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M. Stakheyeva1, 3, 4, *, D. Eidenzon2, E. Slonimskaya1, M. Patysheva1, I. Bogdashin1, E. Kolegova1, 
E. Grigoriev1, E. Choinzonov1, N. Cherdyntseva1, 4

1Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences, 
Tomsk 634009, Russia

2Novospark Corporation, Waterloo, Ontario N2T2Z4, Canada
3Tomsk Polytechnic University, Tomsk 634050, Russia

4Tomsk State University, Tomsk 634050, Russia

The immune system dramatically contributes to the pathogenesis of cancer. An integral estimation of immune system state is con
sidered to be perspective as a prognostic criterion for cancer. We hypothesize that the integral characteristic, uniting numerous 
parameters of immune response to tumor and presenting the state of the immune system of a cancer patient, may be of prognostic 
significance. The aim of this work was to verify this hypothesis. Materials and Methods: We have evaluated 17 parameters cha
racterizing key innate and adaptive arms of immune system in 146 patients with primary diagnosed local breast cancer (BC) before 
cancer treatment. Using the original integrative approach of NovoSpark Corporation (Canada), we have presented the state of the 
immune system by a single visual image for each patient. Results: We classified all BC patients in two groups: with favorable and 
unfavorable immune system states according to our previous data demonstrating dramatic differences of the visual images of im
mune system states in patients with good or poor disease outcomes. Then, we have examined the relationship between integral 
characteristic of the immune system state and the clinical outcome. The 3year diseasefree survival (DFS) of BC patients with 
favorable immune system state was more than 96.0% vs 65.4% in patients with unfavorable status (p = 0.00006). Univariate Cox 
proportional hazards regression analysis showed that the integral characteristic of immune system state assessed prior to cancer 
treatment as unfavorable, was predictive of the poorer DFS (HR = 15.70 [2.15–114.90], p = 0.0007). Conclusion: The integral 
characteristic of the immune system state is a significant prognostic factor in BC patients. The BC patients with favorable integral 
immune system state can be considered as a target group for immunotherapeutic approach.
Key Words: breast cancer, cancer outcome, cancer prognosis, immune system.

The prediction of cancer outcome in general and 
in breast cancer (BC) in particular gives an important 
clue to provide effective care for patients with ma
lignant tumors. Favorable or unfavorable prognosis 
of the disease defines the choice of a cancer treatment 
protocol for every single patient. Therefore, the ade
quacy of treatment regimens, which means maximum 
therapeutic effect combined with maintaining the good 
quality of life and low cost, depends on the accuracy 
of the outcome prognosis [1–4].

Due to an impressive growth in the knowledge in the 
area of molecular and cellular pathogenesis of malignan
cies, a lot of molecular and cellular predictors have been 
implemented in the cancer patients’ care over the last 
decade. For example, the BC classification by Therese 
Sørlie and Charles M. Perou (2001) is based on molecular 
and genetic features of BC cells; it drastically improves 
the accuracy of the BC outcome prediction and offers the 
opportunity to personalize treatment [5]. Nevertheless, 

some cancer patients are still devoid of correct forecast
ing [6–8], that results in either the early tumor progression 
or unreasonable toxic loads or substantial cost increases 
[3, 9–12]. Thus, further search for predictive criteria 
of cancer outcome is an urgent task.

Progress in the discovery of the cancer molecular 
and cellular pathogenesis has provided plenty of evi
dence that the immune system plays a significant role 
in cancer initiation, promotion and progression [13–18]. 
Therefore, many immunological parameters were con
sidered to be the perspective cancer outcome predic
tors [4, 13, 16, 17, 19–24] and now the prognostic value 
of some of them has been clinically proved [13, 21, 25]. 
Moreover, the accuracy of outcome prediction in colon 
cancer patients, based on immunological findings, has 
been shown to be higher than that based on classical 
clinical and pathologic parameters [26–29].

The majority of the proposed immunological cri
teria are related to the local immune response to tu
mor [13, 19, 20, 23, 24, 27–29]. But we should take 
into consideration that cancer is a systemic disease 
and it invades the entire body rather than only a local 
site [30–32]. It seems acceptable that the immune sys
tem as a system, maintaining the entirety of the body 
and working in a coordinated fashion against nume
rous threats from the external or internal environment, 
responds to a tumor as an entire unit as well [33, 34]. 
In this case, not only local, but systemic immunological 
parameters could be useful for integral characteristic 
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of the immune response [27, 35–37]. The observation 
of the entire rhythm of the activity of many parameters 
of systemic immunity in cancer patients by Dronka 
et al. (2011, 2012) supports the existence of an integra
tive immune response to a tumor [35–37]. Our previous 
works also give certain evidence of integral response 
of immune system to tumor. We have demonstrated 
that to classify BC patients according to their disease 
outcomes with the least error, we should include seve
ral (about 18–22) immunological parameters in the 
classification model. If the number of the parameters 
is less, the error grows [38]. In other words, the im
mune system provides the response to tumor by key 
patterns of immunological mechanisms [16].

The next question is what approach should be applied 
to characterize such a complex and multidimensional 
system in the tumor bearing host [39]. One of the ways 
is the systems biology approach, which is difficult for 
a routine practice due to the multipara meter measure
ments need to do and data abundance for interpretation 
[40, 41]. Therefore, the desired approach should reflect 
multidimensionality of the immune system and provide 
available data interpretation. The multidimensional visual
ization integrative approach of the NovoSpark Corporation 
(Canada) meets these requirements. The core idea behind 
the NovoSpark’s visualization technique is to pre sent each 
multidimensional observation as a single twodimensional 
curve. The approach establishes a onetoone accor
dance between data records and observation curves [42].

In our previous study, we have applied the approach 
of NovoSpark multidimensional data visualization 
to generate an integral characteristic of the immune 
system state, uniting 52 separate immunological pa
rameters, in 65 BC patients before treatment [43]. When 
we analyzed features of a visual curve as an integral 
characteristic of the immune system for each BC pa
tient, we found that its location in multidimensional 
data space depends on disease outcome followed for 
3 years [43]. The obtained data allow us to assume that 
a unified characteristic of the integral state of the im
mune system can have a predictive value for cancer out
come. The goal of this work is to verify this hypothesis.

MATERIALS AND METHODS
Patients. 146 patients diagnosed with primary 

local BC between October 2003 and December 
2006 were enrolled in the investigation. The median 
age was 51 years (age range: 45–56). The patient 
pathological stages ranged from I to III. Patients with 
diagnosed metastatic BC (i.e. IV stage) were not 
enrolled. The main patient clinical and pathological 
characteristics are summarized in Table 1, part A.

None of the patients had previously received any 
cancer treatment.

During the course of cancer treatment, the patients 
underwent a curative surgery of primary tumor (radical 
mastectomy, radical and sectoral resection) and of re
gional lymph nodes. The cancer treatment obligatory 
included the appropriate courses of neoadjuvant chemo
therapy, adjuvant chemo, radio and hormonal therapies 

according to the pathological stages and routine pre
dictive criteria (Table 1). The standard chemotherapies 
regimens predominantly used in the study are FAC, CAF.

The patients were followed for disease progression 
until 3 years after the enrollment of the last patient 
(December 2009). We have estimated the disease
free survival (DFS) as the time between the enroll
ment and the date of the first detection of the tumor 
progression. There were four types of BC recurrences 
that we regarded as a progression: 1) hematogenous 
metastases, 2) local relapse, 3) simultaneous meta
stasis and local relapse, 4) as well as the second tumor 
manifestation in the other breast.

All the patients gave written informed consent 
to participate in this investigation. The study was 
approved by Ethics Committee of Tomsk Cancer 
Research Institute and performed according to the 
guidelines of Declaration of Helsinki.

Methods. To characterize the immune system state 
as an integral unit, we estimated separate parameters 
of the innate and adaptive arms of immune system in the 
BC patients and then we integrated the obtained values 
into a single characteristic as a visual image using No
voSpark Visualization approach. The previous research 
has shown that only 17 of 52 immunological parameters 
were significant for the association with BC outcomes, 
and we have selected the following ones: percentage 
of CD4+, CD8+, CD56+, CD22+ and CD95+ peripheral blood 
mononuclear cells (PBMC); spontaneous and mitogen 
stimulated secretion of interleukin1β (IL1β) and tumor 
necrosis factorα (TNFα) by PBMC; neutrophil functional 
activity; immunoglobulins (Ig) of A, M, G classes and cir
culating immune complexes (CIC) in blood serum [44]. 
In order to test the immune system state, venous blood 
was obtained from the patients before cancer treatment.

Immunological Parameters Assay
Cell preparation for immunochemical staining 

or culturing in vitro. The PBMC were isolated by the 
density gradient centrifugation from peripheral blood 
that was collected into BD Vacutainer Plus Cell Prepa
ration Tubes (BD Diagnostics, USA) according to the 
manufacturer’s instructions. Some cells were then 
resuspended (2•106 cells/ml) in phosphate buffered 
saline for immunochemical staining; other cells were 
resuspended (5•106 cells/ml) in RPMI1640 (Invitrogen, 
USA) with 5% heatinactivated fetal cow serum (Invit
rogen, USA) for seeding in 96well Ubottom plates for 
further estimation of their cytokine secretion level. The 
second procedure was performed in sterile conditions.

Immunocytochemical staining of peripheral blood 
lymphocytes. In order to quantify PBMC subpopu
lations, we have applied the immunocytochemical 
method described in [45]. Briefly, the fresh isolated 
PBMC were placed on a glass slide and then coincu
bated with primary specific antibodies for 40 min at the 
room temperature. The primary mouse monoclonal 
antihuman antibodies were used against molecules 
CD4 (Edu2), CD8 (UCHT74), CD22 (RFB4) and 
FAS/CD95 (LOB317) that were produced by NovoCastra 
(UK) and CD56 (MOC1) produced by DAKO (Denmark). 
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Then the slides were dried by a filter paper, and the cells 
underwent a reaction with compounds of Visulisation 
PolymerHRP detection system EnVision (DAKO, Den
mark). This stage lasted for 30 min. The nuclei of cells 
were additionally stained by hematoxylin. The immu
nocytochemical analysis was performed by the light 
microscope Axiostar Plus, Carl Zeiss. The results of the 
analysis were presented as the percentage of positively 
stained cells in the sample (500 cells in all fields of view).

Estimation of cytokine level in supernatant medium 
of PBMC in vitro. The fresh isolated PBMS were placed 
into 96-well U-bottom plates at 250•103 cells/well and 
incubated at 37 °C with 5% CO2 for 24 h in the full culture 
medium RPMI1640 described above. The basic cytokine 
production was measured without suplemented stimula
tors. To stimulate TNFα and IL1β production, we added 
phytohemagglutinin (25 µg/ml, Sigma, USA) and lipo

polysaccharides (10 µg/ml, Sigma, USA), respectively. 
The obtained supernatants were harvested and stored 
at –80 °C until detection by ELIZAassay kits (Cytokine 
Ltd, Russia) according to manufacturer’s instructions.

NBT-test for neutrophils functional activity estima-
tion. The functional activity of neutrophils was detected 
by the nitro blue tetrazolium reduction test (NBTtest) 
by Nesterova et al. [46]. We mixed 50 µl of fresh blood 
with 25 µl of 0.2% NBT solution and 25 µl of PBS 
in glass tubes to estimate the basic activity of the 
neutrophils. By substituting phosphate buffered sa
line for the opsonized zymosan solution we were able 
to estimate the stimulated neutrophil activity.

After the incubation for 30 min at 37 °C we smeared 
a drop of the reactive mixture on the surface of a glass 
slide. To visualize the reaction, we used a light mi
croscope Axiostar Plus (Carl Zeiss, Germany). The 

Table 1. Clinical and pathological characteristics of BC patients
A B C D

Variants of param-
eters Total Without pro-

gression
Tumor pro-
gression

Type of tumor progression Type of immune system state
Haematoge-
nous meta-

stases

Local  
relapses

Local relap-
ses and me-

tastases

Tumor  
in second 

breast

Favorable im-
mune system 

state

Unfavorable 
immune sys-
tem status

n (%)
Number  
of patients

146 104 (71) 42 (29) 32 (22) 6 (4) 2 (1.5) 2 (1.5) 28 118

Age, year (Me, LQu–UQu)
51 (45—56) 50.5 (46–56) 52 (43–57) 54 (53–56) 51 (45–57) 37 (35–39) 49.5 (42–57) 51 (45–56) 51 (45–56)

Menstrual status, n (%)
Menstruation 72 (49) 50 (48) 20 (48) 16 (50) 1 (17) 2 (100) 1 (50) 12 (43) 58 (49)
Menopause 74 (51) 54 (52) 22 (52) 16 (50) 5 (83) 0 1 (50) 16 (57) 60 (51)

Tumor localization, n (%)
Right 81 (55.5) 53 (51) 27 (64) 20 (63) 4 (67) 2 (100) 1 (50) 9 (32) 72 (61.1)
Left 64 (43.8) 51 (49) 14 (33) 11 (34) 2 (33) 0 1 (50) 19 (68) 45 (38.1)
Both 1 (0.7) 0 1 (3) 1 (3) 0 0 0 0 1 (0.8)

Clinical form, n (%)
Nodular 95 (65.07) 72 (69) 23 (55) 17 (53) 3 (50) 1(50) 2 (100) 23 (82) 72 (61)
Multi-foci 41 (28.08) 28 (27) 13 (31) 10 (31) 2 (33) 1(50) 0 5 (18) 36 (30.5)
Inflammatory- 
infiltrative

10 (6.85) 4 (4) 6 (14)# 5 (16) 1 (17) 0 0 0 10 (8.5)

Histology, n (%)
Ductal 133 (91) 93 (89) 40 (95) 30 (94) 6 (100) 2 (100) 2 (100) 26 (93) 107 (91)
Lobular 7 (5) 6 (6) 1 (2.5) 1 (3) 0 0 0 2 (7) 5 (4)
Others 6 (4) 5 (5) 1(2.5) 1 (3) 0 0 0 0 6 (5)

Pathological stage, n (%)
I 11 (8) 10 (9.5) 1 (2.5) 1 (3) 0 0 0 1 (4) 10 (8)
II 78 (53) 64 (61.5) 14 (33) 8 (25)* 4 (67) 0 2 (100) 20 (71) 58 (50)
III 57 (39) 30 (29) 27 (64)# 23 (72)* 2 (33) 2 (100) 0 7 (25)* 50 (42)

Tumor size T, n (%)
1 21 (14) 14 (13) 7 (17) 6 (19) 0 0 1 (50) 2 (7) 19 (16)
2 93 (64) 71 (68) 22 (52) 16 (50) 5 (83) 0 1 (50) 21 (75) 72 (62)
3 20 (14) 12 (12) 8 (19) 7 (22) 0 1 (50) 0 3 (11) 17 (14)
4 12 (8) 7 (7) 5 (12) 3 (9) 1 (17) 1 (50) 0 2 (7) 10 (8)

Lymph node involvement N, n (%)
0 60 (41) 54 (52) 6 (14)* 3 (9.5)* 3 (50) 0 0 15 (54) 45 (38)
1 49 (34) 34 (33) 15 (38) 11 (34) 2 (33) 0 2 (100) 9 (32) 40 (34)
2 29 (20) 12 (11) 17 (38)*, # 15 (47) * 1 (17) 1 (50) 0 3 (11) 26 (22)
3 8 (5) 4 (4) 4 (10) 3 (9.5) 0 1 (50) 0 1 (3) 7 (6)

Neoadjuvant chemotherapy, n (%)
114 (78) 80 (77) 34 (81) 25 (78) 5 (83) 2 (100) 2 (100) 22 (79) 92 (78)

Operation, n (%)
Radical  
mastectomy

94 (64) 65 (63) 29 (69) 22 (69) 4 (66) 2 (100) 1 (50) 15 (54) 79 (67)

Radical  
resection

26 (18) 18 (17) 8 (19) 6 (19) 1 (17) 0 1 (50) 6 (21) 20 (17)

Sectoral  
resection

26 (18) 21 (20) 5 (12) 4 (12) 1 (17) 0 0 7 (25) 19 (16)

Adjuvant chemotherapy, n (%)
119 (81) 83 (80) 36 (86) 27 (84) 5 (83) 2 (100) 2 (100) 25 (89) 94 (80)

Adjuvant radiotherapy, n (%)
93 (64) 56 (54) 37 (88) 30 (94) 3 (50) 2 (100) 2 (100) 17 (61) 76 (65)

Adjuvant hormonotherapy, n (%)
85 (58) 54 (52) 31 (74) 24 (75) 4 (67) 2 (100) 1 (50) 20 (71) 65 (55)

Note: *differences are statistically significant in comparison with total group, p < 0.05; #differences are statistically significant in comparison with group 
without progression, p < 0.05.
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results of the reaction were expressed in two ways: 
as a percentage of positively stained neutrophils out 
of all 500 neutrophils and as an integral parameter 
of staining intensity of each neutrophil. The last para
meter was calculated on a scale of 1 to 4, with 1 point for 
a neutrophil with less than a quarter of cell area stained 
with formazan — a product of NBT reduction; 2 points — 
from a quarter to a half of cell area; 3 points — from 
a half to three quarters of cell area and 4 points — more 
than three quarters of cells area.

Estimation of serum soluble factors. Ig A, M, G, and 
CIC were estimated in serum of patients. The sera were 
isolated by centrifugation from the blood collected into 
BD Vacutainer Plus Cell Preparation Tubes (BD Dia
gnostics, USA) according to the manufacturer’s in
structions. We stored all the sera at –25 °C until the 
analysis by ELISAassay and then estimated Igs and 
CICs in the samples by using the corresponding kits 
produced by VectorBEST (Russia).

Multidimensional Data Visualization Method. 
In our study, we used a data visualization integrative 
approach of the NovoSpark Corporation (Canada) [42].

To generate the single characteristic of the im
mune system state in each BC patient we entered the 
17 separate immune parameters in the table of the 
NovoSpark Visualizer software and then we got indi
vidual curve, having own shape and location in multi
dimensional data space.

Statistical analysis. Statistical analysis was 
performed using Statistica version 6.1 (StatSoft Inc). 
Differences between groups were evaluated using the 
chisquare test for categorial variables and the non
parametric Mann — Whitney Utest for continuous vari
ables. DFS was estimated by using the Kaplan — Meyer 
method, and differences between groups with favorable 
and unfavorable immune system states were tested with 
logrank test. Hazard ratios (HR) were determinated 
using the Cox proportional hazard model. Differences 
were considered significant when p < 0.05.

RESULTS
Characteristics of BC patients with different 

outcomes. The median time of the followup was 
34.8 months (interquartile range 26.3–42.3) with the 
maximum of 81.5 months. The 3year DFS and the median 
of DFS of the BC patients enrolled in the study was 73.0% 
and 61.1 months, respectively (Fig. 1). At the last follow
up, 104 out of 146 patients (71.2%) had no signs of cancer 
progression while 42 women (28.8%) demonstrated one 
of the recurrence types. In particular, 32 women (21.9%) 
had hematogenous metastases, 6 women (4.1%) — local 
relapse, 2 wo men (1.4%) and 2 women (1.4%) — simul
taneous local relapse and metastasis, and a tumor in the 
other breast respectively (Table 2).

The BC patients without progression during 
followup period had not marked clinical and patho
logical differences with total BC patients’ group 
enrolled in the study (Table 1, columns A and B). The 
women, who have displayed BC progression within 
followup period, showed high frequencies of lymph 

nodes involvement (grade N2) and lower incidences 
of N0 as a sign of higher grade of malignancy com
pared with total patients’ group (p < 0.05, Table 1, 
columns A and B). In general, marked differences 
were associated with clinical and pathological fea
tures of BC patients with hematogenous metastases 
(Table 1, columns A and C). The younger age was 
a specific characteristic in women with the simulta
neous local relapse and hematogenous metastases 
(p < 0.05, Table 1, columns A and C).

The comparative analysis of the patients, who sur
vived during followup period without progression, and 
the patients with recurrences showed some diffe rences 
in clinical features: high frequencies of lymph node me
tastasis N2, prevalence of tumor stage III and inflamma
tory clinical type were observed more often in the group 
with the progression (p < 0.05, Table 1, column B).

Although the BC patients with different disease 
outcomes had clinical and pathological differences, 
only IL1β secretion by PBMC was distinguished in the 
women with and without tumor progression. Higher 
level of IL1β secretion was observed in relapsefree 
BC patients (Table 3).

Characteristics of BC patients with favorable 
and unfavorable immune state. Presenting an im
mune system state in an integral visual image of Novo
Spark Visualizer software for all 146 BC patients, 
we identified two groups of patients: with favorable 
(associated with DFS) or unfavorable (associated with 
recurrences) immune system state. The separated two 
groups were not identical to the groups of BC patients 
with and without progression in followup period (Ta
ble 1, column D). Clinical and pathological character
istics in BC patients with unfavorable immune system 
states did not differ from ones in total group, however 
women with favorable immune system states showed 
lower proportion of tumor stage III than in common 
group (p < 0.1, Table 1, columns A and D).

We found no significant differences of clinical and 
pathological characteristics in BC patients with favor
able and unfavorable immune system states (Table 1, 
column D). Cancer treatment regimens were similar 
in both groups (Table 1, column D).

The BC patients with favorable and unfavorable 
immune system states had no significant diffe rences 

Fig. 1. DFS of BC patients enrolled in study
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among separate immunological parameters, estimated 
in the study, except of the inflammatory cytokines Il1β 
and TNFα secretion by PBMC (Table 3, column D). The 
PBMC in BC patients with favorable immune system 
states produced higher level of these cytokines in greater 
quantities than in women with unfavorable states.

Survival of BC patients with favorable and 
unfavorable immune system states. Despite the 
absence of the substantial clinical and pathological 
differences, except of ILβ and TNFα cytokines, pro
duced by PBMC, and similar cancer treatment regimen 
in compared groups, the 3years DFS in BC patients 
with favorable immune system states was more 96.0%, 
while in women with unfavorable immune system states 
it reached only 65.4% (p = 0.00006, Fig. 2).

Integral immune system state is a prognostic 
factor for BC DFS. To clarify whether integral cha
racteristic of the immune system state as favorable 
or unfavorable was associated with clinical outcome 

in BC patients, univariate Cox proportional hazards 
regression analysis was performed. We have found 
the predictive value of integral immune system 
state. The unfavorable state of immune system de
tected prior cancer treatment predicts of worse DFS 
(HR = 15.70 [2.15–114.90], p = 0.0007). This fact con
firms our hypothesis that the integral characte ristic of the 
immune system state in BC patients has predictive value.

DISCUSSION
The immune system is a complex net of thousands 

of different components acting on different targets and 
regulated by various negative and positive feedback 
loops [41]. Despite its multielement structure, immune 
system is able to respond to any perturbation in co
ordinated fashion [33] as an integral unit. We suggest 
that similar integral fashion is implemented by immune 
system against tumors. In our previous study, using the 
integrative approach of multidimensional visualization 
(NovoSpark Corporation) to portray immune system 

Table 3. Immunological parameters of BC patients (Me, LQu-UQu)
A B C D

Variants  
of parameters Total Without  

progression
Tumor  

progression

Type of tumor progression Type of immune system state
Haematoge-

nous  
metastases

Local  
relapses

Local relap-
ses and meta-

stases

Tumor  
in second 

breast

Favorable  
immune  

system state

Unfavorable 
immune  

system status
CD4+ T-lympho-
cytes,%

30 (20–40) 30 (22–40) 29 (17–41) 29 (16–40) 39 (14–54) 21 (19–24) 42 (20–64) 32 (21–40) 30 (20–40)

CD8+ T-lympho-
cytes,%

24 (18–31) 24 (18–32) 25 (19–28) 23 (18–30) 22 (16–35) 28 (28–28) 24 (20–28) 23 (18–30) 25 (19–32)

CD4+/CD8+ ratio 1.2 (0.9–1.7) 1.2 (0.9–1.7) 1.3 (0.8–1.7) 1.4 (0.7–1.7) 1.2 (0.8–1.9) 0.8 (0.7–0.9) 1.6 (1.0–2.3) 1.2 (0.9–1.8) 1.2 (0.9–1.7)
CD56+ NK cells, % 15 (9–22) 14 (8–21) 17 (10–24) 15 (9–24) 18 (17–32) 16 (14–18) 21 (15–27) 17 (10–25) 15 (8–22)
CD22+ B-lympho-
cytes, %

17 (14–24) 17 (14–24) 16 (13–24) 15 (12–22) 20 (12–33) 19 (17–20) 25 (19–31) 19 (15–23) 17 (14–25)

CD95+ PBMC, % 13 (7–21) 13 (8–21) 14 (7–30) 12 (7–21) 27 (7–44) 20 (14–25) 25 (10–40) 20 (7–31) 12 (8–21)
Functional reserve 
of neutrophils, 
units

58 (32–91) 61 (28–91) 58 (35–91) 80 (34–103) 42 (28–55) 54 (50–58) 57 (55–58) 63 (38–93) 58 (30–91)

Functional reserve 
of neutrophils, %

40 (22–60) 38 (18–60) 40 (25–57) 44 (24–64) 33 (25–40) 31 (30–32) 38 (30–45) 36 (25–55) 40 (21–60)

Spontaneous  
activity of neutro-
phils, units

6 (3–13) 5 (3–11) 7 (3–15) 6 (2–20) 8 (8–14) 7 (4–10) 26 (3–49) 5 (2–12) 6 (3–13)

Spontaneous  
activity of neutro-
phils, %

5 (3–12) 5 (3–11) 7 (3–15) 6 (2–16) 8 (6–13) 7 (4–10) 15 (3–27) 5 (2–12) 6 (3–12)

CIC in serum, 
units

70 (50–100) 70 (50–90) 75 (50–103) 60 (50–105) 90 (70–110) 60 (40–80) 75 (70–80) 90 (50–120) 70 (50–100)

IgG level  
in serum, g/l

15.6 
(11.7–20.0)

15.7 
(11.7–20.1)

15.6 
(12.4–19.0)

15.8 
(10.6–19.4)

13.5 
(12.5–17.3)

17.4 
(13.8–21.0)

13.2 
(13.1–13.3)

17.1 
(12.4–19.0)

15.4 
(11.7–20.1)

IgМ level  
in serum, g/l

1.8 (1.4–2.6) 1.7 (1.3–2.6) 1.9 (1.5–2.6) 1.9 (1.5–2.6) 2.3 (2.3–4.1) 1.7 (1.6–1.8) 1.6 (1.5–1.6) 2.0 (1.4–2.7) 1.7 (1.4–2.5)

IgА level  
in serum, g/l

2.5 (1.8–3.1) 2.5 (1.8–3.0) 2.7 (1.8–3.2) 2.7 (1.8–3.4) 2.5 (1.7–3.2) 2.9 (2.8–3.0) 1.5 (1.3–1.6) 2.6 (1.9–3.2) 2.5 (1.8–3.1)

Spontane-
ous production 
of TNF-α by PBMC, 
pg/ml

111  
(28–468)

105  
(36–613)

156  
(7–298)

184  
(7–325)

183  
(66–483)

112 7 443  
(170–2398)

73  
(15–281)#

Spontaneous pro-
duction of IL-1β 
by PBMC, pg/ml

394  
(150–1399)

606  
(177–1846)

241  
(77–718)*

209  
(84–544)*

343  
(16–3713)

650 1025 842  
(349–2231)

253  
(120–975)#

Stimulated pro-
duction of IL-1β 
by PBMC, pg/ml

1715  
(700–4932)

2127  
(655–5850)

1667  
(720–3500)

1642  
(898–1715)

1870  
(0–4932)

720 3500 7145  
(4661–9895)

1209  
(546–2943)#

Note: *differences are statistically significant in comparison with group without progression, p < 0.05; #differences are statistically significant in comparison 
with group favorable immune system state, p < 0.05.

Table 2. Frequencies of outcomes in BC patients
Number of patients, n (%), n = 146

Without progression Tumor progression
All types of relapses Local relapses Metastases Local relapse and metastasis Tumor in second breast

104 (71.2) 42 (28.8) 6 (4.1) 32 (21.9) 2 (1.4) 2 (1.4)
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state as a single visual image [43], we found that the 
immune system can be reside in at least two differ
ent states. One status, which we called as favorable, 
was observed in BC patients without recurrence, and 
another status — unfavorable — was associated with 
relapses in BC patients within 3 year followup pe
riod [43]. Existence of different states of an immune 
system in cancer patients is in concordance with the 
concept of cancer immunoediting, which postulated 
immune system ability to protect cancer or, in contrast, 
to promote tumor growth and progression [47].

Dronka et al. (2012) identified similar opposite states 
of the immune system in patients with metastatic mela
noma [35–37]. But they observed change of the immune 
upregulation (activation) and downregulation (toler
ance) during 3–4 days period, while we consider that 
antitumor and protumor states of the immune system 
can be more stable and longer to determinate clinical 
features of cancer and disease outcome in each person.

In the current study, we classified 146 ВC patients 
by estimating their integral immune system state with 
using the multidimensional data visualization ap
proach. As a result, we have discerned two groups: 
with favorable or unfavorable states of immune 
system (Table 1, column D). These groups are not 
similar to groups divided using classification of can
cer outcomes (Table 1, columns B and D), they are 
not distinguished from the total group either clinically 
or by pathological features, except less number of per
sons with stage III among the patients with favorable 
state of the immune system (Table 1). It is significant 
that the BC patients with favorable or unfavorable 
integral status of immune system were not different 
between each other, including single immunological 
parameters, except IL1β and TNFα cytokines pro
duced by PBMC in vitro (Tables 1, 3). However, the 
difference in the DFS proved real existence of different 

BC clinical groups: a group with a favorable immune 
system state had better DFS compared to a group with 
an unfavorable state (p < 0.00006, Fig. 2). Therefore, 
an integral characteristic of immune system in BC pa
tients identifies special clinical group with favorable 
prognosis, which can not be detected by clinical, 
pathological or separate immunological parameters.

The answer to a question, why an integral charac
teristic of the immune system identifies differences 
among BC patients according their disease outcomes, 
whereas single immunological parameters can not do it, 
is related to key characteristics of “systems thinking” 
by F. Capra (1997). “The system thinking” supports the 
view that the functioning whole is more effective than 
the sum of its parts, especially relationships. In other 
words, due to multimodal regulatory relationships the 
whole becomes more functionally effective, than its 
parts [48]. From this point of view, the increased se
cretion of cytokines IL1β and TNFα by PBMC could 
be considered not as a factor of inflammation, involved 
negatively in BC pathogenesis, but as some potential 
multimodal mediator for relationship of different ele
ments of the immune system into integral unit.

Cox’s regression analysis showed that the integral 
characteristic of the immune system state is a consi
derable prognostic factor in BC patients. The risk of pro
gression in BC patients with unfavorable state of the 
immune system is 18 times higher than in patients with 
a favorable condition. Probably the BC patients with fa
vorable integral immune system state constitute a target 
group for immunotherapeutic approach, because they 
have the immune system that is able to carry through 
its protective activity against tumor.
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