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ABSTRACT

Nozaddizaji, L . (2021) A symptom based decision-support system for early diagnosis of
Behcet’s disease, Istanbul University, Institute of Health Science, Department of genetics,
MSc thesis. Istanbul

Behcet’s disease (BD) is an inflammatory disorder that belongs to the systemic
vasculitic syndromes and affects all types of vessels and sizes. BD in Turkey has the
highest incidence among other countries (between 20 upto 420 per 100,000 people). Since
no definitive test is available for BD, general basis for detection of this disorder is looking
for physical manifestations. As time progresses the symptoms get worse, Therefore, early
detection of the disease is important and could make patients’ condition less painful.
Nowadays, several studies with focus on developing clinical decision support system for
early diagnosis of various diseases have been performed. In this thesis, we intended to
work on a pre-diagnosis method of Behcet’s disease and develop a mathematical model
based on Bayes’ theorem and conditional probability for patients, who are suspicious of
BD. By performing the model in MATLAB program, we created a clinical decision
support system that is able to detect BD cases based on physical symptoms. Our proposed
system was able to detect BD cases with high frequency and also could exclude cases
with diseases other than BD. We believe, this model could provide support for people in
early diagnoses of Behcet’s disease and help refer them to the proper expert.

Key words: Behcet’s disease, symptom, decision support systems, clinics, early diagnosis
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OZET

Nozad Dizaji, L. (2021). Behget hastaliginin erken teshisi i¢in semptom temelli bir karar
destek arac1. Istanbul Universitesi Saglik Bilimleri Enstitiisii, Genetik ABD. Yiiksek
Lisans. Istanbul.

Behget hastaligi (BH), sistemik vaskiilitik sendromlara ait olan ve her tiir damar1 ve
boyutu etkileyen enflamatuar bir hastaliktir. Tiirkiye'de BH, diger iilkeler arasinda en
yiiksek insidansa sahiptir (100.000 kisi basina 20 ila 420 vaka). Hastaligin teshisi i¢in
kesin bir test olmadigindan, teshis fiziksel belirtilere dayanmaktadir. Zaman gegtikce
fiziksel semptomlar kotiilesmekte ve siddetlenmektedir. Bu nedenle, hastaligin erken
teshisi onemlidir ve BH hastalarinin yagam kalitesini artirabilmektedir. Giliniimiizde
cesitli hastaliklarin erken teshisi i¢in klinik karar destek sistemi gelistirmeye odaklanan
cesitli calismalar yapilmaktadir. Bu tezde, Behget hastaliginin 6n tanisinda kullanilmak
tizere BH siiphesi olan hastalar i¢in Bayes’ teoremine ve kosullu olasiliga dayali bir
matematiksel model gelistirmeyi amagladik. Modeli MATLAB programinda
gerceklestirerek, BH vakalarini fiziksel semptomlara gore tespit edebilen bir klinik karar
destek sistemi olusturduk. Bizim onerdigimiz sistemin, BH vakalarini yiiksek siklikta
tespit edebildigini gosterdik. Gelistirdigimiz model ile ayrica BH disindaki hastaliklari
olan vakalarin diglanabildigi gosterilmistir. Boylelikle, gelistirdigimiz bu model ile
Behget hastaligina erken teshis konularak, uygun uzmanlara yonlendirilmesine katki
saglanabilecegi diisiiniilmektedir.

Anahtar Kelimeler: Behget hastaligi, semptom, karar destek sistemleri, klinik, erken tani



1. INTRODUCTION AND PURPOSE

Behcet’s disease (BD) is classified under the systemic vasculitic disorders that
affects all types of vessels (arteries and veins) and sizes (small, medium, large), whose
aetiopathogenesis is unknown. BD is identified with four major symptoms: oral and
genital ulcers, skin lesions and ocular lesions. Additional symptoms include vascular,
gastrointestinal and neurological involvement (1). It is believed that genetic factors,
infectious agents and immunological processes play roles in the BD manifestation (2,3).
BD is a disorder that can involve several organs and systems. Since no definitive test is
available for BD, general basis for detection of this disorder is looking for physical

manifestations (4).

In the past few decades, with the development of technology, several clinical
decision support systems have been introduced for helping physicians in the process of
making decisions about a disease (5).

In this study, we aim to create a stationary linear stochastic system model based
on Bayes’ theorem and naive Bayesian classifier rule and propose a reliable clinical
decision support system for early diagnosis of BD. This CDSS-tool is established with
relevant historical data gathered from symptoms of patients suffering from Behcet’s

syndromes.

Symptoms are defined through precise classification of sets of properties, which
are mutually exclusive and complete sets in order to precisely define the disease under
consideration. By executing the model in MATLAB programming environment, we will
create a decision support tool that is able to detect BD cases. The system requires
symptoms of suspicious cases. It registers the availability of a symptom by means of yes
or 1 and the absence of a symptom via no or 0 as input and compute the chance of the
pertinent illness in the subject as output. If the patient matches with a comprehensive
CDSS tool, they will have a chance of early detection of their condition and be directed
to rheumatologist. Our proposed system would be beneficial, for family physicians and
internists to guide patients in the early stages of the disease. Also, aforementioned tool
would be an advantage for patients to reduce the time of diagnosis, prognosis, energy and
cost of treatment.



2. GENERAL INFORMATION

2.1. Systemic vasculitis

Vasculitis refers to the inflammation of blood vessels. The inflammatory process
will lead to the destruction of vessels, which are observed as fibrinoid necrosis or cell
death (4). Vasculitis can affect the whole organ or only a single artery. It belongs to a
wide group of heterogeneous diseases, effects of which, are observed in blood vessels
regardless of their size and type (6). Jennette et al. described different types of vessels in
which symptoms of vasculitis could be non-specific and changeable (Figure 2-1) (7).

A Large Vessels B Medium Vessels C Small Vessels

Figure 2-1 : Variations of vessels involved in vasculitis

“Types of vessels that are defined as large vessels (A), medium vessels (B), and small vessels (C) in the Chapel Hill
Consensus Conference nomenclature system (7) and involved in vasculitis. The kidney is used to exemplify medium
and small vessels. Large vessels are the aorta and its major branches and the analogous veins. Medium vessels are the
main visceral arteries and veins and their initial branches. Small vessels are intraparenchymal arteries, arterioles,

capillaries, venules, and veins” (7).

Since vasculitis is not a specific disease and the disease can change, the clinical diagnosis
is very difficult. Vasculitis’ initial symptoms may vary. It could be lung involvement,
pneumonia, asthma, or a system or organ infection like sinusitis or arthritis (8). If the
vasculitic destruction process affects only one organ it is named a single organ vasculitis
(SOV) . On the other hand, some of them affect different organs and systems and are

called systemic vasculitis (SV). Systemic vasculitis can be primary or secondary. Primary



vasculitis is the type of vasculitis having little or no information on the etiology of
occurrence. Thus when disease manifests without a recognizable etiology or causation, it
will be identified as primary vasculitis. If it occurs to be caused of a second factor like
infection, drug abuse, cancer or connective tissue disorders, it will be considered as
secondary vasculitis (9). Therefore, the names for vasculitides was adopted by the “2012
Revised International Chapel Hill Consensus Conference on the Nomenclature of
Vasculitides”, which represents different vasculitis and their subgroups as outlined in
Table 2-1 (7).

Primary systemic vasculitis had been sub categorized regarding the size of the
vessel involved in the disease. In addition, in the 2012 Revised International Chapel Hill
Consensus Conference Nomenclature of Vasculitides, various vessel vasculitis have been
added to the primary systemic vasculitis (Table 2-1) (7).

Table 2-1: Vasculitides adapted by “2012 International Chapel Hill Consensus Conference
on the Nomenclature of Vasculitides” (7).

Large vessel vasculitis (LVV) Takayasu arteritis (TAK)
Giant cell arteritis (GCA)
Medium vessel vasculitis (MVV) Polyarthritis Nodosa (PAN)
Kawasaki disease (KD)
Small vessel vasculitis (SVV) Antineutrophil cytoplasmic  antibody (ANCA)

associated vasculitis (AAV)

Microscopic polyangiitis (MPA)

Granulomatosis with polyangiitis (Wegener’s) (GPA)

Eosinophilic granulomatosis with polyangiitis (Churg
Strauss) (EGPA)
Immune complex SVV

Anti-glomerular basement membrane (anti-GBM)
disease

Cryoglobulinemic vasculitis (CV)

IgA vasculitis (Henoch-Scho nlein) (IgAV)

Hypocomplementemic urticarial vasculitis (HUV) (anti-
Clq vasculitis)

Variable vessel vasculitis (VVV) Behcet’s disease (BD)
Cogan’s syndrome (CS)
Single-organ vasculitis (SOV) Cutaneous leukocytoclastic angiitis

Cutaneous arteritis
Primary central nervous system vasculitis
Isolated aortitis
_ - _Others
Vasculitis associated with systemic disease Lupus vasculitis
Rheumatoid vasculitis
Sarcoid vasculitis
Others
Vasculitis associated with probable etiology Hepatitis C virus—associated cryoglobulinemic vasculitis
Hepatitis B virus—associated vasculitis
Syphilis-associated aortitis
Drug-associated immune complex vasculitis
Drug-associated ANCA-associated vasculitis
Cancer-associated vasculitis




2.1.1. Large vessel vasculitis (LVS)

2.1.1.1. Takayasu arteritis (TAK)

TA is a granulomatous vasculitis, which often happens in individuals younger
than 50. It mainly targets the aorta and its main branches such as pulmonary and coronary
arteries (7). Stenosis, occlusion, and aneurysm of large elastic arteries are the

characteristic of the disease (10).

2.1.1.2. Giant cell arteritis (GCA)
GCA is arteritis, often granulomatous and usually targets the aorta and/or its major

branches with a tendency for carotid and vertebral arteries. Giant cells have been

detected in biopsy specimens from GCA patients. The onset starts after the age of fifty.
The age of the onset of vasculitis helps to distinguish between GCA and TA (7).

2.1.2. Medium vessel vasculitis (MVV)

2.1.2.1. Polyarthritis Nodosa (PAN)

PAN is a systemic necrotizing vasculitis mainly targeting medium arteries, which
middle-age and older individuals are more prone to have. Among other vasculitic
diseases, PAN is rare and its prevalence is hard to determine. All the organs except lungs
could be attacked by PAN. Tissue ischemia or hemorrhage, peripheral nervous system
and skin disorders, gastrointestinal tract and kidney ailments, orchitis and hearing loss are

the most common symptoms of this disease (11).

2.1.2.2. Kawasaki disease (KD)

KD is arteritis that mostly affects medium arteries. It usually happens in infants
and young children. High fever for more than 5 days, bilateral conjunctival injection;
erythema of the oropharynx with red, cracked lips and ‘strawberry tongue’; edema and
erythema of hands and feet; erythematous rash; and non-suppurative unilateral cervical

lymph node enlargement are the characteristics of KD (12).

2.1.3. Small vessel vasculitis (SVV)
SVV are classified according to the presence or paucity of vessel wall

immunoglobulin in to two classes: Antineutrophil cytoplasmic antibodies (ANCA)-

associated vasculitis (AAV) and immune complex small vessel vasculitis. ANCA are



antibodies against antigens present in the granules of neutrophils or lysosomes of
monocytes (5).

2.1.3.1. ANCA-associated vasculitis (AAV)

They are necrotizing vasculitis, with few or no immune deposits, mostly affecting
small vessels like capillaries, venules, arterioles, and small arteries. Microscopic
polyangitis (MPA), granulomatosis with polyangitis (Wegener’s) (GPA), eosinophilic
granulomatosis with polyangitis (Churg- Strauss) (EGPA) belong to this category (7).

Granulomatosis with Polyangitis (Wegener’s) (GPA)

GPA is necrotizing granulomatous inflammation, which mostly affects the upper
and lower respiratory tract. It also targets small to medium vessels such as capillaries,
venules, arterioles, arteries, and veins. Necrotizing glomerulonephritis, ocular vasculitis
and pulmonary capillaritis with hemorrhage are common (7). Sinonasal, pulmonary,
upper respiratory tract and renal involvements are the most frequent clinical

manifestations appear in GPA (13).

Eosinophilic granulomatosis with polyangitis (Churg-Strauss) (EGPA)

EGPA is abundant in eosinophil. Also, ANCA is present in 40-60% of these
patients. EGPA typically establishes three subsequent phases: the allergic phase,
identified with asthma, allergic rhinitis, and sinusitis, the eosinophilic phase, in which the
eosinophilic organ infiltrations (e.g., lungs, heart, and gastrointestinal system) is the most
in pathological findings, and the vasculitic phase, described by purpura, peripheral
neuropathy, and constitutional symptoms (13).

2.1.3.2. Immune complex small vessel vasculitis

In immune complex SVV, vessel walls possess deposits of immunoglobulin
and/or complement. It targets small vessels and barely affect arteries despite ANCA-
associated vasculitis. Anti-glomerular basement membrane (anti-GBM) disease,
cryoglobulinemic vasculitis (CV), IgA vasculitis (Henoch-Schonlein) (IgAV),
hypocomplementemic urticarial vasculitis (HUV) (anti-C1q vasculitis) belong to this
category (7).

Anti—glomerular basement membrane (anti-GBM) disease



Anti-GBM disease is vasculitis that targets glomerular capillaries, pulmonary
capillaries, or both, and classified as an immune complex disease because of the formation
of immune complexes comprised of autoantibodies in the basement membrane of
glomerular and pulmonary capillaries. Lung involvement leads to pulmonary
hemorrhage, and renal involvement leads to glomerulonephritis with necrosis and

crescents (7).

Cryoglobulinemic vasculitis (CV)

CV occurs because of the presence of cryoglobulin-containing immune
complexes in the body, which in turn leads to the systemic inflammatory process. It
mostly affects small vessels and the following symptoms would be fatigue, arthralgia,

purpura, ulcers, neuropathy and/or glumeronephritis (14).

IgA vasculitis (Henoch-Schoénlein) (IgAV)

IgALl is the dominant immune deposit in IgAV. Abnormal IgA deposits in vessel
walls are the defining pathophysiologic feature of the disease. It mainly affects small
vessels such as capillaries, venules, or arterioles. Skin and gastrointestinal tract are

involved in IgAV and arthritis is frequent in the disease (7).

Hypocomplementemic urticarial vasculitis (HUV) (anti-C1q vasculitis)

HUV (anti-C1q vasculitis) is vasculitis which It affects small vessels such as
capillaries, venules, or arterioles, and associated with anti-C1q antibodies.
Glomerulonephritis, arthritis, obstructive pulmonary disease, and ocular inflammation are
the characteristics of HUV (7).

2.1.3.3. Variable vessel vasculitis (VVV)

VVV can affect vessels with all sizes (small, medium and large) and all types
(arteries, veins, and capillaries). In CHCC 2012 Behcet’s disease and Cogan’s syndrome
included in this category (7).

Behcet’s Disease (BD)

BD affects all types and sizes of vessels. It mainly identified with oral ulcers,

genital ulcers, skin lesions and ocular lesions (7).

Cogan’s syndrome (CS) vasculitis



CS is characterized by invading several organ involvement and vascular
inflammation such as ocular inflammatory lesions, inner ear disease and vasculitic
involvement such as arteritis including small, medium, or large arteries, aortitis, aortic

aneurysms, and aortic and mitral valvulitis (7).

2.2. Behcet’s disease (BD)

BD is one of the systemic vasculitic diseases that affects all types of vessels
(arteries and veins) and sizes (small, medium, large), whose etiopathogenesis is unknown.
BD is identified with four major symptoms: oral ulcers, genital ulcers, skin lesions and
ocular lesions. Additional symptoms include vascular, gastrointestinal and neurological
involvement (15). In 1937, Hulusi Behcet, a Turkish dermatologist of Istanbul University,
recognized 3 dominant manifestations (oral aphthae, genital ulcerations, recurrent uveitis)
and arranged them in such a clinical entity that helped name it as the “triple symptom
complex” (16). The “2012 Revised International Chapel Hill Consensus Conference
Nomenclature of Vasculitides”, defined BD as a variable vessel vasculitis, whithin

primary systemic vasculitis category (7).

2.2.1. Epidemiology

BD is more frequent in areas alongside the “Silk Road”, which was an old route
for ancient trades. These areas are Mediterranean countries like Turkey and Iran, which
expand to the East Asia such as Korea and Japan. According to the several surveys,
Turkey has the highest incident among other countries (between 20 upto 420 per 100,000
people). In addition, the frequency of the disease in Asian part of Turkey is more
widespread than the European part (17). After Turkey, Iran, Israel, northern China, and
Korea have the maximum rate of this disease. Table 2-2, depicts the countries with high
prevalence of BD (18). United Kingdom, Spain, Sweden, Portugal, and the United States,
ranging from 0.3 to 6.4 per 100,000 persons, are countries that have a lower frequency
(19,20). Although the prevalence of this disorder is high, it should be considered that
other vasculitic disorders such as Polyarthritis Nodosa, Microscopic Polyangitis,
Wegener’s granulomatosis, and Churg—Strauss syndrome are frequent as BD as well (17).
It seems that environment plays a might be a factor in having the disease. Studies have
shown that people, who moved from their country to a region where the prevalence of
BD is low, have lower chance of getting the disease. For instance, Turkish people, who

migrated from Turkey to Germany, were less infected by BD than Turkish people who



continued to live in Turkey (16,21). A research conducted in Germany, which studied
epidemiological features of BD in Germany and in Europe showed that permanent
residents of Turkish people in Germany have a considerably lower prevalence than
Turkish people in Turkey (22). In 60% of BD patients, HLA-B*51 is recognized, which
is regarded as BD susceptibility gene (23). In addition, HLA-B*51 is observed more
commonly in the Middle and the Far East compared to other regions (15). BD can involve
people of all age groups, but the occurrence in populations under the age of maturity and
ovel3r 60 years old are unusual. The incidence usually starts in ages more than 30 years
old (17). Some of the symptoms of BD differ from the others because of the regional
differences. For example, gastrointestinal syndromes are more common in patients
residing in the East Asia, contrary to Turkey and in the Middle East (24). Another
example is about the Pathergy test, which is rare in patients from north Europe and the
United States (25). “The pathergy phenomenon is a non-specific hyper-reactivity in

response to minor trauma” (17).

Table 2-2: Countries with the highest number of cases of BD per 100,000 people

Country Cases per 10°
Turkey [Istanbul (urban)] 420

Israel (Druze) 146.4

Northern China 110

Iran 80

Korea 30.2
Japan(Hokkaido) 22

Saudi Arabia 20

Irag 17

Morocco >15

Egypt 7.6



2.2.2. Etiopathogenesis

The etiopathology of BD is yet to be fully understood, however the assumption is
that it is an auto immune mechanism is activated because of microbial agents or
environmental factors in a person with genetic susceptibility. Below describes these three
components that play roles in the onset of BD (26,27).

2.2.2.1. Genetic factors

As described previously, the regional distribution of BD is not consistent and it is
seen more frequent alongside the Silk Road, clustered especially in Turkey and Japan.
Also, as mentioned before, about 60% of people diagnosed with BD, are positive for
HLA-B*51 gene . Therefore, carriers of HLA-B*51 allele are determined to be susceptible
to developing BD (28). HLA-B*51 is located in the MHC (major histocompatibility
complex) locus, on chromosome 6p (21). Common variants of the IL-10 and interleukin
23 receptor (IL23R) and interleukin 12 receptor beta (IL-12B2) genes are also related to
BD pathology. IL-23 is a proinflammatory cytokine that activates the reproduction of
Th17, increases the accumulation of inflammatory cytokines, which leads to expression
of IL-23 p19 mRNA in patients who manifest erythema nodosum-like skin lesions in their
disease. IL-10 is an anti-inflammatory cytokine that prevent the cytokines with
proinflammatory roles. In addition, the upregulation of the CD4(+) CD25(+) T regulatory
(Treg) cells by IL-10 in the Behcet’s mouse models alleviate the inflammatory
manifestations. Therefore, IL10 and IL23R/IL12B2 region could be possible agents
responsible in the BD pathology (29,30).

2.2.2.2. Infectious agents

In 1937, Hulusi BEHCET proposed microorganism association with BD for the
first time (21). It is believed that herpes simplex virus-1 and Streptococcus sanguis are
the main infectious agents that lead to this illness. The association of streptococcal agent
and BD is proposed based on two evidences: First, by detecting Some infections such as
tonsillitis and tooth decays in Behcet’s patients which give rise the condition of BD. The
second, antibacterial treatments are effective in mucocutaneous and arthritic symptoms
of BD (31).

HSV type 1 DNA and serum antibodies in BD patients are detected in higher
percentage than healthy control group. HSV DNA has been observed in the genital and

intestinal ulcers. Other viral agents such as hepatitis C virus, parvovirus B19,
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cytomegalovirus, Epstein-Barr virus, and varicella zoster virus, could be effective as well
(21).

However, there is no study that can support the idea that only one specific
infectious agent is responsible for the BD pathology. Anyhow, there is a well-constructed
theory among experts explaining high homology between microorganism antigens and
human proteins. For instance, heat shock protein 65 (HSP 65), which is extracted from
Mycobacterium, has high homology with human protein (HSP60) and therefore this

cross-reaction triggers the immune response (21).

2.2.2.3. Immunological theory
It is believed that auto immune processes affect blood vessels particularly on the

endothelial cells, which lead to the presence of vasculitic manifestations (15).

Anti-endothelial cell antibodies (AECAS) have been observed in BD and other
vasculitis. Also, a relation between the presence of these antibodies and the pathogenesis
of the disease have been recognized (32). AECAs are antibodies that bind to endothelial
cells and trigger them to produce more cytokines (18). Cytokines are proteins that regulate
the host immune system’s responses towards infections, inflammation and trauma. Some
kinds of these cytokines could act as pro-inflammatory elements and worsen the host’s
condition (33).

Subpopulations of T cells have been observed to be markedly involved in the BD
pathogenesis. They include: y3T cells and cytotoxic T cells, Th1 T cells, Tregs and Th17
cells (34). Studies have discovered that the changing balance of T cells, in particular the
proliferation of Th1l and Th17 cells and decreased regulation by Tregs, play a major roles
in BD pathogenesis (35).

Natural Killer T (NKT) cells are another group of cells that increase during the
disease. Several studies underlined increased NKT cells in the peripheral blood and BD
lesions, within the active phases of the illness in particular. They control immune

responses towards the cytokines’ proliferation (36).

IL-8 is a chemokine, which is reported in BD lesions with active oral and
neurological symptoms. High levels of IL-8 can trigger the immune responses to change
the endothelial cells, which lead to skin lesions and disease activity (37).
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Furthermore TNFa, INFy, and IL-12 have been found in oral and genital ulcers,
and gastrointestinal lesions of BD (38).

Neutrophil abnormalities are observed in BD frequently. Neutrophils have major
roles in the innate immune system and their up-regulation mostly triggered by T cells.
The involvement of neutrophils in BD lesions are fully accepted so much so that it is been
suggested to categorize BD as neutrophilic vasculitis. In Figure 2-2, the pathogenic

process of BD is summarized (15).

Genetic susceptibility / Behgets disease Environmental factors
Innate immune system \

Nonspecific self- tolerant inflammation

HLA-B*51 ({ Adaptive |mmune system ) Herpes simplex virus

Self-reactive autoinflammation

Secretion of proinflammatory
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Production of
anti-endothelial cell
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Activation of
self-destructive T cells

IL23R-IL12B2 \N Y Pollutants
Vasculitis-induced ]

tissue damage

Reduced expression of

\ CTLA-4, CD86, PD-L1 j

Figure 2-2: Behcet’s disease pathogenesis

Environmental factors, such as infectious agents or pollution, in patients with backgrounds of genetic susceptibility
trigger the disease (18).

2.2.3. Clinical findings

Behcet’s is a disorder that can involve several organs and systems. Since there is no
definitive test to detect the disease, general basis for detection of this disorder is looking
for physical manifestations (5). The clinical findings include : various skin and mucosal

lesions, uveitis which could lead to blindness, a vast spectrum of central nervous system
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(CNS) abnormalities, vessel disease, musculoskeletal and gastrointestinal (GI) problems.
The first clinical manifestations are as follows: oral and genital ulcers; ocular lesions;
papulopustular skin lesions; erythema nodosum; and arthritis. One or two of these
symptoms may appear when the disease initiate. This process is intensified and gets worse

as the time passes (17).

2.2.3.1. Mucocutaneous findings

Oral ulcers

Oral ulcers have the highest frequency of manifestation as they appear almost in all of the
patients (98%) (39). However, about 1 to 3 percent of patients might not have oral ulcers
and present other symptoms of Behcet’s. It is very hard to recognize the initiation of these
ulcers and sometimes they get confused with aphthous ulcers. However, they are more
abundant than the former. They mostly present as erythematous, which progress to the
raised and round ulcers with mostly 1 to 3 cm in diameter in 48 hours (15). Oral ulcers in

Behcet’s present in three shapes : minor, major, or herpetiform aphthous (17).

Minor aphthous

The most frequent types are minor aphthous ulcers. They are shallow, oval, round and
and have a radius smaller than 5 mm. In these ulcers, a grey-white pseudo membrane is
bounded with a thin erythematous inflammatory halo. Mucous membranes of the lips,
gingiva, cheeks, and tongue are the loci of these types of ulcers. The palate, tonsils, and
pharynx are usually freed of these ulcers. In herpetic forms the skin portion of lips are
involved with these ulcers. Minor ulcers cover almost 90% of all oral ulcers in BD. The
alleviation usually takes 15 days and no scars remains. They make eating hard for the
patients (17).

Major aphthous

The second form of aphthous ulcers are called major scars, which are observed less than
minor types. They are between 1 to 3 cm in diameter, grey-white color and could be
present in different parts of the oral mucosa. Unlike minor ulcers, they are painful and
leave scars after healing. Sometimes these ulcers make swallowing difficult, which are

followed with innutrition deficiency and probable death of the patients (40).

Herpetiform aphthous
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Herpetiform aphthous ulcers are the rare types, which appear as multiple ulcers in 2-3

mm in diameter around oral cavity. They don’t leave scars and heal fast (41).

Genital ulcers

Genital ulcers usually are considered as pustules and papules at the initiation of the
disease and then they turn into ulcers. The form of these ulcers are round or oval and they
are more prone to getting infected than oral ulcers. In males, the region of formation for
these ulcers is scrotum and they manifest as scars. They are larger and deeper than oral
ulcers, and are less likely to get healed. In females, ulcers are seen more in the labiaes
and less in the cervical region. Most of the time, they have no sign unless they get infected.
Hence, in suspected patients, gynecological examination should be performed. Genital

ulcers usually alleviate in 10 to 30 days (42).

Other skin lesions

Other skin lesions include erythema nodosum, papulopustular lesions and other lesions.
Erythema nodosum-like lesions are present in half of the BD cases (43). They might not
be recognizable from idiopathic or other disease-related erythema nodosum, but usually
they are deeper (43). The acne-like lesions of BS (papulopustular lesions) are observed
in the face, upper chest, and upper back, and also on the legs and arms, which are less
common regions for the presence of acne. Other lesions include ulcers, Sweet’s syndrome

(Gomm-Button), and pyoderma gangrenosum (44).

Pathergy test

Pathergy test is a diagnostic approach, which is applied with a 20 gauge needle into the
skin of the forearm. If a papule or pustule appear on the skin after 48 hours, then the
Pathergy reaction is positive. It should be noted that the wound heals normally (44). In
Pathergy test, the intensity of reaction is higher in males compared to females (45).
Pathergy test is used frequently in the Middle East. However, the positive reaction
declines outside the Middle East, Far East, and the Mediterranean regions. In addition,
research propose that the amount of Pathergy has been reduced during the time and it has
postulated that the sharper needles reduce the traumatic skin reactions. The
reproducibility of Pathergy has been restricted because of intra- and inter-observer
variation. In addition, the scope of the reaction might vary at different times for the same
patient (44).
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2.2.3.2. Eye manifestation

Eye manifestation is one of the most important and vital symptoms of BD with
respect to fatality and frequency. Ocular involvement is one of the significant reason for
the loss of vision within the Mediterranean region, Middle East, and Far East. In a survey
performed among different parts of Turkey, Behcet’s is the most prevalent diagnosis
among patients, who suffer from uveitis (46). Eye involvement is common in the
initiation of the disease. It happens in both eyes in 70% to 80% of patients, engaging

posterior uvea more than anterior uvea (47,48).

Ocular manifestation usually presents as retinal vasculitis and hypopyon pan
uveitis, which might aggravate or alleviate during the process of inflammation (49)
(Figure 2-3).

Hypopyon is a pile of inflammatory cells, which appear as a layer in the front
region of iris (Figure 2-4). It is present in almost 20% of BD patients with eye disease
(44). About half of the patients with the mentioned problem lose their vision after a few
month. Retinal vasculitis can be seen as patches of fluorescein flows alongside the
vessels, retinal exudates, hemorrhages, cytoid bodies or white patches; venous
thrombosis, papilloedema; and the macular disease (44).

Figure 2-3: eye involvement in a BD patient

“Retinal vasculitis with associated hemorrhage and retinitis in a patient with Behcet’s disease” (left) and “Fluorescein

angiography of same area revealing hyper fluorescence along involved vessels, indicating active vasculitis” (right) (50).
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Figure 2-4: Hypopyon uveitis

Inflammatory cells, which appear as a layer in the front region
of the iris (44).

2.2.3.3. Vascular manifestations and cardiac involvement

Effects of Vasculitis in BD can be seen in all vessels regardless of their size,
including venous and arterial structures. Venous are more commonly involved than
arterial. About 30 percent of BD patients experience venous thrombosis, while arterial
disease occurs only in 3-5 percent of the cases (51). Also, it is more dominant in males.
Deep veins of the lower extremity are the regions that venous thrombosis occur (60-80%).
Other sites include some big vessels of heart (vena cavae), cerebral venous sinuses in
cranial cavity and other veins. It can involve pulmonary artery, non-pulmonary artery and

central venous during different courses of the disease, too (52).

Vascular disease in BD is recurrent. In a retrospective study, the recurrence rate
was reported to be 23% and 38% over 2 and 5 years, respectively. Also, lower extremity
deep vein thrombosis was the most detected symptom (53). Chronic repetitive thrombosis
of the lower extremities can cause symptoms like erythema, dermatitis,

hyperpigmentation, and skin ulcers (52).

Cardiac involvement occurs rarely in 1%-6% of the BD patients. It consists of
pericarditis, myocarditis, endocarditis (54). Aneurysms and/or thrombosis of the coronary
arteries along with hemorrhage, myocardial infarction and unexpected death have been
observed in BD cases with cardiac involvement (15).
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2.2.3.4. Musculoskeletal manifestations

Arthritis or arthralgia has been observed in almost 45 percent of BD cases (15).
These characteristics usually come before other symptoms of BD (15). Arthritis usually
occurs in large joints like knees, ankles, elbows, and wrists. However, it can affect some
small joints too. Arthritis usually does not damage the affected regions and they would

heal after some days or weeks (55).

2.2.3.5. CNS disease

It affects 20-40 percent of BD cases (56). Neurological involvement in BD
consists of two types: parenchymal (Neurobehcet’s disease) and non-parenchymal
(cerebral vascular thrombosis and aneurism) lesions. Parenchymal lesions usually initiate
abruptly. Headache, meningitis or meningoencephalitis, hemiplegia, or cranial nerve
palsies are its symptoms. In addition, psychiatric problems such as character disorders,
impairment of memory and dementia could happen (15). The other type includes dural
sinus thrombi which causes intense headaches. Parenchymal lesion in BD patient with

neurological problems is more frequent than non- parenchymal type (about 75%) (17).

2.2.3.6. Gl manifestation

The frequency of Gl in BD patients vary from 1% to 30%, because their symptoms
are similar to other GI inflammatory disorders. The disorder’s symptoms include nausea,
anorexia, abdominal pain, and diarrhea that could be bloody sometimes. Perforation of
the intestine could happen also. Transverse colon, ascending colon and esophagus are the
regions that inflammation can occur. However, ileocecal is the region that is affected

more than other parts of gastrointestinal tract (57).

2.2.3.7. Other manifestations
Amyloidosis

Amyloidosis has been seen in BD patients with very low frequency. Its morbidity
rate is about 50% (58). The disorder would be related to the nephrotic syndrome or
proteinuria. It is postulated that the disease has been associated with large vessel vasculitis
and arthritis (59).
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Periodontal disease

The accumulation of plaque and periodontal index scores in BD cases are more

than healthy control groups (60).

Orchitis and epididymitis

They tend to occur repetitively. The swelling of epididymitis could be painful or painless.
They could remain for few days to weeks. Orchitis’ attacks are painful and mark both
testicles (61).

Inner ear involvement

Inner ear involvement consists of two types: hearing loss and disequilibrium. Several

research reports have shown the frequency of hearing loss as 12-80% (15).

2.2.4. Diagnosis/Classification Criteria for Behcet’s Disease

In 1990, scientists of France, Iran, Japan, Tunisia, Turkey, UK, and USA gathered
to develop criteria from an international study group (ISG) in diagnosing Behcets’
disease. ISG criteria comprises of five characteristics: oral aphthosis and genital
aphthosis, skin manifestations, which include pseudo folliculitis and erythema nodosum.
The fourth is ocular manifestations. They are anterior uveitis, posterior uveitis, and retinal
vasculitis. The last criterion is the positive Pathergy test. According to these criteria, the
manifestation of oral aphthous is obligatory. Two out of other 4 other symptoms should
be present to define a case as BD (62). However, when the mentioned diagnostic criterion
was performed in each individuals’ country, the results had low sensitivity. Because in

this classification, variations of BD symptoms were not accepted.

In 2006, The International Criteria for Behcet’s Disease (ICBD) were presented
to the International Conference of Behcet’s Disease in Lisbon (Portugal). The conference
is held by twenty-seven different countries of the world. Considering various parts of the
world, both in and out of the silk road countries, proved that this study can confirm the
variability of manifestations, which can be carried out in any country with different
backgrounds. The ICBD criteria added vascular manifestations as the sixth item of the
criteria with the involvement of superficial phlebitis, deep vein thrombosis, large vein
thrombosis, arterial thrombosis, and aneurysm. According to the ICBD, each genital

aphthous lesions and eye lesions-are considered to be two points and other four items
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have the value of one point (Table 2-3). A patient with the point of three or more is
considered as BD (63).

Table 2-3: International Criteria for Behcet’s Disease
Signs/symptoms points
Ocular lesions
Genital aphthosis
Oral aphthosis
Skin lesions

Neurological manifestations

[ e = = T N

Vascular manifestations

2.2.5. Manifestations of BD with approximate % prevalence

Frequency of clinical symptoms of BD are presented in the Table 2-4 as
percentages (16), which are resulted from several studies including the criteria suggested
by International Study Group for Behcet’s Disease. In this table, symptoms are classifed
under two major and minor symptoms groups. Major features occur frequently, and minor
features are the ones with rarely occurrence and it is not related to the intensity of a
symptom. In addition, it should be noted that the prevalence of symptoms in different

countries are not equal (16).

Table 2-4: Prevalence of Behcet’s disease symptoms

Major symptoms Prevalence%o

Recurrent oral ulceration 98%
Recurrent genital ulceration 80%
Inflammatory eye disease including uveitis + 50%

hypopyon and retinal vasculitis

Skin lesions 80%
Erythema nodosum 47%
Folliculitis/acneiform lesions 51%

Hyperirritability — Pathergy 60%
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Minor symptoms
Arthritis (arthralgia) 45%

Vasculitis including large vessel vasculitis, 16%

aneurysm formation and arterial/venous

thrombosis

Gastrointestinal lesions 12%
Neurological lesions 15%
Epididymitis 8%
Family history 20%

2.3. Decision making and medical decision making
A decision is choosing a certain course of action to solve a problem after
elaboration and assessment of the problem at hand (64).

The decision maker can make a decision in regard with the evidence of the
available data during the decision making process. One can attain data by observing the
present state of the problem or by searching through the history of the problem. The
people responsible for diagnosis must have adequate knowledge and experience in the
issue. This become even more important if the issue were in the field of medicine where
no mistake is acceptable. In addition, a decision maker should consider all possible
options and choices in the situation and select the best of them. Medical decision making
could be considered as a process for deciding the best treatment strategy, and for the
diagnostic purpose of the disease, which is obtainable by various physical findings and

diagnostic tests (65).

2.4. Clinical decision support system (CDSS)

Decision support system (DSS), is a structure where the a criteria is used to
evaluate specific conditions necessary to form correct decisions. Based on studies done
in this field, about 15% of the DSS research is in the medical area (66).

Clinical decision support systems (CDSS) are tools that help making medical
decision by using patients’ data which in turn provide patient-specific evaluations or

recommendations. CDSS needs quantified biomedical information, data sets made up of
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indvidial datapoints, and a reasoning or deduction strucutre to bring useful information
for clinicians (67).

Nowadays, several articles about various CDSSs which are used in the clinical
practice and routine, is accessible with a simple PubMed database query. The search
strategy for PubMed was "clinical Decision Support Systems," and totally 17,079 papers
were found from 1987 to February 2021. As shown in Figure 2-5, papers related to CDSSs

have been increasing by time.
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Figure 2-5: Number of articles of CDSS from 1987 to 2021

Annual distribution of the number of articles on CDSS registered in PubMed database and published between 1987
and 2021 (obtained from PubMed search).

2.4.1. Types of CDSS

CDSS features must be defined and categorized to comprehend the importance
and function of this system. These characteristics are mostly based on system’s function,
model of advice output, communication method, decision making scheme within the
system and the user interface (68).

2.4.1.1. System’s function
Two sorts of this system are available. The first one determines ‘what is true?’
which focuses on diagnostic function. Data of this system is fixed data, which is put by a

user and then advice is given by the system. Websites like Diagnosaurus® or WebMD®
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are the examples of this function (69,70). WebMD symptom checker is presented in
Figure 2-6 (70). The second one goes further and addresses the question “what to do?” it
can tell us which test should be ordered for better differential diagnoses or which drugs
should be given to the patient. However, available CDSSs now can do two functions at
the same time, first determine the diagnosis and then advise for test orders and drug
prescription.

2.4.1.2. Model of advice output

There are passive and active systems in this category. In passive advice the user
must press a button or request to access the information from the system while in active
type the system itself deal with data and process information (71). Active systems
generate alerts to inform clinicians about the actions needed to apply or actions must be

avoided. However, excessive alerts have become a big challenge in this field.

2.4.1.3. Communication method

In these systems, CDSS become an advisor, first asks questions about the
diagnosis and then determine the medication and right dose or let the user determine the
dose in the system and then generates alerts if the given dose is wrong (72).

2.4.1.4. User Interface

With the help of processing power, electronic health record (EHR) integration and
computer portability the CDSSs are now fast, easy to access and use. User Interface is
still a good method to classify CDSS describing EHR integration or overlay, keyboard or

audio interaction and advice using of pop-up screens, audio signals or text.

2.4.1.5. Decision making scheme within the system

These models include problem-specific flowcharts designed for computer programs use
which are the simplest model. More complex models are Bayesian models (73,74),
artificial neural networks (75), support vector machines (SVM) (76) and artificial
intelligence (77). These models help calculate and predict the disease, choose the best

treatment and interventions.
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Figure 2-6: WebMD symptom checker

This tool identifies possible conditions and treatment according to the available symptoms. In this website, first the age
and gender is requested in the boxes. Then, the location of ache or disease involvement in the body should be identified.
When the processes are done, system asks about symptoms, person’s current health condition and drug treatments.

Finally, it provides possible diagnosis of the disease and suggests treatment options.
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2.4.2. Advantages of CDSS

We are facing with vast amount of clinical data including EHR, disease entries,
patient surveys and exchange of already available datasets, which are accumulating
quickly. However, improving patient care is not necessarily guaranteed by digitalization
alone. For example, various research show that although computerized physician order
entry (CPOE) systems have reduced some errors, they also have generated novel errors
instead (78,79,80). Therefore, a precise clinical decision support is needed for utilizing
EHR and CPOE. At the present, healthcare practitioners do not have the knowledge to
whether a patient’s data is available in the EHR or face challenges like how to obtain data
from the patients and not having enough time to analyze the datasets. However, CDSS is
capable of addressing above issues (72). In addition, the system can record and consider
subtle changes in a patient’s condition at all stages and analyze data in regard to that
changes. The final aim of CDSS is to assist doctors in difficult and challenging medical

situations and diagnosis of various diseases (68).

2.4.3. Real-life instances and relative research of clinical decision support system

Since CDSS can stimulate human thinking, there are many clinical support
systems which have been built for various diseases for the purpose of decision support.
These systems have been used for Dental education (81), Ventilator treatment (82),
Cancer Diagnosis (83), Cancer Treatment (84), Diagnosis of heart diseases (85) and Heart
Failure (86), Diagnosis of neuromuscular disorders (87) Respiratory pattern analysis (88)
and many more. One good example applied in the field of CDSS, is named DXplain. This
system was built in Massachusetts General Hospital for the purpose of diagnosis in
general medicine. DXplain uses laboratory results, clinical findings and symptoms as
input, and could help physician to make decisions (89). Also, the system recommends
further tests analysis and explains every differential diagnosis detail by detail. Therefore,
it could be utilized in several hospitals for the purpose of clinical education of medical
students and medical consultation (90). Another reliable CDSS is HEPAXPERT-III: It is
a knowledge-based CDSS developed as a successor to HEPAXPERT 1 and II.
HEPAXPERT-III can interpret the serologic tests for Hepatitis A, B, C and D viruses. It
automatically connects to the hospital laboratory information system and generates
interpretive reports on serologic findings such as analysis of probable viral infection ,

immunity, stage of illness, treatment, and virality rate (91).
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2.5. Data mining and its advantages

Nowadays, many hospitals are well equipped with a health care information
system which can provide and save information of all patients. These systems usually are
capable of performing simple statistical analysis. For instance, they can address questions
like “What is the average age of patients who have heart disease?” , “How many surgeries
had resulted in hospital stays longer than 10 days?”, “Identify the female patients who are
single, above 30 years old, and who have been treated for cancer” (92). However, these
kinds of analysis are not satisfactory since valuable knowledge is waiting to be found in
the vast amount of data in these systems. These systems should be able to infer patients’
information and answer advanced questions like “Given patient records, predict the
probability of patients getting a heart disease.” (92). “Data mining is a very useful
technique in this field. It is the nontrivial process of identifying valid, novel, potentially
useful and ultimately understandable pattern in data with the wide use of databases and
the explosive growth in their sizes. Data mining refers to extracting or mining knowledge
from large amounts of data. Data mining is the search for the relationships and global
patterns that exist in large databases but are hidden among large amounts of data” (92).
There are various types of algorithms that create models in data mining. Commonly
utilized approaches include Neural Networks, Fuzzy Logic, Decision Trees, Bayesian

Classifiers, Support Vector Machines, Genetic Algorithms and Hybrid System (93).

2.5.1. Bayes’ theorem
Bayes’ theorem has been named after Thomas Bayes J (1702-1761). This simple
formula determines all modern artificial intelligence (Al) systems for probabilistic
inference (94). In this formula, a conditional probability is calculated in which the
probability of an event occurring given the probability of another event that has happened
beforehand. If B stands for the dependent event and A is the outcome that has already

occurred, Bayes' theorem is expressed below (94):

Prob (B|A)=(Prob(A|B))/(Prob(A)) (2-1)

2.5.1.1. Applying Bayes’ theorem
This rule has become very useful in practice especially in the field of medical
diagnosis. It helps to obtain the unknown probabilities from other known probabilities. In

order to explain Bayes’ theorem, Russel et al. (94), describes it as follows:



25

“For example, A doctor knows that the disease meningitis causes the patient to
have a stiff neck, 50% of the time. The doctor also knows some unconditional facts: the
probability of a patient having meningitis is 1/50,000, and the probability of any patient
having a stiff neck is 1/20.

Letting S be the proposition that the patient has a stiff neck and M be the
proposition that the patient has meningitis, we have

P(SIM) = 0.5

P(M) = 1/50000

P(S) = 1/20

P(MIS) = P(S|M)P(M) / P(S) =0.5 x 1/50000/ 1/20 = 0.0002

Therefore, the probability of patients with a stiff neck who have meningitis is 2 in
10007 (94).

2.5.2. Naive Bayes’ classifier (NBC)

NBC is a data mining technique for classification with basis of the Bayes’
theorem. By giving a set of input data, the algorithm creates models that predict the
posterior probability of each class. This classifier, has two assumptions: All the attributes
and features are independent from each other and the importance of the attributes is equal.
These assumptions make the computation easier and because of that it is called Naive
(95). NBC has been a reliable technique offering high accuracy among other machine

learning techniques (96).
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3. MATERIAL AND METHOD

3.1. Data derivation

The optimum method to provide data is to extract them from relevant literature
review, expert opinion and data gathered from real patients. However, regarding the
restrictions of the Covid-19, we were unable to obtain data from 2 former sources and
only data from the literature was extracted. PubMed and National Center for
Biotechnology Information’s (NCBI) National Library of Medicine (NLM) catalog were
utilized to search the following keywords: “Behcet’s disease review”, “Behcet’s disease
symptoms”, “Behcet’s disease clinical findings”, “prevalence of Behcet’s symptoms and
vasculitis”. The years literature searched were between 2000 and 2021. Extracted data
includes all the manifestations of BD patients according to its criteria and in the form of

prevalence.

3.2. A multi- dimensional stochastic-model to predict Behcet’s disease

The model that will be axplained has been adapted from Yarman et al. (97).
According to the mathematical-modelling point of view, a specific disease, like "A", may
be related with a random variable X or equally a random set X. For instance, if X is the set
of the members which have the disease "A" for sure, then we can find the probability P(X)
of a person to be a member of that set (95,98,99). Disease "A" could be described as the
combination of some physical symptoms designated by { Al, A2, ... , AN} where the

integer N designates the total number of symptoms, which build up the disease "A".

Random variables { X1, X2, ... , XN} may be considered as the mutually
exclusive sets, which are related with the physical symptoms { Al, A2, ... , AN},
respectively. More clearly, Xk could be a set made up with the members who owns the
symptom "Ak ". At this point, we can compute the conditional probability P(X|Xk) for a

person having the disease "A" while possessing the symptom "Ak ".

Conditional probabilities P(X|Xk) are essential factors to evaluate the probability
P(X) for a case who has the disease "A". In order to assess conditional probabilities, we
may choose a sample set XS that has total number of NS members who for sure own the

disease "A". Then, we form a training set XT from the sample set XS as follows:

According to Figure 3-1 (97), let each independent set {XT N Xk ; k=12, . .,
N} is formed on the patients of XS, who surely possess the disease "A™ with symptom
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Ak with total number of nk patients. In this case, total number of members of the training

set XT is given by
Nr = leg=1 ny (3-1)

In this regard, the training set XT is constructed on the union of the intersection-
sets XT N Xk such that

X J!Er_:
X,
XX o
N / AL
X\tl X J‘I-fr-]XA /\f &

Figure 3-1: Event X = (X N X1) U...U (X NXN)

The random set X may be described by means of mutually
exclusive random sets {x1,x2,...,.xn} (97).

In regard with the above foundation, the probability of having the disease "A" for
each member of XT is unity (i.e. P(X) = 1). In addition, for each member of Xk
probability of P(Xk) = 1, because all the members of Xk have the symptom AKk. Now,
conditional probability P(X|Xk ) may be approximated utilizing the frequency count fk =
nk/NT such that

P(X|Xk) = P(X N Xk )/ P(Xk ) = lim NT—oo nk INT = nk INT = fk  (3-3)

In this regard, by analyzing clinical datasets of BD cases, and by employing a multi-
dimensional stochastic linear model, it is possible to compute the probability of having
the disease. Patients who have BD, are considered as the members of an event set X. Here,
the random set X may be defined with mutually exclusive random sets {X1, X2, ..., XN}
as shown in Table 3-1 (97).
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Table 3-1: Constructing XT with total number Nk members
XT N X1 XT N X2 XT N X3
nl n2 n3
XT N XN
nN

In figure 3-1, event-set X is constructed with N- mutually exclusive sets Xk such

that

X=(XNX)UXNX2U...U(XNXN) (3-4)

In this case, probability of having the event X is given by

PX)=P(XNX1)+P(XNX2)+-+PXNXN)= 2’,§’=1 P(X N XK) (3-5)

Also, while event Xk occurs, conditional probability of having event X is given
by

P(X|Xk ):% (3-6)

Therefore,

P(X N Xk)=P(X | X&) . P(Xx) (3-7)

In this point, we designate the conditional probability P(X|Xk) by wk

Then,

P(X) = Xh—, wk P(Xk) (3-8)

When event X occurs; P(X) must be equal to one, which in turn makes all P(Xk )
equal to one. Therefore, , Y:¥_, Wk must add-up to one. Therefore,

W sum= 21,2':1 Wk =1 (3-9)

According to the article which described the above formula, “the above equation

can be expressed as a theorem” (97).

3.2.1. Theorem on Conditional Probabilities
If an event X is constructed with N-mutually exclusive complete-events X1, X2,

..., XN as shown in Figure 3-1, then the sum of conditional probabilities wk = P(X|XKk)

must be equal to one such that
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N Wk=1 (3-10)

3.2.2. Utility Score or Probability of Occurrence
Let y = P(X). Let Xk = P(Xk ). Then, we say that y is the utility score of the
random event X, which describes the probability of occurrence for event X.

3.2.3. Outcome of a Stationary Linear Stochastic System
The random variable y is called the outcome of a stationary Linear Stochastic

System (LSS) which is described by

y=YN_ Wk.Xk (3-11)

3.2.4. Inputs and the Output of LSS
In LSS, xk is called the independent random input variables, whereas y is called

the random output variable of LSS.

3.2.5. Parameters of LSS
In LSS, wks are called the system parameters. They are predicted on the occurred

event X by using the conditional probabilities wk = P(X|X ).

In fact, if the set X = (X N X1) U (X N X2) U ... U (X N XN) is complete, the
system parameters wk specifically determine the probability of occurrence for the random

event X.

3.2.6. Weight Coefficients (wk)
By equation (3-11), the outcome y = P(X) is the weighted sum of the random
inputs Xks. By considering that, the system parameters wks of LSS are also called weight
coefficients which perform on the random-input variables Xks.

With regards to the above bases and descriptions, we can now recommend a

mathematical modeling for predicting the Behcet’s disease.

3.3. Applying LSS Model for BD
BD could be defined with LSS as shown in Figure 3-2 (97). The wks are the

system parameters that performs on inputs wks with employing equation y=Y%_, Wk. Xk

(3-11). And they will be predicted by calculating a training set XT as

P(X|Xk ) = P(X N Xk )/ P(Xk ) = lim nr— nk INT = nk INT = fk (3-3)
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X, ) (Lss)

W1

W,

Xk |:> Wi |:> Y=P (X)

Xo ) W

Figure 3-2: LSS for BD

In order to utilize this model, the symptoms of BD are considered mutually
exclusive attributes, that have been observed in BD cases. Mentioned symptoms were
fully explained in Table 2-4. For example, the first symptom we mentioned was recurrent
oral ulceration and it could be related with a random event set X1 which was formed by
members which share that particular attribute (i.e. A1) and so on. Some symptoms can be

listed as below:
Recurrent oral ulceration (attribute A1—XT1)
Recurrent genital ulceration (attribute A2—X2)
Inflammatory eye disease (attribute A3—X3)

Behcet’s disease includes 13 symptoms with pertinent frequencies. LSS
parameters can be measured by forming a sample set XS comprised of NS=100 cases that
have distinct attributes definitivly. For example, the frequency in attribute Al or recurrent
oral ulcer is 98%, which means that out of 100 people, 98 person possess this symptom.
Or 80 out of 100 people have recurrent genital ulceration attribute. The complete list of
symptoms and their associated frequencies (nk) of the sets (XTNXk) are listed in Table
3-2, in which, the training set XT is designated as the total number of NT which equals
to 1. By considering the parameters {wk; k=1,2,...,13} calculated in Table 3-2, a test of
diagnosis for Behcet’s disease can be applied through employing a utility function

described by equation 3-10 such as follows:

PX)=YR_i Wk.P(Xk) (3-12)
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In this point, P(XK) is associated with attribute Ak. Therefore, if a person possess

the attribute or symptom Ak, then P(Xk)=1 and if the person does not possess the
attribute, then P(Xk)=0.

Table 3-2: Event set and predicted wk

Event Sets

XNXy

XNXe

XNX3

XNX4

XNXs

XNXe

XNX7

XNXg

XNXo

XNX1o

XNX11

XNX12

XNX13

NT=Total number
of BD cases in the
Set XT

Descriptions Ak—Xk

(symptoms)

Recurrent oral
ulceration

Recurrent genital
ulceration
Inflammatory eye
disease including

uveitis + hypopyon and
retinal vasculitis

Skin lesions
Erythema nodosum

Folliculitis/acneiform
lesions

Hyperirritability -
Pathergy

Arthritis (arthralgia)

Vasculitis including
large vessel vasculitis,
aneurysm formation
and arterial/venous
thrombosis

Gastrointestinal lesions

Neurological lesions
Epididymitis

Family history

members (nk) in

the sample set XS wk=P(X|Xk)=nk/NT

with attribute Ak

98

80

50

80

47

51

60

45

16

12

15

20

Nt= 582

Weight

0.168

0.137

0.085

0.137

0.080

0.087

0.103

0.077

0.027

0.020

0.025

0.013

0.034

Sum=1
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3.4. Setting a threshold
We set our threshold for 50%, which signifies the presence of BD in the case. If
yielded result is above the threshold, BD is detected in the patient. Otherwise, BD does

not exist in the person.

3.5. Web programming

Web programming is the final step of constructing the clinical decision support
system. This program is constructed to help run the self test by family practitioners and
medical doctors, which propels them to the early detection of BD. In this point, more
recent data from suspected patients is entered and the system processes these data
according to aforementioned model we have created. Finally, the output of the system
will be dealing with prediction of possessing the disease and making decision about the
patient. The program has been written in MATLAB environment and developed

according to the algorithm in Figure 3-3.



Data Collection from the BD patients
to determine the attributes and their
corresponding frequencies

Extraction of the independent attmbutes set from the collected
data for BD

Construction of a Sample Set s
with the patients who for sure possezs BD

Decomposition of Xs to mutually
exclusive zets to construct the training set

xr=UN¥_, XT N Xk

Estimation of the Linear Stochastic System
Parameters Wk

Fun Self-Test Session of the CDSS

Tool
= P(HK)
Enter the input variables as 1 or 0 (yes

or no)

!

Estimate the output of L5S by using
PX)=Xx., wk P(Xk)

Pixy=50%

Plx)=50%
Does not have BD

Figure 3-3: The algorithm of test

Work flow of developing a CDSS for BD disease. If the output shows results above 50%, the patient
should visit the expert. ( adapted from Yarman et al.)(97).
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3.5.1. Steps in MAT LAB
In the first step, we loaded the real row data in MATLAB program. Real row data

is the frequencies of different symptoms of Behcet’s disease:
load 'real_row_data’

Second step is to normalize the row data. Normalization is one of the
preprocessing techniques in data mining which turn all data in a specific range of numeric
scale like a range between 0 and 1 (100).

([C_N, xmax] = BEH_Normalization(real_row_data)
Next step is finding the weight of each variable or symptom in our data
[ W_Ln]=BEH_Augmented Weight Matrix( Xmn)

Then, we input new data which belongs to a suspicious person , to find out about

the probability of having the Behcet’s disease.
load 'inputs'

After normalizing the new data, with the help of if/else statements, system can

make decision about the person’s condition.
if any(X_wLn2 > limit)

disp(‘Behcet’s disease symptoms have been detected in the patient. Please Visit

an Expert!")
max_value=max(X_wLn2);
disp(‘Frequency of the disease :%"),disp(max_value*100)
else
disp('This case does not have Behcet’s disease.")

Steps of operation in MATLAB is depicted in Figures 3-4, 3-5, 3-6 and 3-7.
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Figure 3-4: Operations in MATLAB step 1

In this step real row data is loaded
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Figure 3-5: Operations in MATLAB step 2

In this section computional steps are performed.
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Figure 3-6: Operations in MATLAB step 3

weight of each variable is calculated and threshold is set.
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Figure 3-7: Operations in MATLAB step 4

By loading a patient’s symtoms as input, system can make decision about the patient’s condition.



37

3.6. Evaluation of the model

We performed 4 different case evaluations to test our developed model. In this
regard, two case reports of BD and two case reports from diseases other than BD, which
have similar manifestions to BD were selected. For cases number 1 and 2, PubMed was
used to search the literature entering these key terms: “Behcet’s disease clinical findings”,
“Behcet’s disease case report” and the years of publications were selected from 2000 to
2021. Selected cases included all physical signs and symptoms of BD reported in the
literature (101,102).

For the case report number 3 research gate was used to derive data from the
literature. The research key words was “acute sever ulcerative colitis case report” and
reports published between 2000 and 2021 were scanned. Among these, the one chosen
for case report number 3 was picked, because the patient’s disease is named acute sever
ulcerative colitis, which belongs to the inflammatory bowel disease and its symptoms are
similar to BD manifestations (103). Both disorders have non-specific gastrointestinal
manifestations and similar extra intestinal involvements (16). In this case report, a male
patient at the age of 44 visited a healthcare facility. Some of his symptoms were diarrhea
with blood, arthralgia in large joints (elbow and knee), skin rash and some extra intestinal
involvement such as erythematous nodular lesions in the lower limbs (103). According
to these manifestations, there is similarity between patient’s symptoms and BD
symptoms, therefore, by using these common symptoms, we tried to check our model and

test whether it is able to rule out the disease from BD or not.

Data of case report 4 was gathered by using PubMed and the key words used to
search for the reports were “sweet syndrome case report", and years were Selected
between 2000 to 2021. The disorder is called sweet syndrome (Gomm-Button) and has
common symptoms with BD. It is an acute dermatologic disorder and afflicted patients
manifest tender plaques or nodules, fever, arthralgia, eye manifestations, headaches, and
in few cases, oral or genital lesions (104). In this case report, one male patient of the age
51 had been refered to an otolaryngologist with pain in his tongue and throat. Some of
the symptoms of this case were overlapped with BD symptoms. Aphthous ulcerations in
oral and oropharyngea region, and raised inflammatory lesion on tongue were diagnosed

during examination. The patient also suffered from swollen ankle, hand, and wrist.
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Erythematous papules and macules were present on his face, neck, and extremities (104).

We put the patient’s manifestions in our model and checked its detectibility.



4.1. Case study 1

4. RESULTS
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Table 4-1 depicts a person’s symptoms or attributes, the weight coefficient and

utility function. In this table, a person’s BD symptoms has been gathered and listed as

below. According to the research, the case has BDs for sure (101). Therefore, we can

evaluate our model with the prior knowledge. Our algorithm also confirmed the case as
having BD (Table 4-1).

Table 4-1: Result of diagnosis test for case study 1

Attributes Event Sets

Al XnX]_
Ao XNX>
A3 XﬂXg
Ay XNX4
As XNXs
Ae XﬂXe
A7 XﬂX7
Ag XNXs
Ag XnXg
Ao XNXio
A XNX11
A12 XﬂXlz
A13 XﬂX13
Result

the test

of

Descriptions Ak—Xk

Recurrent oral ulceration

Recurrent genital
ulceration

Inflammatory eye disease
Skin lesions
Erythema nodosum

Folliculitis/acneiform
lesions

Hyperirritability -

Pathergy

Arthritis (arthralgia)
Vasculitis
Gastrointestinal lesions
Neurological lesions
Epididymitis

Family history

Weight  Coefficients = P(X)
wk=P(X|Xk)=nk/NT

0.168 1
0.137 1
0.085 1
0.137 1
0.080 1
0.087 0
0.103 0
0.077 0
0.027 0
0.020 0
0.025 0
0.013 0
0.034 0
Sum=1

Wi.P(Xk)

0.168

0.137

0.085

0.137

0.080

0.607



4.2. Case study 2
Another case report was studied that was diagnosed with BD (102). The patient’s

symptoms are presented in Table 4-2.

Table 4-2: Result of diagnosis test for case study 2

Attributes Event
Sets
AL XNX3
As XNXz
As XNX3
A4 XNXa
As XNXs
As XNXe
A7 XNX7
As XNXs
Ag XNXg
Ao XNXio
A XNX1u
A XNXi2
Az XNXi3
Result
the test

of

Descriptions Ak—Xk

Recurrent oral ulceration

Recurrent genital
ulceration

Inflammatory eye
disease

Skin lesions

Erythema nodosum

Folliculitis/acneiform
lesions

Hyperirritability -
Pathergy

Arthritis (arthralgia)
Vasculitis
Gastrointestinal lesions
Neurological lesions
Epididymitis

Family history

Weight  Coefficients
wk=P(X|Xk)=nk/NT

0.168

0.137

0.085

0.137
0.080

0.087

0.103

0.077
0.027
0.020
0.025
0.013
0.034

Sum=1

P(X)

o o o o
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Wi.P(Xk)

0.168

0.137

0.085

0.137

0.103

0.077
0.027

0.737

This person has 74% chance of having the Behcet’s disease. And the yielded

percentage is above the threshold, therefore, he is highly recommended to visit an expert

immediately.



4.3. Case study 3
Here, a case report from a different study rather than BD is selected. Symptoms
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of this case is similar to BD (103). We put the attributes of the case study in our model
and tested how it predicted the disease (Table 4-3).

Table 4-3: Result of diagnosis test for case study 3

Attributes Event
Sets
A1 XNXy
A, XNX;,
As XNX3
A4 XNXa
As XNXs
As XNXs
A7 XﬂX7
As XNXs
Ag XNXg
AlO Xijm
All XﬂXn
A XNXi2
A13 XmX13
Result
the test

of

Descriptions Ak—Xk

Recurrent oral ulceration

Recurrent genital
ulceration

Inflammatory eye
disease

Skin lesions

Erythema nodosum

Folliculitis/acneiform
lesions

Hyperirritability -
Pathergy

Arthritis (arthralgia)
Vasculitis
Gastrointestinal lesions
Neurological lesions
Epididymitis

Family history

Weight  Coefficients
wk=P(X|Xk)=nk/NT

0.168

0.137

0.085

0.137
0.080

0.087

0.103

0.077
0.027
0.020
0.025
0.013
0.034

Sum=1

P(X)

o o o

Wi.P(Xk)

0.137

0.080

0.077

0.020

0.314

As the result shows, the output of the model is 0.314 which is under the threshold.

Also we can conclude that although the symptoms were similar to Behcet’s, the model

could differentiate it from BD.



4.4. Case study 4
This case is also reported from a study with a disease other than BD (104). Yielded
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result shows 0.382 which is under the threshold. In this case also, our model could predict

the diagnosis properly (Table 4-4).

Table 4-4: Result of diagnosis test for case study 4

Attributes

Aq

Event
Sets

XNX1

XNXz

XNX3

XNX4

XNXs

XNXe

XNX5

XNXs
XNXo
XNXi10
XNX11
XNX12
XNX13

Result

Descriptions for the
attributes Ak—Xk

Recurrent oral ulceration

Recurrent genital
ulceration

Inflammatory eye
disease

Skin lesions

Erythema nodosum

Folliculitis/acneiform
lesions

Hyperirritability -
Pathergy

Arthritis (arthralgia)
Vasculitis
Gastrointestinal lesions
Neurological lesions
Epididymitis

Family history

Weight  Coefficients
wk=P(X|Xk)=nk/NT

0.168

0.137

0.085

0.137
0.080

0.087

0.103

0.077
0.027
0.020
0.025
0.013
0.034

Sum=1

Wi.P(Xk)

0.168

0.137

0.077

0.020

0.382

Operations of predicting Behcet’s disease and making decision about them in MATLAB

program for 4 case studies are presented below in Figures 4-1, 4-2, 4-3, 4-4, 4-5, 4-6, 4-

7 and 4-8.
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% Step 6: Generate "Weight matrix" from Xmn
= [ W Ln ] = BEH_Augmented Weight Matrixz( Xmn );

= load 'inputs'
= X_inputs=inputs;
= [ X wLn2 ] = BEH Augmented Weighted Linear Sum( W Ln, X inputs );

= limit=0.2;

= if any(X wLn2 > limit)

= disp('Behcets disease symptoms have been detected in the patient. Please Visit an Expert!')
= max_value=max (X_wLn2);

= disp('Frequency of the disease :%'),disp(max_value*100)

= else

= disp('This case does not have Behcets diseass.')

= end

- Bar Polts Ln(X wLn2)

Command Window

Behcets disease symptoms have been detected in the patient. Please Visit an Expert!
Frequency of the dissase :%
60.9966

Figure 4-1: Prediction of BD in case study 1

The test result predicts BD with the probability of 61, and it suggests the user to visit an expert.

4\ Figure 1 - O X

File Edit View Insert Tools Desktop Window Help *

Dede

EIDE

0.7

Normalized Value of the Finding
(=3
>

=
T

=2
o
T

=
I~
T

=}
1%
T

=
LS
T

Behcet Disease Finding

I

1
Behcet Disease

Figure 4-2: bar plot for case 1

The bar plot depicts frequency of finding Behcet’s in the case study 1 (60.99%).
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[ Behcetm | + |

45— | xmn ] = BEH_AUQMENTE MAJOr_MatriX_Ln( X_RAW,GAZ); | ==

46 2

47 % Step 6: Generate "Weight matrix" from Xmn

48 — [ W In ] = BEH Augmented Weight Matrix( Xmn );

49

50 — load 'inputs'

51— X_inputs=inputs;

52— [ X wLn2 ] = BEH Augmented Weighted Linear Sum( W_Ln, X_inputs );

53

54 — 1limit=0.2;

55 — if any(X wLn2 > limit)

56 — disp ('Behcets disease symptoms have been detected in the patient. Please Visit an Expert!')

57; = max_value=max (X wLn2);

58 — disp ('Frequency of the disease :%'),disp(max_value*100)

Heho else

60 — disp('This case does not have Behcets disease.')

61:— end

62

63 — Bar_Polts_Ln(X_wLn2)

64 v

| S >

Command Window {

Behcets disease symptoms have been detected in the patient. Please Visit an Expert!
Frequency of the disease :%
13.7113

Figure 4-3: Prediction of BD in case study 2

The test result predicts BD with probability of 74%, and it suggests the user to visit an expert
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Figure 4-4: Bar plot for case 2

The bar plot depicts frequency of finding Behcet’s in the case study 2 (73.71%).
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4 % Read the actual matrix,

5 % Real data row

6!~ load 'real row data'

7|5 C_Actual=real row_data;

8 F e e e

9 % Step 1l: Raw data normalization

10 — [C_N, xmax] = BEH Normalization(real row data):

11 $ ————————————————————— e

12 % Inputs

i3 % Input 1: Group Vector of Ll1.

14 — G1=1;

15 % Input 2: GA2, Group Vector of L2.

16! = GA2=[13];

A7 % Input : row data of L2

18|~ X _raw= C_N;

19 %

20 % Computational Steps

A o

Command Window

Behcets disease symptoms have been detected in the patient. Please Visit an Expert!
Frequency of the disease :%
31:.:6151
Figure 4-5: Prediction of BD in case study 3

The system predicted possessing BD as 32 percent and suggests that there is no need to visit the expert. Since

case study does not have BD, our model predicted accurately
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Figure 4-6: Bar plot for case 3

The bar plot depicts frequency of finding Behcet’s in the case study 3 (31.61%).
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10 — [C_N, xmax] = BEH Normalization(real row data);
11 ot e b o e
12
13 % Input 1: Group Vector of Ll.
14 = Gl=1;
15 % Input 2: GA2, Group Vector of L2.
16 — GA2=[13];
17 % Input : row data of L2
18|z x_raw= C_N;
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20 % Computational Steps "
Command Window (
Behcets disease symptoms have been detected in the patient. Please Visit an Expert!
Frequency of the disease :%
38.3162
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Figure 4-7: Prediction of BD in case study 4

The system predicted possessing BD as 38 percent and suggests that there is no need to visit the

expert. Since case study does not have BD, our model predicted accurately.
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Figure 4-8: Bar plot for case study 4

The bar plot depicts frequency of finding Behcet’s in the case
study 4 (38.31%).
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5. DISCUSSION

Behcet’s disease is an inflammatory disease that belongs to primary systemic
vasculitic diseases. Various organs and arteries are affected by it and as time progresses,
the symptoms get worse. It is prevalent in countries alongside the silk road with
remarkable frequency in Turkey (between 20 to 420 cases per 100,000 population).
Detection of BD is mostly revovles on the physical signs which are oral and genital ulcers,

skin lesions and ocular lesions.

Clinical decision support systems are web based programs that have been utilized
for medical decisions in early diagnoses and prediction, treatment, practice and prognosis.
Several CDSSs have been designed with several machine learning methods and studied

for different diseases.

Symptom checkers base their differential diagnosis on the information entered by
the user. Most of them use simple decision tree model. By using text book knowledge
and given symptoms, differential diagnosis are presented to the user. Nowadays,
advanced symptom checkers like symptomate.com use chat bots for electronic diagnosis
(105). However, a survey demonstrated that only one-third of the cases were diagnosed
accurately (106).

To date, SVMs and random forest methods have been used frequently in the
rheumatology field for disease recognition and classification (105). Lin et al. (107)
proposed a system for detecting rheumatoid arthritis (RA) from electronic medical
records (EMR). More than 2500 clinical notes and laboratory values were trained and
then evaluated on a data set more than 2000 notes. By using a text analysis tool, the system
derives key words such as synovitis, pain or stiffness as input variables. Extracted terms
in addition to clinical and laboratory information, help system to detect RA patients.
According to the study, AUC score of SVM was 0.831 and concluded that its detectability

results is similar to human performance (107).

Another study used random forests technique to detect RA patients among clinical
codes in an EMR. By training more than 15000 data sets with random forests, they
detected eight 8 features in relation to the diagnostic codes for RA. By evaluating the
model on more than 5000 testing sets, they achieved 92% accuracy (108).
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Machine learning methods also could be used for prediction of disease
progression. In 2018, a study in the Netherlands used different machine learning methods
(random forests, logistic regression and k-nearest neighbor models) to achieve the best
performance for detecting flares in RA patients (109). The definition of a flare was given
as “an increase swollen joint count or an increase in medication from the last visit” (105).
Input variables included demographic, laboratory and medication and clinical data of 314
patients. The best performance was achieved by a random forest, which could identify
flares with AUC score of 0.8 (109).

Over the last decade, deep learning has been used widely for image processing of
musculoskeletal radiology (105). In clinical practice, automatic image interpretation is
helpful in identifying lesions or regions of high interest by heat maps. In a study by
Brahim et al. (110), with tibial texture analysis, they detect osteoarthritis (OA) on 1024

knees in the OA primary dataset and achieved 83% accuracy.

In the future, systems with various machine learning methods could assist
rheumatologists to find the best patient-specific treatment option. CDSS will perform
better if more data is available to support the rheumatologist in disease prediction and

treatment options.

Mentioned studies are some instances of CDSS in the field of rheumatology
performed between 2010 and 2021. However, no CDSS has been developed for BD
diagnosis to date. Therefore, we decided to use a model based on Bayes’ theorem for our
CDSS. Bayesian model has demonstrated a high diagnostic accuracy in CDSS studies for
heart disease, renal failure and rheumatic diseases (111,112,113). It is simple and

understandable, easy to build, and fast in achieving results.

In this study, we extracted historical data of BD patients from the literature and
created a Stationary Linear Stochastic model which was tested with our data in MATLAB
program. The data obtained from the literature includes all the major and minor symptoms
of BD. Then we derived data of two BD cases from other studies, and entered the
symptoms to check how the system works. Yielded results were 61% and 74%, which
means the proposed model could predict the disease correctly. In addition, we entered
data from 2 disorders other than Behcet’s and checked the model to see how it predicts.
Yielded results were 32% and 38%, which means that the model could exclude them from

BD. In this regard, if a person was suspicious about his health condition and can put his
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symptoms in the algorithm we developed, then he could obtain a prediction for early
diagnosis of BD, which could direct him to seek medical consultation . Also, it could
become handy for family doctors and general physicians to direct symptomatic cases to

the specialist more accurately.

There are a few BD candidate genes reported in the literature (including HLA and
non-HLA genes) other than the most common BD associated allele (HLAB*51) that is
mentioned in this thesis (114). Since BD is not a single gene disorder, meaning that there
are multiple genes involved in BD onset (29,30), and that there is no genetic testing
established to diagnose BD, we did not include genetic aspect calculation in our model
with an attempt to avoid bias. If we were to take into account the alleles so far associated
with BD, we would have been eliminating any potential BD genes that have not been

identified, yet. And therefore this incomplete set of genes would create error in our model.

Considering these facts, when a complete set of genetic variants involved in BD
diagnosis is identified, it can be incorporated in our model. This way we believe that our

model will serve to provide a more accurate diagnosis in the future.

In the current study, we concentrated on the mathematical modelling and
algorithmic structure of the decision making process. Although the algorithm has been
constructed so far, due to the lack of real patient data, the performance of the system has
not been assessed. However, a similar study done with the same algorithm and model
(97) , has yielded high accuracy of the system.

In the future work, we can expand our training data by extracting real data of
patients in hospitals, experts’ opinion and literature, t0 assess system’s accuracy. Also,
since it is easy to use and understandable and, if the system is performed with a user
friendly application on mobile phones, general practitioners and suspicious people can

use it as an assisting tool to guide them to the proper expert as fast as possible.



50

REFERENCES

1. Greco A, De Virgilio A, Ralli M, Ciofalo A, Mancini P, Attanasio G, et al. Behcet's
disease: New insights into pathophysiology, clinical features and treatment options.
Autoimmun Rev. 2018; 17(6):567-575. doi: 10.1016/j.autrev.2017.12.006. Epub 2018
Apr 6. PMID: 29631062.

2. Pay S, Simsek I, et al. Immunopathogenesis of Behcet’s disease with special emphasize
to the possible role of antigen presenting cells. Rheumatol Int. 2007; 27:417-24.
d0i:10.1007/s00296-006-0281-6

3. Kulaber A, Tugal-Tutkun I, Sibel P, Akman-Demir G, Kaneko F, Gul A, et al.
Proinflammatory cellular immune response in Behcet’s disease. Rheumatol Int. 2007;
27:1113-8. doi:10.1007/s00296-007-0367-9

4. Anaya JM, Shoenfeld Y, Rojas-Villarraga A, Levy RA, Cervera R, editors.
Autoimmunity: From Bench to Bedside. Bogota (Colombia): EI Rosario University Press;
July 18, 2013

5. Berner ES, La Lande TJ. Clinical Decision Support Systems: Theory and Practice. 2.
Springer; NewYork: 2007. Overview of clinical decision support systems; pp. 3—22

6. Waller R, Ahmed A, et al. Update on the classification of vasculitis. Best Pract Res
Clin Rheumatol. 2013; 27:3-17

7. Jennette J C, Falk R J, Bacon P A, Basu N, Cid M C, Ferrario F, et al. 2012 revised
International Chapel Hill Consensus Conference Nomenclature of Vasculitides. Arthritis
Rheum. 2013; 65(1):1-11.

8..Niwa Y, Miyake S, et al. Auto-oxidative damage in Behget's disease--endothelial cell
damage following the elevated oxygen radicals generated by stimulated neutrophils. Clin
Exp Immunol. 1982; 49(1):247-255

9. Gross WL, Trabandt A. Diagnosis and evaluation of vasculitis. Rhumatol (Oxford).
2000; 39:245-52

10. Bicakcigil M, Aksu K, Kamali S, Ozbalkan Z, Ates A, Karadag O, et al. Takayasu's
arteritis in Turkey - clinical and angiographic features of 248 patients. Clin Exp
Rheumatol. 2009;27(1 Suppl 52):S59-S64

11. De Virgilio A, Greco A, Magliulo G, Gallo A, Ruoppolo G, Conte M, et al.
Polyarteritis nodosa: A contemporary overview. Autoimmun Rev. 2016;15(6):564-570.
doi:10.1016/j.autrev.2016.02.015



51

12. Patel RM, Shulman ST. Kawasaki disease: a comprehensive review of treatment
options. J Clin Pharm Ther. 2015; 40(6):620-625. doi:10.1111/jcpt.12334

13. Grygiel-Gorniak B, Limphaibool N, et al. Clinical manifestations of granulomatosis
with  polyangiitis: key considerations and major features. Postgrad Med.
2018;130(7):581-596. doi:10.1080/00325481.2018.1503920

14. Silva F, Pinto C. et al. New insights in cryoglobulinemic vasculitis. J Autoimmun.
2019;105:102313. doi:10.1016/j.jaut.2019.102313

15. Greco A, De Virgilio A, Ralli M, Ciofalo A, Mancini P, Attanasio G, et al. Behcet's
disease: New insights into pathophysiology, clinical features and treatment options.
Autoimmun Rev. 2018; 17(6):567-575. doi: 10.1016/j.autrev.2017.12.006. Epub 2018
Apr 6. PMID: 29631062

16. Yazici Y, Hatemi G, Seyahi E, Yazici H, editors. Behcet Syndrome. second edition,
Switzerland: Springer, Cham; 2020

17. Ball G V, Fessler B J, Bridges S L, editor, Oxford Textbook of Vasculitis, England:
Oxford University Press; 2014

18. Cho SB, Cho S, et al. New Insights in the Clinical Understanding of Behget’s Disease.
Yonsei Med J. 2012;53:35-42

19. Davatchi F, Shahram F, Chams-Davatchi C, Shams H, Nadji A, Akhlaghi M, et al.
Behget’s disease in Iran: analysis of 6500 cases. Int J Rheum Dis. 2010; 13:367-73.

20. Azizlerli G, Kose AA, Sarica R, Gul A, Tutkun IT, Kula¢ M, et al. Prevalence of
Behget’s disease in Istanbul, Turkey. Int J Dermatol. 2003;42:803-6

21. Galeone M, Colucci R, D'Erme AM, Moretti S, Lotti T. Potential Infectious Etiology
of Behget's Disease. Patholog Res Int. 2012; 2012:595380. doi:10.1155/2012/595380
22. Zouboulis C C, Kétter I, Djawari D, et al. Epidemiological features of adamantiades-
Behcet's disease in Germany and in Europe. Yonsei Med. J., vol. 38, no. 6, pp. 411-422,
1997

23. Remmers E F, Cosan F, Kirino Y, Ombrello M J, Abaci N, Satorius C, et al. Genome-
wide association study identifies variants in the MHC class I, IL10, and IL23R-IL12RB2
regions associated with Behget’s disease. Nat Genet. 2010; 42:698—702

24. Yurdakul, S, Tuzuner, N, Yurdakul, I, Hamuryudan, V, and Yazici, H. (1996).

Gastrointestinal involvement in Behcet” s syndrome: a controlled study. Ann. Rheum.

Dis., 55, 208-10



52

25. Yazici, H., Chamberlain, M.A., Tuzun, Y., Yurdakul, S., and Muftuoglu, A. (1984b).
A comparative study of the pathergy among Turkish and British patients with Behcet’ s

disease. Ann. Rheum. Dis, 43, 74-5.

26. Pay S, Simsek I, et al. Immunopathogenesis of Behcet’s disease with special

emphasize to the possible role of antigen presenting cells. Rheumatol Int. 2007; 27:417-

24. doi:10.1007/s00296-006-0281-6

27. Kulaber A, Tugal-Tutkun I, Sibel P, Akman-Demir G, Kaneko F, Gul A, et al.

Proinflammatory cellular immune response in Behcet’s disease. Rheumatol Int. 2007;

27:1113-8. doi:10.1007/s00296-007-0367-9

28. Wallace GR, Niemczyk E. Genetics in ocular inflammation--basic principles. Ocul

Immunol Inflamm. 2011; 19(1):10-8. doi: 10.3109/09273948.2010.543306. PMID:

21250923

29. Lew W, Chang JY, et al. Increased expression of interleukin-23 p19 mRNA in

erythema nodosum-like lesions of Behget’s disease. Br J Dermatol. 2008; 158:505-11

30. Shim J, Lee ES, et al. CD4(+) CD25(+) regulatory T cells ameliorate Behcet’s

disease-like symptoms in a mouse model. Cytotherapy. 2011; 13:835-47

31. Mumcu G, Inanc N, et al. The role of infectious agents in the pathogenesis, clinical
manifestations and treatment strategies in Behget's disease. Clin Exp Rheumatol.
2007;25(4 Suppl 45):S27-S33.

32. Mendoza-Pinto C, Garcia-Carrasco M, et al. Etiopathogenesis of Behcet's disease.

Autoimmun Rev. 2010; 9(4):241-245.

33. Dinarello C A. Proinflammatory cytokines. Chest. 2000; 118(2):503-508.

d0i:10.1378/chest.118.2.503

34. Pineton de Chambrun M, Wechsler B, et al. New insights into the pathogenesis of
Behcet's disease. Autoimmun Rev. 2012; 11(10):687-698.
doi:10.1016/j.autrev.2011.11.026

35. Hamzaoui K, Hamzaoui A, Hentati F, Kahan A, Ayed K, Chabbou A, et al. Phenotype
and functional profile of T cells expressing gamma delta receptor from patients with
active Behget's disease. J Rheumatol. 1994; 21(12):2301-2306

36. Hamzaoui K, Ayed K, et al. Natural killer cells in Behget's disease. Clin Exp
Immunol. 1988; 71(1):126-131



53

37. Durmazlar SP, Ulkar GB, Eskioglu F, Tatlican S, Mert A, Akgul A, et al. Significance

of serum interleukin-8 levels in patients with Behcet's disease: high levels may indicate

vascular involvement. Int J Dermatol. 2009; 48(3):259-264. doi:10.1111/j.1365-
4632.2009.03905.x

38. Dalghous AM, Freysdottir J, et al. Expression of cytokines, chemokines, and

chemokine receptors in oral ulcers of patients with Behcet's disease (BD) and recurrent

aphthous stomatitis is Thl-associated, although Th2-association is also observed in
patients with BD. Scand J Rheumatol. 2006;35(6):472-475.
d0i:10.1080/03009740600905380

39. Criteria for diagnosis of Behcet's disease. International Study Group for Behget's

Disease. Lancet. 1990; 335(8697):1078-1080

40. Kobayashi, T., Kikawada, T, et al. Ulceration and stenosis of the hypopharynx and its

surgical management. 1982; Head and Neck Surgery, 5, 66-9.

41. Seyahi E, Hatemi G, Fresko I, Melikoglu M, Yazici H. Behget’s syndrome:

pathogenesis, clinical manifestations, and treatment. Ball GV, Fessler BJ, Bridges SL.

editors. Oxford Textbook of Vasculitis (3 ed.). Oxford University Press. 2014. pp. 469

42. Mat MC, Goksugur N, et al. The frequency of scarring after genital ulcers in Behget's

syndrome: a prospective study. Int J Dermatol. 2006;45(5):554-556. d0i:10.1111/j.1365-

4632.2006.02859.x.x

43. Demirkesen, C, Tuzuner, N, et al. Clinicopathologic evaluation of nodular cutaneous

lesions of Behcet syndrome. 2001; Am. J. Clin. Pathol, 116, 341-6.

44. Seyahi E, Hatemi G, Fresko I, Melikoglu M, Yazici H. Behget’s syndrome:
pathogenesis, clinical manifestations, and treatment. Ball GV, Fessler BJ, Bridges SL.
editors. Oxford Textbook of Vasculitis (3 ed.). Oxford University Press. 2014. pp. 470-
471

45. Yazici, H, Tuzun, Y, et al. Male patients with Behcet’ s syndrome have stronger

pathergy reactions. 1985; Clin. Exp. Rheumatol., 3, 137-41

46. Kazokoglu H, Onal S, et al. Demographic and clinical features of uveitis in tertiary

centers in Turkey. Ophthalmic Epidemiol. 2008;15(5):285-293.

doi:10.1080/09286580802262821

47. Kural-Seyahi E, Fresko I, Seyahi N, Ozyazgan Y, Mat C, Hamuryudan V, et al. The

long-term mortality and morbidity of Behcget syndrome: a 2-decade outcome survey of



54

387 patients followed at a dedicated center. Medicine Baltimore. 2003; 82(1):60-76.
d0i:10.1097/00005792-200301000-00006.

48. Tugal-Tutkun I, Onal S, et al. Uveitis in Behcet disease: an analysis of 880 patients.
Am J Ophthalmol. 2004 Sep;138(3):373-80. doi: 10.1016/j.aj0.2004.03.022. PMID:
15364218

49. . Kagmaz RO, Kempen JH, Newcomb C, Gangaputra S, Daniel E, Levy-Clarke GA,
et al. Ocular inflammation in Behcet disease: incidence of ocular complications and of
loss of wvisual acuity. Am J Ophthalmol.  2008;146(6):828-836.
d0i:10.1016/j.aj0.2008.06.019

50. Read RW. Ocular manifestations of systemic vasculitis. Ball GV, Fessler BJ, Bridges
SL. editors. Oxford Textbook of Vasculitis (3 ed.). Oxford University Press. 2014. pp.
137

51. Saadoun D, Asli B, Wechsler B, Houman H, Geri G, Desseaux K, et al. Long-term
outcome of arterial lesions in Behget disease: a series of 101 patients. Medicine
(Baltimore). 2012; 91(1):18-24. do0i:10.1097/MD.0b013e3182428126

52. Seyahi E, Hatemi G, Fresko I, Melikoglu M, Yazici H. Behget’s syndrome:
pathogenesis, clinical manifestations, and treatment. Ball GV, Fessler BJ, Bridges SL.
editors. Oxford Textbook of Vasculitis (3 ed.). Oxford University Press. 2014. pp. 472-
473

53. Melikoglu, M., Ugurlu, S,, et al. Large vessel involvement in Behcet’s syndrome:a
retrospective survey. 2008; Ann Rheum Dis, 67, 67.

54. Stephen K. Frankel and Marvin I. Schwarz. Cardiopulmonary manifestations of
vasculitis. Ball GV, Fessler BJ, Bridges SL. editors. Oxford Textbook of Vasculitis (3
ed). Oxford University Press. 2014. pp. 151.

55. Seyahi E, Hatemi G, Fresko I, Melikoglu M, Yazici H. Behget’s syndrome:
pathogenesis, clinical manifestations, and treatment. Ball GV, Fessler BJ, Bridges SL.
editors. Oxford Textbook of Vasculitis (3 ed.). Oxford University Press. 2014. pp. 474

56. Akman-Demir G, Serdaroglu P, et al. Clinical patterns of neurological involvement

in Behcet's disease: evaluation of 200 patients, the Neuro-Behcet Study

Group. Brain 1999;122:2171-82.

57. Yurdakul S, Tuziner N, et al. Gastrointestinal involvement in Behcet's syndrome: a
controlled study. Ann Rheum Dis. 1996;55(3):208-210. doi:10.1136/ard.55.3.208



55

58. Melikoglu, M., Altiparmak, M.R, et al. (2001). A reappraisal of amyloidosis in
Behcet’s syndrome. Rheum (Oxford), 40, 212-5.

59. Seyahi E, Hatemi G, Fresko I, Melikoglu M, Yazici H. Behget’s syndrome:
pathogenesis, clinical manifestations, and treatment. Ball GV, Fessler BJ, Bridges SL.
editors. Oxford Textbook of Vasculitis (3 ed.). Oxford University Press. 2014. pp. 476

60. Al-Otaibi LM, Porter SR, et al. Behcet's disease: a review. J Dent Res.

2005;84(3):209-222. d0i:10.1177/154405910508400302

61. Davatchi F, Shahram F, Chams-Davatchi C, Shams H, Nadji A, Akhlaghi M. et al.

Behcet’s disease: from east to west. Clin Rheumatol. 29, 823-833 (2010).

https://doi.org/10.1007/s10067-010-1430-6

62. Criteria for diagnosis of Behcet's disease. International Study Group for Behget's

Disease. Lancet. 1990; 335(8697):1078-1080

63. Davatchi F. Diagnosis/Classification Criteria for Behcet's Disease. Patholog Res Int.

2012; 2012:607921. doi:10.1155/2012/607921

64. McLeod R, Schell G P. Management information systems (9th ed.). New Jersey:

Pearson Education Inc. 2004

65. Grinig R, Kihn, R. Successful decision making. London: Springer 20009.

66. Li J, Nazir Jan M, Faisal M, "Big Data, Scientific Programming, and Its Role in

Internet of Industrial Things: A Decision Support System"”, Sci. Program. 2020;

8850096. https://doi.org/10.1155/2020/8850096

67. Pawloski PA, Brooks GA, et al. A Systematic Review of Clinical Decision Support

Systems for Clinical Oncology Practice. J Natl Compr Canc Netw. 2019; 17(4):331-338.

doi:10.6004/jnccn.2018.7104

68. Musen MA, Shahar Y, et al. Clinical decision-support systems. In: Shortliffe EH,
Cimino JJ, editors. Biomedical informatics: computer applications in health care and
biomedicine. (4th ed). New York: Springer; 2014 pp. 643-674

69. Zeiger R F, McGraw-Hill's Diagnosaurus 4.0:
http://accessmedicine.mhmedical.com/diagnosaurus.aspx

70. Smith M, Nazario B, et al, WebMD: WebMD LLC. 2018. https://www .webmd.com/

71. . Hajioff S. Computerized decision support systems: an overview. Health Inf. J.
1998;4(1):23-28. doi:10.1177/146045829800400104

72. Kubben P, Dumontier M, Dekker A, editors. Fundamentals of Clinical Data Science.
Cham (CH): Springer; 2019



56

73. Stojadinovic A, Bilchik A, Smith D, Eberhardt JS, Ward EB, Nissan A, editors.
Clinical decision support and individualized prediction of survival in colon cancer:
bayesian belief network model. Ann Surg Oncol. 2013; 20(1):161-174.
d0i:10.1245/s10434-012-2555-4

74. Neapolitan R, Jiang X, et al. A Primer on Bayesian Decision Analysis With an
Application to a Kidney Transplant Decision. Transplantation. 2016;100(3):489-496.
doi:10.1097/TP.0000000000001145

75. Jalali A, Bender D, et al. Advanced analytics for outcome prediction in intensive care
units. Annu Int Conf IEEE Eng Med Biol Soc. 2016; 2016:2520-2524.
doi:10.1109/EMBC.2016.7591243

76. Shamir RR, Dolber T, et al. Machine Learning Approach to Optimizing Combined
Stimulation and Medication Therapies for Parkinson's Disease. Brain Stimul. 2015;
8(6):1025-1032. d0i:10.1016/j.brs.2015.06.003

77. Tenorio JM, Hummel AD, et al. Artificial intelligence techniques applied to the
development of a decision-support system for diagnosing celiac disease. Int J Med
Inform. 2011; 80(11):793-802. d0i:10.1016/j.ijmedinf.2011.08.001

78. Nebeker JR, Hoffman JM, et al. High rates of adverse drug events in a highly
computerized hospital. Arch Intern Med. 2005; 165(10):1111-6.

79. Magrabi F, Ammenwerth E, Hypponen H, de Keizer N, Nykanen P, Rigby M, et al.
Improving evaluation to address the unintended consequences of health information
technology: a position paper from the Working Group on Technology Assessment &
Quality Development. Yearb Med Inform. 2016;1:61-9.

80. Lehmann CU, Seroussi B, et al. Troubled waters: navigating unintended
consequences of health information technology. Yearb Med Inform. 2016;1:5-6.

81. Tzukert A, Staif J, et al. A computerized decision support system for patient selection
in dental education. Comput Biol Med. 1984;14(3):277-284. doi:10.1016/0010-
4825(84)90029-5

82. Tehrani FT. A computerized decision support system to predict the variations in the
cerebral blood flow of mechanically ventilated infants. Comput Biol Med. 2013;
43(10):1402-1406. doi:10.1016/j.compbiomed.2013.06.015

83. Sidiropoulos K, Glotsos D, Kostopoulos S, Ravazoula P, Kalatzis I, Cavouras D, et

al. Real time decision support system for diagnosis of rare cancers, trained in parallel,



57

on a graphics processing unit. Comput Biol Med. 2012; 42(4):376-386.
doi:10.1016/j.compbiomed.2011.12.004

84. Sidiropoulos K, Glotsos D, Kostopoulos S, Ravazoula P, Kalatzis I, Cavouras D, et
al. Real time decision support system for diagnosis of rare cancers, trained in parallel,
on a graphics processing unit. Comput Biol Med. 2012;42(4):376-386.
doi:10.1016/j.compbiomed.2011.12.004

85. Comak E, Arslan A, et al. A decision support system based on support vector
machines for diagnosis of the heart valve diseases. Comput Biol Med. 2007; 37(1):21-
27.d0i:10.1016/j.compbiomed.2005.11.002

86. Leslie S J, Hartswood M, Meurig C, McKee S.P, Slack R, Procter R, et al,. Clinical
decision support software for management of chronic heart failure: Development and
evaluation. Comput Biol Med. 2006; 36, 495-506. DOI:
10.1016/j.compbiomed.2005.02.002

87. Subasi A,. Medical decision support system for diagnosis of neuromuscular disorders
using DWT and fuzzy support vector machines. Comput Biol Med. 2012; 42, 806-815

88. El-Khatib MF. A diagnostic software tool for determination of complexity in
respiratory pattern parameters. Comput Biol Med. 2007; 37(10):1522-1527. DOI:
10.1016/j.compbiomed.2007.01.014.

89. Barnett GO, Cimino JJ, et al. DXplain. An evolving diagnostic decision-support
system. JAMA. 1987; 258(1):67-74. doi:10.1001/jama.258.1.67

90. London S. DXplain: a Web-based diagnostic decision support system for medical
students. Med Ref Serv Q. 1998; 17(2):17-28. doi:10.1300/J115v17n02_02

91. Adlassnig KP, Chizzali-Bonfadin C, et al. HEPAXPERT-III: knowledge-based
interpretation of serologic tests for hepatitis A, B, C, and D. Medinfo. 1995;8 Pt
2:1683.

92. Subbalakshmi G, Ramesh K, et al. Decision support in heart disease prediction system
using naive bayes. Ind. J. Comput. Sci. Eng. (IJCSE), 2011, 2(2), 170-176

93. Keltch B, Lin Y, et al. Comparison of Al techniques for prediction of liver fibrosis in
hepatitis patients. J Med Syst. 2014; 38(8):60. doi:10.1007/s10916-014-0060-y

94. . Russel S.J, Norving P. Artificial Intelligence: A Modern Approach. New Jersey:
Prentice Hall; 2002

95. Duda RO, Hart PE, et al. Pattern Classification. New York: Wiley-Interscience; 2001



58

96. Alhyari A, Al-Taee A M, et al. Clinical decision support system for diagnosis and
management of Chronic Renal Failure. 2013 IEEE Jordan Conference on Applied
Electrical Engineering and Computing Technologies AEECT. 2013; 1-6. doi:
10.1109/AEECT.2013.6716440

97. Gokbay | Z, Karaman S L, Yarman S, Yarman B S, et al, An Intelligent Decision
Support Tool for Early Diagnosis of Functional Pituitary Adenomas, TWMS J. of Apl.
& Eng. Math. 2015; 5: 169-187

98. Bishop C. M. Pattern recognition and machine learning, New York : Springer, 2007

99. Pavlidis T, Structural pattern recognition, New York: Springer , 1977

100. Peshawa J M A, Rezhna H F. Data Normalization and Standardization: A Technical
Report, J Mach Learn Res, 2014, 1(1), pp 1-6. DOI: 10.13140/RG.2.2.28948.04489

101. Ferizi M, Gerqari A, et al. Behget's Disease - Case Presentation and Review
Literature. Maced J Med Sci. 2018; 6(10):1871-1874.  2018.
doi:10.3889/0amjms.2018.393

102. Jayachandran NV, Rajasekhar L, et al. Multiple peripheral arterial and aortic
aneurysms in Behcet's syndrome: a case report. Clin Rheumatol. 2008;27(2):265-267.
d0i:10.1007/s10067-007-0713-z

103. Banos F J, Acute severe ulcerative colitis: Case report and literature review. Rev Col
Gastroenterol. 2012; 27: 317-322

104. Contrucci RB, Martin DB. Sweet syndrome: A case report and review of the
literature. Ear Nose Throat J. 2015; 94(7): 282-284.
doi:10.1177/014556131509400712

105. Higle M, Omoumi P. Applied machine learning and artificial intelligence in
rheumatology. Rheumatol Adv Pract. 2020; 4(1):rkaa005. doi:10.1093/rap/rkaa005

106. Powley L, Mcllroy G. Are online symptoms checkers useful for patients with
inflammatory arthritis? BMC Musculoskelet Disord. 2016 ;17:362

107. Lin C, Karlson EW, et al. Automatic prediction of rheumatoid arthritis disease
activity from the electronic medical records. PLoS One. 2013; 8:669932

108. Zhou S-M, Fernandez-Gutierrez F, et al. Defining disease phenotypes in primary
care electronic health records by a machine learning approach: a case study in
identifying rheumatoid arthritis. PLoS One. 2016; 11:e0154515

109. Vodencarevic¢ A, van der Goes MC, et al. Predicting flare probability in rheumatoid

arthritis using machine learning methods. In: Proceedings of the 7th International



59

Conference on Data Science, Technology and Applications Hampshire, UK:
SCITEPRESS . 2018; 187-192. doi: 10.5220/0006930501870192

110. Brahim A, Jennane R. et al. A decision support tool for early detection of knee
OsteoArthritis using X-ray imaging and machine learning: data from the
OsteoArthritis initiative. Comput Med Imaging Graph. 2019 ;73:11-8

111. G. Parthiban, S.K. Srivatsa, et al. “Diagnosis of heart disease for diabetic patients
using naive bayes method”, Int. J. Comput. Appl. 2011; 24(3), pp. 7-11

112. Al-Hyari A'Y, Al-Taee A M, et al. Clinical decision support system for diagnosis
and management of Chronic Renal Failure, 2013 IEEE Jordan Conference on Applied
Electrical Engineering and Computing Technologies AEECT, 2013; pp. 1-6, doi:
10.1109/AEECT.2013.6716440

113. Johnson S R, Tomlinson G, et al. Applied Bayesian Methods in the Rheumatic
Diseases. Rheum. Dis. Clin. N. Am. 2018; DOI: 10.1016/j.rdc.2018.01.003.

114. Kaya Ti. Genetics of Behget's Disease. Patholog Res Int. 2012;2012:912589.
d0i:10.1155/2012/912589



HAM VERILER

60



INTIHAL RAPORU ILK SAYFASI

A SYMPTOM BASED CLINICAL DECISION SUPPORT SYSTEM FOR
EARLY DIAGNOSIS OF BEHCETS DISEASE-2

ORIJiMALLIK RAPORU

w19 w15 W17 4

BENZERLIK ENDEKSI INTERNET KAYNAKLARI  YAYINLAR OGRENCI ODEVLERI

BIRINCIL KAYNAKLAR

jaem.isikun.edu.tr 1
n Internet Kaynagi %4

onlinelibrary.wiley.com
Y Y %2

internet Kaynag

Bl

Maria Hugle, Patrick Omoumi, Jacob M van 1
Laar, Joschka Boedecker, Thomas Hugle. %
"Applied machine learning and artificial

intelligence in rheumatology”, Rheumatology

Advances in Practice, 2020
Yayin

]

Z.2003y.net u

internet Kaynag %

(=]

synapse.koreamed.org g
internet Kaynag %

]

www.journalofbabylon.com g
internet Kaynag %

link.spri .
ink.springer.com %1

internet Kaynag

(=]

61



