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Abstract. From the scientific novelty of the work, a complex combination of statistical and heuristic models 

is proposed, morphological criteria of FAB-classification are formalized in the form of mathematical 

dependencies, a universal approach to automated diagnostics is developed. The practical value lies in the 

fact that the theoretical results allowed to increase the accuracy of diagnostics, reduce the subjectivity of 

medical decisions, the possibility of integration into medical information systems, and use in decision 

support systems. 
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Анотація. Запропоновано комплексне поєднання статистичних та евристичних моделей, 

формалізовано морфологічні критерії FAB-класифікації у вигляді математичних залежностей, 

розроблено універсальний підхід до автоматизованої діагностики. Практична цінність полягає в 

тому, що теоретичні результати дозволили підвищити точність діагностики, зменшити 

суб’єктивність лікарських рішень, можливість інтеграції в медичні інформаційні системи, 

здійснювати використання в системах підтримки прийняття рішень. 

Ключові слова:  гострий лейкоз, AML, математичне моделювання, класифікація, логістична 

регресія, байєсівський підхід 

 

INTRODUCTION 

Acute leukemias are a group of severe oncohematological diseases characterized by rapid progression 

and high mortality without timely diagnosis. FAB classification (M0–M7) is based on morphological 

features of cells and the proportion of blasts, however, the traditional assessment is subjective and depends 

on the experience of the doctor. This necessitates the use of mathematical models to increase the accuracy of 

diagnosis [1, 2, 3]. 

Purpose of the work 

Development of mathematical models for the classification of acute forms of leukemia based on the 

morphological characteristics of bone marrow cells. 

 

1. MATHEMATICAL MODELS FOR THE DIAGNOSIS OF ACUTE LEUKEMIA 

The study is based on morphological data of AML subtypes (M0–M7), in particular: 

• proportion of blasts; 

• presence of Auer bodies; 

• degree of cell differentiation; 

• dominant cell line. 

The following were used for modeling: 

• multiclass logistic regression; 

• Bayesian classification; 

• threshold rules; 

• k-means method. 

 

1.1. Features (input parameters) 

The model uses the following features: % blasts; MPO (myeloperoxidase); Auer bodies; granulation; 

cell lines (monocytes, erythroids, megakaryocytes) (Table 1) [4, 5, 6]. 

 



Table 1. Morphologic Features and Blast Proportions of AML FAB Subtypes 
 

FAB 

subtype 

Major cell 

proportion 

criteria (bone 

marrow) 

Blast 

proportion 

Key morphologic features 

 (high power microscopy) 

AML-M0 ≥30% blasts; MPO 

negative or very low 

≥30% Very primitive blasts; high nuclear‑cytoplasmic ratio; 

scant cytoplasm; almost no granules; Auer rods usually 

absent; resembles lymphoblasts 

AML-M1 ≥90% of non‑erythroid 

cells are myeloblasts 

≥30% Medium–large blasts; prominent nucleoli; fine chromatin; 

few azurophilic granules; Auer rods may be present 

AML-M2 30–89% blasts with 

granulocytic 

maturation 

≥30% Myeloblasts with promyelocytes and myelocytes; Auer 

rods common; cytoplasmic granules more evident 

AML-M3 Predominantly 

abnormal 

promyelocytes 

Variable Cells with abundant coarse granules; bundles of Auer rods 

(faggot cells); nuclei often bilobed or kidney‑shaped 

AML-M4 Granulocytic and 

monocytic components 

each ≥20% 

≥30% Mixed myeloblasts and monoblasts; monocytic cells have 

abundant cytoplasm; folded nuclei; M4Eo shows 

abnormal eosinophils 

AML-M5 ≥80% monocytic 

lineage cells 

≥30% Large monoblasts; abundant basophilic cytoplasm; 

frequent vacuoles; irregular or folded nuclei 

AML-M6 ≥50% erythroid 

precursors; ≥30% 

blasts among 

non‑erythroid cells 

≥30% 

(non‑erythroid) 

Marked increase of proerythroblasts and early 

erythroblasts; deeply basophilic cytoplasm; cytoplasmic 

vacuoles; prominent erythroid dysplasia 

AML-M7 ≥50% blasts are 

megakaryoblasts 

≥30% Basophilic cytoplasm; characteristic cytoplasmic blebs or 

budding; marrow fibrosis common; abnormal platelets 

 

Based on the table, we form a vector of patient characteristics [5, 7]: 

 

X = (x1, x2, ..., xn), 

where: 

• x1 — proportion of blasts (%); 

• x2 — MPO activity (0/1 or scale); 

• x3 — presence of Auer bodies (0/1); 

• x4 — degree of granulation; 

• x5 — morphological type of cells; 

• x6 — proportion of monocytic cells; 

• x7 — proportion of erythroid cells; 

• x8 — signs of megakaryoblasts. 

 

Probability of belonging to subtype k: 

𝑃(𝑌 = 𝑘|𝑋) =
𝑃(𝑋|𝑌 = 𝑘)𝑃(𝑌 = 𝑘)

∑ 𝑃(𝑋|𝑌 = 𝑗)𝑃(𝑌 = 𝑗)𝑗
 

The model allows taking into account a priori subtype frequencies and working with incomplete data 

 

1.2. Threshold diagnostic model 

A threshold diagnostic model is proposed for a quick clinical decision 

 

𝒀 =

{
 
 

 
 
𝑴𝒐, 𝑖𝑓; 
𝑴𝟑, 𝑖𝑓 ;
𝑴𝟓, 𝑖𝑓;
𝑴𝟔, 𝑖𝑓;
𝑴𝟕, 𝑖𝑓.

 

 

In this case, the probability of belonging to subtype k: 



𝑃(𝑌 = 𝑘|𝑋) =
𝑒𝛽𝑘

𝑇𝑋

∑ 𝑒𝑗
𝛽𝑗
𝑇𝑋

 

Used for: automatic diagnosis of FAB subtypes (M0–M7); clinical decision support 

1.3.Clustering model 

𝑚𝑖𝑛∑ ∑ 𝑤𝑖𝑘‖𝑋𝑖 − 𝜇𝑘‖
𝐾
𝑘=1

𝑁
𝑖=1

2 
 

Used for:  Identifying new subtypes; • Refining classification 

 

2. EXPERIMANTAL RESULTS 

A mathematical classification model was constructed that allows determining the subtype of leukemia 

based on the vector of patient characteristics. 

The logistic model showed high efficiency in distinguishing subtypes: 

• M0–M2 — by the level of differentiation; 

• M3 — by the presence of Auer bodies; 

• M4–M5 — by the monocytic component; 

• M6–M7 — by a specific cell line. 

The Bayesian approach provided flexibility in the case of incomplete data. 

The threshold model allows for rapid clinical interpretation without complex calculations using such 

an algorithm. 

# Signs: 

# Tags: 

# blasts (%) – blast percentage 

# MPO – activity (0/1) 

# auer_rods – presence (0/1) 

# granularity – granulation level (0-2) 

# monocytic – monocytic percentage (%) 

# erythroid – erythroid percentage (%) 

# megakaryoblast – presence (0/1) 

data = [ 

# blasts, MPO, auer, granularity, monocytic, erythroid, megakaryoblast, label 

[35, 0, 0, 0, 5, 5, 0, "M0"], 

[85, 1, 1, 1, 5, 5, 0, "M1"], 

[60, 1, 1, 2, 10, 5, 0, "M2"], 

[40, 1, 1, 2, 5, 5, 0, "M3"], 

[50, 1, 0, 1, 30, 5, 0, "M4"], 

[45, 1, 0, 1, 85, 5, 0, "M5"], 

[40, 1, 0, 0, 5, 60, 0, "M6"], 

[35, 1, 0, 0, 5, 5, 1, "M7"], 

columns = [ 

"blasts", "MPO", "auer_rods", "granularity", 

"monocytic", "erythroid", "megakaryoblast", "label" 

df = pd.DataFrame(data, columns=columns) 

# --------------------------- 

# 2. Data preparation 

# --------------------------- 

X = df.drop("label", axis=1) 

y = df["label"] 

# separation 

X_train, X_test, y_train, y_test = train_test_split( 

x, y, test_size=0.25, random_state=42 

# -------------------------- 

# 3. Model building 

# -------------------------- 

model = RandomForestClassifier( 

n_estimators=100, 

max_depth=5, 

random_state=42 

model.fit(X_train, y_train) 

 

 

 



 

3. CONCLUSIONS 

From the scientific novelty of the work, a complex combination of statistical and heuristic models was 

proposed, morphological criteria of FAB-classification were formalized in the form of mathematical 

dependencies, and a universal approach to automated diagnostics was developed. 

The practical value lies in the fact that the theoretical results allowed to increase the accuracy of 

diagnostics, reduce the subjectivity of medical decisions, the possibility of integration into medical 

information systems, and use in decision support systems. 

Morphological data can be effectively formalized in the form of mathematical models. The most 

accurate are multi-class statistical models. The combination of different approaches provides an effective 

result of assessing the levels of pathologies of acute forms of leukemia based on morphological data. The 

proposed models can be used to automate the diagnosis of acute leukemia. 
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