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Abstract. Impact of combined fixed-dose formulations in Helicobacter pylori eradication on incidence rate of
gastric cancer in Ukraine from 2014 to 2021. Protas Y.O., Makarenko O.V., Duka R.V. 4 worldwide decrease in the
incidence of gastric cancer and its most common form, adenocarcinoma, has long been observed. Helicobacter pylori
(H. pylori) is a causative carcinogen for gastric adenocarcinoma. Triple and quadruple regimens for H. pylori
eradication have been well identified and established. Aims of the research: this article aims to evaluate trends in the
administration of combined drug therapy for H. pylori eradication and how this can impact gastric cancer rates in
Ukraine.Defined daily doses (DDD) of the combined drugs for H. pylori eradication (vears 2014-2020), gastric cancer,
and gastric adenocarcinoma incidence rates in Ukraine from 2014 to 2021 were calculated and analyzed annually per
100,000 of inhabitants. The number of DDDs of the combined drugs used in H. pylori eradication increased by 27.28%
(p<0.0001). The incidence of gastric cancer decreased by 26.56% (p<0.0001) from 2014 to 2021. Gastric adeno-
carcinoma was the most common form of gastric cancer comprising 94.56% (93.04-96.56%, 95% CI) of all cases. In
Ukraine, the consumption of combined drugs for H. pylori eradication increased from 2014 to 2020, while the incidence
of gastric cancer and gastric adenocarcinoma decreased from 2014 to 202 1. Gastric adenocarcinoma is the most common
Jorm of gastric cancer in Ukraine. Use of these drugs might contribute to the decrease in gastric cancer incidence rate.
These trends reflect global patterns.

Pedepar. BnoiuB komOiHoBanux mnpenapatiB y ¢ikcoBanux go3zax aas epaguxauii Helicobacter pylori na
NMOKA3HUKH 3aXBOPIOBAHOCTI HAa pak HUTyHKa B YkpaiHi 3 2014 mo 2021 p. Iporac €.0., Makapenko O.B.,
Hdyka P.B. B ycvomy ceimi 6xce 0asHO CHOCMEPi2a€mMbCsi 3HUNCEHHS 3AX60PIOBAHOCMI HA PAK WIIVHKA mda 1020
Hatnowupeniwy @opmy — aodenokapyunomy. Helicobacter pylori (H. pylori) € kanyepoeeHom, wo GUKIUKAE
aoenokapyunomy wiryuka. Ilompitini ma uemeepni cxemu epaduxayii H. pylori ¢ ecmanoénenumu ma uimko
suzHawenumu. Memoio yiei cmammi € oyinI08aHH MEHOCHYIU ) 3ACTOCYS8AHHI KOMOIHO8AHOT MeOUKaMeHmOo3HOT mepanii
onsa epaouxayii H. pylori ma moeo, sx ye mooice 8RAUHYMU HA enioeMioN02iuHI NOKA3HUKU PAKy WIIVHKA 6 YKpaiHi.
Pospaxosano ma npoananizosano eusnaueni 00606i 0ozu (BI/]) kombinosanux npenapamis ons epaoukayii H. pylori
(2014-2020 poku), 3ax60pro8aHicmes HaA paxk WLIYHKA ma adeHOKapyunomy wiiyHka 6 Yxpaiuwi 3 2014 oo 2021 poxy
wopiuno na 100 muc. nacenenns. Kinokicmo B/[/] kombinosanux npenapamis, uwjo 8UKOPUCTNOBYIOMbCA 015 epaouKayii
H. pylori, spocna na 27,28% (p<0,0001). 3axeoprosanicme na pax winynka snusunaca na 26,56% (p<0,0001) 3 2014 oo
2021 poky. Adenokapyunoma wiiynka Oyna Haunowupeniuow Gopmoio paky wiayuka, wo cmamosuna 94,56% (93,04-
96,56%, 95% IJ]) ycix sunaokie. B Ykpaiui éocueannsa xombinoganux npenapamis ona epadukayii H. pylori 3pocio 3
2014 0o 2020 poky, a 3ax60pr08aHicme HA PAK WITYHKA MA a0eHOKapyuHomy wiiyHka 3uuszunacs 3 2014 0o 2021 poxy.
AOdenokapyunoma wiiyHKa € HAUNoOWUperiuiow0 Gopmoro paxky uiyHka 8 Ykpaini. Buxopucmanust yux npenapamis mooice
CHPUSIMU 3HUMICEHHIO PI6HSL 3aX80PI0SAHOCII HA paK wWYHKA. L[ mendenyii 30icaiombcsi 3 2100aIbHUMU MEHOEHYISIMU.

Gastric cancer remains a leading disease in adenocarcinoma. The causative roles of Helicobacter
cancer-related mortality, despite extensive research  pylori (H. pylori) have been identified, and the
on causative, contributing, and preventive measures. incidence rate has slowly decreased worldwide [1, 2].
The most common form of gastric cancer is
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Currently, for the eradication of H. pylori, two
main regimens are accepted worldwide: triple and
quadruple therapy. Triple and quadruple regimens
include a proton pump inhibitor (PPI). Triple therapy
includes two antibacterial agents, in addition to a PPI.
Quadruple therapy includes either three antibacterial
agents or two antibacterial agents and a bismuth
medication, in addition to a PPI [3].

In Ukraine, patients have the option of undergoing
therapy either through a flexible combination of free
doses of drugs or via a fixed-dose combined drug de-
signed for H. pylori eradication. Within the pharma-
ceutical market of Ukraine, there are two available
fixed-dose drugs, both of which embody triple the-
rapy. The first consists of lansoprazole, clarithromy-
cin, and tinidazole, while the second one comprises
omeprazole, clarithromycin, and amoxicillin [4].

Due to the ongoing, incomplete, and complex
digitalization of healthcare in Ukraine, there is no
access to patient-linked data on H. pylori-bearing
status and prescription of drugs, as well as the
indications for themes. Moreover, it is almost im-
possible to identify the prescriptions of individual
brands of PPI, antibacterials, and bismuth medica-
tions exclusively for H. pylori eradication, although it
is still possible to track the sales of combined fixed-
dose drugs for H. pylori eradication because this is
the only indication [5].

A parallel may also be drawn to historical
pharmaceutical adverse effect incidents, such as the
thalidomide tragedy, which underscored the impor-
tance of studying medication sales patterns associated
with public health issues. Thalidomide, initially an
over-the-counter (OTC) drug in Germany, was pro-
ven to cause congenital limb defects in children born
to mothers who used it during pregnancy. The peaks
in thalidomide sales were shown to correspond with
the births of children with phocomelia, as revealed by
Lenz in 1988 [6].

The present study aimed to investigate the dy-
namics of the consumption of combined fixed-dose
drugs prescribed for the eradication of H. pylori,
explore its potential effects on the incidence rate of
gastric cancer and gastric adenocarcinoma, and
evaluate the alignment of these trends in global
patterns in Ukraine from 2014 to 2021.

MATERIALS AND METHODS OF RESEARCH

Data on the sales of combined drugs prescribed for
the eradication of H. pylori distributed by pharmacies
and hospitals in Ukraine from 2014 to 2020 were
retrieved from PharmXplorer, a market research
analytical system of the Proxima Research Company
[7]. The number of DDDs per 100,000 person-years
was calculated [8]. Information on gastric cancer and
adenocarcinoma incidence was retrieved from the
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National Cancer Register of Ukraine for the period
from 2014 to 2021 [9]. The annual totals and annual
incidence rates of gastric adenocarcinoma were
calculated along with mean, standard deviation (SD),
and 95% confidential intervals (95% CI) for adeno-
carcinoma. A polynomial regression model was
applied to analyze trends in the number of DDDs and
the incidence rates of gastric cancer and adeno-
carcinoma, and R2 values were calculated [10].

Compliance with ethical requirements. The studies
were approved by the Bioethics Commission of the
Dnipro State Medical University and in accordance with
the principles of bioethics set out in the Declaration of
Helsinki "Ethical Principles of Medical Research
Involving Humans" and the "Universal Declaration on
Bioethics and Human Rights (UNESCO)".

The data analysis was performed using MedCalc
for Windows, version 20.2.18 (MedCalc Software,
Ostend, Belgium).

RESULTS AND DISCUSSION

The trend in DDDs for combined drugs for
H. pylori eradication was unstable from 2014 to 2020.
Three decreases were observed: (1) a 19.18% dec-
rease (p<0.0001) in 2015 compared with 2014; (2) a
47.89% decrease (p<0.0001) in 2016 compared with
2015 — a significant increase in 2017, which was
almost 2.5 times greater (p<<0.0001) than in 2016; and
(3) a decrease by 8.02% (p<0.0001) in 2020 com-
pared with 2019 (Fig. 1).

The incidence rate of gastric cancer in Ukraine
showed a gradual decline from 2014 to 2021. The
lowest decline occurred in 2020, with a decrease of
28.13% compared with 2014 (p<0.0001) (Fig. 2A).

The results showed that adenocarcinoma was the
dominant form of gastric cancer in Ukraine; it
comprised 94.56% (93.04-96.56%, 95% CI) of all
gastric cases from 2014 to 2021. The incidence rate
of gastric adenocarcinoma also decreased by 30.74%
from 2014 to 2020 (p<0.0001), which was the
greatest decrease during this period (Fig. 2B).

The results showed an increasing trend in the
number of DDDs of combined drugs for H. pylori
eradication dispensed in both hospital and pharmacy
settings from 2014 to 2020. This increase can be
explained by several factors. First, the registration of
new brands for the drugs in the Ukrainian pharma-
ceutical market is ongoing [4]. Second, medical prac-
titioners may prefer to prescribe combined fixed dose
drugs because of better compliance and higher
adherence to pharmacotherapy, as was shown, for
example, for arterial hypertension treatment [11].
The growing trend in administration of drugs for
H. pylori eradication in Ukraine is also reflected
worldwide [12].
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The dotted black line is the polynomial regression line. Equation for the line: y=28.48x% — 124.2x + 1022.6, R> = 0.5212.

Fig. 1. Dynamics of the use of combined drugs for H. pylori eradication in Ukraine from 2014-2020.
DDDs per 100,000 inhabitants per year dispensed from hospitals and pharmacies in Ukraine (Y-axis)

Regarding epidemiological indices of gastric
cancer in Ukraine spanning the years 2014-2021, the
results showed a decrease in the incidence rate of
gastric cancer, including adenocarcinoma. Gastric
adenocarcinoma was the most common type of
gastric cancer in Ukraine during this period. These
trends have also occurred worldwide [1, 2].

H. pylori eradication’s preventive effect on
gastric cancer has been shown previously [13]. The
increased use of fixed-dose combined drugs can play
an important role in the decreased incidence rate of
gastric cancer in Ukraine, as an effective elimination
of the pathogen H. pylori plays a protective role
against the development of gastric adenocarcinoma,
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the main form of gastric cancer in Ukraine and
worldwide [1, 2, 3].

Further studies are required to better understand
the role of H. pylori eradication in gastric cancer
prevention in Ukraine. A comprehensive dataset on
Ukrainian patients — including individual-linked data
on H. pylori-bearing status, acidity levels, usage of
PPIs and other acid-lowering drugs, prescribed and
available OTC, antibiotics, and other drugs (possibly
protective against gastric cancer) on the outcomes of
H. pylori eradication therapies and lifestyle — is
required for a thorough investigation of the complex
interplay of the factors in gastric cancer development
[1,2,13, 14, 15].
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The dotted dark grey line and the dotted light grey line are the polynomial regression line (equation for the dark grey: y = -0.0512x* — 0.0488x + 12.8,
R?=0.9167; equation for the light grey: y = -0.0384x> — 0.1713x + 12.42, R* = 0.9176).

Fig. 2. Dynamics of the annual incidence of gastric cancer (A, Y-axis) and the annual incidence
of gastric adenocarcinoma (B, Y-axis) in Ukraine per 100,000 people-year, 2014-2020
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CONCLUSIONS

1. The consumption of combined fixed-dose drugs
prescribed for the eradication of H. pylori increased
in Ukraine from 2014-2020.

2. The incidence rate of gastric cancer and its main
form, adenocarcinoma, increased in Ukraine from
2014-2021 (gastric adenocarcinoma was the most
common form of gastric cancer during this period).

3. The trend in the increasing consumption of
combined fixed-dose drugs for H. pylori eradication
and the trend in decreasing incidence rates of gastric
cancer are most likely related.

4. The trend of the increasing consumption of
combined fixed-dose drugs for H. pylori eradication
and the declining incidence rate of gastric cancer in
Ukraine aligns with global data.
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