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SUMMARY

Introduction: In Serbia and other countries of Central and Eastern Europe, malignant dis-
ease incidence and mortality rates have risen continuously over recent decades. Despite
progress in understanding cancer epidemiology, comprehensive analyses covering all tu-
mor localizations across both sexes using modern statistical methods remain lacking for
the full 2005-2024 period. Furthermore, the impact of socioeconomic factors, healthcare
availability, and events such as the COVID-19 pandemic on cancer trends has not been suf-
ficiently investigated.

Aim: To determine the time trends of incidence and mortality rates of malignant diseases
in central Serbia over the period 2005-2024, identify trend breakpoints and characteristic
changes, and analyze risk factors and prevention strategies for each cancer localization.
Material and Method: Incidence and mortality data for malignant diseases (both sexes,
2005-2024) were obtained from the official reports of the Institute for Public Health ,,Dr.
Milan Jovanovi¢ Batut” Belgrade. Age-standardized rates per 100,000 inhabitants were
calculated separately for women and men for each cancer type, including stomach (C16),
colorectal (C18-C20), liver (C22), pancreas (C25), lung and bronchus (C34), bladder (C67),
brain (C71), leukemias (C91-C95), all sites (C00-C97), and all sites except skin (C44), as
well as sex-specific cancers (breast, cervix uteri, corpus uteri, ovary for women; mouth/
pharynx, larynx, prostate, kidney for men). Trend analysis was performed using Joinpoint
Regression Program version 5.4.0, calculating Annual Percent Change (APC), Average Annu-
al Percent Change (AAPC), 95% confidence intervals, and p-values via t-test. The permuta-
tion test was used to determine the optimal number of breakpoints (0-3), with significance
set at p < 0.05.

Results: Overall cancer incidence increased significantly for both sexes: AAPC = 3.20%
(95% Cl 0.38-6.10; p = 0.028) for women and AAPC = 6.79% (95% Cl 2.37-11.41; p = 0.004)
for men. Mortality also rose significantly: AAPC = 3.93% (95% CI 2.87-5.00; p < 0.001) for
women and AAPC = 5.34% (95% CI 1.01-9.84; p = 0.017) for men. In common cancers for
both sexes, two trend breakpoints were identified around 2017 and 2020, with a sharp
increase in incidence (APC for men = 19.05% in 2017-2020) and mortality (APC for women
=14.15% in 2017-2020), followed by a post-2020 decline.

Among women, statistically significant increases in incidence were observed for liver
(AAPC = 4.94%), pancreas (AAPC = 5.46%), bladder (AAPC = 6.55%), leukemias (AAPC =
5.75%), brain (AAPC = 2.03%), and ovary (AAPC = 0.81%) cancers. Significant declines were
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recorded for cervical (AAPC = -2.73%), stomach (AAPC = -2.72%), and corpus uteri (AAPC
= -1.75%) cancers.

Among men, significant incidence increases were found for kidney (AAPC = 5.21%), pan-
creas (AAPC = 8.08%), colon and rectum (AAPC = 2.40%), prostate (AAPC = 2.65%), mouth
and pharynx (AAPC = 3.25%), and all sites (AAPC = 1.84%-2.27%). Mortality trends in men
showed significant declines for stomach (AAPC = -3.07%), larynx (AAPC = -2.47%), lung
(AAPC = -0.87%), liver (AAPC = -0.94%), and all sites combined (AAPC = -0.86% to -1.23%).
Conclusion: Cancer incidence and mortality in central Serbia rose significantly from 2005
to 2024, with men showing approximately twice the rate of increase compared to women.
A sharp spike in trends during 2017-2020 likely reflects a combination of improved diagnos-
tics, changes in healthcare organization, and indirect effects of the COVID-19 pandemic
including delayed diagnoses and misattribution of mortality causes. Pancreatic, liver, blad-
der, and kidney cancers, and leukemias represent the most dynamically increasing ma-
lignancies. Conversely, the declining trends in stomach and cervical cancers reflect clear
benefits from H. pylori eradication, improved hygiene, screening programs. Regarding HPV
vaccination, its long-term efficacy and potential delayed adverse effects require multi-
year monitoring; thus it should be applied exclusively on a voluntary basis by adults with
signed informed consent.

Prevention of the rising cancers requires targeted public health interventions addressing

tobacco use, obesity, diabetes, alcohol consumption, and environmental exposures.

Keywords: Cancer Incidence Rate, Cancer Mortality Rate, Serbia, Risk Factors,

Epidemiology, Joinpoint Regression

INTRODUCTION

Malignant diseases represent one of the most
critical public health challenges of the modern
world. According to the World Health Orga-
nization, cancer includes a group of diseases
characterized by uncontrolled cell division
which can invade surrounding tissues and
metastasize to distant organs [1]. Epidemio-
logical data indicate that malignant diseases
are the second leading cause of death globally,
surpassed only by cardiovascular diseases. It
is estimated that around 19 million people fall
ill globally every year, and almost 10 million
dies from malignant diseases. In Serbia, as well
as in many countries of Central and Eastern
Europe, malignancies place a heavy burden on
the health system, with incidence and mortal-
ity rates increasing continuously over recent
decades.

Previous studies of trends in malig-
nant diseases in Serbia have provided valuable
insights into the epidemiological characteris-
tics of these diseases. Analyzes conducted on
the data of the Institute for Public Health ,,Dr.
Milan Jovanovi¢ Batut” showed that the inci-
dence and mortality from malignant tumors
recorded a statistically significant increase in
the period from 2005 to 2024, with the rate
of increase in men being twice as high as in

women [2].

Previous studies have documented
specific trends in certain tumor localizations
- such as a decrease in the incidence of stom-
ach and cervical cancer, as well as an increase
in the incidence of liver, pancreas and bladder
cancer. In addition, research has indicated that
the COVID-19 pandemic during 2017-2020.
did not directly cause it, but it probably indi-
rectly contributed to emphasizing the trends
due to the delay in diagnosis and treatment.
Key risk factors such as smoking, obesity,
diabetes and alcohol consumption were also
identified, which are largely responsible for the
high prevalence of malignancy in the Serbian
population [3,4].

Despite progress in understanding
the epidemiology of malignant diseases in
Serbia, there are still significant gaps in knowl-
edge. First of all, there is a lack of comprehen-
sive analyzes covering the entire period from
2005 to 2024 for all tumor localizations in both
sexes together with the application of mod-
ern statistical methods for detecting breaking
points in trends. The impact of socioeconomic
factors, availability of health care and regional
differences within central Serbia on malignan-
cy trends has been insufficiently investigated.
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Also, the mechanisms by which periods such
as the COVID-19 pandemic [5,6] affected in-
cidence and mortality trends have not been
fully elucidated, nor is it clear whether any de-
lays in screening and diagnostics had lasting
consequences on the epidemiological picture.

AIM

The aim of this study was to determine the
chronological trends of incidence and mor-
tality rates from malignant diseases in central
Serbia over the 2005-2024 period, identify
trend breakingpoints and characteristic shifts,
and analyze risk factors and prevention possi-
bilities for each analyzed cancer localizations.

MATERIAL AND METHODS

This paper presents results from an academic,
IV phase, retrospective, epidemiological in-
vestigation. The analysis of the trends of ma-
lignant tumors in Serbia (excluding the Au-
tonomous Province of Kosovo and Metohija)
covers the period 2005 - 2024 and was done
in the Joinpoint Regression Program version
5.4.0. Incidence and mortality rates, as well
as the database for malignant diseases of both
sexes, were taken from the official reports from
the website of the Institute for Public Health
»Dr Milan Jovanovi¢” Batut Belgrade [2,7].

Individual analysis for each disease
was performed using Mlcrosoft Excel. For a
given year incidence rate was calculated by
adding up the number of newly diagnosed
women for each type of cancer recorded in
that year, and then dividing that sum by the
number of female residents in Serbia for that
year, and multiplying the result by one hun-
dred thousand. Mortality rates were calculated
using the same formula, substituting new cas-
es with recorded deaths. The procedure is the
same for men. In this way, we obtained annual
incidence and mortality rates of both sexes per
100,000 inhabitants. The processed data were
then analyzed in Joinpoint Regression soft-
ware.

In the Joinpoint Regression software,
using a parametric method based on the t-dis-
tribution, it is possible to calculate the estimate
of the statistical annual percentage change
(Annual Percent Change - APC), calculate the
confidence interval (95% CI), and calculate
the average annual percentage change (Aver-
age Annual Percent Change - AAPC), detect-

ing statistically significant changes in the trend
over time. The statistical significance of the ob-
tained trends was confirmed by t-test with the
significance level set at p < 0.05.

The permutation test was employed
to identify the optimal number of breakpoints,
restricted to a minimum of 0 and a maximum
of 3., where the significance level is set at p <
0.05. APC and AAPC values were calculated
separately for women and men. The indepen-
dent variable was calendar year and the depen-
dent variable was the corresponding rate.

A secondary analysis was conducted
to evaluate mortality and incidence trends for
all cancer types combined, as well as individu-
ally by sex. For one disease, we collected data
on new cases and deaths for both sexes for
each year, calculated incidence and mortality
rates from the same source. Where no data
were available, the disease was excluded from
the analysis.

The analyzed malignancies were
classified according to the International Clas-
sification of Diseases of the Tenth Revision
(ICD-10) are defined by appropriate codes
as ICD-10 codes [8]: Stomach (C16), Colon
and rectum (C18-C20), Liver (C22), Pancre-
as (C25), Lung and bronchus (C34), Bladder
(C67), Brain (C71), Leukemias (C91-C95),
All localizations ( All sites (C00-C97)), and
all localizations except skin (All sites but skin
(C44)) were common to both sexes, then dis-
eases specific to women: Breast (C50), Cervix
uteri (C53), Corpus uteri (C54), Ovary (C56)
and diseases specific to men: Mouth and phar-
ynx (C00-C10), Larynx (C32), Prostate (C61),
and Kidney (C64).

The resulting trends were presented
using both graphical and tabular formats.,
The conducted analysis included statistically
significant data for several diseases, while
the others were excluded because they were
not statistically significant. Due to data limi-
tations, male mouth and pharyngeal cancer
(C00-C10) was included in the incidence
trend analysis but excluded from the mortality
trend calculations.

RESULTS

Trend in the incidence of malignant disease
for both sexes

Figure 1 and Figure 2 show trends in the in-
cidence rate of malignant diseases for women

www.hophonline.org

1841



Figure 1. Trend of the inci-
dence rate of malignant diseas-
es for women in Serbia

Figure 2. Trend of the inci-
dence rate of malignant dis-
eases for men in Serbia

Figure 3. Trend of the mortal-
ity rate of malignant diseases
for women in Serbia

Figure 4. Trend of the mortal-
ity rate of malignant diseases
for men in Serbia
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and men.

Figure 1 presents the trend of the in-
cidence rate of malignant diseases for women.
Figure 2 presents the trend of the incidence
rate of malignant diseases for men. The analy-
sis revealed a statistically significant incidence
trend for both sexes with the APC value for
women APC =3.20% (95% CI 0.38 - 6.10), and
p value p = 0.028, while for men the APC value
was APC =6.79% (95% CI 2.36 - 11.41) with p
value p = 0.004.

The AAPC value for both sexes was
statistically significant with female AAPC val-
ues =3.20 % (95% CI 0.38 - 6.00) and p value p
= 0.028. For men, the AAPC value was AAPC
=6.79 % (95% CI 2.37- 11.41) with a p value
of p = 0.004. The trend is in a statistically sig-
nificant increase. The annual incidence rate of
the trend of cancer in men is increasing at a
high rate of 6.79% every year twice as fast as
in women, whose incidence rate is half as low,
3.20%.

Mortality trend of malignant diseases for
both sexes

Figure 3 and Figure 4 show trends in the mor-
tality rate of malignant diseases for women
and men.

Figure 3 presents the trend of the
mortality rate of malignant diseases for wom-
en. The analysis revealed a statistically signifi-
cant increase in the mortality trend for both
sexes with the value of APC for women APC
=3.93% (95% CI 2.87 - 5.00) with p value p <
0.00. The AAPC value for women was statis-
tically significant at AAPC = 3.93% (95% CI
2.87 - 5.00) with a p value of p < 0.00.

Figure 4 presents the trend of the
mortality rate for men. The value of APC is
statistically significant and was APC = 5.34%
(95% CI 1.01 - 9.84) with p value p = 0.017.
The AAPC value was statistically significant
and amounted to AAPC = 5.34% (95% CI
1.01-9.84) with a p value of p = 0.017.

We can observe that incidence and
mortality rates in women followed a similar,
moderate upward trend in women, while the
picture is different in the case of the opposite
sex - the annual mortality rate in men increas-
es by 5.34%, and the incidence by 6.79%, rep-
resenting rates of increase nearly double those
observed in women.
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Trend of incidence and mortality of . Figqre 5. Ir!cidence rates of
common malignant diseases for both sexes -l ?e?(léfnoafn; cg;:;ajssdis?arsebom
Figure 5 and Figure 6 compare the trends in _f =
incidence and mortality of malignant diseases £~
common to both sexes. In those diseases, we ;_ i
included the following localizations of malig- _ e
nant diseases: Stomach (C16), Colon and rec- 2 o =
tum (C18-C20), Liver (C22), Pancreas (C25), : & 74
Lungs and bronchus (C34), Bladder (C67), : il = 1
Brain (C71), Leukemia (C91-C95), All local- | e =T _ |
izations (C00-C97), and All sites except skin TererE s | 1|
(C44)- 2004 2006 2008 2010 20l 20M 2006 2008 2020 2022 0N
Figure 5 represents the trend of the e )
incidence rate, while Figure 6 represents the e ::tlygurraie&o :—r;':liigo:atn'led?;ce);tsa;;
trend of the mortality rate of common malig- m I for both sexes of common dis-
nant diseases for both sexes. The color of the : o ¢
Red line represents the female gender, and the : :
color of the Dark Slate Blue line represents the £
male gender. -
The analysis revealed a statistically % . bl s
significant incidence trend for both sexes (Fig- E s L. : / i
ure 5) for women, the trend was continuous £ k
with zero joinpoints, yielding a steady annual : o
increase of 3.32 % (95% CI 0.28- 6.46) with i . 2.2 BN
p = 0.034. The value of AAPC for women is " o

statistically significant and was AAPC = 3.32
% (95 % CI 0.28 - 6.46) with p value p = 0.034.
For men, the result is different. Two
breaking points of the incidence trend were
found. The statistically significant value of
APC in the period 2005 - 2017 was APC =
1.25% (95% CI 0.83-1.67), with a p value of p <
0.00, which can be confirmed on Figure 5 that
until 2017 (which is the first turning point)
the trend is without sudden changes, however,
there is a sudden jump after 2017. For the peri-
0d 2017 - 2020, the value of APC has increased
sharply to 19.05 % (95% CI 11.07 - 27.61), it is
statically significant with p value p < 0.00.

In the second turning point (year
2020) for the period 2020 - 2024, the value of
APC dropped sharply and amounted to APC
=1.05% (95 % CI (-1.14) - 3.29), with p value
p = 0.32 without statistical significance. The
AAPC value is statically significant and was
3.83% (95% CI 2.70- 4.97) with a p value of p <
0.00.

In Figure 6, we see the mortality
trend of common malignant diseases for both
sexes. The results show that there are two tip-
ping points for both genders where the trends
are slightly increasing until 2017. The results
for women show that for the period 2005 -
2017, the value of APC was statistically sig-

Year

nificant and amounted to APC = 1.36 % (95%
1.00- 1.72) with p value p < 0.00. In the period
2017 - 2020, a sudden statistically significant
increase in the value of APC was observed,
APC = 14.15 % (95% CI 7.52 - 21.20) with
p value p = 0.004. In the period 2020 - 2024,
a sharp drop in APC value (APC = -1.10 %)
(95% CI -9.96 - 0.78) was observed without
statistical significance, with p value p = 0.224.
The AAPC value is statistically significant and
is 2.75% (95% CI 1.78-3.72) with p value p <
0.00.

For men (Figure 6.) in the period
2005 - 2017, the APC value was statistically
significant and amounted to APC = 1.49 %
(95% CI 1.00 - 1.72), with a p value of p <
0.00. In the period 2017 - 2020, a sudden sta-
tistically significant increase in the value of
APC was observed, APC = 13.22 % (95% CI
7.95 - 18.74), with p value p < 0.00. In the pe-
riod 2020 - 2024, a significant decrease in the
value of APC was observed, which was nega-
tive, APC= - 2.92 % (95% CI -4.37 - -1.44) and
statistically significant, with p value p = 0.001.
The value of AAPC is statistically significant,
AAPC = 2.30 % (95% CI 1.53 - 3.06), with p
value < 0.00.
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Figure 7. Incidence rates of
specific malignant diseases for
both sexes in Serbia 2005-2024

Figure 8. Mortality rates of
specific malignant diseases for
both sexes, Serbia 2005-2024

Trend of incidence and mortality of specific
malignant diseases for both sexes

Figure 7 and Figure 8 present trends in inci-
dence and mortality of malignant diseases spe-
cific to both sexes. In this analysis, we included
the following localizations of malignant dis-
eases that are characteristic for women: Breast
(C50), Cervix uteri (C53), Corpus uteri (C54),
Ovary (C56) and men: Mouth and pharynx
(C00-C10), Larynx (C32), Prostate (C61), and
Kidney (C64).

The color of the Blue line represents
women, and the color of the Orange Red line
represents men. The calculation procedure is
the same as for the previous data. The disease
Mouth and pharynx (C00-C10) was excluded
from the processing of the mortality trend be-
cause there were no data for it, but it was left in
the processing of the incidence trend for men.

Figure 7 shows the results of the trend
of the incidence of specific diseases for both
sexes. There were no breakpoints in the trend
for women, while there was one breakpoint
for men. For women, a statistically significant
increase in APC values was observed (APC =
2.81 %) (95% CI 1.62 - 4.01), with p value p <
0.00. The AAPC value is statically significant,
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(AAPC=2.81%) (95% CI 1.62-4.01), withap
value of p < 0.00. For men in the period from
2005 - 2017, a statistically significant increase
in the incidence trend was observed with the
APC value (APC = 2.27 %) (95% CI 0.63 -
3.94), with a p value of p = 0.010. In the period
after 2017 (2017 - 2024), a sudden statistically
significant increase in the value of APC (APC
=8.80 %) (95% CI 4.90 - 12.85) was observed,
with a p value of p < 0.00. The AAPC value is
statistically significant, (AAPC =4.63 %) (95%
CI 3.02 - 6.27), with a p value of p < 0.00.

Figure 8 shows the results of the mor-
tality trend of specific diseases for both sexes.
For women in the period 2005 - 2017, a statis-
tically significant value of APC was observed
(APC = 1.34 %) (95% CI 0.66-2.03), with p
value p = 0.001.

In the period 2017 - 2020, there was a
sharp statistically significant increase in APC
values for women (APC = 13.68 %) (95% CI
1.39 - 27.46), with a p value of p = 0.031. After
2020, (2020 - 2024) a sharp decline in trend
was observed with a negative value of APC
(APC = - 0.17%) (95% CI (-3.72) - 3.51),
without statistical significance, and a p value
of p = 0.920. The AAPC value for women is
statistically significant, (AAPC = 2.87%) (95%
CI 1.03 - 4.74), with a p value of p = 0.002.

For men in the period 2005 - 2013,
the value of APC is statistically significant,
(APC = 3.43 %) (95% CI 1.81 - 5.07), with p
value p = 0.001. And after 2013 (2013 - 2016),
there was a sharp decline in the trend with the
APC value being negative (APC = - 4.46 %),
(95% CI -17.30 - 10.37), with p value p = 0.492
without statistical significance. After 2016
(2016 - 2020) there was a sharp increase in
APC whose value was statistically significant
(APC = 10.26%), (95% CI 2.59-18.51), with p
value p = 0.014, while in the period after 2020
there is a downward trend with a negative val-
ue of APC (APC = - 1.18%) (95% CI (-5.59)
- 3.43), and p value p = 0.570 without statisti-
cal significance. For men, the AAPC value was
without statistical significance (AAPC = 2.54
%) (95% CI -0.07 - 5.22), with a p value of p =
0.057.

Trends in incidence and mortality rates of all
malignant diseases for women

From the previous data and figures for the
female gender, we can see that there were
changes only in 2017. Using the database from
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Table 1. Trend of incidence of
malignant diseases for women
with tabular results

Statistically significant

Liver (C22) 2013-2024 11.0352*  6.9889  15.2345  0.000024
growth
Leukemias B " Statistically significant
e 2005-2024  5.7464 3.4623 8.0809  0.000041 2l
Bladder (C67) 20122022 5.8259*  3.6087 8.0906  0.000081 thi‘ftﬂca“y significant
Bladder (C67) 2022-2024 44.6414*  14.6983  82.4013  0.004657 * sudden statistically
significant jump
Brain (C71) 20052024  2.0275*  0.3098 3.7747  0.023075 >tatistically significant
slight increase
Pancreas (C25) 2005-2024  5.4634*  3.5571 7.4048  0.000009 Zﬁi&iﬂcally St
Cervix uteri (C53)  2005-2024 -2.7270*  -3.6829  -1.7616  0.000014 Zgitl‘iﬁca”y significant
Lung and bronchus 5445 7016 1.5459*  0.1111 sonn | ey | BB EisiEEl
(C34) significant growth
Corpus uteri (C54)  2018-2024  -6.5767*  -8.5642  -4.5460  0.000007 Z;actl‘i;t;ca“y significant
Ovary (C56) 2005-2024  0.8140*  0.3264 13040  0.002485 -lght statistically
significant growth
Stomach (C16) 20052024 -2.7235*  -5.3406  -0.0340  0.047491 Ztealtl‘isnt;ca“y significant
All sites but skin 2016-2020 6.3438" 0.8138 12.1772 0.028481 Statistically significant
(C44) growth

All sites but skin No statistical

P 20052024  1.1247  -0.7874 3.073 0250848 Lo ST
Liver (C22) 20052024  4.9393  1.7847 8.1917  0.001962 uatistically
significant growth
Leukemias . Statistically
(o105 2005-2024  5.7464 3.4623 8.0809  0.000041 oiEIAN
Bladder (C67) 20052024  6.5500*  3.7908 9.3827  0.000002 Statistically
significant growth
Brain (C71) 2005-2024  2.0275*  0.3098 3.7747  0.023075 >tatistically
significant growth
Pancreas (C25) 2005-2024  5.4634*  3.5571 7.4048  0.000009 Statistically
significant growth
Cervixuteri (C53) 20052024 -2.7270°  -3.6829  -1.7616  0.000014 Scaustically
significant decline
Lung and bronchus 5005 7024 27649 -0.5551  6.1957  0.103581 o statistical
(C34) significance
Corpus uteri (C54)  2005-2024 -1.7511*  -2.4874  -1.0092  0.000004 >catistically
significant decline
Ovary (C56) 20052024  0.8140*  0.3264 13040  0.00245 Statistically
significant growth
Stomach (C16) 2005-2024 -2.7235*  -5.3406  -0.0340  0.047491 >Latistically

significant decline

the official website of the Batut Belgrade Insti-
tute, we conducted a new analysis where we

from the final analysis. The results of the trend
of the incidence of malignant diseases for

included all diseases for both sexes. We used
the mortality rates and incidence rates that we
collected for each disease for the time period
2005 - 2024 for the previously analyzed diseas-
es. Of the previously mentioned diseases, after
a detailed analysis in the program, those that
are not statistically significant were excluded

the female gender are shown in tabular form
(Table 1 and Table 2) and graphically (Figure
9 and Figure 10).

Trend of malignancy incidence rates for women

Figure 9 is divided into four parts, where we
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Figure 9. Trend of the inci-
dence rate of selected diseases
for women in Serbia 2005-2024
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(C56)

b) Yellow Green - All sites but
skin (C44), Coral - Lung and
bronchus (C34), Turquise
Stomach (C16)

c) Aqua - Pancreas (C25), Blue
Violet - Liver (C22)

d) Gold - Brain (C71), Red- Leu-
kemias (C91-C95), Dark Green
- Bladder (C67)
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presented the following diseases in different
colors: a) Medium Violet Red - Cervix uteri
(C53), Dark Orange - Corpus uteri (C54)
and Maroon - Ovary (C56), while b): Yellow
Green - All sites but skin (C44), Coral - Lung
and bronchus (C34) and Turquoise - Stomach
(C16), ¢): Aqua - Pancreas (C25), Blue Violet
- Liver (C22), and d): Gold - Brain (C71), Red
- Leukemias (C91-C95), Dark Green - Bladder
(C67).

By analyzing the trend of the inci-
dence of these diseases, which we have shown
in Figure 9 and Table 1, we obtained the results
for malignant diseases:

We observed a statistically significant
APC value for Liver disease (C22), in the pe-
riod 2013 - 2024, (APC = 11.04 %) (95% CI
6.99-15.23) with p value p < 0.00. The value
of AAPC for the period 2005-2024 was sta-
tistically significant and amounted to AAPC
= 4.94 % (95% CI 1.78-8.19) with p value p =
0.002.

Then, in the period 2012 - 2022 for
Bladder disease (C67), a statistically signifi-

Hospital Pharmacology. 2026; 13(2):1839-1862
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cant value of APC was observed (APC= 5.83
%) (95% CI 3.61 - 8.09) with p value p < 0.00.
In the period 2022 - 2024, the value of APC is
high and statically significant (APC = 44.64 %)
(95% CI 14.70 - 82.40) with p value p = 0.005.
The value of AAPC for the period 2005-2024
was statistically significant and amounted to
AAPC = 6.55% (95% CI 3.79 - 9.38) with p
value p < 0.00 increasing.

In the period 2005 - 2016 for the dis-
ease Lung and bronchus (C34), statistically
significant value of APC (APC = 1.55 %) (95%
CI 0.11- 3.00), with p value p = 0.037. The
AAPC value was without statistical signifi-
cance and amounted to AAPC = 2.76 % (95%
CI (-0.56)- 6.20) with p value p = 0.104.

In the period 2016 - 2020, for the
disease All sites but skin (C44), a statistically
significant value of APC (APC= 6.34 %) (95%
CI 0.81 - 12.16) was observed with p value
p = 0.028. The AAPC value was statistically
significant, and was AAPC = 1.12 % (95% CI
(-0.79)- 3.07) with p value p = 0.251.

In the period 2005 - 2024, for the
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disease Brain (C71), a statistically significant
value of APC was observed (APC = 2.03 %)
(95% CI 0.31 - 3.78) with p value p = 0.023.
The AAPC value was statistically significant
and amounted to AAPC =2.03 % (95% CI 0.31
- 3.78) with a p value of p = 0.023.

Statistically significant APC value in
the period 2005 - 2024 for Pancreas disease
(C25) (APC = 5.46 %) (95% CI 3.56 - 7.40),
with p value p < 0.00. The AAPC value was sta-
tistically significant and amounted to AAPC =
5.46% (95% CI 3.56 - 7.40) with a p value of p
< 0.00.

Also, for the disease Leukemias (C91
- C95), in the period 2005 - 2024, a statistically
significant value of APC (APC =5.75 %) (95%
CI 3.46 - 8.08) was observed with p value p <
0.00. The AAPC value is statistically signifi-
cant, and was AAPC = 5.75% (95% CI 3.46 -
8.08) with p value p < 0.00.

In the period 2005 - 2024 Ovary
(C56), a statistically significant value of APC
was observed (APC = 0.81 %) (95% CI 0.33
- 1.30) with p value p = 0.002. The value of
AAPC in the same period for this disease is
also statistically significant and amounted to

Cervix uteri (C53) 20052024  -1.4435*  -1.9765
Breast (C50) 2005-2008  -6.4140*  -10.7378
(Ccc’}gf‘cazr(‘)‘: reCtUM  2005-2024  -0.8068*  -1.1746
'('g;':‘_ecrg;a)s 20052022 6.0618°  4.5580
'(CQ;’L‘?C“;?)S 20222024 -89.1551*  -92.7877
Corpus uteri (C54) 2005-2024 2.2306* 0.4875
Bladder (C67) 2005-2024  4.2158"  0.8299
Brain (C71) 2005-2024  -0.9602*  -1.7834
Pancreas (C25) 2005-2024  0.7758"  0.4176
'('é’;‘f)a”d bronchus  2007.2021  2.9729*  2.3030
Stomach (C16) 2005-2024  -3.4489"  -4.4232

Cervix uteri (C53) 20052024  -1.4435*  -1.9765
Breast (C50) 2005-2024  -1.0703*  -1.8017
(C(?}gf‘c%‘: reCtM  2005-2024  -0.8068*  -1.1746
'('g“;:‘i”;isa)s 2005-2024 -16.5717*  -19.9387
Corpus uteri (C54) 20052024  2.2306*  0.4875
Bladder (C67) 2005-2024  4.2158"  0.8299
Brain (C71) 2005-2024  -0.9602*  -1.7834
Pancreas (C25) 2005-2024 0.7758* 0.4176
Stomach (C16) 2005-2024  -3.4489"  -4.4232
Lung and bronchus 50059024 0.7502  -0.7767

(C34)

Statistically significant

-0.9076 0.000024 :
decline

-1.8807 0.009214 Stati.stically significant
decline

-0.4377 0.000231 Statinstically significant
decline

7.5872 < 0.000001 Statistically significant
growth

.83.6929 <0.000001 A sudden statistically

significant drop

4.0038 0.014805 Statistically significant
growth

7.7155 0.017113 Statistically significant
growth

-0.1301 0.025867 Stati.stically significant
decline

1.1352 0.000243 Sl.lght statistically sig-
nificant growth

3.6472 < 0.000001 Statistically significant
growth

.2.4647 0.000001 Statistically significant

decline

Statistically significant

-0.9076 0.000024
decline

-0.3335 0.004478 Stati.stically significant
decline

.0.4377 0.000231 Stati.stically significant
decline

13.0632 < 0.000001 Stati.stically significant

decline

4.0038 0.014805 Statistically significant
growth

7.7155 0.017113 Statistically significant
growth

-0.1301 0.025867 Stati'stically significant
decline

1.1352 0.000243 Statistically significant
growth

2.4647 0.000001 Stati.stically significant
decline

2.3189 0.334513 No statistical signifi-

cance

Table 2. Mortality trend of
malignant diseases for women

with tabulated results
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Figure 10. Mortality trend of
malignant diseases for women
in Serbia 2005-2024

a) Medium Violet Red - Cervix
uteri (C53), Comflower Blue
- Breast (C50), Dark Orange -
Corpus uteri (C54), Gold - Brain
(€71)

b) Orchid - Colon and rectum

(C18-C20), Dark Green - Blad-
der (C67), Coral - Lung and
bronchus (C34), Turquise

Stomach (C16)

c) Aqua - Pancreas (C25), Red -
Leukemias (C91-C95)

AAPC = 0.81% (95% CI 0.33 - 1.30) with p
value p = 0.002.

For these mentioned diseases, the
trend of incidence was increasing and statis-
tically significant, however, for the following
diseases, the trend is in a significant decrease
with statistical significance:
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A statistically significant negative
APC value was observed for Cervix uteri
(C53), in the period 2005 - 2024, (APC=
- 2.73%) (95% CI (- 3.68) - (- 1.76)) with p
value p < 0.00. The AAPC value was negative
and statistically significant, and amounted to
AAPC = - 2.73% (95% CI (-3.68)- (-1.76))
with p value p < 0.00.

Then Stomach (C16), in the period
2005 - 2024, a statistically significant value of
APC was recorded, which is negative (APC = -
2.72%) (95% CI (-5.34) - (-0.03)) with p value
p = 0.047. The AAPC value for the mentioned
period was negative and statistically signifi-
cant and amounted to AAPC = -2.72% (95%
CI (-5.34) - (-0.03)) with p value p = 0.047.

In the period 2018 - 2024, with a sta-
tistically significant negative value of APC was
the disease Corpus uteri (C54), (APC = - 6.58
%) (95% CI (-8.569 - (-4.55)), with p value p
< 0.00. The value of AAPC was statically sig-
nificant in the period 2005 - 2024 with a nega-
tive value of AAPC and amounted to AAPC =
- 1.75 % (95% CI -2.49 - (- 1.01)), and p value
p < 0.00.

Trends in malignancy mortality rates for
women

We collected mortality rates for each disease
for the time period 2005 - 2024 for the same
diseases from the same source. Of the previ-
ously mentioned diseases, after a detailed
analysis in the program, those that are not sta-
tistically significant were excluded from the fi-
nal analysis. The results of the mortality trend
of malignant diseases for the female gender are
presented tabularly (Table 2) and graphically
(Figure 10).

Figure 10 is divided into three parts
where we have presented the mortality trend
for the following diseases in different colors:
a) Medium Violet Red - Cervix uteri (C53),
Comflower Blue - Breast (C50), Dark Orange
- Corpus uteri (C54), and Gold - Brain (C71),
b): Orchid - Colon and rectum (C18-C20),
Dark Green - Bladder (C67), Coral - Lung
and bronchus (C34) and Turquoise - Stomach
(C16) and ¢): Aqua - Pancreas (C25), and Red
- Leukemias (C91-C95).

By analyzing the mortality trend of
these diseases, which we have shown in Figure
10 and Table 2, we obtained the results for ma-
lignant diseases:

In the period 2005 - 2024 for the
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disease Corpus uteri (C54), a statistically sig-
nificant value of APC (APC = 2.23 %) (95%
CI 0.49 - 4.00) was observed with p value p =
0.015. The value of AAPC for the period 2005 -
2024 is statistically significant, and was AAPC
=2.23 % (95% CI 0.49 - 4.00) with p value p
=0.015.

In the period 2005 - 2024 for Bladder
disease (C67), a statistically significant value
of APC was observed (APC = 4.22%) (95% CI
0.83 - 7.72) with p value p = 0.017. The value
of AAPC for the period 2005 - 2024 is statisti-
cally significant, and was AAPC = 4.22 % (95%
CI0.83-7.72) with p value p = 0.017.

In the period 2007 - 2021 for the dis-
ease Lung and bronchus (C34), a statistically
significant value of APC was observed (APC
=2.97%) (95% CI 2.30 - 3.65) with p value p
< 0.00. The value of AAPC for the period 2005
- 2024 is without statistical significance, and
was AAPC = 0.76 % (95% CI (-0.78) - 2.32)
with p value p = 0.335.

In the period 2005 - 2022, for the dis-
ease Leukemias (C91-C95), a statistically sig-
nificant value of APC (APC = 6.06 %) (95%
CI 4.56 - 7.59) was observed with p value p
< 0.00. In the period 2022 - 2024, a negative
and statistically significant value of APC was
observed, (APC = -89.16 %) (95% CI (- 92.79)
- (-83.69)) with p value p < 0.00. The AAPC
value was negative and statistically significant,
and amounted to AAPC = - 16.57% (95% CI
(-19.94) - (-13.06)) with p value p <0.00.

In the period 2005 - 2024, for Pan-
creas disease (C25), a statistically significant
value of APC (APC = 0.78 %) (95% CI 0.42 -
1.14) was observed with p value p < 0.00. The
AAPC value for the period 2005 - 2024 is sta-
tistically significant, and was AAPC = 0.78 %
(95% CI 0.42 - 1.14) with p value p < 0.00.

For these mentioned diseases, the
trend of mortality was increasing and statis-
tically significant, however, for the following
diseases, the trend is significantly decreasing
with statistical significance:

In the period 2005 - 2008 for Breast
(C50), a sharp decline was observed with a
statistically significant value of APC (APC = -
6.41%) (95% CI (-10.74) — (-1.88)) and p value
p = 0.009. The value of AAPC in the period
2005-2024 was negative and statistically signif-
icant, and amounted to AAPC = - 1.07 % (95%
CI (-1.80) - (-033)) with p value p = 0.004.

In the period 2005 - 2024 for the dis-
ease Colon and rectum (C18-C20), the value of

APC was negative and statistically significant
(APC = - 0.81 %) (95% CI (-1.17) - (-0.44))
with p value p < 0.00. The AAPC value for
the same period was negative and statistically
significant, and amounted to AAPC = - 0.81
% (95% CI (-1.17) - (-0.44)) with p value p <
0.00.

In the period 2005 - 2024 for the dis-
ease Cervix uteri (C53), a negative statistically
significant APC value was observed (APC = -
1.44 %) (95% CI (-1.98) - (- 0.91)) with p value
p < 0.00. The AAPC value for the period 2005
- 2024 is negative and statistically significant,
and amounted to AAPC = -1.44 % (95% CI -
1.97 - (-0.91)) with p value p < 0.00.

In the period 2005 - 2024 for Stom-
ach disease (C16), a negative statistically sig-
nificant value of APC was observed (APC
= - 3.45 %) (95% CI (- 4.42) - (- 2.46) with p
value p < 0.00. The value of AAPC for the pe-
riod 2005 - 2024 was negative and statistically
significant, and amounted to AAPC =-3.44 %
(95% CI (- 4.42) - (- 2.46)) with p value p <
0.00.

Trends in incidence and mortality rates of all
malignant diseases for men

From the previous data and figures for the
male gender, we can see that changes in the
trend occurred only in 2017. Using the data-
base from the official website of the Batut Bel-
grade Institute, we conducted a new analysis
where we included all diseases for the male
sex. We used the mortality rates and incidence
rates we collected for each disease for the time
period 2005 - 2024 for the previously men-
tioned diseases. Of the previously mentioned
diseases, after a detailed analysis in the pro-
gram, those that are not statistically significant
were excluded from the final analysis. The re-
sults of the trend of incidence and mortality
of malignant diseases for the male gender are
shown in tabular form (Table 3 and Table 4)
and graphically (Figure 11 and Figure 12).

Trend in incidence rates of malignancy for men

Figure 11. is divided into three parts where we
have presented the incidence trend for the fol-
lowing malignant diseases in different colors:
a) Royal Blue - Kidney (C64), Cyan - Colon
and rectum (C18-C20), Plum - Prostate (C61),
and Chartreuse - Pancreas (C25). While b):
Dark Salmon- All sites (C00-C97), and Yellow
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Table 3. Trend of incidence
of malignant diseases for men

with tabular results

Hospital Pharmacology. 2026; 13(2):1839-1862

Kidney (C64)

Colon and rectum  2005-2024 2.4030* 0.7419

Leukemias
(C91-95)

2017-2024  13.5807* 6.4886

Pancreas (C25)

Pancreas (C25)

Prostate (C61)

All sites (C00-C97)  2005-2024 1.8446* 0.2086

All sites but skin
(C44)

Mouth and
pharynx (C00-C10)

2005-2024 3.2518* 1.1260

2005-2024 5.2060* 1.3281

2005-2021 3.3096* 1.5740

2021-2024  37.5205* 10.2627

2005-2024 2.6539* 0.9763

2005-2024 2.2675* 0.8730

Statistically significant

9.2324 0.010887
growth

Statistically significant

4.0916 0.006886
growth

Statistically significant

21.1451 0.001026
growth

Statistically significant

5.0748 0.000954
growth

Statistically significant

71.5166 0.007715
growth

Statistically significant

4.3594 0.003646
growth

Statistically significant

3.5073 0.029089
growth

Statistically significant

3.6813 0.002980 growth

Statistically significant

5.4223 0.004629
growth

Kidney (C64)

Colon and rectum
(C18-C20)

Pancreas (C25)

Prostate (C61)

All sites (C00-C97)  2005-2024 1.8446* 0.2086

All sites but skin
(C44)

Mouth and
pharynx (C00-C10)

2005-2024 3.2518* 1.1260

Leukemias
(C91-C95)

2005-2024 1.7640 -3.6412

Green - All sites but skin (C44) and ¢): Tan -
Mouth and Pharynx (C00-C10), Red - Leuke-
mias (C91-C95).

By analyzing the trend of the inci-
dence of these diseases, which we have shown
in Figure 11 and Table 3, we obtained the fol-
lowing results for malignant diseases:

In the period 2005 - 2024, for disease
Kidney (64), a statistically significant APC
value was observed (APC = 5.21 %) (95% CI
1.33 - 9.23) with a p value of p = 0.011. Value
of AAPC for the period 2005-2024. year is sta-
tistically significant, and was AAPC = 5.21 %
(95% CI 1.33 - 9.23) with p value p =0.011.

In the period 2005 - 2024, for the dis-
ease Colon and rectum (C18-C20), a statisti-
cally significant value of APC (APC = 2.40 %)
(95% CI0.74 - 4.09) was observed with p value
p = 0.007. Value of AAPC for the period 2005-
2024. year is statistically significant, and was

2005-2024 5.2060* 1.3281

2005-2024 2.4030* 0.7419

2005-2024 8.0825* 4.4012

2005-2024 2.6539* 0.9763

2005-2024 2.2675* 0.8730

Statistically significant

9.2324 0.010887
growth

Statistically significant

4.0916 0.006886
growth

Statistically significant

11.8935 0.000011
growth

Statistically significant

4.3594 0.003646 growth

Statistically significant

3.5073 0.029089
growth

Statistically significant

3.6813 0.002980
growth

Statistically significant

5.4223 0.004629
growth

No statistical signifi-
cance

7.4724 0.530041

AAPC = 2.40 % (95% CI 0.74 - 4.09) with p
value p =0.007.

In the period 2005 - 2021, for the
disease Pancreas (C25), a statistically signifi-
cant value of APC (APC = 3.31 %) (95% CI
1.57 - 5.07) was observed with p value p < 0.00.
In the period 2021-2024. year, a statistically
significant APC value was observed (APC =
37.52 %) (95% CI10.26 - 71.52), with a p value
of p = 0.008. The AAPC value for the period
2005 - 2024 is statistically significant, and was
AAPC=8.08 % (95% CI 4.40 - 11.89) with ap
value of p < 0.00.

In the period 2005 - 2024, for pros-
tate disease (C53), a statistically significant
value of APC (APC = 2.65 %) (95% CI 0.98 -
4.36) was observed with p value p = 0.004. The
value of AAPC for the period 2005 - 2024 is
statistically significant, and was AAPC = 2.65
% (95% CI 0.98 - 4.36) with p value p = 0.004.
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In the period 2005 - 2024, for the dis-
ease Mouth and Pharynx (C00-C10), a statis-
tically significant value of APC (APC = 3.25
%) (95% CI 1.13 - 5.42) was observed with p
value p = 0.005. Value of AAPC for the period
2005-2024. year is statistically significant, and
was AAPC = 3.25 % (95% CI 1.13 - 5.42) with
p value p = 0.005.

In the period 2017 - 2024, for the
period of Leukemias (C91-C95), a statisti-
cally significant value of APC (APC = 13.58
%) (95% CI 6.49 - 21.15) was observed with
p value p = 0.001. The value of AAPC for the
period 2005 - 2024 is without statistical sig-
nificance, and was AAPC = 1.76 % (95% CI
(-3.64) - 7.47) with p value p = 0.53.

In the period 2005 - 2024, for the
disease All sites (C00-C97), a statistically sig-
nificant value of APC was observed (APC =
1.84%) (95% CI 0.21 - 3.51) with p value p =
0.029. The value of AAPC for the period 2005 -
2024 is statistically significant, and was AAPC
=1.84 % (95% CI0.21 - 3.51) with p value p =
0.029.

In the period 2005 - 2024, for the
disease All sites but skin (C44), a statistically
significant value of APC was observed (APC =
2.27 %) (95% CI 0.87 - 3.68) with p value p =
0.003. The value of AAPC for the period 2005 -
2024 is statistically significant, and was AAPC
=2.27 % (95% CI 0.87 - 3.68) with p value p =
0.003.

Trend in Malignancy Mortality Rates for men

We collected mortality rates for each disease
for the time period 2005 - 2024 from the same
source. Of the previously mentioned diseases,
after a detailed analysis in the program, those
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that are not statistically significant were ex-
cluded from the final analysis. The results of
the mortality trend of malignant diseases for
the male gender are shown in tabular form
(Table 4) and graphically (Figure 12).

Figure 12 is divided into four parts
where we presented the trend of mortality
for the following malignant diseases in dif-
ferent colors: a) Royal Blue - Kidney (C64),
Dark Goldenrod - Lung and bronchus (C32),
Gold - Brain (C71), b): Cyan - Colon and rec-
tum (C18-C20), Medium Turquoise - Stomach
(C16), Chartreuse - Pancreas (C25) and Dim
Gray - Liver (C22). While ¢): Dark Salmon -
All sites (C00-C97), Yellow Green - All sites
but skin (C44) and d): Medium Orchid - Lar-
ynx (C32), Dark Magenta - Prostate (C61).

By analyzing the mortality trend of
these diseases, which we have shown in Figure
12 and Table 4, we obtained the following re-
sults for malignant diseases:

In the period 2005 - 2024, for Pan-

Figure 11. Trend of the inci-
dence rate of malignant diseas-
es for men in Serbia 2005-2024

a) Royal Blue - Kidney (C64),
Cyan - Colon and rectum (C18-
C20), Plum - Prostate (C61),
Chartreuse - Pancreas (C25)

b) Dark Salmon - All sites (COO-
C97), Yellow Green - All sites
but skin (C44)

c) Tan - Mouth and Pharynx
(C00-C10), Red - Leukemias
(C91-C95)
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Table 4. Trend of the mortality
rate of malignant diseases for
men

Lung and bronchus Statistically significant

s 20052008  4.5811 1.5247 7.7295  0.006455 |20
EENELACTENS | orer o | e | cmoEr | Eemn | oo [ ERElsEniiE
(C34) decline
Colon and rectum 2005-2024 0.5886* 0.2117 0.9670 0.004125 Statistically significant
(C18-C20) : : : : growth
Stomach (C16) 20052024 -3.0683*  -3.5895  -2.5443 < 0.000001 Zitl‘isnt:a“y LR
Larynx (C32) 20052024 -2.4745°  -3.0911  -1.8540 < 0.000001 Zzactl‘isnt:a“y significant
Brain (C71) 20162024 3.747° 66308 -0.7746  0.017492 S iucally significant
Pancreas (C25) 2005-2024  0.7670*  0.1486 1.3893  0.017814 Z:g\t,‘lstﬂcauy significant
Liver (C22) 20052024 -0.9370  -1.6376  -0.2314  0.012176 Scatistically significant
decline
Kidney (C64) 20052015 6.3677*  4.0224 8.7659  0.000029 ;;tm]cauy significant
Al sites (C00-C97)  2005-2024 -0.8566*  -1.6548  -0.0520  0.038248 (sza::tl'isntécauy SR
All sites but skin 2005-2024  -1.2305* .2.0833 .0.3703 0.007691 Statistically significant

(C44) decline

Lung and bronchus 2005-2024  -0.8658* -1.4920 -0.2355 0.007160 Statistically significant

(C34) decline

Colon and rectum E . Statistically significant

G 20052024 0.588" 02117  0.9670  0.004125 U

Stomach (C16) 20052024 -3.0683*  -3.5895  -2.5443 < 0.000001 Zt_,actl‘isnt::a“y significant

Larynx (C32) 20052024 -2.4745°  -3.0911  -1.8540 < 0.000001 Zgitl'i;téca“y S

Brain (C71) 20052024  -1.3693  -2.7642 0.0457  0.057808 Without significance

Pancreas (C25) 20052024  0.7670°  0.1486 1.3893  0.017814 :ﬁi&iﬂca“y S

Liver (C22) 2005-2024 -0.9370  -1.6376  -0.2314  0.01217¢ Srauistically significant
decline

Kidney (C64) 20052024 3.3719*  1.7629 5.0064  0.000034 Zﬁzs‘vstﬂca“y SR

Al sites (C00-C97)  2005-2024  -0.8566*  -1.6548  -0.0520  0.038248 Zitl‘isnt:a“y significant

All sites but skin 2005-2024  -1.2305* -2.0833 -0.3703 0.007691 Statistically significant

(C44) decline

creas disease (C25), a statistically significant
value of APC (APC = 0.77 %) (95% CI 0.15

3.37 % (95% CI 1.76 - 5.01) with p value p <
0.00.

- 1.39) was observed with p value p = 0.018.
The AAPC value for the period 2005 - 2024
was statistically significant, and amounted to
AAPC = 0.77 % (95% CI 0.15 - 1.39) with a p
value of p = 0.018.

In the period 2005 - 2015, for disease
Kidney (C64), a statistically significant value
of APC (APC = 6.37 %) (95% CI 4.02 - 8.77)
was observed with p value p < 0.00. The AAPC
value for the period 2005 - 2024 was statisti-
cally significant, and amounted to AAPC =

In the period 2005 - 2024, for the
disease colon and rectum (C18-C20), a statis-
tically significant value of APC (APC = 0.59
%) (95% CI 0.21 - 0.97) was observed with p
value p = 0.004. The AAPC value for the pe-
riod 2005 - 2024 is statistically significant, and
was AAPC = 0.59 % (95% CI 0.21 - 0.97) with
p value p = 0.004.

In the period 2005 - 2008, for Lung
and bronchus disease (34), a statically signifi-
cant value of APC (APC =4.58 %) (95%CI 1.52
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- 7.73) was observed with p value p = 0.006.
For the period 2021-2024. year, a negative sta-
tistically significant APC value was observed
(APC = - 8.23 %) (95% CI (-10.92) - (-5.47))
with p value p < 0.00. The AAPC value for the
period 2005 - 2024 is statistically significant,
and it was AAPC = - 0.87 % (95% CI (-1.49) -
(-0.24)) with p value p = 0.007.

For these mentioned diseases, the
trend of mortality was increasing and statis-
tically significant, however, for the following
diseases, the trend is significantly decreasing
with statistical significance:

In the period 2016 - 2024, for Brain
disease (C71), a negative statistically signifi-
cant value of APC (APC = -3.75 %) (95% CI
(-6.63) - (-0.77)) was observed with p value
p = 0.017. The value of AAPC for the period
2005 - 2024 is negative, and was AAPC = -1.37
% (95% CI (-2.76) - (-0.04)) with p value p =
0.056 without statistical significance.

In the period 2005 - 2024, for Stom-
ach disease (C16), a negative statistically sig-

b)

Canecer martality Fate Men

o
2004 2006 2008 N0 2002 2004

2006 2018 2020 2022 204

Year

d) .

Camger incidence rate Men
P

X064 M08 M M0 N2 X MM MiE XN MO XM

Year

nificant value of APC (APC = -3.07 %) (95%
CI(-3.59) - (-2.54)) was observed with p value
p < 0.00. The AAPC value for the period 2005
- 2024 is negative and statistically significant,
and was AAPC = -3.07 % (95% CI (-3.59) -
(-2.54)) with p value p < 0.00.

In the period 2005 - 2024, for the dis-
ease Larynx (C32), a negative statistically sig-
nificant value of APC (APC = -2.47 %) (95%
CI (-3.09) - (-1.85)) was observed with p value
p < 0.00. Value of AAPC for the period 2005-
2024. is negative and statistically significant,
and amounted to AAPC = -2.47 % (95% CI
(-3.09) - (-1.85)) with p value p < 0.00.

In the period 2005 - 2024, for Liver
disease (C53), a negative statistically signifi-
cant value of APC (APC = -0.94 %) (95% CI
(-1.64) - (-0.23)) was observed with p value p
= 0.012. The AAPC value for the period 2005
- 2024 is negative and statistically significant,
and was AAPC = -0.94 % (95% CI (-1.64) -
(-0.23)) with p value p = 0.012.

In the period 2005-2024. year, for

Figure 12. Trend of the mortal-
ity rate of malignant diseases
for men in Serbia 2005-2024

a) Royal Blue - Kidney (C64),
Dark Goldenrod - Lung and
bronchus (C32), Gold - Brain
(C71)

b) Cyan - Colon and rectum
(C18-C20), Medium Turquoise
- Stomach (C16), Chartreuse
- Pancreas (C25), Dim Gray -
Liver (C22)

c) Dark Salmon - All sites (CO0-
C97), Yellow Green - All sites
but skin (C44)

d) Medium Orchid - Larynx
(C32), Dark Magenta - Prostate
(Cé1)
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the disease All sites (C00-C97), a negative sta-
tistically significant APC value was observed
(APC = -0.86 %) (95% CI (-1.65) - (-0.05))
with p value p = 0.038. The AAPC value for
the period 2005 - 2024 is negative and statis-
tically significant, and amounted to AAPC =
-0.86 % (95% CI (-1.65) - (-0.05)) with p value
p = 0.038.

In the period 2005 - 2024, for the
disease All sites but skin (C44), a negative sta-
tistically significant APC value was observed
(APC = - 1.23 %) (95% CI (-2.08) - (-0.37))
with p value p = 0.008. The AAPC value for
the period 2005 - 2024 is negative and statis-
tically significant, and amounted to AAPC =
-1.23 % (95% CI (-2.08) - (-0.37)) with p value
p = 0.008.

DISCUSSION

The results of this study demonstrate a statis-
tically significant increase in both incidence
and mortality rates from malignant diseases in
central Serbia in the 2005-2024 for both sexes.
The annual incidence rate in men (AAPC =
6.79%) was twice the rate in women (AAPC =
3.20%), while mortality in men also increased
at faster rate (AAPC = 5.34%) than in women
(AAPC = 3.93%). In both genders, a sharp
change in trends was recorded in the period
2017-2020. year, with a sharp increase in in-
cidence and mortality during that period, fol-
lowed by a decline after 2020. These changes
likely reflect the combined effect of improved
diagnostics, increased disease awareness, and
the indirect impact of the COVID-19 pan-
demic. Cancer of the pancreas, liver, bladder
and leukemia stand out among the increasing
diseases, while the incidence and mortality
from cancer of the stomach and cervix are in
statistically significant declined. Disease etiol-
ogy, early detection [9], and subsequent clini-
cal outcomes remain critical clinical determi-
nants; earlier detection dramatically improves
long-term survival rates [10]. Table 5 outlines
these primary risk factors and corresponding
preventive strategies.

The analysis of risk and prevention
factors shown in Table 5 reveals that most
malignant diseases with increasing incidence
in Serbia have common modified risk factors.
Tobacco consumption has been identified as a
key risk factor for lung and bronchial, bladder,
kidney, larynx, oral cavity and stomach can-
cer [11-13]. However, the declining mortality

Hospital Pharmacology. 2026; 13(2):1839-1862

rates forlung cancer in men (AAPC = -0.87%)
and larynx (AAPC = -2.47%) suggest a posi-
tive public health impact from local smok-
ing cessation campaigns and tobacco control
measures implemented in Serbia. Conversely,
obesity and diabetes mellitus type 2 are par-
ticularly significant risk factors for cancer of
the pancreas (AAPC women = 5.46%; men
= 8.08%), liver (AAPC women = 4.94%) and
bladder cancer (AAPC women = 6.55%),
whose trends record the most dynamic growth
in the analyzed period [14,15]. Prevention of
these diseases requires comprehensive pub-
lic health measures aimed at weight control,
physical activity and nutritional education.
The decline in the incidence of cervical cancer
(AAPC = -2.73%) and gastric cancer (AAPC
= —2.72%) are likely associated with improved
sanitary standards, H. pylori eradication, the
progress of screening programs and vacci-
nation [4,11,16]. These results confirm that
targeted preventive interventions can pro-
duce measurable reduction in the burden of
malignant disease. For kidney cancer (AAPC
men = 3.37%), in the etiology of which envi-
ronmental chemicals and herbal preparations
with nephrotoxic effects play a significant role,
prevention involves improving water quality,
raising awareness of harmful substances and
promoting a healthy lifestyle [17-19]. The
growing incidence of leukemia in women and
men points to the importance of preventing
exposure to ionizing radiation, air pollution
and certain chemicals, with mandatory regu-
lar monitoring of the blood count for early de-
tection of the disease [20-22].

Based on these findings, several char-
acteristic patterns can be observed that de-
serve a more detailed interpretation.

The general upward trajectory of
cancer incidence and mortality in central Ser-
bia aligns with trends observed across Cen-
tral and Eastern Europe. In these regions, the
epidemiological transition towards chronic
non-communicable diseases takes place in the
conditions of a specific socioeconomic and
demographic context. A particularly worry-
ing finding is the significantly higher rate of
increase in incidence in men (AAPC = 6.79%)
compared to women (AAPC = 3.20%), which
can be explained by the combination of a high-
er prevalence of risk factors such as smoking,
alcohol consumption and physical inactivity,
but also by a potentially lower rate of use of
preventive health services in the male popula-
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Mouth and pharynx (C00-C10)

Stomach (C16)

Colon and rectum (C18-C20)

Liver (C22)

Pancreas (C25)

Larynx (C32)

Lung and bronchus (C34)

Breast (C50)

Cervix uteri (C53)

Corpus uteri (C54)

Ovary (C56)

Prostate (C61)

Kidney (C64)

Bladder(C67)

Tobacco, alcohol, nutrition, genetics,
infection (HPV) [24].

Genetics, age, some congenital medi-

cal conditions and mutations. Tobacco,
alcohol, diet, H. pylori bacteria (induces
chronic inflammation, which causes disor-
ders in the body), coffee, high salt intake,
canned foods that are high in salt, foods
high in sodium (dumplings, noodles), fried
foods [11].

Age, sex, family history of colorectal can-
cer, high-calorie diet, animal fat, alcohol,
genetics, obesity, [25] anatomical loca-
tion, diabetes mellitus, tobacco [26].

Chronic inflammation [9, 27] reduced
exposure to aflatoxins, obesity, diabetes,
alcohol and tobacco consumption, poor
food and water hygiene, poor nutrition,
vitamin deficiency [28].

Positive family history, tobacco, alcohol
consumption, diet, physical inactivity and
diabetes mellitus [14], obesity [15].

Tobacco, alcohol, HPV infection, herbi-
cides. of course, genetics also plays a big
role[12].

Tobacco, airborne particles (air pollution)
[13].

Chronic inflammation [9, 29]

Poor hygiene, changing multiple partners,
HPV, early intercourse [16].

High consumption of meat, animal fats and
sugar, along with a lack of raw vegetables
in the diet, affects the risk of invasive
uterine cancer [33].

Age, genetics, infertility treatment, obe-
sity, substitution in menopause, genetics,
women who have not given birth are at
greater risk. Talc and asbestos. High intake
of animal fats, alcohol and tobacco [34].

Age (person’s age) and genetics in case
this disease existed in the family [35].

Tobacco, overweight. Special attention
should be paid when using certain plant
species that cause problems with the
kidneys due to their chemical components,
then hypertension, chemicals, genetics
[17,18,37].

Tobacco, poor diet, excessive supplemen-
tation, processed meat, higher levels of
vitamin D, pay special attention to the
chemical composition of the water (water
chlorination, arsenic contamination) [38].

The presence of certain bio-
markers in saliva [23], as much
information as possible about
this disease, regular visits to the
dentist, vaccination [24].

If the risk factors were modified
(stopping the use of tobacco
and alcohol, changing the diet),
the progression of the disease
would be prevented [11].

Change in diet, cessation of
alcohol and cigarette consump-
tion, education on risk factors

B31.

Prevention of risk factors, bet-
ter diagnostics, improvement

in diagnosis in the treatment of
cirrhosis, introduction and vac-
cination against hepatitis B [28].

Prevention of risk factors
(ceasing alcohol and cigarette
consumption, taking care of
diet) [15].

You should take care of the oral
microbiome because certain
types of bacteria can be the
cause of cancer and the main
marker of the disease[12].

Prevention of risk factors
(ceasing the use of cigarettes),
healthy and antioxidant diet
[13].

Women’s education, regular
check-ups, healthy antioxidant
diet [4], early detection [30].

By improving screening and vac-
cination, education [4, 31, 32].

By improving screening and
vaccination against the HPV,
women’s education [4,31,32].

Tubal ligation, hysterectomy,
physical activity, women’s edu-
cation [34].

Screening, greater awareness of
men [35, 36].

Change of habits (ceasing the
use of cigarettes and stop-
ping the consumption of
alcohol). Fruit and vegetable
consumption, physical activity.
Maintaining a healthy weight.
Raising public awareness about
a healthy lifestyle [19].

Fruits, vegetables, antioxidants,
take care of the dose of vitamin
A because it is harmful in larger
quantities. Using vitamin E re-
duces the risk of urinary bladder
disease, fluid intake, physical
activity [38].

Table 5. Presentation of risk
factors for malignant diseases
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Diabetes, obesity, inadequate nutrition,
stress, tobacco, alcohol, exposure to
chemicals (pesticides, industrial solvents),
anthropometric indicators (height, weight,
waist circumference and arm circumfer-

Brain (C71)

ence) [39].

Dietary balance, antioxidants,
stress control, anti-inflammato-
ry diet, vitamin C and vitamin
E, consumption of coffee and
tea in optimal quantities, Medi-
terranean diet, consumption of
fish, herbs with antioxidant and
anticancer properties, turmeric
[39].

Immunization, avoidance of
ionizing radiation and certain
chemicals, identification of the
disease in time, regular skin-

Age, reduced access to effective treat- ning, blood tests, in case the
ment, genetics, immune functions, infec- disease is inherited, it is neces-

Leukemias (C91-C95)

tions (hepatitis C) [22], ionizing radiation, sary to monitor the develop-

tobacco, air pollution, obesity, physical ment of the disease in a person
inactivity, hypercholesterolemia [20,21] due to early signs and symptoms

tion. Analogously, the higher mortality in men
(AAPC = 5.34%) compared to women (AAPC
= 3.93%) indicates that men not only get sick
more often, but also that the disease at the
time of diagnosis is more often in an advanced
stage.

The sharp increase in incidence and
mortality between 2017 and 2020, which was
registered in common malignant diseases for
both sexes (APC incidence for men = 19.05%;
APC mortality for women = 14.15%), is a phe-
nomenon that requires careful interpretation.
This period precedes the COVID-19 pandem-
ic, but coincides with changes in the organi-
zation of the Serbian health system, a possible
improvement in case registration and a poten-
tial increase in the availability of diagnostic
capacities. The sharp decline that follows af-
ter 2020, especially pronounced in mortality
(APC for men = -2.92%), probably reflects the
distortion caused by the pandemic - due to de-
lays in diagnosis and limited access to oncolo-
gy services, some cases remained unregistered
during that period or mortality was directly at-
tributed to the COVID-19 infection instead of
the underlying malignancy. This artifact in the
data should be kept in mind when interpreting
the trends that include 2020-2022. a year.

The downward trend in gastric can-
cer incidence and mortality in both sexes
(AAPC for women = -2.72%; for men -3.07%)
is in line with the global trend related to the
improvement of hygienic conditions, the re-
duction of the prevalence of Helicobacter py-
lori, changes in dietary habits and reduced
dietary sodium itake. This represents a highly

of the disease, prevention of
comorbidities, use of appro-
priate drugs, chemotherapy,
lifestyle changes [21]

encouraging epidemiological signal, confirm-
ing that lifestyle and environmental modifica-
tions can successfully lower cancer burdensat
the population level. Similarly, the statistically
significant decline in cervical cancer incidence
(AAPC = -2.73%) and the decline in breast
cancer mortality (AAPC = -1.07%) can be
partially attributed to improved screening and
the increasing use of vaccination, although the
pace of decline remains modest and indicates
room for further strengthening of prevention
programs.

In contrast, the raid growth in
pancreatic (AAPC women = 5.46%; men =
8.08%), liver (AAPC women = 4.94%) and fe-
male bladder cancer (AAPC women = 6.55%)
presents a worrisome outlook. Pancreatic can-
cer has an extremely poor prognosis and an al-
most parallel trend in incidence and mortality,
which means that the increase in morbidity di-
rectly correlates with the increase in mortality.
The increase in the incidence of liver cancer
may be related to chronic hepatitis B and C,
the increasing prevalence of obesity and non-
alcoholic fatty liver disease, as well as previous
exposure to aflatoxins. In parallel, the growth
of the incidence of bladder cancer in women
(AAPC = 6.55%), which is characteristically
faster than the growth in men, may be a conse-
quence of changes in exposure to risk factors,
but also of improved diagnostics in the female
population, where this disease has traditional-
ly been undiagnosed for longer due to its more
atypical clinical presentation.

Finally, the upward trends in prostate
cancer (AAPC = 2.65%) and kidney cancer in

1856

Volume 13 « Number 2 « August 2026 - HOPH



Boskovi¢ TZ et al: Trends in Malignant Diseases in Central Serbia and Factors Influencing Them

men (AAPC = 5.21%), as well as the increase
in the incidence of tumors of the mouth and
pharynx (AAPC = 3.25%), are consistent with
the trends described in the literature for the
region. Increased prostate cancer detection is
likely driven by wider adoption of opportunis-
tic prostate-specific antigen (PSA) screening.,
while the rise in kidney and oral cavity cancers
point to persistent exposure to tobacco smoke
and alcohol. Vaccination against HPV, which
presents one of the risk factors (Table 5), serves
as a primary preventive measure; however, it
remains a debatable measure, and its effects
and delayed side effects must be monitored for
several years.

Opverall, the epidemiological picture
of malignant diseases in central Serbia in the
analyzed period reflects insufficiently con-
trolled risk factors related to lifestyle, with
partially positive effects of certain preventive
interventions, and clearly indicates the need
for more comprehensive and coordinated on-
cological prevention at the national level.

This study has several limitations that
should be considered when interpreting the
results. First, our analysis includes aggregated
data at the level of central Serbia, without the
possibility of insight into regional differences
within the territory itself, which can mask lo-
cal epidemiological specificities. Additionally,
data from the Autonomous Province of Koso-
vo and Metohija were unavailable, limiting
the generalizability of these conclusions to the
entire territory of Serbia. In addition, official
registry data were used as a source, which may
be subject to underreporting, especially in the
earlier years of the analyzed period or during
periods of health system disruption such as the
COVID-19 pandemic. Third, while Joinpoint
regression analysis enables the detection of
changes in trends over time, but cannot estab-
lish a cause-and-effect relationship between
identified risk factors and observed changes
in trends. Finally, this study lacked access to
individual-level data regarding socioeconomic
status, healthcare access, or personal risk ex-
posures, which would otherwise provide a
more granular understanding of cancer deter-
minants in Serbia.

CONCLUSION

Timely recognition of oncology symptoms, to-
gether with raising health literacy and public
awareness, represents a critical cornerstone

for improving treatment outcomes. The etiol-
ogy of malignant diseases is multifactorial in-
volving a complex web of health determinants.
These include chronic conditions such as type
2 diabetes mellitus obesity, socioeconomic
status, lifestyle, environmental factors such as
water chlorination, arsenic contamination, air
pollution, ionizing radiation, chemicals (like
pesticides, industrial solvents), talc, asbestos,
and toxic plant components. Furthermore,
dietary habits, chronic psychological stress,
sanitary conditions, genetic predispositions,
and immune system status all contribute to
individual oncogenic risk to varying degrees.
It is important to note that favorable living
conditions reduce, but do not eliminate, the
risk of disease, since exposure to certain exog-
enous factors can trigger oncogenesis in popu-
lations that do not exhibit classic risk factors.
This complexity requires an individualized ap-
proach to risk assessment and preventive in-
terventions.

Organized screening programs en-
able the detection of malignant diseases in an
early, potentially curable stage and represent
an indispensable element of organized on-
cological care. However, the effectiveness of
screening largely depends on the availability
and quality of the diagnostic infrastructure,
as well as on the trust that patients have in
the health system. Cavic et al emphasize that
improving the availability of radiological di-
agnostics, both invasive and non-invasive
techniques, is essential for Serbia, and that
specialized personnel trained for the system-
atic management of screening programs and
appropriate institutional infrastructure are
necessary. Currently, a shortage ofqualified
clinical experts and bioinformaticians, along
with the limited availability of clinical studies,
represents a structural deficit that slows down
progress in the diagnosis and treatment of ma-
lignant diseases at the national level.

Ultimately, prevention remains the
most effective and cost-effective tool in the
fight against malignant diseases. Cessation of
tobacco and alcohol consumption, reduction
of exposure to aflatoxins, control of drinking
water quality and adoption of healthy lifestyle
habits can statistically significantly reduce the
incidence of numerous malignancies. Tak-
ing into account that many of the mentioned
risk factors are modified and subject to indi-
vidual and collective intervention, improving
the health behavior of the population through
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education, systemic public health measures
and the availability of preventive services is a
priority of exceptional social and medical im-
portance.

CONFLICT OF INTEREST

All authors declare no conflict of interest.

REFERENCES

1. Sriharikrishnaa S, Suresh PS, Prasada K. S. An
Introduction to Fundamentals of Cancer Biology.
In: Mazumder N, Kistenev YV, Borisova E, Prasada
K. S, editors. Optical Polarimetric Modalities for
Biomedical Research [Internet]. Cham: Springer
International Publishing; 2023 [cited 2026 Feb 1].
p. 307-30. (Biological and Medical Physics, Bio-
medical Engineering). Available from: https://
link.springer.com/10.1007/978-3-031-31852-8_11
doi:10.1007/978-3-031-31852-8_11

2. Institut za javno zdravlje Srbije Dr Milan Jo-
vanovic Batut Beograd. Zdravstveno-statisticki
godisnjak [Internet]. Available from: https://www.
batut.org.rs/index.php?content=77

S. Trends in morbidity and mortality of colorectal
cancer in men and women of Central Serbia dur-
ing the period 1999-2020. Zdravstvena zastita.
2023;52(2):46-63. doi:10.5937/zdravzast52-44967

4. Stojanovic MM, Rancic NK, Andjelkovic¢
Apostolovi¢ MR, Ignjatovi¢ AM, Stojanovic DR, Mi-
tic Lakusic VR, Ilic MV. Temporal Changes in Inci-
dence Rates of the Most Common Gynecological
Cancers in the Female Population in Central Serbia.
Medicina. 2022 Feb 17;58(2):306. doi:10.3390/me-
dicina58020306

5. Mader L, Wildisen L, Menges D, Suter F, Defossez
G, Bulliard JL, Rohrmann S, Staehelin K. The impact
of the COVID-19 pandemic on cancer incidence,
stage distribution and survival in Switzerland: a
register-based cohort study. Swiss Med WKkly. 2025
Aug 5;155(8):4354. doi:10.57187/5.4354

6. World Health Organization. Coronavirus disease
(COVID-19) pandemic [Internet]. Available from:
https://www.who.int/europe/emergencies/situa-
tions/covid-19

7. Dr Milan Jovanovic Batut Beograd. Maligni tu-
mori u Republici Srbiji [Internet]. Available from:
https://www.batut.org.rs/index.php?content=2096

8. World Health Organizations. International sta-
tistical classification of diseases and related health
problems - 10th revision, edition 2010, Volume 1
(2011) [Internet]. Vol. 1. Available from: https://
rfzo.rs/download/dsg/MKB102010Knjiga1%281%29.
pdf

9. Zarour LR, Anand S, Billingsley KG, Bisson WH,
Cercek A, Clarke MF, Coussens LM, Gast CE, Gelt-

Hospital Pharmacology. 2026; 13(2):1839-1862

zeiler CB, Hansen L, Kelley KA, Lopez CD, Rana SR,
Ruhl R, Tsikitis VL, Vaccaro GM, Wong MH, Mayo
SC. Colorectal Cancer Liver Metastasis: Evolv-
ing Paradigms and Future Directions. Cellular and
Molecular Gastroenterology and Hepatology. 2017
Mar;3(2):163-73. doi:10.1016/j.jcmgh.2017.01.006

10. Ljubisa Jovanovic, Svetlana Milenkovic, Tijana
Janjic, Luka Andric, Branka Sosic-jurjevic, Milan
Dokic. Myxoid pattern in smooth muscle tumor of
uncertain malignant potential (STUMP) is a signifi-
cant prognostic parameter with difficult diagnostic
dilemmas. EJGO. 2025;46(12):66. doi:10.22514/
€jgo.2025.147

11. Mamun TI, Younus S, Rahman MdH. Gastric can-
cer—Epidemiology, modifiable and non-modifiable
risk factors, challenges and opportunities: An up-
dated review. Cancer Treatment and Research
Communications. 2024;41:100845. doi:10.1016/j.
ctarc.2024.100845

12. Liberale C, Soloperto D, Marchioni A, Mon-
zani D, Sacchetto L. Updates on Larynx Cancer:
Risk Factors and Oncogenesis. IJMS. 2023 Aug
18;24(16):12913. doi:10.3390/ijms241612913

13.YuS, Yang L, Xu W, Zhao T, Han L, Zhao G, Cai
T. Analysis of tracheal, bronchial, and lung can-
cer attributable to respiratory system-related risk
factors in 204 countries and territories from 1990
to 2019. Arch Med Sci. 2024 Feb 22. doi:10.5114/
aoms/175219

14. Muratovi¢ B, Nikoli¢ A, Sipeti¢-Grujici¢ S.
Trends in incidence and mortality from pancreatic
cancer in Central Serbia, in the period from 1999
to 2019. Zdravstvena zastita. 2022;51(1):23-38.
doi:10.5937/zdravzast51-36926

15. Pourshams A, Sepanlou SG, lkuta KS, Bisig-
nano C, Safiri S, Roshandel G, Sharif M, Khatibian
M, Fitzmaurice C, Nixon MR, Abbasi N, Afarideh M,
Ahmadian E, Akinyemiju T, Alahdab F, Alam T, Ali-
pour V, Allen CA, Anber NH, Ansari-Moghaddam A,
Arabloo J, Badawi A, Bagherzadeh M, Belayneh YM,
Biadgo B, Bijani A, Biondi A, Bjgrge T, Borzi AM, Bo-
setti C, Briko AN, Briko NI, Carreras G, Carvalho F,
Choi JYJ, Chu DT, Dang AK, Daryani A, Davitoiu DV,
Demoz GT, Desai R, Dey S, Do HT, Do HP, Eftekhari
A, Esteghamati A, Farzadfar F, Fernandes E, Filip I,
Fischer F, Foroutan M, Gad MM, Gallus S, Geta B,
Gorini G, Hafezi-Nejad N, Harvey JD, Hasankhani
M, Hasanzadeh A, Hassanipour S, Hay SI, Hidru HD,
Hoang CL, Hostiuc S, Househ M, Ilesanmi OS, lIlic
MD, Irvani SSN, Jafari Balalami N, James SL, Joukar
F, Kasaeian A, Kassa TD, Kengne AP, Khalilov R, Khan
EA, Khater A, Khosravi Shadmani F, Kocarnik JM, Ko-
maki H, Koyanagi A, Kumar V, La Vecchia C, Lopuk-
hov PD, Manafi F, Manafi N, Manda AL, Mansour-
Ghanaei F, Mehta D, Mehta V, Meier T, Meles HG,
Mengistu G, Miazgowski T, Mohamadnejad M, Mo-
hammadian-Hafshejani A, Mohammadoo-Khorasani
M, Mohammed S, Mohebi F, Mokdad AH, Monasta L,
Moossavi M, Moradzadeh R, Naik G, Negoi I, Nguyen
CT, Nguyen LH, Nguyen TH, Olagunju AT, Olagunju
TO, Pennini A, Rabiee M, Rabiee N, Radfar A, Rahimi
M, Rath GK, Rawaf DL, Rawaf S, Reiner RC, Rezaei
N, Rezapour A, Saad AM, Saadatagah S, Sahebkar

1858

Volume 13 « Number 2 « August 2026 - HOPH



Boskovi¢ TZ et al: Trends in Malignant Diseases in Central Serbia and Factors Influencing Them

A, Salimzadeh H, Samy AM, Sanabria J, Sarveazad
A, Sawhney M, Sekerija M, Shabalkin P, Shaikh MA,
Sharma R, Sheikhbahaei S, Shirkoohi R, Siddappa
Malleshappa SK, Sisay M, Soreide K, Soshnikov S,
Sotoudehmanesh R, Starodubov VI, Subart ML,
Tabarés-Seisdedos R, Tadesse DBB, Traini E, Tran
BX, Tran KB, Ullah I, Vacante M, Vahedian-Azimi A,
Varavikova E, Westerman R, Wondafrash DDZ, Xu
R, Yonemoto N, Zadnik V, Zhang ZJ, Malekzadeh R,
Naghavi M. The global, regional, and national bur-
den of pancreatic cancer and its attributable risk
factors in 195 countries and territories, 1990-2017:
a systematic analysis for the Global Burden of Dis-
ease Study 2017. The Lancet Gastroenterology &
Hepatology. 2019 Dec;4(12):934-47. doi:10.1016/
$2468-1253(19)30347-4

16. Murthy NS, Mathew A. Risk factors for pre-
cancerous lesions of the cervix: European Jour-
nal of Cancer Prevention. 2000 Feb;9(1):5-14.
doi:10.1097/00008469-200002000-00002

17. Katsnelson A. Cracking the Case of a Mysterious
Plant Toxin. ACS Cent Sci. 2020 Jul 22;6(7):1031-3.
doi:10.1021/acscentsci.0c00869

18. Scelo G, Larose TL. Epidemiology and
Risk Factors for Kidney Cancer. JCO. 2018 Dec
20;36(36):3574-81. doi:10.1200/JC0.2018.79.1905

19. Tahbaz R, Schmid M, Merseburger AS. Preven-
tion of kidney cancer incidence and recurrence:
lifestyle, medication and nutrition. Current Opin-
ion in Urology. 2018 Jan;28(1):62-79. doi:10.1097/
MOU.0000000000000454

20. Slager SL, Benavente Y, Blair A, Vermeulen R,
Cerhan JR, Costantini AS, Monnereau A, Nieters A,
Clavel J, Call TG, Maynadie M, Lan Q, Clarke CA,
Lightfoot T, Norman AD, Sampson JN, Casabonne D,
Cocco P, De Sanjose S. Medical History, Lifestyle,
Family History, and Occupational Risk Factors for
Chronic Lymphocytic Leukemia/Small Lymphocytic
Lymphoma: The InterLymph Non-Hodgkin Lympho-
ma Subtypes Project. JNCI Monographs. 2014 Aug
1;2014(48):41-51.  doi:10.1093/jncimonographs/
lgu001

21. Manyak N, Chen M, Jung SY. Tertiary Preven-
tion and Treatment for Reducing Leukemia Relapse.
J Cancer Immunol. 2024;6(2):70-6. doi:10.33696/
cancerimmunol.6.087

22. Maksimovic N, Zaric M, Gazibara T, Trajkovic
G, Maric G, Miljus D, Suvajdzic Vukovic N, Tomin
D, Virijevic M, Kisic Tepavcevic D, Pekmezovic T.
Incidence and Mortality Patterns of Acute Myeloid
Leukemia in Belgrade, Serbia (1999-2013). Me-
dicina. 2018 Mar 20;54(1):5. doi:10.3390/medici-
na54010005

23. Brinkmann O, Kastratovic DA, Dimitrijevic MV,
Konstantinovic VS, Jelovac DB, Antic J, Nesic VS,
Markovic SZ, Martinovic ZR, Akin D, Spielmann
N, Zhou H, Wong DT. Oral squamous cell carci-
noma detection by salivary biomarkers in a Ser-
bian population. Oral Oncol. 2011 Jan; 47(1):51-5.
doi:10.1016/j.oralocology.2010.10.009. Epub 2010
Nov 24

24. Ebrahimi R, Masouri MM, Razeghian |, Azad G,
Nejadghaderi SA. Lip, Oral Cavity, and Pharyngeal
Cancers: Global Epidemiology, Risk Factors, and
Prevention: A Narrative Review. Health Science
Reports. 2025 Oct;8(10):e71289. doi:10.1002/
hsr2.71289

25. Lee CH, Tseng PL, Tung HY, Cheng SC, Ch-
ing CY, Chang SC, Wu SF. Comparison of risk fac-
tors between colon cancer and rectum cancer in
a single medical center hospital, Taiwan. aoms.
2020;16(1):102-11. doi:10.5114/aoms.2019.89407

26. Brenne SS, Ness-Jensen E, Edna T, Lydersen
S, Laugsand EA. Risk factors for right colon, left
colon and rectal cancers differ between men and
women: the population-based HUNT study in Nor-
way. Colorectal Disease. 2023 Jan;25(1):44-55.
doi:10.1111/codi. 16324

27. Bishayee A. The Inflammation and Liver Cancer.
In: Aggarwal BB, Sung B, Gupta SC, editors. Inflam-
mation and Cancer [Internet]. Basel: Springer Ba-
sel; 2014 [cited 2026 Feb 25]. p. 401-35. (Advances
in Experimental Medicine and Biology). Available
from:  https://link.springer.com/10.1007/978-3-
0348-0837-8_16 doi:10.1007/978-3-0348-0837-8_16

28. Ilic |, Sipetic Grujicic S, Grujicic J, Radovanovic
D, Zivanovic Macuzic I, Kocic S, Ilic M. Long-Term
Trend of Liver Cancer Mortality in Serbia, 1991-
2015: An Age-Period-Cohort and Joinpoint Regres-
sion Analysis. Healthcare. 2020 Aug 21;8(3):283.
doi:10.3390/healthcare8030283

29. Djordjevic S, Dimitrijev |, Borici¢ K, Radovanovi¢
S, Vukomanovi¢ IS, Mihaljevi¢ O, Jovanovi¢ S,
Randjelovi¢ N, Lackovi¢ A, Knezevic S, Stankovic V,
Sorak M, Jovanovic¢ V. Sociodemographic Factors As-
sociated with Breast Cancer Screening Among Wom-
en in Serbia, National Health Survey. ijph. 2024 Feb
18. doi:10.18502/ijph.v53i2.14923

30. Rosic N, Santric Milicevic M, Vujetic M, Brankov-
ic B, Miltenovic S, Anton A. Five-year prevalence
of breast cancer among women in Belgrade. Euro-
pean Journal of Public Health. 2025 Oct 1;35(Sup
plement_4):ckaf161.1248.  doi:10.1093/eurpub/
ckaf161.1248

31. Ljubicic S, Strbac M, Nikolic N, Susnjevic S,
Dugandzija T, Petrovic V, Ristic M. Cervical can-
cer in the Autonomous Province of Vojvodina,
Serbia, 2016-2021. Arch Oncol. 2024;30(1):19-24.
doi:10.2298/A00240422005L

32. Medhin LB, Tekle LA, Achila 00, Said S. Inci-
dence of Cervical, Ovarian and Uterine Cancer in
Eritrea: Data from the National Health Labora-
tory, 2011-2017. Sci Rep. 2020 Jun 4;10(1):9099.
doi:10.1038/541598-020-66096-5

33. Zemta, B., Guminski, S., & Banasik, R. Study
of risk factors in invasive cancer of the corpus
uteri. Neoplasma, 33(5), 621-629. [Internet]. 1986.
Available from: https://pubmed.ncbi.nlm.nih.
gov/3785468/

34. Gazibara T, Filipovic A, Kesic V, Kisic-Tepavcevic

www.hophonline.org

1859



D, Pekmezovic T. Risk factors for epithelial ovar-
ian cancer in the female population of Belgrade,
Serbia: A case-control study. VSP. 2013;70(12):1097-
102. doi:10.2298/VSP110629030G

35. Morlando M, Pelullo CP, Di Giuseppe G. Prostate
cancer screening: Knowledge, attitudes and prac-
tices in a sample of men in Italy. A survey. Culig
Z, editor. PLoS ONE. 2017 Oct 12;12(10):e0186332.
doi:10.1371/journal.pone.0186332

36. Panajotovi¢ T, Panajotovi¢ N, Vukcevi¢ M,
Dragicevic A, Vojinovi¢ I, Kovacevi¢ S, Dimitrijevi¢
M. Awareness of Prostate Cancer among the Sports-
men in the Republic of Serbia. Kim H jin, editor.
Journal of Environmental and Public Health. 2022
Jan;2022(1):8400768. doi:10.1155/2022/8400768

37. Chow WH, Dong LM, Devesa SS. Epidemiology
and risk factors for kidney cancer. Nat Rev Urol.
2010 May;7(5):245-57. doi:10.1038/nrurol.2010.46

38. Al-Zalabani AH, Stewart KFJ, Wesselius A,
Schols AMWJ, Zeegers MP. Modifiable risk factors
for the prevention of bladder cancer: a systematic
review of meta-analyses. Eur J Epidemiol. 2016
Sep;31(9):811-51. doi:10.1007/510654-016-0138-6

39. Okpoghono J, Okonta Cl, Omoike GO, On-
akurhefe P. Dietary energy, antioxidant molecules,
nutritional and lifestyle determinants pointers
of brain cancer. Food Chemistry Advances. 2025
Dec;9:101130. doi:10.1016/j.focha.2025.101130

40. Cavic M, Kovacevic T, Zaric B, Stojiljkovic D,
Korda NJ, Rancic M, Jankovic R, Radosavljevic D,
Stojanovic G, Spasic J. Lung Cancer in Serbia. Jour-
nal of Thoracic Oncology. 2022 Jul;17(7):867-72.
doi:10.1016/j.jtho.2022.04.010

41. Vukovi¢ V, Strbac M, Risti¢ M, SkoCibusi¢ S,
Cilovi¢-Lagarija S, Ac¢imovi¢ J, Siljak S, Zivkovi¢
Perisi¢ S, Nikoli¢ N, Ljubici¢ S, Pustahija T, Rajcevic¢
S, Pati¢ A, Dugandzija T, Mandi¢ A, Petrovi¢ V. Re-
lationship Between Population Density, Availabil-
ity of Gynecological Services, and Cervical Can-
cer Incidence and Mortality Across Administrative
Units in Serbia and Bosnia and Herzegovina Dur-
ing 2016-2020. Medicina. 2024 Dec 2;60(12):1987.
doi:10.3390/medicina60121987

42. Svircev Z, Drobac D, Tokodi N, Luzanin Z, Munjas
AM, Nikolin B, Vuleta D, Meriluoto J. Epidemiology
of Cancers in Serbia and Possible Connection with
Cyanobacterial Blooms. Journal of Environmental
Science and Health, Part C. 2014 Oct 2;32(4):319-
37. doi:10.1080/10590501.2014.967053

43. Drobac D, Tokodi N, Kiprovski B, Malenci¢ D,
Vazi¢ T, Nybom S, Meriluoto J, SvirCev Z. Micro-
cystin accumulation and potential effects on anti-
oxidant capacity of leaves and fruits of Capsicum
annuum. Journal of Toxicology and Environmental
Health, Part A. 2017 Feb 1;80(3):145-54. doi:10.108
0/15287394.2016.1259527

44. Wong MCS, Jiang JY, Goggins WB, Liang M, Fang
Y, Fung FDH, Leung C, Wang HHX, Wong GLH, Wong
VWS, Chan HLY. International incidence and mortal-

Hospital Pharmacology. 2026; 13(2):1839-1862

ity trends of liver cancer: a global profile. Sci Rep.
2017 Mar 31;7(1):45846. doi:10.1038/srep45846

1860

Volume 13 « Number 2 « August 2026 - HOPH



Boskovi¢ TZ et al: Trends in Malignant Diseases in Central Serbia and Factors Influencing Them

Trendovi malignih bolesti u centralnoj Srbiji i
faktori koji na njih uticu
Tamara Z. Boskovi¢!, Slobodan M. Jankovié??

! Fakultet inZenjerskih nauka, Univerzitet u Kragujevcu, Kragujevac, Srbija
* Fakultet medicinskih nauka, Univerzitet u Kragujevcu, Kragujevac, Srbija
* Univerzitetski klinicki centar Kragujevac, Kragujevac, Srbija

KRATAK SADRZAJ

Uvod: U Srbiji i drugim zemljama Centralne i Istocne Evrope, stope incidencije i
mortaliteta od malignih bolesti kontinuirano rastu poslednjih decenija. Uprkos na-
pretku u razumevanju njihove epidemiologije, nedostaju sveobuhvatne analize koje
obuhvataju ceo period od 2005. do 2024. godine, na svim lokalizacijama tumora za
oba pola, koristec¢i savremene statisticke metode. Uticaj socioekonomskih faktora,
dostupnosti zdravstvene zastite i dogadaja poput pandemije COVID-19 na trendove
raka takode nije dovoljno istrazen.

Cilj: Utvrditi vremenske trendove incidencije i mortaliteta od malignih boles-
ti u centralnoj Srbiji u periodu 2005-2024, identifikovati prelomne tacke trenda i
karakteristicne promene, kao i analizirati faktore rizika i mogucnosti prevencije za
svaku analiziranu lokalizaciju raka.

Materijal i metode: Podaci o stopama incidencije i mortaliteta od malignih bolesti
(za oba pola, 2005-2024) dobijeni su iz zvani¢nih izvestaja Instituta za javno zdravlje
,Dr Milan Jovanovi¢ Batut” Beograd. Stope standardizovane po starosti na 100.000
stanovnika izracunate su odvojeno za Zene i muskarce za svaku vrstu raka, ukljucujuci
rak zeluca (C16), kolorektalnog (C18-C20), jetre (C22), pankreasa (C25), pluca i bron-
hija (C34), besike (C67), mozga (C71), leukemije (C91-C95), sve lokalizacije (COO-
C97) i sve lokalizacije osim koZe (C44), kao i polno-specificne karcinome (dojke, grlica
materice, materice, jajnika za zene; usne supljine/zdrela, larinksa, prostate, bubre-
ga za muskarce). Analiza trenda je sprovedena koris¢enjem Joinpoint Regression Pro-
grama verzije 5.4.0, izracunavajuci godisnju procentualnu promenu (APC), prosecnu
godisnju procentualnu promenu (AAPC), 95% intervale poverenja i p-vrednosti putem
t-testa. Test permutacije je koris¢en za odredivanje optimalnog broja prelomnih
tacaka (0-3), sa znacajnoscu postavljenom na p < 0,05.

Rezultati: Ukupna incidencija raka znacajno se povecala kod oba pola: AAPC = 3,20%
(95% Cl1 0,38-6,10; p = 0,028) za Zene i AAPC = 6,79% (95% Cl 2,37-11,41; p = 0,004) za
muskarce. Mortalitet je takode znacajno porastao: AAPC = 3,93% (95% Cl 2,87-5,00;
p < 0,001) za zene i AAPC = 5,34% (95% Cl 1,01-9,84; p = 0,017) za muskarce. Kod
Cestih karcinoma za oba pola, identifikovane su dve prelomne tacke trenda oko 2017.
i 2020. godine, sa naglim porastom incidencije (APC za muskarce = 19,05% u periodu
2017-2020) i mortaliteta (APC za Zene = 14,15% u periodu 2017-2020), nakon Cega je
usledio pad posle 2020. godine.

Medu Zenama, statisticki znacajan porast incidencije primecen je za karcinom jetre
(AAPC = 4,94%), pankreasa (AAPC = 5,46%), besike (AAPC = 6,55%), leukemije (AAPC =
5,75%), mozga (AAPC = 2,03%) i jajnika (AAPC = 0,81%). Znacajan pad je zabeleZen za
karcinom grli¢ca materice (AAPC = -2,73%), zeluca (AAPC = -2,72%) i materice (AAPC
= -1,75%).

Medu muskarcima, znacajno povecanje incidencije je utvrdeno za bubrege (AAPC =
5,21%), pankreas (AAPC = 8,08%), kolon i rektum (AAPC = 2,40%), prostatu (AAPC =
2,65%), usnu supljinu i Zdrelo (AAPC = 3,25%) i sve lokalizacije (AAPC = 1,84%-2,27%).
Trendovi mortaliteta kod muskaraca pokazali su znacajan pad za zeludac (AAPC =
-3,07%), larinks (AAPC = -2,47%), pluca (AAPC = -0,87%), jetru (AAPC = -0,94%) i sve
lokalizacije zajedno (AAPC = -0,86% do -1,23%).

Zakljucak: Ucestalost i mortalitet od raka u centralnoj Srbiji znacajno su porasli
od 2005. do 2024. godine, pri cemu su muskarci pokazali priblizno dvostruko vecu
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stopu rasta u poredenju sa zenama. Nagli skok trendova tokom 2017-2020. verovatno
odrazava kombinaciju poboljsane dijagnostike, promena u organizaciji zdravstvene
zastite i indirektnih efekata pandemije COVID-19, ukljucujuci odlozene dijagnoze
i pogresno pripisivanje mortaliteta. Rak pankreasa, jetre, beSike, leukemije i bu-
brega predstavljaju najdinamicnije rastu¢e maligne bolesti. Opadajuci trendovi raka
zeluca i grlica materice odraZavaju jasne koristi od eradikacije H. pylori, poboljsane
higijene, programa skrininga i diskutabilno vakcinacije protiv HPV-a Ciji se efekti i
odlozeni nezeljeni efekti moraju pratiti viSe godina, zbog Cega treba da bude samo
na dobrovoljnoj bazi. Prevencija porasta broja karcinoma zahteva ciljane intervencije
javnog zdravlja koje se bave upotrebom duvana, gojaznoscu, dijabetesom, konzumi-
ranjem alkohola i izlozenosc¢u faktorima iz Zivotne sredine.

Kljucne reci: stopa incidencije raka, stopa mortaliteta raka, Srbija, faktori rizika,
epidemiologija, joinpoint regresiona analiza
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