural disasters are natural disasters. The most probable technogenic 

emergencies are fires. 

Accidental hazards include a sudden and uncontrolled source of energy: a 

moving object, uncontrolled movement or energy [105]. 

Let's consider possible accidents and emergencies in the office of medical 

physicist No. 307 at the Oncology Research Institute of the Tomsk National Research 

Medical Center, namely: 

‒ fall from the height of one's own height; 

‒ electric shock; 

‒ the occurrence of a fire. 

Measures to prevent the above accidents and emergency situations and 

measures to eliminate their consequences are presented in Table 5.5. 
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Table 5.5 – Accident and emergency situations, measures to prevent accidents and 

emergencies, measures to eliminate the consequences of accidents and emergencies 

No. Accidents and 

emergencies 

Measures to prevent 

accidents and 

emergencies 

Measures to eliminate the consequences of 

accidents and emergencies 

 

1 Injury from a 

fall from a 

height of 

appropriate 

height 

1. Keeping the premises 

in proper order. 

2. Restriction of the 

working space. 

3. Timely briefing. 

1. Examine or interrogate the victim; 

2. if necessary - 

call an ambulance - tel. 112; 

3. stop bleeding, if any; 

4. if there is a suspicion that the victim has a 

broken spine (sharp pain in the spine at the 

slightest movement), it is necessary to 

provide the victim with complete rest in the 

supine position until qualified medical 

assistance is provided. 

5. call the emergency service or the Ministry 

of Emergency Situations - tel. 112; 

2 Electrical 

shock 

1. Grounding of all 

electrical installations. 

2. Restriction of the 

working space. 

3. Ensuring the 

inaccessibility of current-

carrying parts of the 

equipment. 

4. Timely briefing. 

1. Quickly release the victim from the action 

of electric current; 

2. call an ambulance - tel. 112; 

3. if the victim has lost consciousness, but 

breathing is preserved, he should be 

comfortably laid down, unbuttoned tight 

clothes, create an influx of fresh air and 

ensure complete rest; 

4. the victim should be allowed to smell 

ammonia, sprinkle his face with water, rub 

and warm the body; 

5. in the absence of breathing, artificial 

respiration and heart massage should be done 

immediately. 

6. call the emergency service or the Ministry 

of Emergency Situations - tel. 112; 

3  Fire 1. Timely briefing. 

2. Installation of 

automatic fire 

extinguishing equipment 

in the premises. 

3. Installation of smoke 

and fire detectors. 

4. Ensuring escape routes 

and maintaining them in 

proper condition. 

4. Control of the operation 

of electrical appliances. 

1. De-energize the room, stop the air supply; 

2. immediately report the fire to the person on 

duty or to the security post; 

3. if possible, take measures to evacuate 

people, extinguish a fire and save material 

assets. 

4. call the emergency service or the Ministry 

of Emergency Situations - tel. 112; 
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This subsection discusses potential emergencies and accidents that may arise 

when working in the office of medical physicist No. 307 at the Oncology Research 

Institute of the Tomsk National Research Medical Center. Measures to prevent and 

eliminate the consequences of these situations are considered according to [105]. 

5.3 Conclusions on the section "Social responsibility" 

The section discusses the organizational issues of ensuring the safety of workers, 

identifies possible harmful and dangerous factors (microclimate, ionizing radiation, 

ventilation, vibration, noise, lighting, electrical safety, fire hazard), also analyzes them 

and substantiates a number of measures to reduce their impact on the researcher. 

Regular work at the Oncology Research Institute of the Tomsk National Research 

Medical Center will not harm the employee. The room is classified as class B for fire 

hazard [104], category 1 for electrical safety (up to 1000 V) [102], category IV for 

radiation exposure [96]. 

Possible accidents and emergencies are analyzed, measures to prevent accidents 

and emergencies, as well as measures to eliminate the consequences of accidents and 

emergencies are described. The most probable emergency is the occurrence of a fire in 

the workplace due to the ignition of equipment. 
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