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Abstract: A predictive model for the early diagnosis of breast cancer based on the concentration of
some cytokines in the tumor microenvironment in the blood was built in this paper. In the work,
the influence of the following cytokines was studied: monocytic chemoattractant protein-1, vascular
endothelial growth factor, tumor necrosis factor-alpha, interferon gamma, transforming growth
factor-beta1, granulocyte colony stimulating factor, and granulocyte-macrophage colony stimulating
factor. As a result of preliminary statistical analysis, some combinations of these cytokines that
allowed for almost reliable detection of the presence or absence of breast cancer were identified.
Based on the identified combinations, new features were constructed. A machine learning model was
trained using gradient boosting for its classification method. The built model has an accuracy equal
to 1.0 at this stage, so the authors find it reasonable to carry out additional tests of the model for more
patients. However, even at this stage, it can be concluded that the concentration of cytokines in the
blood serum is applicable for the early diagnosis of breast cancer.

Keywords: tumor microenvironment; cytokines; machine leaning; breast cancer; blood analysis;
predictive analysis

1. Introduction

Breast cancer (BC) is the most common type of cancer in women in the world. BC
accounts for about 12 percent of newly diagnosed cancers and 25 percent of all cancers in
women [1]. According to the statistics of the World Health Organization [1], more than
2.3 million cases of BC were diagnosed worldwide in 2020, which accounted for approx-
imately 24.5% of all cancer cases, and more than 680 thousand patients with diagnosed
BC died. The early diagnosis of BC significantly reduces the risk of death. The survival
rate for early BC diagnosis approaches 99.1%, and the mortality rate reaches 70% for late
diagnosis [2] (Figure 1). At the same time, the early diagnosis of breast cancer cannot be
considered sufficient, since the localized stage accounts for only 64% of newly diagnosed
cases of breast cancer (Figure 2) [2].

The incidence and mortality of breast cancer increased rapidly in developing coun-
tries [3–5]. Therefore, along with early diagnostic methods such as mammograms, clinical
breast exams, and breast self-exams, it is of interest to develop new methods of additional
minimally invasive clinical diagnostics that could improve early detection and prognosis
in breast cancer. Such new approaches can be created using methods and algorithms of
artificial intelligence, thereby creating a predictive system for the early diagnosis of breast
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cancer based on a number of biophysiological parameters of the patient. This paper is
devoted to the creation of a predictive system for the early diagnosis of breast cancer by
analyzing the tumor microenvironment and its cytokines. The tumor microenvironment
(TME) is a microenvironment that is formed as a result of the interaction between tumor
tissue and the cells of the immune system that infiltrate it. The concentration of TME
cytokines in the blood varies depending on the activity of the tumor and the presence
of a metastatic process. As shown in [6], the mediator imbalance of the MCO, its special
characteristics, can be used for diagnosing and predicting tumor development. In the
previous work of [6], the authors analyzed changes in the concentration of cytokines in the
TME for breast cancer for two cases—for the incubation of tumor biopsies and for biopsies
of unchanged breast tissue with the determination of spontaneous cytokine production for
analyzing the cytokine concentrations in blood serum. This work describes the experience
of creating a predictive system based on the cytokine concentrations in blood serum, since
this method seems to be more convenient for patients for early BC diagnosis.

Figure 1. 5-Year relative survival.

Figure 2. Percent of cases by stage.

The purpose of this work is to develop a predictive system for early BC diagnosis by
the cytokine concentration in the blood serum.

2. Materials and Methods

Clinical research was carried out in the Regional Clinical Oncological Dispensary,
Saratov, Russia. A total of 80 patients (50–69 years) with diagnosed breast cancer were
involved in this clinical research.

The inclusion criteria were as follows: 1. age 50–69 years, 2. the I–IV stage of BC, 3. the
signed consent to informed participation in the study.

The exclusion criteria were as follows: 1. malignant tumors of other localizations,
2. acute infectious diseases, 3. chronic diseases in an acute phase (bronchitis, bronchial
asthma, pyelonephritis, etc.), 4. concomitant background in the form of somatic diseases in
the sub- and decompensation stage (cardiovascular insufficiency, insufficiency circulatory,
hepatic, renal failure, and diabetes mellitus).
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The comparison group consisted of 26 almost healthy women with ages ranging from
41 to 62 years old.

The study was approved by the local ethics committee of the Medical University
“Reaviz”, Saratov branch (protocol No. 7 dated 21 July 2017).

Healthy women of the comparison group and patients were examined in accordance
with the Clinical Guidelines of the Russian Federation. The patients were classified by the
BC stages according to the TNM classification, revision 7 (2012). The patients were divided
into three groups. The zero study group included healthy women without BC. The first
study group (local cancer, 37 (46%) patients) included patients with the first and second
stages of BC; the second study group (spread cancer, 43 (54%) patients) included patients
with the third and fourth stages.

Samples of seven blood serum cytokines were taken from women of the comparison
group (n = 26) and from the patients with diagnosed BC (n = 80) before therapy. The follow-
ing serum cytokines were obtained: MCP–1 (monocyte chemoattractant protein-1), VEGF
(vascular endothelial growth factor) , TNF–α (tumor necrosis factor-alpha), IFN–γ (inter-
feron gamma), TGF–β1 (transforming growth factor-beta1), G–CSF (granulocyte colony
stimulating factor), and GM–CSF (granulocyte-macrophage colony-stimulating factor).
The levels of MCP–1, VEGF, TNF–α, and IFN–γ were determined by solid-phase ELISA
(a set of reagents of Vector Best JSC, Novosibirsk). For the study of TGF–β1, G–CSF, and
GM–CSF, a “sandwich” ELISA variant (three-stage) with mono- and polyclonal antibodies
to cytokines (R&D Systems, UK) was used. To activate the inactive form of TGF–β1, blood
serum was kept for 60 min before ELISA in an environment with pH 1–2.0, followed by
neutralization to pH 7.2–7.6 [6].

3. Statistical Analysis

At the first stage, a statistical analysis was carried out to determine the parameters
that had the greatest impact on the stage of cancer. Figure 3 shows the matrix of paired cor-
relation coefficients for the studied parameters for three groups of patients (no BC—stage 0,
local cancer—stage 1, spread cancer—stage 2), and for two groups of patients, divided
according to the principle—breast cancer is absent (stage 0) and breast cancer is diagnosed
in any (local or spread) form (stage 1).

(a) (b)

Figure 3. Correlation matrices. (a) three groups (0—no BC, 1—local BC, 2—spread BC); (b) two groups
(0—no BC, 1—local or spread BC).

As can been seen in Figure 3a, there was a positive correlation between the zero stage
of BC (no BC), the local, and the spread BC stages and the cytokine concentrations in the
blood serum: TGF–β1 (R = 0.58; p < 0.05), MCP–1 (R = 0.5; p < 0.05), and G–CSF (R = 0.43;
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p < 0.05) showed positive correlations. meaning retained For GM–CSF (R = 0.41; p > 0.05),
TNF–α (R = 0.32; p > 0.05), and VEGF (R = 0.24; p > 0.05) the correlation with the BC stage
was absent or had a non-linear nature. A completely different situation occurred when
patients were divided into two groups according to the absence of BC and its presence. The
results of the t-test of the statistical significance of differences between these groups for the
considered cytokines are shown in Table 1.

Table 1. Comparison of the baseline cytokines characteristics for BC patients and healthy women
(N total= 107).

No BC Yes BC t-Value t Critical p
Cytokine Mean ±SD Mean ±SD

G–CSF 7.81 2.90 158.25 73.27 10.43 1.98 <0.01
GM–CSF 0.98 0.21 10.04 6.05 6.67 <0.01
VEGF 440.78 239.98 535.54 132.15 2.56 <0.05
MCP–1 186.70 90.75 404.07 212.44 5.06 <0.01
TNF–α 2.15 0.98 6.97 3.47 6.97 <0.01
IFN–γ 20.39 3.36 18.93 5.54 1.22 >0.05
TGF–β1 28,159.62 15,728.94 43,275.01 16,419.02 4.11 <0.01

From Table 1, it follows that the concentrations of all considered cytokines, except for
IFN–γ, were statistically significant and different for patients with and without BC. To
visualize the obtained results, scatter diagrams were constructed for all pairwise combi-
nations of cytokines. Some of these diagrams are shown in Figure 4. As follows from
the scatter diagrams, although IFN–γ did not correlate in any way with the presence or
absence of BC, combinations of IFN–γ and some other cytokines made it possible to quite
clearly identify the intervals for these cytokines values in which not a single case of BC
was observed.

Figure 4. Scatterplots of some pairwise combinations of cytokines. Blue dots are a group of healthy
women, orange dots are a group of local BC, and green dots are a group with spread BC.
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Based on the results of a preliminary statistical analysis, it was decided that it was
necessary to construct new combinations of features for training a predictive machine
learning model.

4. Machine Leaning and Predictive Algorithm

The following combinations of cytokines were taken as new features for training
the predictive classification model: TNF–α and GM–CSF, TNF–α and G–CSF, IFN–γ and
GM–CSF, IFN–γ and G–CSF, MCP–1 and GM–CSF, MCP–1 and G–CSF, VEGF, and G–CSF.

An importance diagram is shown in Figure 5. As can be seen in Figure 5, the vast
majority of constructed parameters had a more significant effect on the target variable than
the cytokines. Therefore, the model was trained on the constructed parameters and on the
G–CSF cytokine.

Figure 5. Percent of Cases by Stage.

The formulated problem was reduced to solving the classification problem when we
assigned the patient to one of two categories (0—no BC and 1—yes BC) based on the
values of the parameters. To solve the problem, the Gradient Boosting for Classification
algorithm and supervised learning were used. Gradient Boosting is a machine learning
technique that is widely used to solve regression and classification problems. In fact, it
represents the decision as a set of weak prediction models, which are typically decision
trees [7,8]. This method works well on samples with heterogeneous data and is able to
effectively find non-linear relationships in data of various natures. The main set of patients
was randomly divided into training and test sets, but in such a way that the resulting
sets were statistically the same with a reliability coefficient no worse than 0.05. The best
parameters for the Gradient Boosting for Classification algorithm were selected using a
Randomized Search on Hyperparameters (RandomizedSearchCV), which allows for the
quick exploration of a wide ranges of parameters of predictive algorithms and their impact
on the accuracy of the generated forecast. For the case under consideration, the following
parameters were recognized as the best parameters for the Gradient Boosting for Classifica-
tion: n_estimators = 1500, min_samples_split = 8, min_samples_leaf = 3, max_features = 5,
max_depth = 4, and learning_rate = 0.001, where n_estimators is the number of gradient
boost steps; learning_rate is the learning rate; max_features is the number of features
to consider when looking for the best split; and max_depth is the maximum depth of
individual regression scores, which limits the node quantities in the tree.

Calculating the ROC AUC metrics score on the test set gave the following results:
an accuracy (overall correct predictions) of 1.0 and an AUC of 1.0. A confusion matrix is
shown in Figure 6. As can be seen in Figure 6, all predicted (Pred) values of the target
variable coincided with true (True) for the test set.
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Figure 6. Percent of cases by stage.

5. Conclusions

In this work, the predictive system for the early diagnosis of breast cancer was built
based on machine learning methods. The concentration of cytokines in blood serum and
their combinations were used for a prognosis. The accuracy of the prediction value being
equal to 1 can be explained by the following reasons. Firstly, the model was trained on
constructed features, which were pairs of cytokines. Furthermore, these pairs were defined
at the stage of preliminary statistical analysis as combinations that were clearly different
for patients who have BC and those who do not. Therefore, it was possible to divide
the patients into two categories based on these pairs of cytokines. Secondly, the training
and test sets were obtained randomly from the initial sample but in such a way that they
were not statistically distinguishable. Third, the result obtained can be explained by the
insufficient number of patients in the initial set. Therefore, as the next step, the further
testing of the constructed predictive system for a larger quantity of patients has to be
carried out. However, even at this stage, it can be concluded that the concentration of
cytokines in the blood serum is applicable for the early diagnosis of breast cancer.
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