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Abstract. Endometrial cancer (EC) is the most common gynecological tumor in
high-income countries, and its incidence has increased over time. The most critical
risk factor for EC is the long-term unopposed exposure to increased estrogens both
exogenous and endogenous. Machine learning can be used as a promising tool to
resolve longstanding challenges and support identification of the risk factors and
their correlations before the clinical trials and make them more focused. In this paper we
present the results of the research of the correlation analysis of Endometrial cancer
risk factors. The study was performed with EC patients of the Almazov center in Saint-
Petersburg, Russia. All women involved in the current study underwent radical
surgical intervention due to EC. After initial cancer treatment, they were referred to
the Almazov center outpatient specialists for follow-up visits. Many of them were
readmitted of the inpatient clinic due to relapse. We extracted a variety of parameters
related to lifestyle, dietary habits, socioeconomic, and reproductive features from the
inpatient and outpatient databases of Almazov center. The medical records of the
women with enough data were included in the study. Prediction of Progression-free
survival (PFS) and overall survival (OS) were analyzed respectively. The AUC of
ROC was calculated for PFS = 0.93 and for OS = 0.94.
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1. Introduction

Oncogynecology embraces a group of diseases that originate in the female reproductive
organs. There are five main sites of gynecologic cancers: ovaries, uterus (corpus and
cervix separately), vulva, and vagina. In the year 2019, more than 1.3 million new cancer
cases, arising from those five sites occurred worldwide [1].

Although being grouped, each disease represents a distinct clinical entity with
different incidence, risk factors, clinical presentation, and prognosis [2].

Endometrial cancer (EC) is the most common gynecological tumor in high-income
countries, and its incidence has increased over time [3-4]. In 2018, there were 382,069
cases of EC worldwide [1]. The majority of patients suffering from EC are over 40 years,
although rare cases also occur in younger women [5]. Overall, the median age of women
diagnosed with EC peaks around 60 years.
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EC belongs to so-called hormone-responsive cancers, which implies that hormone
exposure, more specifically, estrogen exposure, is involved in EC occurrence and
progression. Unbalanced estrogen exposure may originate from drugs (e.g., hormone
replacement therapy) or could be a consequence of early menarche, late menopause, and
obesity [3]. Other factors that mimic estrogens, such as endocrine disruptors or cadmium,
are also associated with increased risk of EC [6].

The most critical risk factor for EC is the long-term unopposed exposure to increased
estrogens both exogenous and endogenous [7]. This can be potentially associated with
dietary preferences of a woman. All of them directly or indirectly affect the balance of
estrogen in the body of a woman. Early diagnosis of the EC and its relapses plays an
essential role. The risk of EC relapse depends on patient age and tumor characteristics,
such as type, stage, present of metastases and progesterone receptor expression [8].

Despite the known risk factors, several challenges and poor diagnostic and treatment
outcomes have been reported in the recent systematic review, where failure to diagnose
malignancies early affect treatment provision and prognosis [9]. Therefore, a deeper
analysis ofthe risk factors and their combinations can provide better insights on the
diagnostics andprevention of Endometrial cancer. As clinical trials take much time and
effort, study thecombination of factors can become even more challenging task. Machine
learning approach helps to process large amount of information within shorter time, which
makesit useful in the search for factors affecting the progression of cancer. Although it is
clearthat the disposition to cancer is due to unmodified factors, it may affect when the
cancer"shows itself".

Machine learning can be used as a promising tool to resolve longstanding challenges
and to support identification of the risk factors and their correlations prior to clinical
trials and make them more focused.

In this paper, we present the results of the research of the correlation analysis of
Endometrial cancer risk factors.

2. Methods
The study was performed with EC patients of the Almazov national research center.
2.1. Participation Criteria

Women, diagnosed with EC and admitted to the Almazov National research center
hospital within the period 2011-2020.

2.2. Clinical Data Collection

All women involved in the current study underwent radical surgical intervention due to
EC. After initial cancer treatment, they were referred to the outpatient specialists for
follow-up visits. If the relapse was suspected, a patient was referred back to the inpatient
hospital.

From the Almazov inpatient and outpatient databases we extracted parameters
related to lifestyle, dietary habits, socioeconomic, and reproductive features.
Corresponding medical records were retrieved from the existing database. All data was
analyzed in unidentified fashion. In total, data from 3845 women were processed. We
processed only data of women,who had enough information about their diet in the
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anamnesis. Of these, 9.8% women had relapse or died due to EC progression. Patients'
median age (IQR) at the time of diagnosis was 70.0 (65.3 - 77.0) and BMI = 26.3 (23.7
- 30.1).

2.3. Endpoint Events

The following indicators were calculated — progression-free survival (PFS) and overall
survival (OS), respectively. PFS is the time which a patient lives with cancer without it
worsening. OS is the length of time from the defined start point to death fromany cause.

2.4. Data Analysis

Each experiment ran in the setting of stratified 5-fold cross-validation (i.e., random80%
of patients were used for training and 20% for testing, target class ratios in the foldswere
preserved), which represents the trade-off between sensitivity and specificity of the
model. The AUC was calculated based on an average of 5 curves (one curve per fold in
the setting of 5-fold cross-validation). All the measurements were performed separately
per datasetand per model parameter value to determine the best parameters for classifiers
as well asoptimal data preprocessing.

After determining the optimal dataset and model parameters, we performed a more
thorough ROC analysis (100 x 5-fold cross-validation) with the given parameters to find
the optimal probability threshold for further label assignment, and the final assessment
that utilizes the threshold to calculate the remaining prediction quality characteristics.

We used a series of classification models available within scikit-learn as a pool for
the selection of the best predictive methods to be applied within the proposed scheme. A
random forest method was applied for the classification with the following parameters:
rf = RandomForestRegressor(n_estimators = 100, n_jobs = -1, oob_score = True,
bootstrap = True, random_state =42). A decision tree was developed to partition the data
space into cluster regions.

3. Results

The AUC of ROC was calculated for PFS = 0.93 and for OS = 0.94. The decision tree is
presented in Figure 1.

The model makes different decisions about outcomes for different ages, in particular
physical activity for patients over 78 years of age (patients with low physical activity are
more at risk of recurrence. Patients between 78 and 83 years of age with low physical
activity were more likely to die (OS event) if prunes were present in their diet. For
patients with normal exercise, sunscreen was used as a protective cream. For patients
between 60 and 78, depending on age and physical activity, the following factors affected
cancer progression: type of diet (consumption of prunes increased the risk, consumption
of liver pate increased the probability of survival).

For patients younger than 60, depending on age and physical activity, the following
factors influenced the cancer progression: carbohydrate intake, exposure to sun. Both
factors increased the risk of cancer progression.

Random forest regression showed 89 % AUC of ROC. The R”*2 Training Score was
0.88, the OOB Score came up with 0.06, and the R*2 Validation Score with 0.10.
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Figure 1. PFS Decision tree
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The correlation analysis showed the existence of Relapse and a Diet Type
(diet_type). It is an interesting conclusion on Diet Type, because the variable is encoded
as follows. 0=mixed, 1=vegetarian, 2=vegan. It turns out that vegans have a higher risk
of recurrence. This may be due to a higher consumption of soybeans and plant products
that contain phytoestrogens, potential endometrial cancer agents.

Nut consumption can also play its role in the vegetarian diet due to cadmium levels
in them. Cadmium in the body has an estrogen-like effect, which is a known EC risk
factor.

4. Discussion

Based on our results, the risk of relapse and death due to EC correlated with stage, tumor
type, its differentiation and patient’s age. These findings are consistent with common
knowledge, as it is well-known that prognosis worsens with advanced stage and age.
Type 2 EC is also associated with lower survival rate.

Interestingly, relapse and death rate inversely correlated with physical activity.
These data complement previous studies that have shown the benefits of regular physical
activity in the prevention of endometrial cancer [8-10].

Soft drinks consumption was also correlated with risk of relapse and even stronger
with risk of death due to EC. This is probably due to the fact, that high-sugar foods and
beverages stimulate insulin production. This is related to increased BMI and type 11
diabetes and most probably directly to endometrial cancer progression [11,12]. However,
further studies are needed due to contradictory results from other works.

Less explained fact relates to sun cream use, which is correlated with increased risk
of both relapse and death due to EC. People have different skin phototypes, which affect
their sun cream use. Since phototype is inherited the underlying mechanism behind our
finding might be potentially hidden in various genetic features.

Other findings related to dietary habits are to be thoroughly studied in well-designed
case-control studies.

The patients were followed-up for more than eight years, which is relatively long,
while medical records were retrieved from the well-established national database.

The retrospective design of the study has inherent disadvantages. Besides, since
patients completed the questionnaires on their own, bias cannot be excluded entirely.

5. Conclusion

The study demonstrates how dietary factors effect risk of EC development. Especially
their influence on the relapse of the cancer.

To conclude, here we demonstrate the feasibility of using machine learning in the
analysis of the outcome predictors in EC patients.
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