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Abstract. Metabolic alterations in men with coronary artery disease and concomitant prostate cancer and
possibilities of their correction in statin-intolerant patients. Kuryata O.V., Sirenko O.Yu. Numerous studies suggest
an increased frequency of dyslipidemia and metabolic disorders in patients with prostate adenocarcinoma. The aim was
to evaluate lipid profile, insulin resistance level in men with coronary artery disease and concomitant prostate cancer
and impact of ursodeoxycholic acid on these indicators in complex therapy. Study included 48 men with coronary artery
disease and prostate adenocarcinoma. The lipid profile, insulin resistance, testosterone level were determined in all of
patients. The level of insulin, C-reactive protein were determined by immune-enzyme analysis. 1st group (n=22) was
made up by statin-intolerant patients treated with ursodeoxycholic acid during 60 days in addition to standard therapy;,
2nd group (n=26) — by statin-intolerant patients treated with standard regimen. The levels of triglycerides, low density
lipoprotein-cholesterol and apolipoprotein-B in men with coronary artery disease and prostate adenocarcinoma were
significantly higher than those in control group (p<0.001). The complex therapy with ursodeoxycholic acid resulted in
significant decrease in the level of total cholesterol by 17.6% (p<0.001), triglycerides by 21.6% (p<0.001), low density
lipoprotein-cholesterol by 25.2% (p<0.001), apolipoprotein-B by 12.9% (p<0.001), HOMA index level by 19.4%
(p=0.001), median insulin level by 22.9% (p=0.002). Men with coronary artery disease and concomitant prostate cancer
are characterized by increased levels of triglycerides, low density lipoprotein-cholesterol, insulin resistance and
decreased apolipoprotein-B associated with low testosterone level. Complex treatment with ursodeoxycholic acid in these
patients contributed to significant lipid level improvement and additional decrease of insulin resistance.

Pedepar. MeraGoaiuni 3MiHu B 40,10BikiB 3 imeMiuyHOI0 XBOpP00OIO cepusl i CymyTHIM pakoM mepeaMixypoBoi
321034 Ta MOKJIMBOCTI iX Kopekuii B mamieHTiB 3 HenmepeHocumicTio cratuHiB. Kypsara O.B., Cipenko O.1O.
Yucnenni 00CHiONCEeHHs C8I0Uamb NPo NIOGUWYEHY YACMOMY OUCTinioemii ma MemadOoiiuHuX NOpyuleHb Y NAYiEHMIs 3
aoerokapyuromor npocmamu. Memorw Oocniddcennsi 6yno oyiHumu AiniOHUU NPOPiis, piseHb IHCYIIHOPE3UCMeHm-
HOCMI 8 YON08IKi6 3 iUWeMIYHOI0 X80PO0O0IO Ccepys ma AOeHOKAPYUHOMOIO NPOCMAMU Md GNIUG YPCOOE30KCUXONeB0]
KUCTIOMU HA YI NOKA3HUKU 68 KOMNJLEKCHIU mepanii. ¥ 0ocniodicenni e3s1u yuacmo 48 4on06iKie 3 ieMiuHOw X80p000i0
cepysi ma a0eHOKApYUHOMOW npocmamu. Y 6cix nayienmie susHauanu JAiniOHUil npoQinw, IHCYIIHOPE3UCTNEeHMHICY,
pisenv mecmocmepoHry. Pigens incyniny, C-peakmugro2o OLIKa 8UHAYABCS 3a OONOMO20I0 IMYHODEPMEHMHO20 AHANI3Y.
l-wy epyny (n=22) cknanu nayicHmu 3 HenepeHOCUMICHIO CIAMUHIB, AKI OMPUMYSAIU YPCOOE30KCUXOLe8Y KUCIONY
npomszom 60 OHie K OOno8HeHHs 00 cmaHoapmwuoi mepanii; 2-ey epyny (n=26) — nayienmu 3 HenepeHOoCUMICHIO
CMAamuHie, AKi OMPUMYBAIU CMAHOGPMHUL pedcum NiKy8aHus. Pigni mpueniyepudis, xonecmepumny ninonpomeinie
HU3bKOI winbHocmi ma anoiainonpomeiny-B y uonosikie 3 iwemiuHow0 X80poboro cepys ma a0eHOKAPYUHOMOIO
nepeomixypogoi’ 3anosu Oyau 0ocmosipHo suwumu, Hixc y kowmpoawvhin zpyni (p<0,001). Komniexcna mepanis i3
BKIIOUEHHAM YPCOOE30KCUXONe80i KUCIOMU npugeia 00 00CMOBIPHO20 3HUMNCEHHS PI6HS 3A2AIbHO20 XONECMEPUHy Ha
17,6% (p<0,001), mpueniyepuoie na 21,6% (p<0,001), xonecmepuny ninonpomeinie HuzbKkoi winonocmi na 25,2%
(p<0,001), anoninonpomeiny-B na 12,9% (p<0,001), pieusi indexcy HOMA na 19,4% (p=0,001), incyniny na 22,9%
(p=0,002). Yonosixu 3 inemiunoro x60poboio cepys ma adeHOKapyuHOMOI0 NPOCMAMU XapaKmepusyomscs NiOSUUeHUM
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pisHem mpueniyepudis, xolecmepury JNinonpomeinié HU3bKOI WIbHOCMI, THCYNIHOPEe3UCMEeHMHICmI0 ma Oe@iyumom
anoninonpomeiny-B, wjo acoyiloemvbcs 3 HU3bKUM pienem mecmocmepony. Komnnexche nikyeanus i3z 6KmOYeHHAM
VPCOOE30KCUXONIe80T KUCTOMU 8 YUX NAYIEHMIE CHPUSIO O0CMOBIPHOMY NONINUEHHIO NOKA3HUKIE TINIOH020 npoinio ma

000amK08OMY 3MEHUEHHIO DIGHSL IHCYIIHOPE3UCEHMHOCMI.

Cardiovascular diseases (CVD) and oncological
diseases continue to be the main causes of mortality
worldwide. Improvements in cancer survival have led
to greater number of successfully treated patients with
an increased mortality from cardiovascular diseases
and their complications [1].

Prostate cancer (PC) is associated with increasing
incidence rates worldwide and it is the second most
common cancer in men [3]. Coronary Artery Disease
(CAD) is prevalent and one of the leading cause of
mortality in men with prostate cancer [2]. Increasing
evidence of overlapping risk factors for cancer and
cardiovascular disease in patients with PC represents
a relevance of the cardio-oncological subspecialty for
optimization of survivorship outcomes [4].

Numerous studies suggest an increased frequency
of cardiovascular diseases and metabolic disorders in
patients with prostate adenocarcinoma [5, 6], there-
fore, correction of risk factors is relevant, especially
of dyslipidemia and insulin resistance (IR) [7, 11]. As
known, the main pharmacological agents for
treatment of dyslipidemia are statins [8, 21]. Ho-
wever, treatment with statins not always leads to
achievement of lipid level targets, especially trigly-
cerides [12]. According to literary data, up to 29%
of patients report adverse musculoskeletal effects
that limit using statins or their guideline-recom-
mended doses [25]. Limitations of using statins for
patients with cancer demonstrate conflicting results,
increased muscle loss in some models, increased risk
of muscle pain in elderly patients and drug
interactions [22]. Therefore, in recent years, there has
been active interest in other groups of lipid-lowering
drugs. Thus, latest trials have shown bempedoic acid
efficacy in lowering LDL cholesterol and its ability to
reduce cardiovascular events in statin-intolerant
patients [23], but has limited data for cancer patients,
though ongoing research [26].

In recent literature, increasing attention is being
paid to the possibilities of using ursodeoxycholic acid
(UDCA) in patients with cancer [9]. It was found, that
UDCA can protect epithelial cells from damage and
apoptosis, while suppressing the proliferation and
induction of apoptosis of cancer cells, including in
prostate adenocarcinoma. Therefore, there is evi-
dence that UDCA has a positive effect on the treat-
ment of cancer patients, in particular, with hepatoto-
xicity caused by chemotherapy [13]. Interestingly,
that UDCA has some hypocholesterolemic effect,
reduces cholesterol synthesis by decreasing bile
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secretion and inhibiting the absorption of cholesterol
in the intestine [10].

Thus, the purpose of the present study was to
evaluate lipid profile, insulin resistance level in men
with coronary artery disease after prostate cancer
treatment and impact of UDCA on these indicators in
complex therapy.

MATERIALS AND METHODS OF RESEARCH

The present study was conducted according to the
Helsinki declaration principles and was approved by the
Biomedical Ethics Commission of the Dnipro State
Medical University (protocol No. 24 dated 01/15/25).
All participants of research gave informed written
consent. Dynamic observation and treatment was per-
formed in 48 men with CAD with concomitant prostate
adenocarcinoma (stages I-1I[) at the age of 45 to
75 years (the main group). The baseline characteristics
of patients have been demonstrated in the Table 1.

All patients had verified CAD according to the
guidelines of the European Society of Cardiology, the
diagnosis of prostate cancer was confirmed by a
biopsy. All patients received standard treatment of
CAD but stopped taking statins due to side effects or
refused to take them. The inclusion criteria were: men
aged 45-75 years, verified diagnosis of CAD and
prostate cancer (stages I-III), completed course of
anticancer therapy by the doctor's decision (due to
unacceptable toxicity) or the patient's refusal more
than 6 months ago, consistently selected cardiologic
treatment for the last 3 months, voluntary informed
consent to participate in the study.

The presence of CAD was assessed based on
documented cardiovascular disease, such as a history
of myocardial infarction, angiographically confirmed
coronary artery stenosis, and a history of coronary
artery revascularization procedures.

According to magnetic resonance imaging (MRI)
data, 40 (83,3%) of patients had tumors localized to
the prostate gland without extracapsular extension
(T1c-T2b), while 8 (16,7%) had tumors of a higher
grade (T3a-T3b).

Exclusion criteria from the study were: age over 75
years; previous therapy with statins within the last
3 months, arrhythmias that cause hemodynamic dis-
turbances and require correction with antiarrhythmic
agents (including high gradations of ventricular
arrhythmias, atrial flutter, paroxysmal tachycardias,
sinus node weakness syndrome, atria-ventricular block
2-3 degrees), acute myocardial infarction, acute
cerebrovascular accident, diabetes, hyper- and
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hypothyroidism with thyroid stimulating hormone
(TSH) levels >4 mU/1, chronic kidney insufficiency

(glomerular filtration rate (GFR) <30 ml/min/1.73 m?),
acute heart failure, obesity with grade 4, cachexia.

Table 1
Baseline characteristics of the study patients
Characteristic Me:f::itl;:(:;l;:;l:nZz::et:r(iflgisse)ase Control group (n=31) P

Median of age, years 67 [56.8; 72.7] 65.4 [57.4; 74.2] 0.651
Median duration of CAD, years 9.8 [7.6; 10.4] 9.5(7.5;9.7] 0.143
Glomerular filtration rate (GFR), ml / (min - 76 [63; 79] 78 [63.8; 81.2] 0177
1.73 m2)

Patients with stable angina, % 64.6 54.8 0.461
Patients with previous MI, % 29.2 29.0 0.214
Patients with hypertension, % 85.4 80.6 0.614
Median of ejection fraction, % 62.8 [51.4; 68.4] 65.1 [52.65 69.6] 0.158
Patients, received cardiology treatment (%):

ACE inhibitors/ACE receptors blockers 79.2 77.4 0.122
aldosterone antagonists 75.0 67.7 0.092
p-blockers 79.2 80.6 0.266
calcium antagonists 72.9 61.3 0.347
antiplatelet agents 68.8 67.7 0.284
diuretics 54.2 48.4 0.521

Patients were blindly divided into two groups:
I group (n=22) — patients with CAD and prostate
cancer treated with UDCA (Ursofalk, Dr. Falk
Pharma GmbH, Germany) during 60 days in addition
to standard therapy. The dose was calculated indi-
vidually — 15 mg/kg. Group II (n=26) — patients who
were treated with standard regimen without agree-
ment on UDCA therapy. The control group consisted
of 31 men with CAD without prostate cancer,
comparable in age, cardiovascular risk profile,
obtained by treatment of CAD.

At the initial state, the patients of both groups were
comparable in terms of the main disease, indicators of
age, duration of the disease, level of GFR, low-
density lipoprotein cholesterol (LDL-C), high-den-
sity lipoprotein cholesterol (HDL-C), triglycerides
(TG), systolic and diastolic blood pressure, heart rate.

All the patients were examined by physician,
laboratory and instrumental methods at the beginning
and to the end of the study were used. The patients
were observed in outpatient department. The standard
clinical and biochemical laboratory tests, blood tests
for detection of total cholesterol (TC), TG, LDL-C,

HDL-C, apolipoprotein A (Apo-Al), apolipoprotein B
(Apo-B) [28], serum insulin [29] were performed. Tole-
rability of the drug was determined on the basis of an
assessment of laboratory parameters (the level of ALT,
AST in the serum), the level of GFR, the incidence of
adverse reactions. GFR was determined by the formula
CKD-EPI [30], IR — by the formula HOMA [14].

In order to evaluate the state of androgen defi-
ciency the testosterone level was determined by the
method of immunoenzymatic analysis with the rea-
gent test kit “AccuBind ELISA”, androgen deficiency
were established in case of total testosterone level
below 2.5 ng/ml.

Statistical processing of the obtained results
was performed using the licensed program
STATISTICS 12.0 (StatSoft Inc, USA, trial version).
Non-parametric statistics were used [27]. The data
was presented in the form of a median (Me) and the
interquartile segment [25%; 75%]. Categorical data
were presented as n (%) and were compared using
Chi-squared test. For comparison of indicators in two
independent groups, the Mann-Whitney U-test, the
two-sided Fisher exact test, and the Wilcoxon test
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(W) were used to compare two dependent groups.
Statistically significant differences in research results
were determined at a level of p<0.05.

RESULTS AND DISCUSSION

The incidence of dyslipidemia was significantly
higher in main group compared to control group
(p<0.001). The levels of TG, LDL-C and Apo-B in
men with CAD and concomitant prostate cancer were

significantly higher than those in control group
(Table 2) (p<0.001). Significant correlation relations
between the testosterone level with TG, HDL-C,
LDL-C, Apo-B were determined in men with CAD
and concomitant prostate cancer — R=-0.58
(p<0.001), R=0.60 (p<0.05), R=-0.74 (p<0.001),
R=-0.79 (p<0.001) respectively.

Table 2

Lipid profile in men with coronary artery disease and prostate adenocarcinoma

Men with CAD and prostate adenocarcinoma (n =48)

Men with CAD (n=31)

Parameter
median [25%;75] (mmol/l) abnormal (n, %) median [25%;75] (mmol/l) abnormal (n, %)

TC 6.12 [4.98;6.64] 34(70.80)* 5.78 [4.36;6.15] 16(51.6)

TG 3.26 [2.68;3.89]** 38(79.17)* 1.56 [1.18;2.04] 12(38.71)

HDL-C 1.43[1.15;1.79] 5(10.42) 1.50[1.10;1.68] 2(6.45)

LDL-C 4.53[3.74;4.86]** 39(91.25)* 3.43[3.01;3.95] 20(64.52)

Apo-Al 1.4[1.14;1.58] 8(16.67) 1.31[1.20;1.47] 5(16.13)

Apo-B 1.88[1.62;2.09]** 25(52.08)* 1.22[1.03;1.54]* 7(22.58)
Dyslipidemia, % - 42(87.50) * - 18(58.06)

Notes: * —p<0.05; ** —p<0.001 comparison of lipid levels and dyslipidemia incidence between cancer patients and control group; TC: total-cholesterol;
TG: triglyceride; HDL-C: high density lipoprotein-cholesterol; LDL-C: low density lipoprotein-cholesterol; Apo-Al: apolipoprotein-Al, Apo-B:

apolipoprotein-B.

The level of insulin in patients with CAD and
concomitant prostate cancer ranged from 10.7 to
25.9 MO/ml baseline, the median insulin level was
18.9 [11.3; 23.7]MO/ml, in the control group —
ranged from 5.4 to 17.5 MO/ml baseline, the median
insulin level was 10.8 [5.5; 13.4] MO/ml respectively
(p<0.001). IR was established in 29 (60.42%) patients
of main group and 13 (41.94%) of controls (p<0.05).
Men with CAD and concomitant prostate cancer had
significantly higher level of insulin, HOMA index
compared with the control group (p<0.001). Cor-
relation relations between the HOMA index with
PSA, testosterone level, TG, LDL-C were determined
in men with CAD after prostate adenocarcinoma
treatment — R=0.65 (p<0.001), R=-0.68 (p<0.001),
R=0.58 (p<0.05), R=0.63 (p<0.05) respectively.

The complex therapy with UDCA for patients with
CAD and co-existent prostate adenocarcinoma resul-

ted in a more significant reduction of the level of the pro-
atherogenic fractions of blood lipids (p<0.01) (Table 3).
Thus prescribing only standard therapy contributed to a
significant decrease in the level of TC by 12.2%
(p<0.001), TG by 18% (p<0.001), LDL-C by 20%
(p<0.001), number of dyslipidaemia pts by 23.08%
(p<0.001). On the other hand the complex therapy with
UDCA resulted in a greater reduction of pro-athero-
genic fractions of blood lipids: significant decrease in
the level of TC by 17.6% (p<0.001), TG by 21.6%
(p<0.001), LDL-C by 25.2% (p<0.001), number of
dyslipidaemia pts by 31.82% (p<0.001) and additional
significant decrease in the level of Apo B by 12.9%
(p<0.001). The significant differences between Group I
and II after observation were identified by LDL-C level
(p<0.001). There were no significant differences
between the levels of liver transaminases before and
after observation period in all groups of pts (Table 3).
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Table 3

Lipid profile and liver transaminase level in men with coronary artery disease
and concomitant prostate cancer before and after combination therapy with UDCA

Before treatment

After treatment

Lipid profile indicators | men with coronary artery | men with coronary artery
disease after prostate

disease after prostate

men with coronary artery men with coronary artery
disease after prostate cancer | disease after prostate cancer

cancer treatment
+UDCA
(n=22)

cancer treatment
-UDCA
(n=26)

treatment
+UDCA
(n=22)

treatment
-UDCA
(n=26)

TC, mmol/l

HDL-C, mmol/l
LDL-C, mmol/l
TG, mmol/l
Apo-Al

Apo-B

Dyslipidemia, %

6.18 [4.88;6.52]

1.40[1.11;1.83]
4.56[3.74;4.88]
3.24 [2.65;3.88]
1.42[1.16;1.59]
1.86[1.60;2.03]

22(100)

5.98 [4.76;6.45]

1.46 [1.18;1.96]
4.50[3.10;4.68]
3.33(3.01;3.95]
1.31[1.20;1.47]
1.79[1.53;2.14]

26(100)

5.09 [4.18; 5.32]*

1.48[1.15;1.89]
3.41[3.14;3.65]*
2.54 [1.48;3.09]*
1.42[1.15;1.60]
1.62[1.51;1.96]*

15(68.18) *

5.25 [4.18;5.54]*

1.52 [1.25;2.10]

3.60[2.60;4.15]**
2.73[2.31;3.34]*
1.35[1.21;1.49]

1.72[1.44;2.00]

20(76.92)*

ALT, U/l 21 [14.78; 28.78]

AST, U/l 26.14 [16.29; 31.66]

19 [12.32; 26.75]

24.54 [13.325 29.71]

24.63 [15.36; 29.79] 22.61 [14.33; 27.77]

27.52 [17.31; 30.63] 25.51 [14.35; 28.69]

Notes: * — p<0.05; ** — p<0.001 comparison of the status of lipidemia between groups; TC: total-cholesterol; TG: triglyceride; HDL-C: high density
lipoprotein-cholesterol; LDL-C: low density lipoprotein-cholesterol; Apo-Al: apolipoprotein-Al; Apo-B: apolipoprotein-B; UDCA: ursodeoxycholic

acid.

Analysis of the dynamics of the insulin level and
insulin resistance on the background of treatment
revealed significant differences in these indicators in
patients of Group I and II (Fig. 1, 2). In the group of
patients UDCA was included in the composition of
complex therapy, the median insulin level and
HOMA index decreased by 19.4% (p=0.001) and
22.9% (p=0.002), respectively, in the standard treat-
ment group dynamics of these indicator were not
significantly different. The inclusion of UDCA in
the complex therapy contributed to a more
pronounced decrease in insulin level and IR in men
with androgen deficiency (Fig. 1, 2). There were no
significant side effects with the inclusion of UDCA
in the standard therapy in the dynamics of
observation, and there was no need to change the
daily dose or discontinue treatment. Thus, the results
of the study indicate the effectiveness and safety of
UDCA in complex treatment in men with CAD with
concomitant prostate cancer.

Cancer and CVD are linked by multiple pathways
and common risk factors. Thus, their combined treat-
ment is a complex task and requires a multidisci-
plinary approach with the involvement both of
cardiologists and oncologists [15].

26/Tom XXXU/1

Evidence for an association between TC, LDL-C,
HDL-C, triglycerides with prostate cancer is conflic-
ting. The retrospective cohort analysis of 843 patients
with radical prostatectomy demonstrated association
between elevated serum triglycerides with increased
risk of prostate cancer recurrence [16]. Cholesterol of
LDL-C, HDL-C were not associated with prostate can-
cer recurrence risk among all of analyzed population.
At the same time, among men with prostate cancer and
dyslipidemia, elevated total cholesterol and HDL-C
levels were associated with increased and decreased
risk of cancer recurrence, respectively [16]. Our results
demonstrate that the presence of concomitant prostate
adenocarcinoma in men with CAD was associated with
significantly higher levels of TG, LDL-C and lower
Apo-B and were correlated with androgen deficiency.

Thus in recent years a large number of studies
suggest the role of lipid and glucose metabolism in the
development of prostate cancer [17]. A recent meta-
analysis showed a strong positive association between
obesity and the risk of advanced prostate cancer. Ho-
wever, epidemiological data on the relationship
between lifestyle risk factors (dyslipidemia, diabetes
and IR) and the development and progression of
prostate cancer remains inconclusive [17].
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Fig. 1. Dynamics of insulin level in men with coronary artery disease
and prostate adenocarcinoma with the ursodeoxycholic acid treatment
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* — p<0.05 comparison between groups

Fig. 2. Dynamics of insulin resistance level in men with coronary artery disease
and prostate adenocarcinoma with the ursodeoxycholic acid treatment
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We provided evidence supporting a relationship of
dyslipidemia, IR, and androgen deficiency in men
with prostate cancer. Our findings showed a negative
correlation between serum testosterone and TG,
LDL-C, serum insulin, and IR. Conversely, we found
that HDL-C, Apo-B was directly correlated with se-
rum testosterone. It was concluded that low serum
testosterone is associated with dyslipidemia and IR in
men with CAD and prostate cancer. This could be ex-
plained by the sex hormone pathway in obesity [18].

Given that standard pharmacologic treatment may
not be sufficient to achieve the recommended lipid
target, an alternative treatment may be needed. The
recent meta-analysis of randomized placebo-control-
led trials demonstrated that ursodeoxycholic acid
treatment might be an effective lipid-lowering agent
with significant reduction in total cholesterol levels
[19]. Thus, it was suggested that ursodeoxycholic acid
can reduce cholesterol biosynthesis by reducing the
activity of hydroxymethylglutaryl-coenzyme A-reduc-
tase and decreasing the intestinal absorption of cho-
lesterol [19]. Ursodeoxycholic acid can also affect adi-
pose tissue by lowering triglyceride levels and increa-
sing esterification and desaturation of fatty acids [20].

Our findings suggest that UDCA in complex
treatment men with CAD and concomitant prostate
cancer decreases pro-atherogenic lipids and IR level.
Further investigation is required to elucidate if
observed lipid and IR lowering effects of urso-

deoxycholic acid in this patients can contribute to the
prevention of cardiovascular events.

Limitations.

However, this study should be interpreted with
several limitations. Therefore, only patients with
CAD with prostate cancer were chosen for this study,
and consequently the results can only be applied to
this population. It could be perspectival to evaluate
the hard end point with prolongation of this therapy.

CONCLUSIONS

1. The present study have demonstrated that men
with coronary artery disease and concomitant prostate
cancer are characterized by increased levels of
triglycerides, low-density lipoprotein cholesterol, IR
and decreased apolipoprotein B associated with low
testosterone level.

2. Complex treatment with ursodeoxycholic acid in
these patients contributed to significant lipid level im-
provement and additional decrease of insulin resistance.
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