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ABSTRACT

Introduction: The article deals with the current state of the problem of
occurrence of relapses and early metastasis of breast cancer (BC) and provides
the main molecular and cellular mechanisms for avoiding systemic immune
surveillance by tumor cells. The work focuses on circulating tumor cells as the
main factor of the unfavorable prognosis of the disease, as well as the results
of integrating the Camelyn Bio (exogenous peptides) into the BC management
scheme.

Objective: To study the effects of exogenous peptides on the clinical pro-
gression of breast cancer, using as a criterion disease-free survival within 24
months.

Materials and methods: The study included 76 women who had under-
gone subcutaneous radical mastectomy with the preservation of the skin and
the nasal-arreolar complex at the stage of lIA (TAN1MO, T2NOMO). According
to the recommendations of the ethics committee, the patients self-agreed to
conduct the study. The statistical analysis was based on the use of descriptive
statistics and comparative analysis. To compare the qualitative parameters of
the studied groups, the chi-square (Pearson) criterion was used. For quanti-
tative parameters, a preliminary assessment of the normality of distribution,
which was the basis for the choice of parametric (t-test) or non-parametric crite-
ria (Wilconson rank-sum (Mann-Whitney test), was performed. For the analysis
of non-recurrent survival, Kaplan-Meier method was used. The analysis was
performed using the STATA 12 statistical analysis package.

Results: In the group of patients receiving exogenous peptides, there
was a harmonization of immune homeostasis, manifested by increased im-
mune surveillance over the tumor process involving activated T-lymphocytes,
as well as increased expression of TNF-a and IL-12. The analysis of survival
curves showed that the 24-month non-recurring survival rate of the patients
in the main group was 0.918 (95% CI: 0.847-0.989), and in the comparison
group -0.763 (0.628-0.898). That is, in the group of patients receiving Camelyn
Bio, during the 24 months of observation there was a significant increase in
non-recurring survival and a reduction in the risk of recurrence of tumors and
metastases for the indicated period by 71.8%-Hazard ratio (95% Cl) = 0.292
(0.094-0.907), p=0.046.

Conclusion: The results of this work allow us to assume that the use of
Camelyn Bio in patients with breast cancer leads to a significant improvement
in the rate of disease-free survival in the 24-month period after surgical inter-
vention.
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INTRODUCTION

Breast cancer is the most common female’s malignant tumor, though its timely detection has increased due to the improve-
ment of diagnostic technologies, the survival rates have not changed for the past four decades [*®. Schemes optimization of
the complex treatment of patients with breast cancer has been a subject of great discussion up till now. The systemic adjuvant
therapy, including hormonal therapy, is used to reduce the rate of recurrences and the remote tumor centers development 267,
However, in many countries, cyclophosphamide, methotrexate and 5 fluorouracil still remain the standard of chemotherapy treat-
ment, despite the new generation of antitumor drugs in the oncology arsenal. Surgery, chemotherapy, radiotherapy and hormonal
therapy are the main oncology tools in treating breast cancer. However, breast cancer still accounts 20 percent of all deaths of
women having cancer, and the overall survival of patients has remained comparatively unchanged over the last forty years &9,
Relatively little is known about the beginning of human breast cancer, that is, what exactly becomes a trigger for cellular transfor-
mations 11, Hundreds of genetic influences and biochemical interactions have been studied, new hypotheses for launching the
pathological processes on the basis of nuclear, cytoplasmic, membrane and trans membrane mechanisms has been proposed
every year (1722 For example, research flow indicates the significant role of Toll- like receptors (TLRs) in carcinogenesis regulation.
Various activated TLRs may play opposite roles in different conditions: either stimulate tumor development or suppress it 2324,

It has been proved not once those tumors are able to interfere different links of the immune cascade to violate the regula-
tion of T-cells recruitment and macrophages, to reinforce or vice versa, to weaken the cytokines expressiveness, depending on
the desired effects. Being the same in biochemical content, but the opposite in result, interaction between membrane microstruc-
tures of tumor and immunocompetent cells occur continuously in the presence of mediators or inflammation inhibitors and other
bioregulators - this is a reflection of the of the immune homeostasis system functioning. As it is known, conducting neo-adjuvant
polychemotherapy in local breast cancer leads to a tumor node reduction in the mammary gland and contributes to an increase in
the number of organ-saving surgery. Surgical treatment becomes less traumatic and provides better social adaptation of patients.
But it should be noted that along with the popularization of organ-preserving surgical interventions, the problem of circulating
tumor cells (CTC) has been discussed in different clinics of the world for the last decade and most important is the discussion of
their quality impact on the disease prognosis 252,

The sign that circulating tumor cells do not enter the cell cycle (in the resting state - GO), do not proliferate and therefore do
not undergo apoptosis and the action of cytotoxic agents, seems to be important 2628, They can circulate in the form of single cells
or unite into circulating tumor microembolias in the bloodstream that have a high proliferative potential. Tumor microembolias are
resistant to apoptosis and have the properties of aggressive metastasis. But what is more significant and may worsen the disease
prognosis is that a lot of tumor cells retain the ability to circulate in the bloodstream for a very long time. Evading from immune
observation, cancer cells are found in the breast cancer patients’ blood even in 10 or more years after the completion of radical
treatment 12522301 One of the directions in modern antitumor immunotherapy is the use of regulatory exogenous proteins. Camelyn
Bio preparation was created to solve the complex task of harmonizing the immune homeostasis, as well as to restore the complete
antitumor immune observation. Camelyn Bio consists of biologically active substances, including exogenous peptides derived
from mountain honey by controlled gel electrophoresis. Mountain honey peptides (MHP) represent one of the most evolutionarily
ancient families of proteins. Their content in various types of honey is 0.08 - 1.9%. There is an assumption that MHP, entering the
body, interact with the human regulatory proteins. It also has been proved that peptides of plants and animals are similar in their
structure and functions to defenses and alarmins and are capable of activating body immune responses 361, Particularly, some
mountain honey peptides are similar to the antimicrobial peptide molecule element of the cathelicidin LL-37 and other regulatory
peptides by their molecular structure and mass. The similarity in structure and molecular weight with human regulatory peptides
opens the boundless potential for exogenous peptides to be used in medical practice 3%, Having the similar to cathelicidin LL-37
molecular weight, the MHP are able to act as its activator and, therefore, induces inactive T-lymphocytes to counteract pathogens
effectively.

It is known that under conditions of the secondary local immunodeficiency, mutated cells are able to avoid proper immune
surveillance and even with the onset of genotype radical changes, they maintain a structure identical to healthy cells %42, Thus,
it is very difficult, and sometimes even impossible for T-lymphocytes to carry out their main task of recognition danger. Being
developed through surrounding tissues, malignancies make maximum to survive and keep their Toll-like receptors intact, that is,
inactive. It is believed that by implementing the tissue accumulation effect, exogenous peptides can bind to cancerous cell intact
receptors and disclose it. T-lymphocytes are able to identify a dangerous cell and begin work on its destruction, as well as licensing
macrophages to capture and evacuate toxic residues 323343431 |t can be assumed that due to its evolutionarily programmed abil-
ity to react with other protein structures, the Camelyn Bio exogenous peptides join tumor cell membranes and thus provoke their
more productive interactions with T-lymphocytes, NK-cells and macrophages. Macrophages synthesize TNF-at and license more
macrophages and T cells to counteract the tumor, the intensity of antitumor interleukin-12 expression increases. This, in its turn,
leads to increasing of the tumor immune surveillance (Figure 1).

Objective

To study the effects of exogenous peptides on the clinical progression of breast cancer, using as a criterion disease-free
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survival within 24 months.
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Figure 1. Tissue accumulation effect of exogenous peptides. A) Circulating tumor cells are trying to create a metastatic
implant. B) Using inactive Toll-like receptors (TLRs), cancer cells avoid immune surveillance from T-lymphocytes. C) Exogenous
peptides (MHP) attach to the tumor cell membrane structures and provoke its interaction with the macrophage; D) The macro-
phage synthesizes TNF-at and licenses other macrophages and T-lymphocytes to destroy the tumor cell, including the synthesis of
interleukin-12 in them; E) Exogenous peptides interfere with the adhesion of circulating cells in a new location and prevent the
formation of a metastatic lesion.

MATERIALS AND METHODS

During 2015- 2016 in the National Research Center for Radiation Medicine of NAMS of Ukraine at the clinic of radiation-
induced oncological diseases 76 patients had subdermal radical mastectomy with preserving skin and nipple-areola complex on
the stage Il A (TAN1MO, T2NOMO). The criteria for patients selections were: node form of a tumor; mono- and multicentric growth;
absence of tumor affection of the skin and nipple-areola complex, breast muscles; non-central tumor location; the distance be-
tween a tumor to the edge of the areola is not less than 4 cm; the size of the tumor is from 1,5 to 5 cm; slow and moderate rates
of the tumor growth; absence of conglomerated metastases in regional lymph nodes; absence of distant metastases and serious
related diseases.

After the surgical treatment the adjuvant chemotherapy was prescribed to the female patients and in accordance with the
prescription, it was combined with hormonal therapy, following the FAC or CMF + anastrozole schemes. To estimate the role of
exogenous peptides in strengthening the immune control over the tumor process, the patients were divided into 2 groups: in the
Main group (n=38), besides prescribing the approved therapy protocol, the preparation Camelyn Bio was recommended for the
role of the immune homeostasis harmonizer (1 capsule 3 times a day beginning from the 8th day after the surgery and for the next
20 days, after that 1 week of break, afterwards a refresher course); in the reference group (n=38) the female patients received

only antitumoral polychemotherapy and anastrozole. The basic comparative characteristic of the groups is given in Table 1.

Table 1. Baseline characteristics of the study participants.

Characteristics Main group (n=38) Reference group (n=38) p
Mean age (SD) 52.7 (10.9) 54.1 (9.9) 0.556*
BMI (SD) 27.7 (4.5) 26.2 (4.2) 0.141*
Parental status. Having children (yes) n (%) 32 (84.2) 31 (81.6) 0.7612
Hormone therapy (yes) n (%) 28 (73.7) 30 (79.0) 0.589*

Note: Abbreviations: SD - standard deviation; BMI - body mass index; Baseline characteristics did not differ significantly be-
tween the 2 groups (p>0.05), p1 - t-test; p2- Pearson's chi-squared test

The statistical analysis was based on the use of simple descriptive statistic and comparative analysis. The criterion chi-
square (Pearson) was used to compare qualitative parameters of the groups under study. A preliminary assessment of distribution
normality was made for quantitative parameter, that was the base for the choice of parametric (t-test) or non-parametric criteria
(Wilcox on rank-sum (Mann-Whitney test). Kaplan-Meier method was used for analysis of recurrence-free survival. The analysis
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was carried out by using statistical analysis STATA 12.

As the main criteria of adequate setting of antitumor immune response the following issues were taken into consideration:
a level of expressiveness of tumor necrosis factor alpha (TNF-a), a level of expressiveness of interleukin-12 (IL-12), a number of
activated T-lymphocytes (cells/ul) at the beginning of the late postsurgical period (the 10th day after a surgery) it is point O, in 2
weeks (point 1), in 3 weeks (point 2), in 8 weeks (point 3), in 10 weeks (point 4) and in 12 weeks (point 5). The duration of relapse-
free survival period (RFS) of the disease was also analyzed during the whole observation period (24 months).

RESULTS AND DISCUSSION

During the observation, the growth of average numbers of expressiveness level of TNF-o from monitoring point 1 to point
2 was noticed in both groups of female patients, which corresponds to the second and third weeks of the postsurgical period. In
the Reference group this number was gradually decreasing later, while in the Main one it had decreased by the 8th week and it
remained unchangeable till the 10" week and by the 12" week, it grew to 2.1 pg/ml (Figure 2).
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Figure 2. Dynamics of mean values of expression level TNF-a in patients of the Main study group compared to the reference
group; mean (95% Cl); (*- p<0.05; Mann-Whitney test).

Both in the Main and in the Reference group there was a gradual increase of an average number of interleukin expressive-
ness level -12 from point O to point 3 of the monitoring, which corresponds to the first and eighth observation weeks. Unlike the
Reference group, in the Main group, the average number of expressiveness IL.-12 remained almost on the same level (94.2 t0 93.5
pg/ml) during 10" and 12" weeks, while in the Reference group it decreased from 72.7 to 54.8 pg/ml (Figure 3).
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Figure 3. Dynamics of mean values of expression level IL-12 in patients of the Main study group compared to the reference group;
mean (95% Cl); (*- p<0.05; Mann-Whitney test).
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This dynamics of TNF-a and IL-12 expressiveness in the group under study is understandable if to pay attention to the num-
ber of activated T- lymphocytes of CD3*/CD25* subpopulations that female patients had. In contrast to the Reference group, the
number of activated T- lymphocytes increased from the first to the eighth week of observation: on average from 98 to 203 cells/
pl (A=105, p<0.05) among the patients who had the BC management scheme with included Camelyn Bio. At the same time, this
rate in the Reference group increased to 171 cells/ul on average during the second week of monitoring and its gradual decrease
from 167 to 122 cells/pl was recorded (Figure 4) at the subsequent monitoring points.
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Figure 4. Dynamics of mean values of the number of activated T-lymphocytes in patients of the Main study group compared with
the reference group; mean (95% Cl); (*- p<0,05; Mann-Whitney test).

It is becoming clear that the harmonization of immune homeostasis with the help of exogenous peptides (Camelyn Bio) pro-
vides a more productive interaction of immunocompetent cells with circulating tumor cells. Obviously, this leads to the activation
of interleukin-12 and TNF-a synthesis by means of macrophages and T-lymphocytes, and also contributes to additional recruit-
ment of T cells. The experience of our observations shows that the immune homeostasis harmonization by means of exogenous
peptides contributes to the improvement of patients’ disease-free survival. During the 24 months of the observation period in the
Main group (Camelyn Bio), no relapses or metastases were recorded among 35 (92.1%) female patients. In the Reference group,
a relapse-free course of disease was noted among 29 (76.3%) of patients (Figure 5). One patient in the Main group had a tumor
relapse, and two patients had metastasis of the tumor in the contra-lateral mammary gland. In the Reference group, relapses
were detected in 3 patients, 6 patients had metastases in different organs. The analysis of Kaplan-Meier relapses free survival
lines is shown in Figure 6.
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Figure 5. Distribution of patients according to the results of observation (24 months) in the study groups (%).
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Figure 6. The curves of recurrence free survival of patients with breast cancer in the main study group (Camelyn Bio) and the
reference group (Kaplan-Meier curves analysis).

The analysis of survival lines showed that the 24-month recurrence-free survival of the patients in the Main group was 91,8%
(95% CI: 84,7-98,9%), and in the Reference group- 76,3 (95% Cl: 62,8-89,8%). Thus, during the 24 months of observation of
the group of patients taking Camelyn Bio, the significant increase in non-recurrent survival and a reduction in the risk of tumor
and metastases recurrence was noticed during the indicated period by71.8% - Hazard ratio (95% CI)=0,292 (0,094 - 0,907);
p=0,046. All patients in the study groups have a 24-month observation period, but observations are ongoing.

CONCLUSION

It should be noted that primary reconstructive-plastic surgery is necessary for patients having breast cancer not only as a
part of a therapeutic strategy but also as an opportunity to return to a fulfilling life. Complex treatment with the use of adjuvant
chemotherapy allows achieving optimal results. Practice confirms that it is also very important to restore immune homeostasis
of female patients in order to ensure the most effective immune control as a continual process of the immune-competent cells
counteracting the spread of the disease. The obtained clinical results indicate that the harmonization of immune homeostasis by
integrating Camelyn Bio into the breast tumor management scheme creates conditions for increasing the treatment efficiency of
the disease. In the group of patients receiving Camelyn Bio, during the 24 months of observation a reduction in the risk of recur-
rence and metastases during the indicated period was noted at 71.8%. It should be emphasized that the study of immunological
effects of Camelyn Bio should be continued in other studies, because the drug demonstrates the promising potential of applica-
tion in clinical oncology.
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