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Abstract

Objective: The aim of this study was to investigate the anti-cancer efects of arbutin on doxorubicin-induced cytotox-
icity in the double-positive estrogen receptor +/ progesterone receptor +/ human epidermal growth factor receptor 2
negative (ER+/PR+/HER2-) breast cancer (BC) cell line MCF-7 in vitro.

Materials and Methods: Viability screening was performed with colorimetric MTS (3-(4,5-dimethylthi-
azol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) assay. Intracellular reactive oxygen spe-
cies (ROS) accumulation was evaluated by dihydrorhodamine 123 (DHR123) staining. Apoptosis, necrosis and viability
to arbutin, doxorubicin and their combination were assessed by Annexin V/7-AAD (7-aminoactinomycin D) staining.
Cell cycle phase distribution was analyzed by DNA content analysis.

Results: Arbutin alone, at concentrations up to 500 pM, did not reduce MCF-7 cell viability over incubation periods
ranging from 6 to 48 hours. Arbutin at concentrations above 20 uM transiently decreased intracellular ROS levels at 6
hours but had no signifcant efect at 24 and 48 hours. When combined with doxorubicin, arbutin partially reversed
doxorubicin-induced reductions in cell viability, decreased late apoptosis and necrosis rates, and regulated doxorubi-
cin-induced cell cycle disruptions.

Conclusions: These results suggest that while arbutin does not exhibit direct cytotoxicity in MCF-7 cells, it modulates
doxorubicin-induced cellular responses. Future studies with arbutin at higher concentrations investigating the molec-
ular mechanisms underlying this efect, particularly at the gene and protein expression levels, are necessary to further
elucidate the potential role of arbutin in BC therapy.
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INTRODUCTION

orldwide, breast cancer (BC) is the most com-
Wmon malighancy in women, with an estimat-

ed 2.3 million new cases and 685,000 deaths,
accounting for 16% of female cancer deaths in 2020 (1).
Breast cancer is a heterogeneous disease with several
molecular subtypes, each associated with diferent prog-
noses. Routine evaluation of BC includes estrogen recep-
tor alpha (ERa), progesterone receptor (PR), and human
epidermal growth factor receptor 2 (HER2) expression
(2); therefore, the primary subtypes are classifed as hor-
mone receptor (HR)-positive/HER2-negative, HR-pos-
itive/HER2-positive, HR-negative/HER2-positive, and
triple-negative (HR-negative/HER2-negative), all of
which have diferent survival outcomes (3). BC classif-
cation aims to provide data for oncologic decisions that
would lead to the successful treatment of the disease.
In this context, BC is evaluated according to its type,
grade, and the stage of the tumor. The type and grade
of breast tumors are based on histological subtypes and
grades and are defned by the World Health Organization
(WHO). BC stages are associated with tumor size, node
invasion, and metastasis. These prognostic markers pro-
vide important predictive data for hormone therapies
and anti-HER2-therapies (2).

Arbutin is a naturally occurring glycoside found main-
ly in the leaves of various plant species, most notably
bearberry (Arctostaphylos uva-ursi) of the Ericaceae
family, although it has also been identifed in plants of
the Asteraceae, Proteaceae, and Rosaceae families (4).
Chemically, arbutin is a B-glucoside derived from hy-
droquinone, with the molecular formula C;3H1607. Its
structure consists of a hydroquinone molecule linked
to a glucose moiety (4). Traditionally, arbutin has been
used in herbal medicine, particularly in the treatment
of urinary tract infections, and extracts of bearberry
leaves, which are rich in arbutin, have been used for
their antimicrobial properties (5). Being a competitive
inhibitor of the enzyme tyrosinase, which plays a cru-
cial role in melanin production, arbutin is widely used
in cosmetic products for its skin whitening properties
in addition to its medical applications (6). To date, arb-
utin has demonstrated potential anticancer properties
in several cancer types through induction of apoptosis,
inhibition of infammatory markers, and suppression of
the phosphoinositide 3-kinase/protein kinase B/mech-
anistic target of rapamycin (PI3K/Akt/mTOR) signaling
pathway (7-9). However, to the best of our knowledge,
the impact of arbutin in combination with standard
chemotherapeutic agents on BC has not been reported.
When considering studies suggesting enhanced ther-
apeutic efcacy and diminished drug resistance when
doxorubicin was combined with natural compounds
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such as resveratrol (10), we aimed to determine the efect
of arbutin use on the anticancer activity of doxorubicin
on MCF-7 double-positive BC cell line.

MATERIALS AND METHODS

Cell Culture Conditions

In this study, the MCF-7 double-positive BC cell line
(HTB-22™, passage 14) (American Type Culture Collec-
tion - ATCC) was used. Cells were cultured in Dulbecco’s
Modifed Eagle Medium (DMEM) (Cat. No: DMEM-HPA,;
Capricorn Scientifc, Germany) supplemented with 10%
Fetal Bovine Serum (FBS) (Cat. No: FBS-16B; Capricorn
Scientifc, Germany) and 100 U/mL penicillin-strepto-
mycin antibiotic solution (Cat. No: 15140122; Thermo
Fisher Scientifc, USA). Upon reaching 80% confuence,
cells were detached from the fasks using trypsin-EDTA
solution (Cat. No: 25300054; Thermo Fisher Scientifc,
USA) counted with the JuLl™ Br Cell Counting Station
(NanoEnTek Inc., South Korea) and adjusted to a concen-
tration of 1x106 cells per mL. For viability screening and
assessment of intracellular ROS levels, 5x103 cells were
seeded in triplicate into 96-well plates. For fow cytomet-
ric analysis of apoptosis and viability and DNA content
analysis, cells were seeded at 5x105 cells per dish in 60
mm cell culture dishes. All experiments were performed
as triplicates.

Colorimetric Evaluation of Viability

Cellular viability of MCF-7 cells after treatment with arb-
utin and doxorubicin was assessed with MTS assay, which
is based on the reduction of the reagent to formazan salt
upon reduction with cellular enzymes (11). For treatment,
stock solution of arbutin was prepared by dissolving itin
complete culture medium at 500 mM concentration. Af-
ter seeding, the plates were incubated overnight to allow
for cell attachment, and then treated with arbutin at con-
centrations of 0.8, 4, 20, 100, and 500 uM for 6, 12, 24, and
48 hours. At the end of the incubation, MTS reagent (Cat.
No: ab197010; Abcam Limited, UK) (10% v/v) was added
to the wells and the samples were incubated for 2 hours.
Absorbance was read at 490 nm wavelength. Untreated
cells were included as negative control, and plain culture
medium was used as blank. Cytotoxicity was calculated
by subtracting the blank absorbance from both the test
and control groups. The corrected absorbance of the test
group was then divided by the corrected absorbance of
the control group and multiplied by 100 to obtain the
percentage of viability after treatments.

Fluorometric Evaluation of Reactive Oxygen Species

Dihydrorhodamine 123 (DHR123) is a non-fuorescent
probe commonly used to detect the production of reac-
tive nitrogen and oxygen species in cells. Upon oxida-
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tion, DHR123 is converted to fuorescent rhodamine (12).
Cells were incubated with arbutin at concentrations of
0.8, 4, 20, 100, and 500 uM for 6, 12, 24, and 48 hours, af-
ter which the medium was discarded and the cells were
incubated with 100 uL DHR123 solution for 40 minutes
at room temperature (5 pM in DPBS). At the end of in-
cubation, DHR123 solution was discarded, 100 pL fresh
Dulbecco’s Phosphate Bufered Saline (DPBS) was add-
ed to wells, and plates were read with the Varioskan LUX
Multimode Microplate Reader (Thermo Fisher Scientifc,
USA) at an excitation/emission (ex/em) wavelength of
510/530 nm (x5 nm). Values were obtained as relative fu-
orescent unit (RFU).

Annexin V/7-Aminoactinomycin Staining

Annexin V/7-aminoactinomycin (7-AAD) staining is
a common method used to evaluate apoptosis. In the
presence of Ca2* ions, annexin V binds specifcally to
phosphatidylserine residues, membrane phospholip-
ids that translocate from the inner to the outer leafet of
the cell membrane during apoptosis. Meanwhile, 7-AAD,
a DNA-binding dye, can only penetrate necrotic or late
apoptotic cells, enabling to distinguish between difer-
ent stages of cell death (13). To evaluate the apoptotic ef-
fect of arbutin, doxorubicin, and arbutin in combination
with doxorubicin, cells were incubated with the com-
pounds for 48 hours and collected by trypsinization. Af-
ter centrifugation, supernatant was discarded, cells were
suspended in 1 mL V Binding Bufer (Cat. No: 422201,
Biolegend, USA), and labelled with Annexin V-Pacifc
Blue/7-AAD (Cat. No: 640926; Biolegend, USA) accord-
ing to the kit instructions. After incubation at room tem-
perature under dark for 15 minutes, 2.5%104 cells per tube
were evaluated with DxFLEX Flow Cytometry System
(Beckman Coulter, USA). Analysis was performed with
Kaluza analysis software (Beckman Coulter, USA).

DNA Content Analysis

DNA content analysis is a widely used method for evalu-
ating cell cycle distribution, identifying apoptotic cells,
and determining DNA ploidy status. In this method, cel-
lular DNA content is evaluated to distinguish the major
phases of the cell cycle; G0/G1, S, and G2/M, in addition
to apoptotic cells based on their fractional DNA content
resulting from DNA fragmentation (14). Here, the efects
of arbutin, doxorubicin, and arbutin in combination with
doxorubicin on cell cycle progression were evaluated by
DNA content analysis by incubating cells with the com-
pounds, either alone or in combination, for 48 hours. At
the end of the incubation, the cells were trypsinized and
collected by centrifugation. The cells were fxed with 5
mL of 70% ethanol solution by incubating the tubes at
4 °C for one hour. At the end of fxation, the ethanol solu-
tion was discarded and the cells were resuspended in 500
pL of Cell Cycle Kit (Cat. No: C03551; Beckman Coulter,
USA). After incubation at room temperature under dark

for an hour, 5x104 cells per tube were evaluated with Dx-
FLEX Flow Cytometry System (Beckman Coulter, USA).
Analysis was performed with Modft software (Verity
Software House, USA).

Statistical Analysis

Statistical analysis was performed with GraphPad Prism
8.0.2 (GraphPad Software Inc, USA). One-way ANOVA
followed by Dunnett’s multiple comparison test was used
to determine the efect of arbutin on MCF-7 cell line. For
evaluating viability, apoptosis and necrosis, one-way
ANOVA followed by Tukey’s multiple comparison test
was employed. DNA content analysis was evaluated with
two-way ANOVA followed by Tukey’s multiple compari-
son test. P-values less than 0.05 were considered statisti-
cally signifcant.

RESULTS

Arbutin Does Not Decrease Viability or ROS
Accumulation in MCF-7 Cell Line

Our results indicated that within the given dose inter-
val, arbutin did not reduce the viability of MCF-7 cells
compared to the control group (Figure 1). Only a slight
increase in viability was observed in the 4 uM group
compared to the control group at 6 hours (p<0.05) (Figure
la), although this fnding was not observed at longer in-
cubation periods (Figure 1b-d). When intracellular ROS
accumulation was evaluated with DHR123 staining, even
though no alterations was observed in 6 hours (Figure
le), arbutin over 20 uM concentration led to signifcant
decreases in ROS levels compared to the control group in
12 hours (20 uM, p<0.05; 100 and 500 pM, p<0.01) (Figure
1f). Yet, similar to 6 hours incubation duration, arbutin
did not alter ROS levels in 24 (Figure 1g) and 48 hours
(Figure 1h). Altogether, these results indicate that arbu-
tin up to 500 uM concentration do not exert cytotoxicity
on MCF-7 cell line but decrease ROS levels in relative-
ly short incubation interval. Since the compound did
not decrease viability at all incubation periods, further
studies were conducted with 500 uM arbutin at 48 hours.
The IC,, value of doxorubicin on 48 hours was calculated
for a previous study as 2.32 yM for MCF-7 cell line (15),
which was also applied either alone or in combination
with arbutin for mechanistic studies.

Arbutin Partially Reverses Doxorubicin Induced Cell
Death

When the efect of arbutin in combination with doxo-
rubicin was evaluated, doxorubicin signifcantly de-
creased viability compared to the control and arbutin
groups (p<0.0001), while when its combined with ar-
butin, viability was increased in comparison with the
doxorubicin group (p<0.0001). Yet, the viability levels of
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the arbutin+doxorubicin group were still signifcantly
lower compared to the control and the arbutin groups
(p<0.0001) (Figure 2a). On the other hand, doxorubicin
increased early apoptosis levels compared to the control
group (p<0.0001), but arbutin could not reverse this ef-
fect as this group also had higher early apoptosis levels
when compared to both control and the arbutin groups
(p<0.0001) (Figure 2b). Doxorubicin treatment signif-
cantly increased late apoptosis rates (p<0.0001), which
is decreased when doxorubicin was combined with ar-
butin (p<0.001) (Figure 2c). Lastly, similar to late apop-
tosis, in the doxorubicin group, necrosis rates werein-
creased compared to the control and the arbutin groups
(p<0.001); though in the arbutin+doxorubicin group, no
diference compared to the control or only arbutin group
was observed (p>0.05) (Figure 2d). Representative fow
cytometry dot plots are given in Figure 2e.

Arbutin Exhibits Regulatory Effects on Doxorubicin-
Induced Cell Cycle Arrest

Evaluations regarding GO/G1 phase revealed that arb-
utin did not cause a signifcant alteration compared to
the control group (p>0.05). Doxorubicin signifcantly de-
creased in this phase compared to both the control and
arbutin groups (p<0.0001). The GO/G1 phase was higher
in the doxorubicin+arbutin group compared to the ar-
butin and control groups (p<0.0001) (Figure 3a). Inter-
estingly, arbutin decreased S phase in comparison with
the control group (p<0.05). On the contrast, doxorubicin
treatment increased this phase (p<0.01). In comparison

with the doxorubicin group, the combination of arbu-
tin with doxorubicin decreased the S phase (p<0.01), al-
though this decrease did not lower its levels to the con-
trol level (p<0.01) (Figure 3a). Lastly, doxorubicin led to a
signifcant increase in G2/M phase compared to the con-
trol group (p<0.05), and arbutin treatment did not have
an impact on this accumulation as arbutin+doxorubicin
group had higher G2/M phase levels compared to both
control (p<0.0001) and the arbutin (p<0.01) alone group
(Figure 3a). Representative fow cytometry histogram
plots are provided in Figure 3b.

DISCUSSION

Arbutin, a glycosylated hydroquinone, has been exten-
sively studied for its skin depigmenting properties due
to its ability to inhibit melanin synthesis. Research indi-
cates that arbutin efectively reduces hyperpigmentation
by inhibiting melanosomal tyrosinase activity, thereby
decreasing melanin production. To enhance its stability
and transdermal delivery, various formulations and bio-
technological methods have been developed, including
enzymatic bioconversion techniques to produce a- and
B-arbutin derivatives. These derivatives have demon-
strated signifcant antimelanogenic efects, making them
valuable in treating conditions characterized by hyper-
active melanocyte function (16, 17).
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Preliminary studies investigating the anticancer activity
of arbutin focused on melanoma. In a study published
in 2009, Nawarak et al. aimed to investigate the antican-
cer efects of arbutin on A375 human malignant mela-
noma cells by elucidating changes in protein expression
profles following arbutin treatment (18). Proteomic
analysis revealed that arbutin treatment at the concen-
tration of 8 pg/mL resulted in signifcant changes in the
expression of proteins associated with various cellular
processes, including apoptosis, cell cycle regulation,
and oxidative stress response. In particular, proteins in-
volved in the apoptotic pathway were upregulated, sug-
gesting that arbutin may induce programmed cell death
in melanoma cells. In addition, proteins related to cell
proliferation were downregulated, suggesting a poten-
tial inhibitory efect on tumor growth. These fndings
provide insight into the molecular mechanisms underly-
ing the anticancer activity of arbutin against malignant
melanoma cells. Also, Ma et al. used a combination of
network pharmacology and experimental validation to
identify compounds in Prinsepia utilis with potential
antimelanoma activity where the authors utilized bio-
informatics databases to predict compounds and their
targets, followed by molecular docking to assess inter-
actions between these compounds and key targets (19).
Subsequent in vitro studies were performed on human
melanoma A375 cells to evaluate the biological activities
of the identifed compounds. This study identifed olea-
nolic acid, ursolic acid, and arbutin as active ingredients
in P. utilis, and in vitro studies revealed that oleanolic
acid and ursolic acid signifcantly inhibited the growth
and migration of A375 melanoma cells, induced apop-
tosis, and reduced both tyrosinase activity and melanin
synthesis yet arbutin did not exhibit signifcant efects.
In order to enhance its efFcacy, Jian et al. synthesized an
acetylated derivative of arbutin to enhance its biological
activity and compared its efects to those of the parent
compound on B16 murine melanoma cells (8). According
to this study, both arbutin and its acetylated derivative
signifcantly reduced cell viability, promoted apopto-
sis, caused G1 phase cell cycle arrest, and induced mi-
tochondrial disruption in B16 melanoma cells. These
pro-apoptotic efects were associated with decreased
expression of anti-apoptotic proteins B-cell lympho-
ma 2 (Bcl-2) and B-cell lymphoma-extra-large (Bcl-xL),
indicating involvement of the mitochondrial pathway.
However, it should be noted that the lowest dose of ar-
butin used for the mechanistic evaluations was 1.4 mM,
which is approximately three times higher than the dose
(500 uM) used in our current study.

Arbutin has previously been studied in the treatment
of various cancers in vitro beside melanoma. In a study
published in 2020, the authors aimed to investigate the
antioxidant efects of arbutin on LNCaP (lymph node
carcinoma of the prostate) cancer cells (20). Research-
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ers treated the cells with arbutin up to 2 mM and eval-
uated intracellular ROS levels, induction of apoptosis,
and expression of pro-infammatory cytokines IL-1p
and tumor necrosis factor alpha (TNF-a). The authors
showed that arbutin signifcantly decreased intracel-
lular ROS levels in a dose-dependent manner and sig-
nifcantly induced apoptosis in LNCaP cells, in addition
to reducing IL-1p and TNF-o expression levels at 1 mM
concentration. In a study published by Cigerci et al., the
authors investigated the anticarcinogenic potential of
high concentrations of arbutin and its protective efects
against cisplatin-induced toxicity at low concentra-
tions on HepG2 human hepatocellular carcinoma cell
line (21). In this study, high concentrations of arbutin
exhibited anticarcinogenic efects by reducing HepG2
cell viability while low concentrations of arbutin pro-
vided protective efects against cisplatin-induced tox-
icity, likely through its antioxidant and anti-infam-
matory properties. Similarly, our results indicate that
arbutin in combination with doxorubicin reduces the
apoptotic efFcacy of this chemotherapeutic drug, a
Fnding consistent with a previous report. With a similar
study design, Terzi et al. evaluated the efects of arbutin,
both alone and in combination with cisplatin, on HT-
1376 bladder cancer cells. In this study, cell viability,
apoptosis induction, and cell migration were assessed,
and the IC_  dose for arbutin was calculated as 4317 mM
on 24th hour (22). The authors revealed that arbutin,
both alone and in combination with cisplatin, signif-
cantly increased apoptosis and inhibited migration in
HT-1376 cells, suggesting that B-arbutin may enhance
the anticancer efects of cisplatin, making it a poten-
tial therapeutic candidate for bladder cancer treatment.
Both of these studies highlight the fact that arbutin ex-
erts its anti-cancer efect over 1 mM concentration, a
rather high dose compared to our study.

In 2021, Yang et al. evaluated the anticancer efect of ar-
butin on C6 glioma cells, where the authors treated the
cells with 10-60uM arbutin for 24 hours, and analyzed
cell viability, apoptosis, ROS generation, mitochondri-
al membrane potential disruption, and expression of
infammatory markers and components of the PI3K/
Akt/mTOR signaling pathway (23). The results revealed
that arbutin decreased viability in C6 cell viability in
a dose-dependent manner, induced apoptosis by in-
creasing ROS production and disrupting mitochondrial
membrane potential. Additionally, arbutin inhibited the
expression of infammatory markers and downregulat-
ed the PI3K/Akt/mTOR signaling pathway, suggesting
its potential as a therapeutic agent against gliomas. In
contrast, although much higher concentrations of arb-
utin were evaluated in our study, we did not observe a
decrease in viability of MCF-7 cells in response to arbu-
tin, which may refect the relative insensitivity of this cell
line to this compound. In MCF-7 cell line, arbutin was
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demonstrated to exert its eFect via inhibition of ER-q, al-
though much higher doses were required to reduce cell
viability compared to our study (9).

In addition to studies evaluating its cytotoxic efect on
cancer cells, a recent study assessed arbutin’s efect on
the expression of programmed cell death ligand 1 (PD-
L1) on tumor cells (24). Involving B16F10 melanoma and
LL2 lung cancer cell lines, the primary focus of this study
was to determine whether arbutin could modulate PD-
L1 expression and thereby infuence tumor immune tol-
erance. The authors reported that arbutin treatment led
to a signifcant reduction in PD-L1 expression on both
B16F10 and LL2 tumor cells, which was associated with
the inhibition of the AKT/mTOR signaling pathway. In
vivo studies further demonstrated that arbutin reduced
tumor growth and decreased PD-L1 expression in tumor
tissues of mice compared to control group. Altogether,
these results suggested that even if arbutin cannot exert
toxicity, it can efectively diminish tumor-induced im-
mune tolerance by targeting PD-L1 expression, ofering
potential therapeutic implications for enhancing antitu-
mor immunity.

In our study, arbutin at concentrations up to 500 uM did
not reduce MCF-7 cell viability across 6 to 48 hours in-
cubation periods. Regarding intracellular ROS accumu-
lation, arbutin concentrations above 20 pM signifcantly
decreased ROS levels at 6 hours; though no signifcant
changes were observed at 24 and 48 hours, indicating
the compound’s short-term efect on this cell line. When
combined with doxorubicin, arbutin partially reversed
doxorubicin-induced reductions in cell viability and de-
creased late apoptosis and necrosis rates, and cell cycle
analysis revealed that arbutin regulated doxorubicin-in-
duced disruptions. These fndings suggest that arbutin
alone does not exhibit cytotoxic efects on MCF-7 cells
but can modulate doxorubicin-induced cytotoxicity and
cell cycle changes. Nevertheless, given that studies in the
literature suggest regulatory efects of arbutin in cancer
cells even at non-cytotoxic doses, a detailed evaluation
of the efects of low dose arbutin treatment on gene and
protein expression levels in BC may contribute to the as-
sessment of the anticancer potential of this compound.
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of Literature Review and Bibliometric
Exploration
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Abstract

Objective: The application of artifcial intelligence (Al) in leukemia management is rapidly expanding, with compo-
nents such as machine learning (ML), deep learning (DL), and neural networks (NNs) ofering innovative solutions for
diagnosis and treatment. This study aims to analyze the global impact of Al in leukemia research through bibliometric
analysis, highlighting trends in scientifc production, institutional contributions, and keyword evolution.

Materials and Methods: A systematic literature review was conducted using Scopus and Web of Science (WoS) data-
bases. Inclusion criteria focused on Al applications in leukemia, incorporating research articles and conference papers
while excluding reviews and non-related studies. Data were analyzed using VosViewer (Version 1.6.20) and Bibliomet-
rix-Biblioshiny to map publication trends, co-authorship networks, and keyword co-occurrence.

Results: A total of 248 documents from Scopus and 472 from WoS were analyzed. Machine learning emerged as the
most frequently studied Al tool, followed by NNs and DL. A signifcant increase in Al-related leukemia research has
been observed since 2017. The United States and China were the most active contributors. Studies primarily focused
on acute leukemia, while chronic leukemia subtypes received comparatively less attention. Institutions and journals
have increasingly prioritized Al in leukemia research, indicating growing academic and clinical interest.

Conclusion: The integration of Al into leukemia research is accelerating, with ML leading the way. However, more
studies are needed to explore chronic leukemia subtypes and translate Al-driven advancements into clinical practice.
The increasing global interest in Al applications suggests that these technologies will play a crucial role in future leu-
kemia management.
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INTRODUCTION

ematologic neoplasms (HNs) arise from abnor-
H mal hematopoiesis, a process involving the dif-

ferentiation of hematopoietic stem cells (HSCs)
into either myeloid or lymphoid progenitors, followed
by further proliferation and accumulation of immune
or blood cells. Each type has distinct clinical character-
istics and specifc classifcation criteria (1-3). Accord-
ing to the World Health Organization (WHO) (3) and an
international consensus article (4), blood cancers are
classifed based on their immunophenotypes, morpho-
logical features, clinical presentations, and cytogenetic/
molecular alterations which widened the classifcation
of all types of HNs (5). As a part of HNs, leukemia is
clustered into diferent subtypes based on the pace of
disease progression as acute and chronic leukemia and
based on the type of cell they originated lymphoid or
myeloid cells (6). Leukemia ranks as the 13th most com-
mon cancer and the 11th leading cause of cancer-relat-
ed deaths with a global incidence of over 400,000 and
a prevalence of more than 1.3 million, according to the
GLOBOCAN 2020 report. In the United States, it is es-
timated that around 60,000 individuals will receive a
diagnosis of leukemia in 2023 (7). This includes cases
of acute myeloid leukemia (AML), chronic lymphocyt-
ic leukemia (CLL), chronic myeloid leukemia (CML),
acute lymphocytic leukemia (ALL), and other subtypes,
respectively in cases (8). The treatment modalities for
leukemia include a range of chemical therapeutic agents
like chemotherapy, targeted therapy, immunotherapy,
and gene or cell therapy such as Chimeric antigen recep-
tor T-cell (CAR-T), radiotherapy as well as hematopoiet-
ic stem cell transplantation (1). Current diagnostic tools
for leukemia include physical exams, complete blood
count, peripheral blood smears, immunophenotyping,
bone marrow examinations (aspiration and biopsy), cy-
togenetics, immunohistochemistry, and imaging (9, 10).
Early diagnosis and determining the subtype of disease
are critical, and the tests that play a signifcant role in
achieving this. However, certain challenges need to be
addressed. For instance, the evaluation of these tests has
inter-evaluator variation, and deviations can occur due
to conducting experiments in diferent laboratory con-
ditions and by diferent individuals. Sample processing
and approval processes are also time-consuming, and
clinical interventions such as bone marrow aspiration
can be difFcult. Therefore, it has become vital to inte-
grate technology into the clinic, develop new methods,
and reach a consensus in test evaluation (11, 12). In ad-
dition, integrating technology into clinical practice can
aid treatment. This includes computer-based drug de-
sign for the disease’s biological targets, monitoring tech-
nologies for dosages and remissions based on the pa-
tient’s pathological history, software that integrates data
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from genetic, histological, microbiological, and routine
tests, user-free evaluation methods by processing pa-
tient sample images, programs to aid patient-physician
communication and symptom monitoring, and reducing
patient hospitalization time. All these benefts pave the
way for new developments that create new visions and
missions both in healthcare and leukemia management.
These developments will enable the eFfective provision
of health services to meet the increasing demand for
leukemia treatment (12-14). To achieve these goals, frst,
healthcare professionals should integrate data manage-
ment tools to make the data meaningful, validated, stan-
dardized, and subjective (15).

The recent growth in humanity’s cumulative knowl-
edge has resulted in the integration of technological ad-
vancements in data management and contextualization.
This includes stages such as collection, identifcation,
classifcation, processing, exploration, analysis, and in-
terpretation of large-scale data from diferent sources.
These processes help in identifying current or prospec-
tive issues and fnding solutions to them (16). However,
data management enables us to better handle complex
tasks, it is difFcult to accomplish through human intel-
ligence (HI) or natural intelligence (NI) alone due to the
detailed nature of data and the requirement of time and
efort. For these reasons, using artifcial intelligence (Al)
tools has extensive benefts as they ofer valuable in-
sights and even foresight, and recently gained attention
from researchers or institutes globally (17). As histori-
cal background, Alan Turing proposed the Turing test
to determine “if machines can think like humans”. Af-
ter that, the term “artifcial intelligence” was frst men-
tioned by John McCarty as a discipline that investigates
the functions of machines and their integration with HI
as performing or simulating cognitive activities akin
to humans (18, 19). As we strive towards achieving ze-
ro-touch simulation of HI, the Feld of Al has expanded
and evolved into six distinct yet interrelated subcatego-
ries, namely machine learning (ML), deep learning (DL),
NNs (NN), natural language processing (NLP), computer
vision (CV), and robotics (in this article NLP, CV, and
robotics were excluded) (20). With the advancements in
ML, Al has reached a level where it can perform tasks
that previously required HI. It is also capable of pro-
cessing large amounts of data on its own, without re-
quiring any explicit instructions on how to carry out the
tasks. Furthermore, it can generate solutions to complex
problems when presented with more intricate data (21).
Deep learning is another subset of Al that uses data
combinations to derive meaningful results. The process
involves combining data in various ways and summariz-
ing the outcomes. These combinations are then added
back to the data set as separate elements and the pro-
cess repeats. In essence, this structure mimics the neu-
ral network similar to neurons in the human brain, sim-
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ulating the recall of memories and making connections
between phenomena (22). Although NNs form the basis
of DL, the primary diference between them is the num-
ber of connections that have been made during data
processing, with DL having more complex connection
patterns as its name implies (23).

Throughout its evolution, Al has played a crucial role in
integrating knowledge and experience in medicine and
other Ffelds it impacts. It has greatly lightened the bur-
den of healthcare in numerous branches and aspects,
both physically and virtually with all of its constituents
(24). To reveal the potential of Al tools, bibliometric
studies can be applied. Bibliometric studies reveal the
development and accumulation of knowledge and fa-
cilitate qualitative and quantitative literature analysis
to understand authors’ perspectives and orientations
toward topics. By virtue of these studies, the amount of
scientifc output that has been made in a specifc disci-
pline and information gaps can be assessed, then these
assessments pave the way for future studies and for de-
signing innovative ideas (25). Literature analysis using a
literature database involves Fltering data sets based on
keywords and specifc inclusion or exclusion criteria.
This helps to defne the research scope and ensure that
the conclusions drawn fall within a spectrum between
objective and subjective which can be thought-provok-
ing for the researchers (26).

Accepting Al tools as current and future orchestrators in
leukemia management, we aimed to describe the current
state of Al, ML, DL, and NN tools applied in leukemia and
its subtypes using literature, bibliometric, network, and
descriptive analysis, worldwide.

MATERIALS AND METHODS

A comprehensive manual review of the literature was
conducted utilizing the Scopus and Web of Science
(WoS) databases separately to extract knowledge from
articles and conference proceedings on the correlation
between leukemia and Al tools such as ML, DL, and NNs.
To ensure a detailed analysis, the keywords were divid-
ed into discrete groups, including leukemia and Al tools,
all Al tools and leukemia, with each group designed with
queries that do not interfere with other queries to un-
derstand the terms of Al tools and their applications in
leukemia and its subtypes by using Boolean operators
“AND” and “AND NOT”. The conceptualization of queries
is referred to in Appendix 1 (see Supplementary Materi-
als). The publication year was not indicated in the que-
ries; instead, the oldest publication year was confrmed
as the beginning and the fnal published document as
the end. For the Scopus database query search, publica-

tion years of documents were between 1989-2023 while
for WoS, it was 1994-2023. Only research articles and
conference papers that deal with the application of Al
tools in leukemia were included. In contrast, research on
other types of cancer or diseases, reviews, and opinions
on this topic were excluded. The information contained
in the exported CSV Fles (taken from Scopus) and plain
text Fles (taken from WoS) were counted and checked
for duplication. The fnal number of documents is in-
dicated (Tables 1-2). All groups separated by keywords
were combined in each Scopus and WoS results, and
co-occurrence with keywords and co-authorship with-
in countries were determined using VOSviewer (Version
1.6.20). All the keywords and countries are scaled in the
time interval of 2013-2023 to show trends in the usage
of keywords and current attention taken by countries in
the last decade. The bibliometric analysis by using man-
ually collected fles was done by the Biblioshiny plat-
form which is supported by R programming and within
the scope of the data taken from Scopus and WoS are
categorized as annual scientifc publications, afFliation
production over time, and the number of publications by
journals in timeline.

RESULT

Overview- Scopus

We found a total of 248 distinct documents via a man-
ual Scopus database search as chasing the relevance
of Al tools and leukemia within the total of 3312 docu-
ments that were counted with unfltered query search.
We excluded the documents that a) do not have avail-
able abstract or comma-separated values (CSV) fles, b)
other document types rather than articles and confer-
ence papers, and c) studies that have not been specifed
in the context of leukemia and its subtypes. Out of the
248 documents analyzed, most of them (135 documents,
or 54.4%) were focused on using ML algorithms to study
leukemia. Following ML, Al (n=50, 20.2%), NNs (n=34,
13.7%), DL (n=19, 7.7%) and all Al tools combined (n=10,
4%) are on the list respectively (Table 1).

Overview — Web of Science

We searched the WoS database and manually screened
472 documents (selected from a total of 1952 documents
that were retrieved by unfltered query search) related to
leukemia research. We excluded documents that either
didn’t have an abstract or plain text fle, were not articles
or conference proceedings or were not relevant to leuke-
mia research. Out of the 472 documents, 249 (52.8%) were
related to ML, followed by NNs (110, 23.3%), DL (57, 12%),
and Al (53, 11.2%). All Al tools combined accounted for
only 3 (0.7%) of the documents (Table 2).
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TABLE 1. The process of studying Al tools and their application in leukemia management involved several steps, including
identification, screening, exclusion, and inclusion. Scopus queries (separated as 5 identical keyword combinations —row 1) were
entered to retrieve relevant documents, and the number of documents for each step was shown along with the exclusion criteria.
After manually reviewing the literature, 248 reports were identified as appropriate for further bibliometric analysis.

Identifcation of Studies via SCOPUS

“Leukemia” and “Artif-  “Leukemia” and “Ma-

“Leukemia” and “Neu-

“Leukemia” and “Deep

“Leukemia” and “Arti-

é cial Intelligence” chine Learning” ral Networks” Learning” fcial Intelligence” and
5 “Machine Learning”
-t": and “Deep Learning”
é and “Neural Networks”
Total documents in Total documents in Total documents in Total documents in Total documents in
the interval of years the interval of years the interval of years the interval of years the interval of years
1989-2023 1998-2023 1992-2023 2013-2023 2017-2023
(n=559) (n=1265) (n=935) (n=512) (n=41)
Document Type: Article Publication stage at Document type: Article  Document type: Article Document Type: Article
and Conference Paper  Final and Conference Paper  and Conference Paper and Conference Paper
(n=392) (n=1250) (n=799) (n=403) (n=23)
Written in English Document type: Article  Publication stage: Final Publication stage: Final Publication stage: Final
(n=386) and Conference Paper (n=784) (n=398) (n=23)
(n=1011)
o  Publication Stage at Written in English Written in English Written in English Written in English
g Final (n=1000) (n=776) (n=395) (n=23)
g (n=380)
(8]
@ Exclusion by “AND Exclusion by “AND Exclusion by “AND Exclusion by “AND Not excluded by
NOT” Boolean Operator NOT” Boolean Operator NOT” Boolean Operator NOT” Boolean Operator Boolean Operator to
(“deep learning” and (“deep learning” and (“deep learning” and (“machine learning” see all of the results
“leukemia”) — (“artif- “leukemia”) — (“artif- “leukemia”) — (“artif- and “leukemia”) — and at least 2 Al tools
cial intelligence and cial intelligence and cial intelligence and (“artifcial intelligence  usage in the paper are
leukemia”) — (“neural leukemia”) — (“neural leukemia”) — (“ma- and leukemia”) — included
network and leukemia) network and leukemia) chine learning and (“neural network and (n=23)
— (“artifcial intelli- — (“artifcial intelli- leukemia) — (“artifcial  leukemia) — (“artifcial
gence” and “machine gence” and “machine intelligence” and intelligence” and
learning” and “deep learning” and “deep “machine learning” and “machine learning” and
learning” and “neural learning” and “neural “deep learning” and “deep learning” and
network” and “leuke- network” and “leuke- “neural network” and “neural network” and
mia”) mia”) “leukemia™) “leukemia™)
(n=82) (n=312) (n=116) (n=32)
g Excluded documents Excluded documents Excluded documents Excluded documents Excluded documents
S from 82 documents from 312 documents from 116 documents from 32 documents from 23 documents
Q (n=32) (n=177) (n=82) (n=13) (n=13)
i
°
S
>  n=50 n=135 n=34 n=19 n=10
=
=
a Total dataset as checking duplicates
L (=249

Aydin F

13



Application of Al and its Components in Leukemia

TABLE 2. The process of studying Al tools and their application in leukemia management involved several steps, including
identification, screening, exclusion, and inclusion. Web of Science (WoS) queries (separated as 5 identical keyword combina-
tions — row 1) were entered to retrieve relevant documents, and the number of documents for each step was shown along with
the exclusion criteria. After manually reviewing the literature, 473 reports were identified as appropriate for further bibliometric
analysis.
Identifcation of Studies via WoS
- “Leukemia” and “Artif-  “Leukemia” and “Ma- “Leukemia” and “Neu-  “Leukemia” and “Deep  “Leukemia” and “Arti-
o cial Intelligence” chine Learning” ral Networks” Learning” fcial Intelligence” and
§ “Machine Learning”
.E and “Deep Learning”
S and “Neural Networks”
k=]
Total documents in Total documents in Total documents in Total documents in Total documents in
the interval of years the interval of years the interval of years the interval of years the interval of years
1993-2023 1998-2023 1992-2023 2013-2023 2020-2023
(n=467) (n=762) (n=435) (n=280) (n=7)
Document Type: Article Document type: Article Document type: Article Document type: Article Document Type: Article
and Proceeding Paper  and Proceeding Paper and Conference Paper and Conference Paper and Conference Paper
(n=363) (n=636) (n=411) (n=255) (n=4)
Written in English Written in English Written in English Written in English Written in English
(n=362) (n=634) (n=410) (n=254) (n=4)
E’ Exclusion by “AND Exclusion by “AND Exclusion by “AND Exclusion by “AND Not excluded by
§ NOT” Boolean Oper- NOT” Boolean Oper- NOT” Boolean Oper- NOT” Boolean Opera- Boolean Operator to
o ator ator ator (“deep learning” tor (“machine learning” see all of the results
% (“deep learning” and (“deep learning” and and “leukemia”) — and “leukemia”) — and at least 2 Al tools
“leukemia”) — (“ma- “leukemia”) — (“artif- (“artifcial intelligence  (“artifcial intelligence  usage in the paper are
chine learning” and cial intelligence and and leukemia”) — and leukemia”) — included
“leukemia”) — (“neural  leukemia”) — (“neural (“machine learning and  (“neural network and
network and leukemia) network and leukemia) leukemia) — (“artifcial  leukemia) — (“artifcial
— (“artifcial intelli- — (“artifcial intelli- intelligence” and intelligence” and
gence” and “machine gence” and “machine “machine learning” and “machine learning” and
learning” and “deep learning” and “deep “deep learning” and “deep learning” and
learning” and “neural learning” and “neural “neural network” and “neural network” and
network” and “leuke- network” and “leuke- “leukemia™) “leukemia™)
mia”) mia”) (n=212) (n=97)
(n=223) (n=452)
§ Excluded documents Excluded documents Excluded documents Excluded documents Excluded documents
T:; from 223 documents from documents from documents from documents from documents
o (n=170) (n=203) (n=102) (n=40) (n=1)
°
S
S n=53 n=249 n=110 n=57 n=3
=
=
8 The total dataset is checking duplicates from a total of 473 documents
EC]I:J n=473
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Analysis of Publications that were Manually Selected

via Scopus and WoS Databases

Artificial Intelligence Is Becoming a General Term

The defnition of artifcial intelligence, as a concept, has
signifcantly evolved. Its expanded structure now in-
cludes various subheadings such as ML, NNs, and DL,
respectively, which have contributed to a broader def-
nition. The term is no longer characterized by strictly
defned boundaries, but rather by its Fexibility to en-
compass multiple subheadings. In academic settings, re-
searchers often employ specifc subheadings to describe
their studies, rather than using the term “artifcial intelli-
gence”. An analysis of the past 10 years also reveals that
the use of the term “artifcial intelligence” has been re-
placed by the more specifc phrases “machine learning”
and “neural networks”. Such linguistic precision refects
the growing sophistication of research in this feld and

Yeditepe Journal of Medical Sciences, 13(1):10-22

highlights the importance of staying up-to-date with the
latest terminology (Figure 1 and Figure 3)

Machine Learning Is the Most Common AI Tool in
Leukemia Management

According to a VOSviewer analysis of Scopus and WoS
databases, researchers have been utilizing terms like ML,
NNs, and DL, instead of the broader term artifcial intelli-
gence. Machine learning, in particular, has been the most
frequently mentioned and recently used Al tool. This
shift in terminology could be attributed to the fact that
Al is comprised of overlapping subsets that are sequen-
tially related, and the number of published documents
follows this pattern and decreases as one moves to an-
other subset. Therefore, researchers tend to begin with
the general concept of Al and progress to more specifc
areas, such as ML, NNs, and DL. This suggests that as re-

FIGURE 1. Co-occurrence analysis of author keywords from the documents that were manually selected via utilizing the Scopus

database. For the colored presentation, the VOSviewer platform was used. The minimum number of occurrences of a keyword was

arranged as 3 times in a total of 248 documents. Of the 671 keywords, 42 keywords met the threshold. Corresponding results were

colored as in the time of last 10 years and the spectrum varies from dark purple to light yellow. This color-coded representation in-

dicates the trend of keyword usage from 2013 to 2023 by the authors. (Keywords: “artificial intelligence” and “machine learning” and

“deep learning” and “neural network” and “leukemia”)

Aydin F
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FIGURE 2. Co-authorship analysis of countries via VOSviewer, corresponding data taken by Scopus query search, and 248 docu-
ments scanned after filtering. Minimum number of documents of a country was determined as 1. Out of the 60 countries, 47 countries
were found to be connected. Corresponding results were colored as in the time of last 10 years and the spectrum varies from dark
purple to light yellow. This color-coded representation indicates the trend (color spectrum) country contribution (size of points) and
country-based co-authorship (connected lines) between 2013 and 2023. (Keywords: “artificial intelligence” and “machine learning” and

“deep learning” and “neural network” and “leukemia”)

searchers gain a better understanding of the supergroup,
they begin to incorporate the subgroups into their re-
search (Table 1 — Table 2).

Limited Number of Research to Cope with Leukemia in
The Era of Technology but Progress Is Promising

Our literature research was conducted by analyzing ar-
ticles and conference proceedings to catch up on recent
applications of Al tools in the feld of leukemia manage-
ment. Even though the oldest document was published in
1989 for the Scopus database in 1994 for WoS, the studies
conducted in the following years were not consistent. It
was only after 2017 that a steady increase was observed
in the number of documents published (determined by
Scopus query search) (Figure 5A). Moreover, according to
WoS query search, the number of documents published
has increased approximately 16-fold since 2012, with a
signifcant increase observed in 2022 (Figure 6A).

Researchers tend to Study Leukemia with Unspecified
Subtypes

In the realm of leukemia research, investigators have
historically conducted studies on experimental groups
with a mix of hematological cancers without any spe-
cifc focus on leukemia itself. To tackle this issue, re-
searchers have employed the use of Al and its constitu-
ents to diferentiate between healthy and patient groups

and to develop a precise diagnostic tool for leukemia.
Initially, the study of microscopic slides of peripher-
al blood smears was the primary method for research-
ers. However, with the advent of microarrays and fow
cytometry, researchers can now identify genetic land-
scape and immunophenotypic features, and as such,
have shifted their approach to focus more on leuke-
mia, especially AML and acute lymphocytic leukemia.

What Are the Countries’ Attitudes Toward the Applica-
tion of AI Tools in the Case of Leukemia?

One factor that infuences the scope of topics in sci-
entifc publications is how authors approach a subject
recently, and the policies followed by the countries to
which they are aFliated. In this context, collaborating
with authors from other countries emerges as a phenom-
enon that infuences and enhances the research environ-
ment. The way authors from diferent countries collabo-
rate and work together aFects the diversity and richness
of the research landscape. In our VOSviewer co-author-
ship analysis conducted by using Scopus and Wos data-
bases to understand the role of countries in studies that
combine leukemia and Al components, we observe that
research originating from the United States and China is
quite prevalent with comparable to the contribution to
the feld and as following the trends (Figure 2 and Figure
4). Whether they are located on diferent continents or
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FIGURE 3. Co-occurrence analysis of author keywords from the documents that were manually selected via utilizing the Web of Sci-
ence database. For the colored presentation, the VOSviewer platform was used. The minimum number of occurrences of a keyword
was arranged as 3 times in a total of 473 documents. Of the 1124 keywords, 84 keywords met the threshold. Corresponding results
were colored as in the time of last 10 years and the spectrum varies from dark purple to light yellow. This color-coded representation
indicates the trend of keyword usage from 2013 to 2023 by the authors. (Keywords: “artificial intelligence” and “machine learning” and

“deep learning” and “neural network” and “leukemia™)

not, researchers are making collaborations in the way of
using Al tools in the case of leukemia.

Publishers and Institutes Are Giving Attention to Study
in This Field

Sharing scientifc fndings through journals or other sci-
entifc resources provides numerous advantages as it
shapes the current and future direction of a feld. Pub-
lishing has many benefts that promote scientifc prog-
ress by bringing together the characteristics of scientifc
knowledge such as verifability, reproducibility and sus-
tainability and then presenting these results to the read-
ers. We can also emphasize the importance of the author’s
working environment, from the production stage to the
publication process, as it provides research infrastructure
and collaborations. In our research, we found an increase

Aydin F

in the number of documents published in peer-reviewed
journals on the leukemia-Al tools axis (Figure 5B — Fig-
ure 6B) and an increase in the contributions of institu-
tions across the globe which indicates that attention was
drawn to this Feld recently (Figure 5C — Figure 6C).

DISCUSSION

This study examines the use of Al and its components—
ML, NNs, and DL —in leukemia research. A search que-
ry with inclusion and exclusion criteria was designed
to analyze Al applications separately. The literature re-
view utilized Scopus and WoS databases, along with
bibliometric analysis tools to identify trends based on
keywords, countries, aFliations, and sources. While da-
tabases like Google Scholar and PubMed could have ex-
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FIGURE 4. Co-authorship analysis of countries via VOSviewer, corresponding data taken by Web of Science query search, and 473
documents scanned after filtering. Minimum number of documents of a country is determined as 1. Out of the 66 countries, 60 met
the threshold and 54 countries are found to be connected. Corresponding results were colored as in the time of last 10 years and the
spectrum varies from dark purple to light yellow. This color-coded representation indicates the trend (color spectrum) country contri-
bution (size of points) and country-based co-authorship (connected lines) between 2013 and 2023. (Keywords: “artificial intelligence”
and “machine learning” and “deep learning” and “neural network” and “leukemia”)

panded the dataset, Scopus and WoS provided the most
relevant documents. The study found that ML is widely
used for classifying genetic, histological, and morpho-
logical characteristics of leukemia, with a focus on my-
eloid and lymphocytic subtypes. However, research on
chronic leukemia subgroups remains limited.

Despite diferences in their advantages and the number
of documents retrieved, we found no signifcant difer-
ences in the inferences drawn from Scopus and WoS.
The country of a researcher’s a¥Fliation signifcantly af-
fects research scope. Developed countries such as the
United States and China play a pioneering role in Al ap-
plications for leukemia. Al is expected to be widely uti-
lized in healthcare, but collaboration among physicians,
patients, and Al developers is necessary for successful
integration. Hematologists need to gain Al literacy to en-
sure better clinical care and decision-making.

Al's integration into hematology remains in its early
stages. While Al has shown promise in diagnostic pre-
cision and eFciency, several challenges persist, includ-
ing clinical validation, standardization and regulatory
approvals (27, 28). Al-based models have demonstrat-
ed their ability to classify acute and chronic leuke-
mias based on genetic and morphological patterns, yet
their implementation requires physician competency
in Al-driven decision-making. Al's ability to analyze
high-dimensional biological data, such as next-gener-
ation sequencing (NGS) and transcriptomics, is a sig-
nifcant contribution to leukemia research (8). Machine
learning-based classifcation models have enhanced
early detection and risk stratifcation (29). However,
most Al models focus on myeloid and lymphoid leu-
kemias, while chronic leukemia subgroups remain

underrepresented. Future research should emphasize
Al applications for chronic leukemia progression and
treatment response prediction (30).

Al implementation in healthcare raises regulatory and
ethical concerns. Al models require extensive patient
data, leading to issues regarding informed consent, data
ownership, and cybersecurity risks. Regulatory bodies
such as the U.S. Food and Drug Administration (FDA) and
the European Medicines Agency (EMA) emphasize trans-
parency and explainability in Al-driven decisions. En-
suring that Al models are unbiased and validated across
diverse patient populations is critical to preventing dis-
parities in leukemia diagnosis and treatment.

CONCLUSION

In some respects, our research has limitations as the re-
sults primarily based on the fndings gathered from Sco-
pus and WoS, while these databases are comprehensive,
including sources like PubMed or Google Scholar might
have provided a more extensive dataset. Furthermore,
the study is based on bibliometric analysis and litera-
ture review rather than direct experimental or clinical
validation of Al applications in leukemia. This limits the
ability to assess real-world efectiveness. While Al’'s po-
tential in leukemia management is acknowledged, chal-
lenges related to data privacy, model transparency, and
regulatory approvals are not deeply explored. Also, the
study highlights the increasing use of Al in leukemia but
does not critically compare the performance of diferent
Al models or algorithms across studies. Additionally, the
study primarily focuses on ML, DL, and NN, while other
Al subTfelds like NLP and robotics were excluded.
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FIGURE 5A. Number of documents taken into account for the bibliometric analysis after utilizing Scopus query search and manual
selection of documents. 248 documents are listed in the time interval of 1989-2023. This graph is created via the Bibliometrix-Bib-
lioshiny platform. (Keywords: “artificial intelligence” and “machine learning” and “deep learning” and “neural network” and “leukemia”)

FIGURE 5B. scientific journals that published articles and conference proceedings on Al in leukemia between the years 1989-2023.
248 published documents were categorized according to their corresponding publisher. This graph is created via the Bibliometrix-Bib-
lioshiny Platform. Data were taken from a Scopus query search. (Keywords: “artificial intelligence” and “machine learning” and “deep

learning” and “neural network” and “leukemia”)

FIGURE 5C. Number of documents retrieved from Scopus query search as indicating the affiliation’s production over time (between

1994-2023). (Keywords: “artificial intelligence” and “machine learning” and “deep learning” and “neural network” and “leukemia”)
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FIGURE 6B. scientific journals that published articles and conference proceedings on Al in leukemia between the years 1994-2023.
248 published documents were categorized according to their corresponding publisher. This graph is created via the Bibliometrix-Bib-
lioshiny Platform. Data were taken by Web of Science query search. (Keywords: “artificial intelligence” and “machine learning” and
“deep learning” and “neural network” and “leukemia”)

FIGURE 6C. Number of documents retrieved from Web of Science query search as indicating the affiliation’s production over time
(between 1994-2023). (Keywords: “artificial intelligence” and “machine learning” and “deep learning” and “neural network” and “leuke-
mia”)



The integration of Al in leukemia research and manage-
ment has signifcant potential in enhancing diagnosis,
treatment, and disease monitoring. Bibliometric analysis
highlights the growing impact of Al—particularly ML,
DL, and NN—in leukemia research. While Al applications
in leukemia have gained momentum since 2017, most
studies focus on acute leukemia subtypes, with relatively
limited exploration of chronic leukemia.

Machine learning remains the most frequently utilized
Al tool, particularly for diagnostic classifcation and pat-
tern recognition. The increasing number of publications
and institutional contributions demonstrates a global
interest in Al-driven leukemia research, with the United
States and China emerging as key contributors. Despite
these advancements, challenges such as data standard-

Yeditepe Journal of Medical Sciences, 13(1):10-22

ization, clinical validation, and ethical considerations
must be addressed to ensure Al's efective integration
into routine clinical practice.

Future research should focus on expanding Al appli-
cations to chronic leukemia subtypes and improving
Al-driven predictive models for personalized treatment
strategies. Strengthening collaborations between clini-
cians, data scientists, and Al developers will be crucial
in bridging the gap between Al research and real-world
clinical applications. As Al continues to evolve, its po-
tential to revolutionize leukemia management remains
promising, paving the way for more precise, e¥cient,
and personalized approaches to patient care.
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Abstract

Objective: Hidradenitis Suppurativa (HS), also known as Acne Inversa, is a chronic, infammatory, recurring, debilitat-
ing skin disease of the hair follicles. It is most commonly present in the axillae, inguinal and anogenital regions. There
are few studies available about the economic burden of HS on patients from diferent countries and we feel the need to
develop such a project in the context of HS disease in Turkey. Therefore, the aim of this study is to estimate the yearly
cost of HS disease in Turkey from the payer's perspective.

Materials and Methods:This is a prevalence-based Col study with a focus on direct health care costs of HS from the
perspective of the payer. A multipoint data collection procedure has been performed based on the literature search for
HS epidemiological data, treatment choices, and direct health care costs to develop the analysis and the structure of
the Col of HS. The disease itself and treatment options have been reviewed. Assumptions and calculations were done
according to the literature.

Results: The total number of Turkish people with HS has been estimated as 80.811 according to the 0.10 % prevalence
rate of Garg and his colleagues’ prevalence study. The 12 months costs were estimated as 21.067.174 TRY for patients on
Hurley stage I, for the year 2018. We estimated the total direct cost attributable to HS as 741.615.190 TRY and revealed
that the average one-year direct cost per patient was 9.177 TRY.

Conclusion: We found that the cost per patient seems similar but the proportions of the costs are diferent than the
other published HS Col studies from various parts of the world even though the methods diFfer greatly. HS is a disease
which is attributed as ‘rare’ and ‘unknown’ but, surprisingly, it takes an important place in the national healthcare
budget as treatment costs.

Keywords: Cost of illness, Hidradenitis Suppurativa, Acne Inversa, pharmacoeconomics, payer, Turkiye

Received March 4, 2025 Accepted April 10,2025 Published April 25,2025 DOI 10.36519/yjhs.2025.624

Suggested Citation Giineshan I, Sipahi H, Sencan MN. Cost of illness analysis: Hidradenitis suppurativa in Tirkiye Yeditepe JHS.
2025;1:23-33.

This work is licensed under a Creative Commons

Correspondence Imge Gineghan E-mail imgeguneshan@gmail.com Attribution-Non Commercial 4.0 International License.



https://orcid.org/0000-0002-3166-5780
https://orcid.org/0000-0001-6482-3143
https://orcid.org/0000-0001-9979-6827

INTRODUCTION

idradenitis Suppurativa (HS) is a chronic, infam-
H matory, recurring, debilitating skin disease of the

hair follicles that usually presents after puberty
with painful, deep-seated, infamed lesions in the apo-
crine gland-bearing areas of the body, most common-
ly the axillae, inguinal and anogenital regions and also
known as Acne Inversa (Dessau defnition, 1st Interna-
tional Conference on Hidradenitis Suppurativa/Acne
Inversa, March 30—April 1, 2006, Dessau, Germany). (1)
HS has an enormous burden, on patients and it is highly
correlated with concomitant diseases including but not
limited to: reduced quality of life, depression, stigmati-
zation, decrease in physical activity, sexual defciency,
and several risk factors associated with cardiovascular
diseases. (2)

Patients with HS deal with serious misdiagnosis issues
because of the low disease awareness among health
care professionals and patients. Saunte and colleagues
showed that diagnostic delay for HS patients is 7.2 years
from the onset of the frst symptoms. (3) There is no
room for biopsies and there are no validator laboratory
assessments in the clinical diagnosis of HS. Despite the
lack of established diagnosis criteria, diagnosis includes
recurrence of lesions, chronicity, lack of clearance from
antibiotics, sinus appearance and scarring, dermal con-
tracture, multifocal lesion distribution, the existence of
a variety of comedones, nodules, papules, soreness of
lesions, and suppuration. (4) The primary diagnostic cri-
teria of HS depend on the history of the patient and the
clinical presentation of the disease. Symptoms include
but are not limited to: involvement of axilla, genitofem-
oral area, perineum, gluteal area and infra-mammary
area of women, the appearance of nodules (infamed or
non-infamed), sinus tracts (infamed or non-infamed),
abscesses, and scar formation (atrophic, mesh-like, red,
hypertrophic, or linear). (5)

HS has been linked to several diferent adjuvants and
secondary diseases, including obesity, metabolic prob-
lems, infammatory bowel diseases (IBD) such as Crohn’s
disease (CD) and ulcerative colitis (UC), spondyloar-
thropathy, follicular occlusion syndrome, and other hy-
perergic diseases. (6) IBD, especially CD, is the most re-
ported associated disease in patients with HS. Principi
and his colleagues showed in their recent pooled data
analyses that the prevalence of HS in IBD patients was
12.8%. 17.3% of the patients with CD and 8.5% of the pa-
tients with UC had HS as a comorbid disease. (7)

Spondylarthritis (SpA) is also linked to HS as a frequent
comorbid disease. Schneider-Burrus et al showed that
back pain and SpA are very common among patients
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with moderate/severe HS and more than 70% of HS pa-
tients were sufering from back pain. (8)

Over the last years, HS became one of the hot topic re-
search areas and intense research are conducted to de-
velop therapeutical strategies. (9) Although it was report-
ed to be a rare disease, there are inconsistent prevalence
data. Reported prevalence is changing from 0.053% to
4.1% depending on the methodology of the study. (10)-
(11) It is good news that the misdiagnosis rate of HS was
started to decline over the last decade. But revealing
pharmacological characteristics and describing the HS
burden on both patients and the governments became a
major problem to be solved. (12)

Due to the few studies regarding the economic burden
of HS on patients being conducted up to now in the US,
some of the countries of Europe and Israel (13)- (14), it is
inevitable to prepare such a project for Turkey. To the best
of our knowledge, there has not been any HS Col study
conducted for Turkey to this study. Therefore, the aim of
this study is to estimate the yearly cost of HS disease in
Turkey from the perspective of the payer for the year 2018.

MATERIALS AND METHODS

This study is a prevalence-based Col study in focus on
direct health care costs from the view of the payer - the
Ministry of Health. A multipoint data collection pro-
cedure has been implemented based on the literature
search for HS epidemiological data, treatment choices,
and direct health care costs for the structure of the Col
analysis of HS.

A literature search on studies published in English on
HS was performed in PubMed with the keywords of “Hi-
dradenitis Suppurativa”, “Acne Inversa’ and “Verneuil
Disease” from 1949 to June 2018. All of the titles of the
articles and abstracts retrieved from the database using
these keywords have been systematically reviewed and
analyzed. The disease itself and treatment options have

been reviewed comprehensively.

Classification and Staging

Many diferent models have been developed to classify
and stage HS and to assess the treatment success, such
as qualitative models; Hurley Staging System and Re-
Tned Hurley Staging System. And there are also quantita-
tive models; the Sartorius system, the modifed Sartorius
systems, the Hidradenitis Suppurativa Physician’s Global
Assessment (HS-PGA), and the Hidradenitis Suppurativa
Clinical Response (HiSCR). Among these classifcation and
staging tools, the most widely used scale to assess disease
severity is the Hurley Staging system and HS-PGA. (2)
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Hurley Staging

Hurley reported the Hurley Staging System, as a novel
classifcation model to defne HS in 1989. It classifes
the disease as three diferent levels of severity (Table 1).
Hurley staging is proposed as a tool to facilitate rational
treatment decision-making for the surgical approach in
a certain body location. (23)

The Hurley staging model was extensively used due
to its suppleness and rapidness. However, it has some
limits such as insu®¥Fcient qualitativeness and its un-
varying nature. Neither count of aFfected anatomical
locations nor the count of lesions at each location was
described by this model. Besides, it considers scars
and fstulas as Fxed or invariable characteristics which
makes this tool inefective for assessing the response
of the therapy. (2)

Prevalence Estimation

The prevalence of HS was reported at variance over the
year. Studies reports that the prevalence is starting from
0.053% to 4.1%. It should be noted that there are many
diferences in the research methodologies and popula-
tions studied in. (10)- (11) Summary of prevalence stud-
ies has been sown in Table 2.

There is no prevalence data available for Turkey. Several
prevalence studies in diferent scopes (population-based
vs. hospital), diferent periods (from 1988 to 2018) dif-
ferent diagnosis methodologies (self-reported, medically
assessed, diagnosis of treatments codes) have been re-
viewed to estimate the prevalence for Turkey. The review
showed an important variance in estimates and incerti-
tude concerning the actual frequency of HS. According
to this variety, the study with the highest number of pa-
tients with a prevalence rate of 0.10 % has been chosen
for the analysis. (11) Garg and colleagues analyzed 48
million unique patients across all United States regions
by using electronic health record data. Results showed
47,690 HS patients and overall HS prevalence in the
United States was 0.10%. (11) When looking at the clini-
cal characteristics of the study, HS prevalence among the
white race was also determined as 0.10 % which has been
assessed as similar to characteristics of Turkish people.
Turkish population information has been derived from
the Turkish Statistical Institute as of Feb 2018 and used
for the analysis. (26) Hurley I, Hurley II, and Hurley 111
variance has been calculated according to the study of
Canoui-Poitrine F. et al which assessed the clinical char-
acteristics of 302 French patients with HS. (15)

Determination of Treatment Approach

There have been several approaches to set a standard
of care for the treatment of HS even though there is no
widely accepted guideline available. In 2015, the Europe-
an S1 guideline has been published by Zouboulis C. et al.

Table 1. The defnition of Hurley Staging.

Hurley Stage  Defnition

Individual primary lesions and/or cysts without
fstulae or scarring

Individual primary lesions and/or cysts with the
presence of fstulae and scarring

Confuent primary and secondary lesions at the

I . .
involved surface(s) with fstulae and scars

Table 2. Summary of HS prevalence studies.

Country / Reference Number of ~ Prevalence

samples Estimation
Denmark/ 70 4%
Jemec, 1988 (16)
Denmar k/ 599 41 %
Jemec, 1996 (17)
France/ 10,000 1%
Revuz, 2008 (18)
United States/ 7,927 0.053 %
Cosmatos, 2013 (19)
United States/ 429,329 0.11 %
Sung, 2013 (20)
Denmark/ 16,404 21 %
Vinding, 2014 (21)
United States/ 144,000 0.13 %
Shahi, 2014 (10)
United States/ 48 Million 0.10 %

Garg, 2017 (11)

(5) Guideline consists of a comprehensive review of the
disease and the treatment options by evaluating clinical
study results. The European S1 guideline is the most ac-
cepted and diverse guideline available for HS.

Italian Society of Dermatology and Venereology pub-
lished a guideline for the use of a-TNFs for HS treatment
in 2015 after the European S1 guideline. (24) It is mostly
focused on a-TNF agents and refers to the European S1
Guideline widely.

At the beginning of 2016, the evidence-based approach
has been published based on European guidelines. (25)
It promotes a holistic evidence-based approach that im-
plemented the Level of Evidence and Strength of Rec-
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ommendation for the treatment of HS due to the need
for evidence-based treatment guidelines. It is more like
a complementary element of the European S1 guideline.
Since there is no established treatment algorithm for
HS, treatment methods derived from both the Europe-
an S1 Guideline (5) and the Evidence-based Approach
to the Treatment of HS (25) are adapted to the Turkish
healthcare system within the frame of available treat-
ment options. The costs of hospitalizations, physician of-
Fce visits (physical examinations), medical and surgical
treatments, and medical procedures were estimated from
the literature and analysis of publicly available health
databases. Costs of medical procedures were derived
from the updated Social Security Institution Medical
Enforcement Declaration and Republic of Turkey Social
Security Institution reimbursement rates and wholesale
drug costs for the year 2018. The prices of the available
medical treatment options have been derived from the
RxMediaPharma program.

RESULTS

Prevalence Estimation

The population of Turkey as of Feb 2018 has been an-
nounced as 80 million 810 thousand and 525 people. (26)
The total number of Turkish people with HS has been
estimated as 80.811 (+/- 4.041) with a 95% confdence
interval (Cl) according to the 0.10 % Garg and his col-
leagues' study. (11) The estimated patient number with
HS has been shown in Table 3.

Among the patients with HS disease, Hurley classifca-
tion estimation has been done and shown in Table 4. (15)
According to that estimation which was calculated with
the 95 % CI, the majority of the patients are in the group
of Hurley stage I. The number of patients with Hurley
stage I, Il and 11l are 54.951 (+/- 2.748), 22.627 (+/- 1.131)
and 3.232 (+/- 162), respectively.

Application of Treatment Approach

Tuberculosis examination has to be done for moderate
and severe HS patients who are planning to have the
treatment with biological agents before the initiation of
the biological treatment according to the Medical En-
forcement Declaration. (27) The cost of the tuberculosis
examination tests is calculated as 128 TRY per patient.

The cost of doctor’s oFce visits and hospitalization have
been identifed according to Medical Enforcement Dec-
laration as both university hospitals and training hos-
pitals. The mean price has been calculated accordingly
(Table 10). Primary healthcare services have been ex-
cluded due to these healthcare services mostly serve as
referral steps to the university or training hospitals and
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Table 3. Estimated number of patients with HS in Turkey.

Estimated Number

;zrkuelzltion Prevalence (%) of Patients with
P HS (with 95% CI)
80,810,525 0.10 80,811 (+ 4041)

Table 4. Patient distribution according to Hurley staging.

Estimated
Patient Number
(with 95% CI)

Hurley Stage  Percentage (%)*

[ 68 54,951 (+2748)
I 28 22,627 (+ 1131)
M 4 3232 (+162)

*Canoui-Poitrine F, et al. (15)

they have not taken any role in the management of the
disease. Mean prices have been calculated as dermatol-
ogy Visits, general or plastic surgery visits, and hospital-
ization (standard bad tarif) 37 TRY, 50 TRY and 30 TRY
respectively.

Since there is no established treatment algorithm for
HS as expressed in the materials and methods section,
treatment methods are derived from current HS treat-
ment guidelines and adapted to the Turkish healthcare
system within the frame of available treatment options.
1st line treatment options have been used for cost cal-
culation only. 2nd, 3rd line, and experimental treatment
options have not been taken into consideration. (25) For
each active substance that is present in the Turkish mar-
ket, available pharmaceutical preparations have been
identifed from RxMediaPharma Program and the cost of
unit dosage has been calculated. In this way, the mean
cost of the unit dosage has been calculated for each ac-
tive substance. Treatment durations have been derived
from the guideline according to the unit dosage of the
pharmaceutical preparations and calculated according-
ly. Available 1st line treatment options and unit dosage
costs have been shown in Table 5.

Medical treatment of patients with HS on Hurley stage |
consists of topical clindamycin 1%, oral tetracycline 500
mg, and basic excision of the HS lesions according to the
evidence-based approach treatment algorithm. (25) The
recommended treatment duration of topical clindamy-
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Table 5. Medical treatment options and cost of unit dosages.

Drugs Minimum Price (TRY) Maximum Price (TRY) Unit Dosage Price (TRY)
Antibiotics

Clindamycin 8.31 9.14 0.0035
Rifampicin 437 14.88 0.0013
Doxycycline 5.50 6.05 0.0041
Tetracycline 3.61 5.57 0.0007
Topical clindamycin 9.53 9.53 0.3177
Anti-TNFs

Adalimumab 1186.34 1186.34 14.82

Table 6. Hurley | medical & surgical treatments and costs.

Duration Dosage Unit Cost (TRY) Total Cost (TRY)
Medical Treatment
Topical clindamycin 1% 3 months twice a day 0.3177 /mL 57.18
Tetracycline 500 mg 4 months once a day 0.0007 /mg 42
Surgical Treatment
Excision 1 NA 207.70 /session 207.70
TOTAL 306.88

cin is 3 months and for oral tetracycline, it is 4 months.
Cost calculation has been done according to treatment
duration recommendations. Surgical treatment has been
calculated as 1 time in the treatment frame. The total cost
has been calculated as 306 TRY for a patient on the Hur-
ley stage | (Table 6).

With the same approach, medical and surgical treat-
ment options have been calculated for HS patients on
Hurley stage Il. Medical treatment is included both top-
ical clindamycin 1 %, oral tetracycline 500 mg, and also
a combination of oral rifampicin-clindamycin 600 mg
and adalimumab. (25) In addition to medical treatment,
surgical treatment is recommended in a wide range if

needed which are excision of the lesions, deroofng, CO2
laser excision, and primary and secondary wound clo-
sures with Fap, or grafting techniques. The recommend-
ed treatment duration and cost calculation have been
shown in Table 7. The total cost for a patient on the stage
of Hurley Il was calculated as 27.631 TRY.

For Hurley stage 111 patients, treatment options are much
like patients on Hurley stage 1l except for the usage of
topical clindamycin 1 %, and oral tetracycline 500 mg
which these treatment options are for milder cases. (25)
Surgical interventions remain the same with the Hurley
Il treatment scheme. Cost calculation has been done ac-
cording to recommended treatment duration and again,
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Table 7. Hurley Il medical & surgical treatments and costs.
Duration Dosage Unit Cost (TRY) Total Cost (TRY)

Medical Treatment

Topical clindamycin 1% 3 months twice a day 0.3177 /ml 57.18

Tetracycline 500 mg 4 months once a day 0.0007 /mg 42

Rifampicin 300 mg 0.0013 /mg

10 weeks twice a day 201.60
Clindamycin 300 mg 0.0035 /mg
160 mg at week 0,
. . 80 t k2,
Adalimumab Continual* mg atwee . 14.82 /mg 24,897.60
40 mg weekly starting
from week 4

Surgical Treatment

Excision 1 NA 207.70 /session 207.70

Deroofng 1 NA 400 /session 400

CO2 laser excision 1 NA 550 /session 550

Primary wound closure 1 NA 38 /session 38

Secondary wound closure with graft 1 NA 400 /session 400

Secondary wound closure with fap 1 NA 837.20 /session 837.20

TOTAL 27,631.28
*According to the PIONEER clinical trial, 68% of the patients were able to apply the proposed treatment regimen in full, and in 32% of cases, the treatment
was stopped at the 12th week. So the average annual dose of adalimumab has been calculated as 21 boxes with that assumption. (28)

surgical treatment has been calculated at 1 time. As a re-
sult, it appears similar to the result of Hurley stage Il, the
calculated cost is 27.532 TRY for a patient on Hurley stage
I1l. (Table 8)

If the costs are grouped as medical treatment, surgical
treatment, procedures/tests, and physical examinations,
a total frame can be shown below, in Table 15 for patients
with Hurley stages I, 11, and Ill. For a HS patient on Hurley
stage |, the yearly cost is far lower than Hurley stage 1l and
Hurley stage 111 patients. Direct costs of patients accord-
ing to Hurley classifcation are 383 TRY, 27.876 TRY, and
27.777 TRY, respectively for one patient for the year 2018.
The calculation has been shown in Table 9.

As a result, the total national cost of HS to the Ministry of
Health was estimated as 741.615.190 TRY (+/- 37.080.760

Glineshan i et al.

TRY) for the year 2018. Details of the cost calculation
have been shown in Table 10. Costs have been shown
with 95% CI at parenthetical in each section. It consists
of direct medical costs such as medical therapy, surgical
treatment, procedures, tests, and doctor’s o¥ce visits
(physical examinations).

The 12 months costs were estimated as 21.067.174
TRY (+/- 1.053.358 TRY) for patients on Hurley stage I,
630.760.088 TRY (+/- 31.538.004 TRY) for Hurley stage |1
and 89.787.927 TRY (+/- 4.489.296 TRY) for Hurley stage
Il for the year 2018. The largest part of the costs is at-
tributed to medical treatment expenditures and are esti-
mated as 654.546.051 TRY (+/- 32.727.302 TRY).
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Table 8. Hurley Ill medical & surgical treatments and costs.

Duration Dosage Unit Cost (TRY) Total Cost (TRY)
Medical Treatment
Rifampicin 300 mg 0.0013 /mg

10 weeks twice a day 201.60
Clindamycin 300 mg 0.0035 /mg

160 mg at week 0,
Adalimumab Continual* 80 mg at week 21 14.82 /mg 24,897.60
40 mg weekly starting
from week 4

Surgical Treatment
Excision 1 NA 207.70 /session 207.70
Deroofng 1 NA 400 /session 400
CO2 laser excision 1 NA 550 /session 550
Primary wound closure 1 NA 38 /session 38
Secondary wound closure with graft 1 NA 400 /session 400
Secondary wound closure with fap 1 NA 837.20 /session 837.20
TOTAL 27,532.10

*According to the PIONEER clinical trial, 68% of the patients were able to apply the proposed treatment regimen in full, and in 32% of cases, the treatment
was stopped at the 12th week. So the average annual dose of adalimumab has been calculated as 21 boxes with that assumption. (28)

Table 9. Cost calculation.

Cost of stages (TRY)

Hurley | Hurley Il Hurley Il Total
Medical Treatment 59.18 25,198.40 25,099.20 50,356.78
Surgical Treatment 207.70 2432.90 2432.90 5073.50
Procedures & Test 0 128.70 128.70 257.40
Physical Examinations 116.50 116.50 116.50 349.50
Total cost (TRY) 383.38 27,876.50 27,777.30
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Table 10. Population adjusted cost calculation with TRY (with 95% Confdence interval).

Surgical treatment

Hurley | Hurley Il Hurley 111 Total
Medical treatment 3,211,941.96 563,137,972.71 80,131,576.41 9,298,432.47
(+160,597.10) (+28,256,898.64) (+4,006,578.82) (+32,324,074.55)
11,272,733.12 54,370,847.90 7,767,263.99 3,287,095.65

(+ 563,636.66) (+2,718,542.40) (+£388,363.20) (+3,650,542.25)
Procedures & test 0.00 2,876,208.69 410,886.96 646,481,491.09
' (+143,810.43) (+20,544.35) (+164,354.78)
Physical examinations 6,322,934.08 2,603,561.09 371,937.30 73,410,845.01
y (+316,146.70) (+130,178.05) (+18,596.86) (+464,921.62)
Total 20,807,609.17 622,988,590.40 88,681,664.65 732,477,864.22
(+1,040,380.46) (+31,149,429.52) (+4,434,083.23) (+36,623,893.21)
DISCUSSION Shalom and his colleagues conducted a study very re-

To our knowledge, this is the frst study in the context
of health care utilization and cost of Iliness with HS
conducted for Turkey. The literature search reveals that
there are less than thirty manuscripts written about HS
from Turkey. The literature is mostly about case reports
or series and there is no cost-related study among those.
When looking at world literature, there are only a few
studies that aim to nd the disease-related cost. (13)- (14)
Kirby and his colleagues fnd out in their cohort
cost-identifcation study that the majority of the cost
was the inpatient expenditures. They also compare the
results with psoriasis (PsO) patients and resulted that
medication costs were higher in the PsO group. The
emergency department visits and inpatient care have
shown as the biggest cost source in the study. (13)

Another manuscript which is a follow-through study of
Kirby and his colleagues revealed almost the same re-
sults as the previous literature. Inpatient costs were the
major expenditure for HS patients. The total 5-year cost
for the HS patient cohort was found as 23,418,396 USD
from the perspective of the payer. HS cohort was con-
sisting of 7,901 patients and for this instance; the cost
per patient could be calculated as 2.963,97 USD. (29)

Desai and Shah conducted a retrospective cohort study
in England to describe the hospital resource use of pa-
tients with HS. They found out that the mean hospital
resource utilization cost for a patient with HS was 2.027
GBP per patient per year. But it should be noted that the
study does not include the details of medication and it is
just based on outpatient, inpatient, accident, and emer-
gency hospital attendances. (30)
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cently in Israel and they compare the healthcare service
utilization cost of HS patients with PsO patients and also
with the general population. Community clinic visits
and inpatient service utilization with drug use data have
been included in the study. But biological medications
were not available in Israel for the treatment of HS during
the study therefore they were not included in the analy-
sis. They found out that the burden of HS patients was
greater than both PsO and the general population. There
wasn’t an estimate on any monetary terms in the study.
(31)

The results of our analysis showed that the direct cost of
patients with HS is more than that recognized in Turkey'’s
health care system. The estimation of the total direct cost
attributed to HS is 741.615.190 TRY (+/-37.080.759 TRY)
and revealed that the mean one-year direct cost for one
patient is 9.177 TRY (+/- 458 TRY).

Medications seem to be only the defnitive important
resources funded by the Turkish public health system
and if we calculated the contribution margin of the med-
icines even by patients.

Even though the studies’ methods are diferent, it is pos-
sible to compare the results with our study. The cost per
patient seems similar between the studies but the source
and the proportions of the costs were diferent.

This study has several limitations and they should be
considered along with the results. According to current
literature, there is no epidemiological data from Turkey.
Accordingly, prevalence data is assumed based on the
work of Garg et al. (11), and the number of existing HS
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patients is hypothetically calculated by the relevant data
on the population of Turkey. Likewise, the distribution
of patients according to the Hurley stages was also cal-
culated based on the study of Canoui-Poitrine et al. (15)
Under or overestimation of the number of patients with
HS is possible according to these calculations.

A wide variety of therapeutic options are used in the
management of HS patients, as evidenced by cur-
rent literature. To be able to perform an analysis on a
structured system, the most ideal and optimal situa-
tion, which is based on frst-line treatment options of
the evidence-based treatment algorithm (25), has been
considered and the calculations are made by assuming
appropriate treatments are used for each Hurley stage.
In reality, there might be patients that have the optimal
treatments by their staging but also we know that there
are patients that are not treated optimally. So it should be
highlighted that the result of this analysis is the picture
of an optimal situation.

For the surgical interventions, because the number and
types of surgical operations that each patient need will
vary, analysis is made with the minimum values and in-
cluded in the result. The disease itself is unique for ev-
ery patient and surgical needs will change, therefore
it is not possible to refect the real-life situation in the
analysis. In addition to that, possible direct costs of HS
have been discussed widely but the indirect costs are not
described and not taken into account in this study. The
results should be interpreted with consideration of all
these limitations.

CONCLUSION

Identifying and measuring the costs of HS will let us un-
derstand the fnancial burden of the disease more dis-
tinctly. The resources used and the potential resources
that were lost have been identifed in the Col studies.
Along with the prevalence, incidence, morbidity, and
mortality data, Col studies assist to draw the frame about
the efect of a disorder on the public. (32)

Determining the total Col let us know how much society
and/or payer is spending on that specifc disorder and
by implication the amount that would be saved if the
disorder were extinguished. It may also help identify the

various elements of the cost and the extent of the contri-
bution of each sector in society. These data can help to
determine research and funding priorities by highlight-
ing areas where ineFciencies may exist and savings can
be made. (33), (34)

Knowledge of the Col can help policymakers decide
which diseases need to be addressed frst by health care
and prevention policies. Additionally, these studies can
indicate which disease cures would be valuable in reduc-
ing the burden of disease and also reducing costs. (35)
As aresult, it is critical to demonstrate Col studies to in-
form clinical decision-making, bring forth new policies
and guidelines, and efectively allocate resources ac-
cordingly. (36)

Even though HS is a disease which attributed as ‘rare’
and ‘unknown, it is surprising that it takes an important
place in terms of treatment costs.

Here we estimated the economic burden of optimal-
ly managed HS. Intensive pharmacotherapy is required
to manage symptoms, especially for the patients with
Hurley Il and 11l stages; yet, a signifcant proportion of
patients have inadequate control with current treatment
regimens according to current literature. Since there is
no commonly accepted treatment guideline, physician
treatment variety, patient education, and adherence to
prescribed regimens remain central issues in achieving
control, HS is a heterogeneous condition with variable
responses to existing therapies. It is also important to
take into consideration the efect of comorbidities (e.g.
metabolic syndrome, obesity, etc.) on the cost of HS and
outcomes.

This study has been constructed with the data avail-
able in the current literature and applied to the Turkish
healthcare system. This Col study emphasizes the val-
ue and need for longitudinal HS cohort studies and the
study that evaluates how patients receive care through-
out the health care system, not only of disease activity. By
broadening the point of view even more widely, studies
can start to take into account not only the direct costs to
the whole health care system but also the indirect costs
resulting from the disease's impact on the ability of the
patient (and possibly caregiver person) to work, and this
would address the indirect cost of the disease.
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Abstract

Objective: Epilepsy, a chronic and complex disorder of the brain, is an important neurological problem worldwide.
Novel drug objectives in the central nervous system (CNS) may present more efective choices in treatment of epilepsy.
The present study is designed to examine the efects of certain polyamines on seizures induced by pentylenetetrazole
(PTZ) in rats.

Materials and Methods: Female adult (250-300 g) Wistar albino rats were used in our study. They were randomly allo-
cated into several groups (n=8 for each group). Spermine (1-4 mg/kg), spermidine (20-80 mg/kg), agmatine (160 mg/kg)
or saline were injected to animals through intraperitoneal (IP) route 30minutes prior to PTZ (40mg/kg, IP) treatment.
The onset time and severity of the seizures were assessed immediately after the treatment with PTZ.

Results: Spermidine treatments signifcantly shortened onset time of seizures, at all doses used in the study (ps=0.0001).
It signifcantly increased the severity of seizures at doses of 20 and 80 mg/kg (p=0.007 and p=0.03, respectively). Treat-
ment with spermine signifcantly shortened onset time of seizures at dose of 4 mg/kg (p=0.002). While spermine (4 mg/
kg) increased severity of seizures signifcantly (p=0.01; Dunnet’s test), it did not cause any noteworthy alteration on the
severity of seizures at other doses. Agmatine (100 mg/kg) did not have any statistically signifcant efect on seizures.

Conclusion: Our results suggest that spermine and spermidine but not agmatine cause some aggravating efects on the
seizures induced by PTZ. The data indicate that polyamines in the CNS may be an important target for epilepsy.

Keywords: Seizure, spermine, spermidine, agmatine, pentylenetetrazole, rat(s)
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INTRODUCTION

brain, is an important neurological problem world-

wide. It is characterized by unpredictable seizures
caused by abnormal (i.e., excessive) electrical discharges
within the nerve cells in the brain, and is one of the most
common disorders, infuencing around 1% of the popu-
lation (1, 2). There is no absolute drug-based treatment
for epilepsy. Currently available drug treatments aim to
prevent the occurrence of seizures with sustained and
sometimes lifelong drug use. They do so by increasing
the activity of inhibitory neurochemicals such as gam-
ma-aminobutyric acid (GABA) or suppressing the activi-
ty of excitatory neurochemicals such as glutamate there-
by compensating for abnormal activity in voltage-reg-
ulated ion channels (i.e. Na*, K*, and Ca?), which can
lead to abnormal discharges in the neuronal membrane
(3-5). Many studies are carried out to develop new drugs
which are more efective and better tolerated (6). Further
studies on the mechanisms involved in the disorder are
required for a better understanding of epilepsy, and the
development of targeted therapies. New drug targets in
the central nervous system (CNS) may lead more efec-
tive choices for epilepsy treatment.

Epilepsy, a chronic and complex disorder of the

Polyamines are aliphatic molecules containing two or
more amine groups such as putrescine, spermidine,
spermine and agmatine. Along with their biosynthetic
enzymes, polyamines are found in all parts of the body,
including the CNS. They are involved in several cellular
functions such as DNA stabilization, regulation of gene
expression, ion channel function and cell proliferation
(7). Recently, a polyamine, agmatine —the decarboxylated
derivative of L-arginine—, has been noted as a prominent
neuromodulator in mammalian brain (8, 9). Agmatine
binds to a2-adrenergic and imidazoline receptors (8, 10).
It inhibits the enzyme nitric oxide synthase (NOS) that
contributes to nitric oxide (NO) formation and is found to
antagonize glutamatergic N-methyl-D-aspartate (NMDA)
receptors in rat hippocampus (11, 12). It has been shown
that NOS inhibitory agents (13) and NMDA antagonists
(14) prevent seizures in experimental animal models.

ConTficting results have been reported regarding the
efects of polyamines on epileptic seizures. Some ex-
perimental studies indicated anticonvulsant efects of
polyamines such as agmatine (15, 16) and spermine (17).
However, other studies have also reported certain unfa-
vorable efects of polyamines on epileptic seizures. For
example, it has been demonstrated that spermidine in-
duces proepileptic efects by shortening seizure latency
in rats, due to increase NO production (18). Hayashi et
al. also suggested that increases in the concentrations
of some polyamines such as putrescine, spermidine and

ince Kale D et al.
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spermine are involved in neuronal excitability in brain
during seizures (19). A study by Luszczki et al. showed
that agmatine signifcantly reduced the anticonvulsant
efects of vigabatrin against clonic seizures induced by
pentylenetetrazole at a level higher than its anticon-
vulsant doses (20). On the other hand, stress-induced
increases in polyamine levels and/or metabolism are re-
ferred to as the polyamine stress response (PSR) (21). In
this context, increased polyamine levels and PSR are re-
lated to DNA fragmentation and programmed cell death
(22). PSR has also been associated with some mental dis-
orders such as suicidal behavior and schizophrenia (23).
However, studies on the efects of polyamines or PSR
and epileptic seizures are limited and inconclusive in
terms of their fndings.

Given this background, the main objective of the pres-
ent study is to investigate the efects of three polyam-
ines —spermine, spermidine and agmatine—, on the
onset time and severity of seizures induced by pen-
tylenetetrazole (PTZ), which serves as a readily avail-
able and valid experimental model in rodents (24). To
this end, we recorded the onset time and severity of
the seizures in rats injected with spermidine, sper-
mine, or agmatine, 30 minutes before the administra-
tion of a subefective dose (40 mg/kg) of PTZ in rats.

MATERIALS AND METHODS

Animals and Laboratory

Female adult (250-300 g) Wistar albino rats (Uskiidar
University Experimental Research Unit — USKUDAB,
Turkiye) were subjects in our study. Four animals were
housed per Plexiglass cage. The rats were placed in a qui-
et and temperature- and humidity-controlled room (22 £
2°C and 60 * 5%, respectively) in which a 12/12 h light—
dark cycle was maintained (light from 07:00 to 19:00).
Food and water were available ad libitum. All processes
in this study were accomplished in agreement with the
Guide for the Care and Use of Laboratory Animals of the
National Institutes of Health (Publication No. 85-23, re-
vised 1985). The Local Ethics Committee for Animal Ex-
periments (HADYEK) of Uskiidar University approved
the study on January 22, 2021, with the decision number
2020-14.

Drugs

PTZ, agmatine, spermine, and spermidine were pur-
chased from Sigma-Aldrich Co. (St. Louis, MO, USA).
Drugs were dissolved in 0.9% saline and injected intra-
peritoneally (IP) to the rats in the same volume of 0.5
ml/250 g. Solutions for injection were prepared freshly
before the tests.
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FIGURE 1. Effects of spermidine on onset time (A) and severity (B) of seizures induced by PTZ. (*p<0.05 significantly different

from control; n=8 for each group).

Procedure

As the present study was based on female rats, vaginal
smear screening was performed on the days on which
the experiments were to be carried out, and rats in the
metestrus stage were taken for experiments. Rats were
then randomly assigned to specifc groups (n=8 for each

group).

Spermine (2, 4 and 8 mg/kg), spermidine (20, 40 and 80
mg/kg), agmatine (160 mg/kg) or saline were injected to
animals by IP route 30minutes prior to PTZ (40mg/kg,
IP) treatment. Immediately after PTZ injections, rats were
placed in a plexiglas cage and recorded for onset times
of “frst myoclonic jerk (FMJ)”, “generalized clonic sei-
zures (GCS)” and “tonic generalized extensions (TGE)” as
previously described (13). The onset times were recorded
as seconds. The severity of seizures was assessed using
a modifed eight-point semi-quantitative scale defned
previously (25). The scale can be summarized as follows:
0: no convulsion; 1: ear and facial twitching; 2: convul-
sive waves through the body; 3: myoclonic jerks, rearing;
4: generalized clonic seizures, turn over into side posi-
tion; 5: turn over into back position, generalized clon-
ic-tonic seizures. The observation period for seizures was
restricted to 60 min. Duration of 600 sec was established
as the cut-of time for computing the onset time of sei-
zures induced by PTZ. All experimental procedures were
conducted during the light period (10:30 - 12:30 am).

In our study, we used agmatine only at a high dose of 160
mg/kg. This is because agmatine has neuroprotective
and anticonvulsant efects in rodents at doses ranging
from 1 to 100 mg/kg. Agmatine has the potential to cause
PSR at doses such as 160 mg/kg (9). We did not use high-
er doses because they could be toxic.

Statistical Analysis

The data were presented as the means * standard error
of the mean (SEM) and were evaluated using the Statisti-
cal Package (SPSS Version 20.0) software. The efects of
spermine and spermidine on the onset time of seizures
were evaluated by one-way analysis of variance (ANOVA)
test followed by Dunnett test for post-hoc comparisons.
In addition, the efects of spermine and spermidine on
seizure severity were also evaluated by the Kruskal-Wal-
lis (KW) test followed by Dunnett’s T3 test for post-hoc
analyses. Student’s t and Mann-Whitney U tests were ap-
plied to evaluate the efects of agmatine on onset time
and severity of seizures, respectively. The statistical sig-
nifcance was accepted at the level of p<0.05.

RESULTS

The effects of spermidine on onset time and severity of
PTZ-induced seizures in rats

The efects of spermidine on onset time and sever-
ity of the seizures have been shown in Figure 1 A and
B, respectively. One-way ANOVA and KW tests revealed
some signifcant changes in onset time and severity of
seizures induced by PTZ when the rats were subjected
to spermidine treatments [F(3,28)=19.409, p=0.000 and
KW=13.756, p=0.003, respectively].

Administration of spermidine shortened signifcant-
ly onset time of the seizures at all doses applied in our
study (p,<0.0001; Dunnett's T3 test, Figure 1A).

Spermidine treatments also increased signifcantly the
severity of seizures at doses of 20 and 80 mg/kg (p=0.007
and p=0.03, respectively; Dunnett's T3 test). The increase
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FIGURE 2. Effects of spermine on onset time (A) and severity (B) of seizures induced by PTZ. (*p<0.05 significantly different from
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FIGURE 3. Effects of agmatine on onset time (A) and severity (B) of seizures induced by PTZ. (*p<0.05 significantly different from

control; n=8 for each group).

observed in the severity of seizures at dose of 40 mg/kg
was not statistically signifcant (p=0.851; Dunnett’s T3
test; Figure 1B).

The effects of spermine on onset time and severity of
PTZ-induced seizures in rats

The efects of spermine on onset time and severity of the
seizures have been shown in Figure 2A and B, respec-
tively. One-way ANOVA and KW tests revealed some re-
markable changes in onset time and severity of seizures
when the rats were subjected to spermidine treatments
[F(3,28)=7.811, p=0.001 and KW=13.278, p=0.004, respec-
tively].

Spermine shortened signifcantly onset time of the sei-
zures at4 mg/kg (p=0.002; Dunnett’s T3 test). It also short-

ince Kale D et al.

ened onset time of the seizures at doses of 1 and 2 mg/
kg but these efects did not reach a statistically signif-
cant level (p=0.694 and p=0.427, respectively; Dunnett’s
T3 test, Figure 2A). In addition, while spermine treatment
(4 mg/kg) increased the severity of seizures signifcantly
(p=0.01; Dunnett’s T3 test), we did not observe any statis-
tically signifcant diference on the severity of seizures at
doses of 1 and 2 mg/kg (p=0.107 and p=1.0, respectively;
Dunnett’s T3 test; Figure 2B).

Spermine shortened signifcantly onset time of the sei-
zures at4 mg/kg (p=0.002; Dunnett's T3 test). Italso short-
ened onset time of the seizures at doses of 1 and 2 mg/
kg but these efects did not reach a statistically signif-
cant level (p=0.694 and p=0.427, respectively; Dunnett's
T3 test, Figure 2A). In addition, while spermine treatment
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(4 mg/kg) increased the severity of seizures signifcantly
(p=0.01; Dunnett’s T3 test), we did not observe any statis-
tically signifcant diference on the severity of seizures at
doses of 1 and 2 mg/kg (p=0.107 and p=1.0, respectively;
Dunnett’s T3 test; Figure 2B).

The effects of agmatine on onset time and severity of
PTZ-induced seizures in rats

The efects of agmatine (160 mg/kg) on onset time and
severity of the seizures have been shown in Figure 3A
and B, respectively. Agmatine produced no signifcant
change in onset time (p=0.593, Student’s t test) or severi-
ty (p=0.369, Mann-Whitney U test) of the seizures.

DISCUSSION

We investigated the efect of three polyamines —sper-
mine, spermidine, and agmatine— on epileptic seizure
threshold and severity in an experimental model. Be-
cause we predicted that the PSR would cause a lower
seizure threshold and exacerbate the severity of seizures,
we used a relatively low dose (40 mg/kg) of PTZ for sei-
zure induction. PTZ is generally used at higher doses (i.e.
60 and 80 mg/kg) to induce severe seizures in rats (26-
28). Our results clearly demonstrated that while sper-
mine and spermidine potentiated PTZ-induced seizures,
agmatine did not cause any statistically signifcant dif-
ference on onset time and the severity of seizures. Our
Tndings regarding spermine and spermidine are in line
with those of previous reports indicating neuronal excit-
ability in the epileptic brain with increased polyamine
concentrations (19) and spermidine-induced proepilep-
tic efFects in rats (18).

Kumar and Kumar reported that at doses of 5 and 10 mg/
kg, spermine helped prevent PTZ-induced seizures in
mice (17). Kaasinen et al. also suggested that the over ex-
pression of spermidine/spermine N1-acetyltransferase,
an enzyme in the catabolic pathway of polyamine metab-
olism, elevated the threshold for PTZ-induced seizure ac-
tivity in transgenic mice (29). However, in our study, while
lower doses of spermine (1 and 2 mg/kg) were inefective
on the onset time and the severity of seizures, at 4 mg/
kg, it shortened the onset time and caused a signifcant
increase in seizure severity. Such a confict between the
results of diferent studies may be related to the use of
diferent animal species. Mice and rats may have diferent
sensitivity levels to the efects of spermine. Nevertheless,
while spermine was found to be inefective at low doses,
the shortened latency and increased severity of epileptic
seizures at higher doses may be related to PSR. In addi-
tion, aggravating efects of spermine and spermidine on
seizures support the hypotheses suggesting a relation-
ship between PSR and neuropsychiatric disorders.

It is not known where in the CNS the efects of spermine
and spermidine may be important in aggravating PTZ-in-
duced seizures. At the molecular level, there is some evi-
dence that these polyamines interact with glutamatergic
receptors such as NMDA, AMPA and kainite (30-32). In
addition, Masuko et al. reported that spermine enhanc-
es NMDA receptor activation at depolarized membrane
potential and increases NMDA receptor currents in the
presence of glutamate and glycine (33). Moreover, it has
been shown that spermine induces convulsions by CNS
excitation via NMDA receptors in mice (34, 35). The role
of ionotropic glutamate receptors, especially in NMDA
type receptor activation, in pathogenesis of epileptic
seizures is well known (36). Thus, glutamatergic activa-
tion via NMDA receptor activation may be responsible
for the worsening efects of spermine and spermidine on
PTZ-induced seizures. However, this hypothesis needs to
be confrmed by further studies.

An interaction with GABA, the major inhibitory neu-
rotransmitter in CNS, could also explain the aggravating
efects on seizures. Several reports suggesting a relation-
ship between GABA inhibition and PTZ-induced epilep-
tic seizures have been published (37-39). Interestingly,
PTZ also stimulates polyamine catabolism in rat brain
(40). Polyamines’ efects on epileptic seizures via GABA
also merit further studies.

In contrast to prospects, in the present study, 160 mg/kg
agmatine (a higher dosage level than its anticonvulsant
doses) was found to be ineFective on seizures. Although
it reduced the onset time and increased the severity of
PTZ-induced seizures, the efects were not statistically
signifcant, nonetheless. Several studies have previously
shown that intraperitoneal administration of agmatine
has anticonvulsant activity in rodents at doses ranging
from 5 mg/kg to 100 mg/kg (15, 41, 42). Thus, we used a
much higher dose of agmatine (160 mg/kg) expecting it
to produce PSR, which could induce epileptic activity.
We also previously observed that this dose of agmatine
induced a schizophrenia-like model in rats by disrupt-
ing prepulse inhibition of the acoustic startle refex (43).
In addition, in a population-based retrospective cohort
study, Chang et al. found a strong bidirec