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Abstract — This article describes the software and underlined
decision support models for the immunophenotype diagnostics of
leukosis (leukemia) and lymphomas adjusted for the marker or
human leukocyte antigen (CD-antigen) coexpressions. Using the
model knowledge base, the decision inference algorithm allows
computing the degree of manifestation of the disease subtypes for
the input immunophenotype features. Software provides the two-
stage diagnostics of the leukemia subtypes and the lymphoma
diagnostics using the set of the developed rules, possibility to
observe the diagnostic results and corresponding reference
information. The patient data are organized according to the
unified registration card, which provides the possibility to work
at the different diagnostic levels: diagnostics of the extended
groups of leukosis, diagnostics of the leukemia subtypes,
diagnostics of the adult and child lymphomas.
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1. INTRODUCTION

Acute leukosis and lymphomas are among the most
widespread oncological diseases. In the childhood, these types
of the oncological disease take the first place with a frequency
of 4.3 cases for the population of 100,000 [1]. In Belarus, the
survival rate for these diseases comprises more than 80%,
which is comparable with the best world practice, but the
situation with the adult patients is slightly worse. The general
approach to improve the survival rate is the treatment
personalization, based on the enhancement of the diagnostic
accuracy.

The basic diagnostic method for these types of disease is the
identification of the differentiation stage and maturity of the
tumor cells using the immune marker analysis, based on the
specified combination of the monoclonal antibodies, which
recognize the CD-antigens on the cell surface. At present,
more than 30 leukemia and lymphoma subtypes are described
with no less than 40 markers, which in different combinations
(presence/absence) are used for the diagnostics. The standard
marker combination is presented only in less than a half
number of cases; the rest is characterized by the presence of
the coexpressions, nonrelevant to the particular disease and the
absence of some core markers. The diagnostic accuracy
depends on the knowledge of all the available marker
combinations and the possible coexpressions, which require
the higher level of training and deep background in the

domain. Therefore, to aid in the diagnostic process we have
developed the decision support models and the corresponding
software for the differential diagnostics of the leukemia and
lymphoma subtypes adjusted for the marker coexpressions.
Using the automation of the data processing, the proposed
software system helps to differentiate the disease subtypes and
thereafter to raise the quality and diagnostic timeliness for the
adequate treatment. The first attempts in this direction were
made for the childhood leukemia on the basis of the standard
combinations of marker expressions with a subsequent
identification of coexpressions [1]. In the proposed software
system, the decision-making is implemented on the basis of
the diagnostic rules, extracted from the database and presented
as the weighted marker combinations and the specialized
decision inference algorithm for the identification of the
degree of manifestation for each disease subtype. The
treatment personalization is provided by more accurate
diagnostic rules, accounting for marker coexpressions. The
application of the software system for the personal training
will allow raising the educational level of the specialists
dealing with differential diagnostics and reducing the training
costs.

II. DECISION SUPPORT MODELS FOR THE DIFFERENTIAL
IMMUNOPHENOTYPE DIAGNOSTICS OF LEUKOSIS
AND LYMPHOMAS

The decision support models [2] consist of the following
components (Fig. 1):

— Input data module;

— Knowledge base module;

— Decision-making module;

— Output data module.

Input data module provides the following functions:

— inputting and storing the values of the immunophenotype
features for the diagnostic cases;

— input data processing necessary for the implementaton of
the differential diagnostics. The processing includes
discretization of the expression values of the markers
according to the specified thresholds. The markers with the
values greater than the threshold are considered to be
expressed and their new value is equal to 1, otherwise the
markers are latent and the value is equal to 0.



Information Technology and Management Science

2014 /17

Input data module

Input data —
immunophenotype features

\4

Discretization
of the immunophenotype feature
values according to the threshold

A\ 4

> Decision-making
module 4—‘
Set of rules for Decision
the differential inference
diagnostics algorithm
\ 4
Output data module

The list of disease subtypes,
ordered according to the degree of
disease manifestation

Fig. 1. The general scheme of the decision support model.

Decision-making module is the main part of the model
allowing one to conduct the disease diagnostics on the basis of
the available knowledge base and decision inference
algorithm.

Knowledge base [3] includes the standard rules and rules
developed for all the individual disease subtypes. The
developed rules are based on the statistical analysis of the
immunophenotype features using the cross-tabulation method.

Decision inference algorithm allows computing the degree
of manifestation of the disease subtypes for the input
diagnostic case using the model knowledge base.

Output data module provides the following functions:

— output data conversion necessary for the formation of the
list of disease subtype ordered according to the degree of
manifestation.

— output of the list of the disease subtypes
corresponding values of their manifestation.

The models for the diagnostics of leukemia and lymphomas
have the identical structure with the differing knowledge base
content and different organization of the decision-making
module.

The model output list allows estimating the degree of
manifestation for each individual disease subtype, where the
subtype at the top of the list presents the most probable
diagnosis.

with
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III. KNOWLEDGE BASE AND DECISION-MAKING MODULE FOR
THE LEUKOSIS DIAGNOSTICS

The general scheme of the decision-making module is
presented in Fig.2. According to Fig.2, the two-stage
diagnostics is proposed, where at the first stage the
biphenotype (BAL) cases are revealed and the most probable
extended leukemia  group is determined (B-cell Acute
Lymphoblastic =~ Leukemia  (B-ALL), T-cell  Acute
Lymphoblastic Leukemia (T-ALL), Acute Myeloid Leukemia
(AML)).

Decision-making
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Fig. 2. Two-stage leukemia diagnostics scheme.

At the second stage, the specific disease subtype is
identified for the determined general group, i. e., the in-depth
analysis is pursued. The content of the model knowledge base
is presented in Table I.

The set of rules, which includes the number of markers
(MPO, CD19, CD3 etc.) according to WHO classification [4—
5] for the biphenotype diagnostics, is the following:

Rule 1: If (MPO=1) and (SUM3>=2)) and ((CD19=1) and
(SUM1>=2)) then «Biphenotype B-ALL + AML».
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Rule 2: If (MPO=1) and (SUM3>=2)) and ((s/cyCD3=1)
and (SUM2>=2)) then «Biphenotype T-ALL + AML».

Rule 3: If ((CD19=1) and (SUM1>=2)) and ((s/cyCD3=1)
and (SUM2>=2)) then «Biphenotype T-ALL + B-ALL»,

where

SUMI1= SUM(CDI10, s/cyCD22, cyCD79a)

SUM2= SUM(CD4, CDS8, CD5, CDla, CD2, TCRo/p,
TCRy/d)

SUM3= SUM(CDI13, CD33,CD117, CD15)

The diagnostic rules for the extended groups of leukosis and
the corresponding subtypes are presented as the set of weights
and importance factors for each marker, which define the
profile of the corresponding group or subtype. Weights are
received as a result of the statistical analysis of the
contingency tables [6]-[7], constructed for the two nonmetric
features. In our case, the two features are immunophenotype

weights for the extended leukemia groups is presented in
Table II. The weight values indicate the influence of the
marker for the diagnostics of the particular leukemia group.

TABLE I
THE LIST OF DIAGNOSTIC RULES FOR THE LEUKEMIA

Rules Specification

Identification of the presence of Identification according to EGIL

biphenotype Identification according to

modified WHO classification

Identification of the group of leukemia :
B-ALL, T-ALL , AML [8-10]

Identification of the leukemia subtype
for B-ALL

Identification of the leukemia subtype
for T-ALL

Identification of the leukemia subtype

for AML
feature and disease group or subtype. The example of the
TABLE 11
MARKER WEIGHTS FOR DIFFERENT LEUKEMIA GROUPS (GROUP PROFILES)
CD-antigen B-ALL T-ALL AML
CD2 0.04298 0.851064 0.262821
CD3 0.008671 0.404255 0.050633
CD5 0.028329 0.979167 0.080537
CD7 0.022663 1 0.457317
CD4p_CD8m 0.002833 0.086957 0.268293
CD4m_CDS8p 0.008547 0.5 0.037037
CD4p_CD8p 0 0.434783 0.006289
CDla 0.023881 0.543478 0.103093
tdt 0.933824 0.717949 0.105263
CD19 0.997199 0.021739 0.078313
CD20 0.384181 0 0.104167
CD22 0.97191 0 0.022556
CDI10 0.91573 0.234043 0.124224
cy CD79a 0.968858 0.357143 020339
s lgm 0.017442 0 0
cy lgm 0.151408 0.02381 0.08547
hla_dr 0.988372 0.068182 0.64557
CDI13p 0.310734 0.104167 0.825301
CD33p 0.194842 0.106383 0.939759
CD117p 0.023121 0.136364 0.882353
CDl14p 0.058824 0 0.188889
CDI15p 0.109422 0.02439 0.590062
MPOp 0.143885 0175 0.772414
CDl11bp 0.760486 0.139373 0.76392
CDllcp 0.189201 1.255625 1.011119
CD34 0.735955 0.404255 0.533333
CD45p_CD14m 0.715543 0.955556 0.968553

IV. KNOWLEDGE BASE AND DECISION-MAKING MODULE FOR
THE LYMPHOMA DIAGNOSTICS

The general scheme of the decision-making module is
presented in Fig. 3. According to Fig. 3, the diagnostics is

performed separately for children and adults, where for each

group the different set of lymphoma subtypes is considered.
The set of diagnostic rules, which comprise the model

knowledge base, is presented in Table III.

The same as for leukosis, the diagnostic rules are the set of

11
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weights and importance factors for each particular marker,
which define the profile of the corresponding lymphoma
subtype.
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Fig. 3. Lymphoma diagnostics scheme.

TABLE III
THE LIST OF DIAGNOSTIC RULES FOR THE LYMPHOMAS

Rules Specification

Identification of the
lymphoma subtype for
children

Subtypes: Burkitt’s lymphoma, B-cell lymphomas
(Pro-B, common-B, Pre-B), T-cell lymphomas (Pro-
T, Pre-T, cortical-T).

Identification of the
lymphoma subtype for
adults

Subtypes: chronic lymphocytic leukemia (CLL),
mantle cell lymphoma (MCL), hairy cell leukemia
(HCL), Non-Hodgkin lymphoma (NHL).

The example of the weights for the adult lymphomas is
presented in Table IV.

TABLE IV
MARKER WEIGHTS FOR ADULT LYMPHOMA GROUP
CD-antigen | CLL MCL HCL NHL
CD19+ 1.00 1.00 0.47 1.00
FMC7 0.05 0.95 1.00 0.89
CD23 1.00 0.05 0.00 0.22
CD5 1.00 1.00 0.00 0.07
CD20 0.65 1.00 1.00 0.96
CD43 0.99 0.11 0.00 0.15
CD24 1.00 0.95 0.06 0.89
CD7% 0.30 1.00 1.00 0.81
CDllc 0.00 1.00 1.00 0.67
CD25 0.00 0.00 1.00 0.00
CD103 0.00 0.00 1.00 0.00
kappa 0.37 0.39 0.42 0.67
lambda 0.26 0.63 0.58 0.31
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V.DECISION INFERENCE ALGORITHM FOR THE DIAGNOSTICS OF
LEUKOSIS AND LYMPHOMAS

The diagnostic decision is made using the specially
developed algorithm. The model knowledge base composed of
the set of rules and the binary (discretized marker values)
profile of the diagnostic cases is used as the inputs to the
algorithm. According to the algorithm, each disease subtype is
assigned the value of the degree of manifestation PF. The
degree value reflects the correspondence between the disease
subtype profile and the marker profile of the patient
x=(x, ,xy).To calculate the PF, the following expression
is used:

_2.G
PF =S 1

where PF is the degree value for the particular disease
subtype, C, stands for coefficients of the individual markers
for the particular disease subtype (0<C, <1), n=1,N, N is
the number of the markers with the nonempty values. The
coefficients C, are calculated using the marker weights @,
and importance factors k; as follows:

. k,-o;,, ecmu x,=1
T o @
k;-(1-w,), ecmu x;=0

where C! stands for marker coefficients for the ith disease
subtype, @, is weight of the jth marker for the ith disease
subtype, k; is importance values for the jth marker for the ith
disease subtype, x; is the discretized value of the jth marker.

The importance of the individual specific markers for the
diagnostic of the particular disease subtype is considered with
the importance factor k&, e.g., if k=2 the value of the marker
coefficient C, is doubled.

For the differential diagnostics, all the values of the
immunphenotype features, which characterize the patient, are
considered. The decision is also made when not all the marker
values are present. However, in the absence of the information
for the most specific markers the diagnostics will be
inaccurate. The diagnostic result is the list of the disease
subtype with the corresponding degrees of
manifestation PF,, PF,,..., PF,, . Finally, the degree values are
divided by the maximal value to receive the result in the
interval [0.1]:

PF,
PF, = m , m=LM ?3)
max(PF,, PF,,...,PF,,)

The example of the decision-making process for the B-ALL
diagnostic case with the input values in Table V is considered.
The first stage of the leukemia diagnostics is performed, i. e.,
the recognition of the extended groups: B-ALL, T-ALL,
AML. According to Table V, 17 markers are negative
(expressed on less than 20% cells), 8 — positive and for 2
markers the values are absent.

To calculate the value of the degree of manifestation PF
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consider the weights for the B-ALL profile in Table II. The
importance factors of the markers are presented in Table VI.

TABLE V
THE MARKER PROFILE FOR THE CONSIDERED EXAMPLE

No. | Marker name | Value No. | Marker name Value
1 —positive, 1 —positive,
0 —negative, 0—
—1 —absent negative,
value —1—absent

value

1 CD2 0 15 s lgm 0

2 CD3 0 16 cy lgm 0

3 CD5 0 17 hla_dr 1

4 CD7 0 18 CD34 0

5 CD4p CD8m | 0 19 CD45p CDI14m | 1

6 CD4m_CD8p | 0 20 CD13p 0

7 CD4p CD8p | O 21 CD33p 0

8 CDla 0 22 CDI117p 0

9 tdt 1 23 MPOp 0

10 CD19 1 24 CDI15p 0

11 CD20 1 25 CDl11bp -1

12 CD22 1 26 CDll1cp 0

13 CDI10 1 27 CDl14p -1

14 cy CD79a 1

The value of PF consists of two summands: C, — the sum
of marker coefficients with a positive input value, C, — the
sum of marker coefficients with a negative input value. C,
and C, are calculated subject to the marker importance
factors. For the considered example, C; = 6.87 and C, = 14.98.

TABLE VI
IMPORTANCE COEFFICIENTS FOR THE B-ALL PROFILE

INoMarker name  |[Importance INo.Marker name  [Importance
1 [CD2 1.00 15 |s_lgm 1.00
2 |CD3 1.00 16 [cy_lgm 1.00
3 |CD5 1.00 17 fhla_dr 2.00
4 [CD7 1.00 18 (CD34 1.00
5 |CD4p_CD8m |1.00 19 (CD45p_CD14m |1.00
6 (CD4m CD8p |1.00 20 [CD13p 1.00
7 |CD4p_CDS8p 1.00 21 |[CD33p 1.00
8 |CDla 1.00 22 |[CD117p 1.00
0 |tdt 2.00 23 IMPOp 1.00
10 CD19 2.00 24 |CD15p 1.00
11 CD20 1.00 25 |[CD11bp 1.00
12 (CD22 2.00 26 |CD1lcp 1.00
13 |[CD10 2.00 27 (CD14p 1.00
14 |cy_CD79%a 2.00

C+C

Hence PF, ,, = 5 2= (,874 The values of

PF, ,,, =0,493 and PF,, =0,494 are calculated just the
same. The diagnosis is made in accordance with the maximal

value PF" =max{PFB,_,,,PF, ,,,PF,,} and corresponds

to the B-ALL leukemia group. The diagnosis predicted with
the model is equal to the true diagnosis.

VI. SOFTWARE FOR THE DIAGNOSTICS OF LEUKEMIA S AND
LYMPHOMAS

The proposed models and decision inference algorithm are
implemented as software in Visual Studio environment [11].
The software interface for the data input and editing is created
dynamically on the basis of the internal electronic presentation
of the patient registration card. The process of the decision-
making is performed using the electronic diagnostic rules,
which are stored in the XML files [12]. The main functions,
which are implemented, are the following:

— registration and storage of the results of the immune
marker analysis on the basis of the XML template of the
patient registration card;

— storage of the diagnostic rules for the leukemia and
lymphoma subtypes on the basis of the XML templates;

— editing and checking the filling completeness of the
patient registration card;

— performing the disease diagnostics according to the
developed decision-making models for leukemia  and
lymphomas;

— adjustment of the disease diagnostics level: leukemia or
lymphoma subtypes;

— delivery of the diagnostic results as an ordered list of the
disease subtypes with the corresponding degrees of
manifestation;

— delivery of the information according to the selected
diagnosis and the list of the corresponding coexpressions;

— observing and storing the patient registration card;

— getting the reference information for the leukemia and
lymphoma subtypes.

Figure 4 presents the screenshot with the initial patient data
and opened control tab — B-ALL marker type.

Software allows making the adjustment of the diagnostic
level to select the disease type for further decision-making
process (Fig. 5). After the selection of the certain disease type,
the corresponding diagnostic rules are loaded into the
computer program. The results of the two-stage leukemia
diagnostics are depicted in Fig. 6, where the initial patient data
with known diagnosis Common B-ALL are used.

Fig. 7 presents the diagnostic results for the adult patient
with hairy cell leukemia.

13
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The constituent part of the software system is the electronic
help on the basic types of leukemia and lymphoma. The help
system allows dynamically browsing the information for each
individual leukemia or lymphoma subtype

VII. VERIFICATION OF THE DECISION SUPPORT MODELS

Verification of the decision support model for the
diagnostics of the lymphoma subtypes in children was
performed using the input dataset with 79 patients,
characterized by the expression values of the 31 markers. The
same dataset was used for the identification of the individual
marker weights for the disease subtypes, i.e., disease subtype
profiles, which are used as the diagnostic rules for the disease
prediction.

Diagnostic (classification) accuracy for the dataset was
equal to 97.5%. Only one data case with Burkitt’s lymphoma
and one data case with B-cell lymphomas were incorrectly
predicted. The classification results are presented in Table VII.

The classification accuracy with the standard combination
of markers was equal to 96%.

description of the binary marker profiles of the detected cases
with biphenotypes are depicted in Table IX. For these cases
the markers, which are specific to several types of leukemia,
are simultaneously expressed (e.g., for the first case the T-
ALL markers — CD2, CD3, CD5, CD7 and B-ALL markers —
CD19, CD20, CD22, CD79).

TABLE IX

BINARY MARKER PROFILES FOR CASES WITH BIPHENOTYPES (BIF_BT
CORRESPONDS TO B-ALL+T-ALL, BIF_BM CORRESPONDS TO B-ALL+AML)

TABLE VII
CLASSIFICATION RESULTS FOR THE CHILD DATASET WITH LYMPHOMAS
Lymphoma subtype True values
Burkitt’s T-cell B-cell
lymphoma | lymphomas lymphomas
cleme s 0 ]
% T-cell lymphomas | 0 19 0
e
A~ B-cell lymphomas | 1 0 3

Verification of the decision support model for the
diagnostics of the lymphoma subtypes in children was
performed using the input dataset with 180 patients,
characterized by the expression values of the 13 markers.
Diagnostic accuracy for the dataset was equal to 97.2%. Only
two data cases with NHL and 3 cases with CLL were
incorrectly classified. The classification results are presented
in Table VIII.

The classification accuracy with the standard combination
of markers was equal to 94%.

Bif BT [Bif BT [Bif BT [Bif BM [Bif BM [Bif BM [Bif BM
CD2 1 1 1 0 0 0 0
CD3 1 1 1 0 0 0 0
CD5 1 1 1 0 0 0 0
CD7 1 1 1 0 0 0 0
CD4p_CD8m 0 0 0 0 0 0 0
CD4m_CD8p 0 0 0 0 0 0 0
CD4p_CDS8p 0 0 0 0 0 0 0
CDla 0 0 0 0 0 0
ltdt 1 1 1 1 1
CD19 1 1 1 1 1 1 1
CD20 1 1 1 1 0 0 0
CD22 1 1 1 1 1 1 1
CD10 1 1 1 1 1 1
cy CD79a 1 1 1 1
s lgm 0 0 0 0 0 0 0
cy lgm 1 0 0 0 0
hla_dr 1 1 1 1 1 1 1
CD13p 0 0 1 1 1 1 1
CD33p 0 0 0 1 1 1 0
CD117p 0 0 0 0 0 0 1
CD14p
CD15p 0 0 0 0 0 0
MPOp 0 1 1 1 1
CD11bp 0 0
CD1l1cp 0 0
CD34 1 1 0 0 1 0 1
CD45p_CD14m 0 1 1 1 1 1

TABLE VIII
CLASSIFICATION RESULTS FOR THE ADULT DATASET WITH LYMPHOMAS
Lymphoma subtype True values
CLL MCL HCL NHL
CLL 114 0 0 3

§ | MCL 0 19 0 0

'% HCL 0 0 17 0

4

A NHL 1 1 0 25
Verification of the decision support model for the

diagnostics of the leukemia subtypes was performed using the
input dataset with 577 patients, characterized by the
expression values of the 27 markers. At the first stage of
diagnostics, 7 data cases were revealed as biphenotypes,
among them 3 cases were attributed to B-ALL+T-ALL
biphenotype and 4 cases to B-ALL+AML biphenotype. The

16

At the first stage of diagnostics, the diagnostic accuracy was
98.8%. Four AML cases and 3 T-ALL cases were incorrectly
classified. The classification results are presented in Table X.
The classification accuracy with the standard combination of
markers was equal to 98.2%.

TABLE X
CLASSIFICATION RESULTS FOR THE LEUKEMIA CASES
Acute leukemia group True values
B-ALL T-ALL AML
B-ALL 359 2 1
g T-ALL 0 45 3
B | AML 0 1 163
=9}
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At the second stage of diagnostics, the diagnostic accuracy
was 88.3 % for B-ALL subtypes, 82.6 % for T-ALL subtypes.
The most number of errors was due to the classification of the
AML subtypes (classification accuracy ~70%). Such a result
can be explained by the great number of common antigens,
expressed on the cell surface of the myeloid and monocytic
lines; therefore, the final diagnosis must take into account the
results of morphological and cytochemical analysis.

VIII. CONCLUSION

We have developed and implemented as software the
decision support models for the immunophenotypical
diagnostics of leukosis and lymphomas. These models allow
performing the diagnostics using both the standard marker
combinations and the diagnostic rules constructed as a result
of the analysis of the real dataset stored at the State Institution
“Belarusian Research Center for Pediatric Oncology,
Hematology and Immunology”.

According to the verification on the real datasets of patients
with leukemia and lymphomas, the use of the generated
diagnostic rules gives slightly better classification accuracy in
comparison with the standard combinations.

The software is assigned to support the decision-making for
the differential diagnostics of leukemia and lymphomas on the
basis of immune marker analysis. The system provides the
possibility to register, edit and store the patient data in the
XML-format.

Applying the software will allow for more accurate disease
diagnostics on the basis of the personalization of the
diagnostic process, refining the diagnostics using the
specialized decision support models adjusted for marker
coexpressions. The software can also be considered an
educational tool for training the specialists of the clinical-
diagnostic medical units in order to raise their professional
level.
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Natalja Novoselova, Igors Toms, Mihaels Belevcevs. Lemumu pienemsanas modeli un programmnodro$inajums diferencialajai imiinajai fenotipiskajai

leikoZu un limfomu diagnostikai

Raksta apskatiti 1émumu pienemsSanas modeli un atbilstosais programmnodro§inajums, kas paredzgti, lai palidz&étu specialistam veikt leikozu un limfomu

izveidotas, balstoties uz statistiskas analizes, kas veikta diagnostisko gadijumu datubazg, kas uzkrata valsts uzpémuma ,,Republikas bérnu onkologijas,
hematologijas un imunologijas zinatniski praktiskais centrs”, ka arT izmantojot standarta likumus. Pamata leikozu, limfomu un to atbilsto$o apakstipu slimibu
diagnostikas likumi ir svara koeficientu un svariguma koeficientu kopas katram diagnostiskajam markierim, kas nosaka atbilsto$as grupas vai apakstipa profilu.
Svara koeficienti iegiti, balstoties uz saistito tabulu statistisko analizi. Diagnostiskie [émumi tiek pienemti, izmantojot Tpasi izstradatu algoritmu, kas aprékina
slimibas apakstipu izteiktibas pakapi, balstoties uz imunologiski fenotipisko raditaju ievades vértibam un izmantojot modela zina$anu bazi. Leikozu un limfomu
diagnostiskajiem modeliem ir kopiga modulu struktiira, bet to diagnostisko likumu saturs un lémumu pienemsanas modula organizacija atskiras. Modela izejas
dati tiek attéloti, ka ranzets slimibas apakstipu saraksts, kas lauj novertét katra slimibas apakstipa izteiktibas pakapi katram konkrétajam diagnostikas gadijumam.
Saraksta augsSgala atrodas visiesp&jamakie apakstipi. Specializétais programmnodro$inajums realiz€ izstradatos l@émumu pienemsanas modelus, nodrosinot
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divpakapju leikozu diagnostikas un limfomu diagnostikas veik$anu, izmantojot izstradato diagnostisko likumu kopu, ka arT diagnostikas rezultatu un atbilstosas
uzzinu informacijas ataino$anu. leejas dati ir organiz&ti atbilstoSi vienotajai pacienta registracijas kartei, kas nodro$ina darbu dazados diagnostikas limenos:
izverstaja leikozu diagnostikas Iimeni, padzilinataja leikozu diagnostikas lTmeni un bérnu un pieauguso limfomu diagnostikas limeni. Izstradatas sisteémas
izmanto$ana veicinas precizétas slimibas kartes iegliSanu, nemot véra pacienta individualos genétiskos datus, ka ar uzlabos diagnostiku, izmantojot specializ&tus
lemumu pienemsanas modelus leikozu un limfomu imunologiski fenotipiskajai diagnostikai, nemot véra paralélo ekspresiju. Tapat sistému var izmantot par
macibu lidzekli studenti, zinatnisko gradu pretendenti un praktizgjosie specialisti, apglstot leikozu un limfomu diagnostikas pamatmetodes, kas izmanto
imunologiski fenotipiskos raditajus.

Haraabst HoBocentoBa, Urops Tom, Muxaennp BeneBues. Mojeaun NpPUHATHS pelleHWH W nporpaMMHoe obecniedeHue st JuddepeHnHaNbHOMi
MMMYHO(GEHOTUIIHYECKOH JTUATHOCTUKH JIeK030B M JinMpom

B crathe paccMaTpHBalOTCS MOJENH NPHMHATHSA DPEIIEHHH M COOTBETCTBYIOIIEE IMPOrpaMMHOE oOOecHedyeHue, MO3BOJAIONIee IOMOYb CHEHMAIHCTy IIpU
JIMAaTHOCTHKE JIEHK030B M MUMGOM IO pe3yibTaTaM HMMyHOGEHOTUNUpOBaHHUA. ba3bl 3HaHUI Mojeneill BKIIOYAIOT B ceOs HaOOpHI MPaBUII MO AUATHOCTHKE
NelKo30B M IHM(OM, KOTOpbIe IIOCTPOCHHI HAa OCHOBE CTaTHCTHYECKOrO aHaim3a 0a3bl JUarHOCTHYECKUX CIydaeB, HAKOIUIEHHOH B TOCYJapCTBEHHOM
yupexIeHnn «PeciryOnuKkaHCKHi HayIHO-IPAKTHIECKUIl IEHTP JeTCKOH OHKOJIOTHH, FeMaTOJIOTHH U MIMMYHOJIOTHI», a TaKKe CTaHIapTHhIe npasmia. [IpaBuma
JUIsL JIMAarHOCTMKH OCHOBHBIX TIPYINI JICHKO30B, JUM(pOM H COOTBETCTBYIOIIMX HM IIOJATHIOB 3a00JCBaHHMs MPEACTABISIOT CO00H HAOOpbI BECOBBIX
k09 UIIEeHTOB U KO3()DUIMEHTOB BaXKHOCTU IS KaXKAOTO AUATHOCTHYECKOTO MapKepa, KOTOpbIE ONpPEeNelsIOT HPO(QUIb COOTBETCTBYIOMICH TPYIIIBI HIX
noxruna. BecoBrle k0ad(uIeHTH! OBUIN MOJyYEHBl HA OCHOBE CTATHCTHUYECKOTO aHAIN3a TAaOJHUIl CONPSDKEHHOCTH. J[MarHoCTHYecKoe pelIeHne BEIHOCHTCS C
HCIIONB30BAHHEM CIIELUANBHO Pa3pabOTaHHOTO AJTOPUTMA, NO3BOJIAIONIET0 PACCUUTATh CTEHEHH BBIPAXKEHHOCTH MOATHIOB 3a00JI€BaHHs Ha OCHOBE BXOIHBIX
3Ha4YeHHI UMMYHO(EHOTHIIHYIECKUX TIO0Ka3aTeNell ¢ HCIoIb30BaHueM 0a3bl 3HaHUI Mojend. JAnarHocTuYecKie MOeNH I 1eiiKo30B U TMM(OM UMEIOT 00IIyI0
MOJYJIBHYIO CTPYKTYPY C OTJIMYAIOLIIMMCS COCTAaBOM JMArHOCTHYECKHX IIPABHJI M OpraHu3aluedl MOMyJs IPHHATHS pelIeHUH. BEIXOIHBIE NaHHBIE MOJEIH
MPEJICTABIIAIOTCS B BUJIE YIOPSI0YEHHOIO CIUCKA MOATUIIOB 3a00/I€BaHMs, YTO O3BOJISET OLIEHUTh CTENEHb BHIPAXKEHHOCTH KajKI0T0 U3 MOATHIIOB 3a00/1eBaHHs
ULl KOHKPETHOTO JHarHOCTHYECKOro cilydas. BBepXy cmucka pacmonaraercst HanOosee BeposATHBIH noaTun. Crenuaau3upoBaHHOE IPOrpaMMHOE obecredeHue
peanusyeT pa3pabOTaHHbIE MOJENU INPUHATHS PElICHUH, obecrednBas IPOBEACHHE ABYXYPOBHEBOH IMATHOCTUKH JIEHKO30B M JUATHOCTHKY IuMdoM c
HCIIONB30BaHHEM Habopa pa3pabOTaHHBIX JHATHOCTHYECKHUX INPaBHJI, IPOCMOTP PE3yJIbTaTOB JMATHOCTHKH U COOTBETCTBYIOIISH CIPAaBOYHOI MH(pOpPMAIUH.
BxoaHble naHHBIE OPraHU30BAHBI COINTACHO YHH()UIMPOBAHHOW PErHCTPALOHHON KapTe MAlMeHTa, 00ecleyHBalomedl BO3MOXHOCTh PabOTBHI HAa Pa3HBIX
YPOBHSIX IMArHOCTUKH: yPOBEHb PACIIMPEHHON AMATHOCTHKH JICHKO30B, YPOBEHb YITyOISHHOW AMArHOCTHKH JICHKO30B, YPOBEHb AMATHOCTHKU JUMGOM IS
nereii m B3pocheix. McrnonezoBaHnme pa3pabOTaHHOW CHCTEMBI OyJeT CrocoOCTBOBAaTH MOMYYEHHMIO YTOYHEHHOH KapTHHEI 3a00JE€BaHMS C y4eTOM
HMHJMBHIyalbHbIX T'€HETUYECKUX JAHHBIX MAl[ME€HTA, COBEPIICHCTBOBAHMIO IMATHOCTUKH 3a CUET HCIOJIB30BAHMA CIELMAIM3UPOBAHHBIX MOJENEH NpUHATHS
pelIeHui 11 UMMYHO()EHOTUIINYECKO AUarHOCTUKH JISHKO30B M JIMM(OM C y4eToM Kodkcrpeccuid. CHCTeMa Takke MOXKET ObITh HCIONB30BAHA B KaueCcTBE
00y4aroIero cpeicTBa JUIsl CTYASHTOB, aCUPAHTOB, HPAKTHKYIOIHUX CIEHAIICTOB 110 OCHOBHEIM METOJAaM AMAarHOCTUKH JEHKO30B M JIMM(OM II0 Habopy
UMMYHO(DEHOTUITHYECKHUX TTOKa3aTeleH.
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