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Introduction

To evaluate clinical features of the course of acute coronary syndrome (ACS) in patients with
oncological diseases (OD) and to determine the role of biomarkers GDF-15, NT-proBNP, and hs-CRP
in short-term and long-term prognoses.

In 88 patients (34 patients with ACS and OD and 54 patients with ACS without OD), complaints and
historical, objective, and laboratory and instrumental data were evaluated and blood concentrations
of GDF-15, NT-proBNP, and hs-CRP biomarkers were measured on the first day of hospitalization.
Incidence of cardiovascular complications (CVC) and outcomes of hospital and long-term (6 months)
periods were analyzed. Statistical analysis of results was performed with the Statistica 12.0, MedCalc
19.1.7 software. The level of statistical significance was p<0.0S.

In the ACS+OD group as compared to the ACS without OD group, the onset of disease was mostly
atypical, with shortness of breath and/or general weakness; the ACS+OD patients more frequently
had III-IV Killip class acute heart failure (29 and 7%, p=0.01); mean hemoglobin concentration
(125.6+27.9 and 141+16.6 g/1, p=0.003), prothrombin index (76.4+15.2 and 84.9+£17.6%, p=0.003),
and left ventricular ejection fraction (47.7£6.1 and 50.7+7.2%, p=0.02) were lower; and median
concentrations of GDF-15 (1.95 [1.3; 2.8] and 1.45 [1.2; 2.0] ng/ml, p=0.03), NT-proBNP (947.3
[517.8; 1598.2], and 491.1 [85.1; 1069.1] pg/ml, p=0.006), and hs-CRP (14.1 [8.15; 36.75] and 7.8
[4.4; 16.2] mg/1, p=0.01) were higher. The presence of OD was associated with development of CVC,
including urgent endpoints in the long-term and also increased the probability of fatal outcome within
6 months after discharge from the hospital. To predict the risk of CVC in patients with ACS and OD,
two models with high prognostic values (AUC>0.9) were proposed. In the long-term, the value of
NT-proBNP (cut-off point >524.5 pg/ml) was a statistically significant predictor for development of
endpoints with a high predictive value (AUC>0.8).

The features of the clinical course of ACS in patients with OD indicate the importance of isolating
such patients into a separate group. Additional use of the developed models, along with a standard risk
assessment by the GRACE scale, will allow individualized management of patients with ACS and OD
during the hospital and long-term (6 months) periods.
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damage following radiation therapy, and cardiotoxicity

The maximum risk of death having cardiovascular
causes, including acute coronary syndrome (ACS), is
observed in the first 6 months and S years following
confirmation of cancer diagnosis and commencement of
anti-tumor therapy [1].

The high incidence of ACS in cancer patients (1.9-
4.2%) is due to the rapid development and/ or progression
of atherosclerosis, hemostasis disorders, coronary artery

of anti-tumor treatment. Moreover, ACS often develops
as the cancer progresses, along with chemo- and radiation
therapy and surgical procedures [2].

The course of ACS in cancer patients often ends
with an adverse outcome. According to Velders et al.
(2013), cancer patients who underwent percutaneous
coronary intervention (PCI) had a more than twofold
increase in the risk of fatal outcomes during hospital stay,
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compared to patients without cancer (17.4% and 6.5%,
respectively, p<0.05), as well as the highest mortality rate
within the first 12 months following discharge (28.1% and
11.9%, respectively, p<0.05) [3]. The study by Iannaccone
et al. (2018) (n=15,401 including 926 cancer patients)
showed that the presence of cancer in patients with ACS
was an independent predictor in developing primary
endpoint (death and nonfatal myocardial infarction (MI))
within 12 months after discharge (odds ratio (OR) 2.1;
confidence interval (CI): 1.8-2.5, p=0.001) [4].

Known methods for predicting the course of ACS
include various models and scales (GRACE, TIMI,
CRUSADE, PURSUIT, RECORD, etc.) [5-7]. However,
these do not consider the presence of cancer. Moreover,
there are no explicit provisions in the current guidelines
for managing ACS patients who also have cancer and
who may or may not have ST-segment elevation (STE-
ACS and N STE-ACS, respectively) [S, 6]. Therefore, the
identification of an approach for stratifying the risk in this
category of patients is a relevant endeavor.

In recent years, the literature has discussed the
predictive role of various biomarkers (growth differen-
tiation factor 1S (GDF-15), N-terminal pro-brain natri-
uretic peptide (NT-proBNP), high-sensitivity C-reactive
protein (hs-CRP), etc.) in patients with ACS [8-15].

GDEF-15, which mainly involves atypical cells, is a
marker of inflammation (including in atherosclerotic
plaque) and cell apoptosis. This marker is actively expres-
sed in the heart in the ischemic injury of cardiomyocytes,
progression of fibrosis and myocardial remodeling [8].
At the same time, changes in the GDF-15 level are known
to reflect the progression of cancer, the efficacy of anti-
tumor therapies, as well as the development of cardio-
toxicity during chemotherapy [9].

Representing one of the best-studied biomarkers, NT-
proBNP is an independent predictor of low immediate
and long-term survival rates in ACS patients [10]. It has
previously been shown that control of NT-proBNP levels
in cancer patients receiving chemotherapy is effective for
assessing the risk of cardiotoxicity [11].

A typical protein of the acute phase of inflammatory
reactions is hs-CRP. A meta-analysis (n=83,995) of
14 studies of the impact of increased hs-CRP levels on
prognosis in various diseases found that this indicator
could be used to independently predict the risk of all-
cause death (OR 1.75; 95% CI: 1.55-1.98), including
death of cancer (OR 1.25; 95% CI: 1.13-1.38, p=0.003)
and cardiovascular death (OR 2.03, 95% CI: 1.65-
2.50) [12].

Several studies have demonstrated the effectiveness
of such biomarkers in ACS. For example, a multifactor
model for stratification of the immediate and long-

ISSN 0022-9040. Kardiologiia. 2021;61(10). DOI: 10.18087/cardio.2021.10.n1765

term risk of fatal outcomes of STE-ACS was developed
using the GRACE scale and GDF-15 [13]. According
to other data, using GDF-15 and NT-proBNP with the
GRACE scale improved the prognostic value of the latter
concerning fatal outcomes and/ or nonfatal MI in patients
with ACS within 6 months after discharge [14].

However, until now the prognostic efficiency of these
models and scales has not been evaluated in ACS patients
with cancer.

Objective

To evaluate the clinical course of ACS in cancer patients
and determine the role of GDF-1S, NT-proBNP, and hs-
CRP biomarkers in predicting the immediate and long-term
(6 months) periods of the disease.

Material and Methods

The study was carried out in Regional Vascular Cen-
ter No. 2 of N.A. Semashko Nizhny Novgorod Regional
Hospital.

The inclusion criteria were STE-ACS or NSTE-ACS
(diagnosed following the current clinical guidelines [S, 6]),
age of patients <85 years and verified cancer (preparation
for treatment, during the treatment, or after its completion
within <10 years) for the main group. Exclusion criteria
were age >85 years, cancer cachexia, chronic heart failure
stage III having occurred prior to current hospitalization,
GFR<15 mL/min/1.73 m? acute infectious disease and
mental disorders.

Examination and treatment of patients were carried out
following the current standards and guidelines [5, 21-6].

The study protocol was designed following the
Declaration of Helsinki and approved by the local ethics
committee. All patients signed informed consent to partici-
pate in the study.

The study included 88 patients (ACS with cancer n=34,
ACS without cancer n=54); the blood levels of the following
biomarkers were studied: GDF-15, NT-proBNP, hs-CRP.
The subgroups were referred to as ACS with cancer (n=34)
and ACS without cancer (n=54).

The mean age of ACS patients (n=88) was 65.5£8.8
years; 49 (56%) were male. NSTE-ACS was detected in 50%
of patients (n=44) at admission. MI was diagnosed in 80% of
patients (n=70, of whom 48 patients had had Q-MI) during
the hospital stay.

Complaints, anamnesis, laboratory and clinical data, the
incidence of cardiovascular events, and outcomes of hospital
and long-term (6 months) periods were assessed in all
patients with ACS. Cardiovascular events were classified as
emergencies (cardiogenic shock, pulmonary edema, stent
thrombosis, ventricular fibrillation, myocardial rupture)
and conventional (early postinfarction angina, acute left
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ventricular aneurysm, paroxysmal supraventricular tachy-
cardia, atrial fibrillation).

The endpoints (within the 6-month follow-up) included:
cardiovascular death, recurrent MI, re-hospitalization with
ACS, PCI, or coronary artery bypass grafting (CABG).

Blood samples were collected to determine the levels
of GDF-15, NT-proBNP, hs-CRP in patients with ACS
(n=88) on day 1 of hospital stay. Tubes containing blood
were centrifuged and frozen under special conditions. Later,
the following tests were performed simultaneously in the
authorized AVK-Med Centralized Laboratory following
the manufacturers’ instructions: GDF-15 (ng/mL) and
NT-proBNP (pg/mL) by enzyme immunoassay [Cloud-
Clone Corp. (China) and Vector-Best (Russia) test systems,
respectively], hs-CRP (mg/L) by immunoturbidimetry
(Cobas test system, RocheDiagnostics, Switzerland). The
reference ranges were 0.15-1.2 ng/mL for GDF-15 (accor-
ding to the literature [9, 10, 14]),0-200 pg/mL NT-proBNP,
0-5 mg/L hs-CRP (in accordance with the manufacturers’
instructions). It should be noted that blood samples were
collected in all patients before the onset of cardiovascular
events.

The GRACE scale was used to assess the risk of death and
recurrent MI in the hospital and post-hospital periods [, 6].

Selective coronary angiography (SCAG) was performed
in 82% of patients (n=72; 18% signed the written refusal to
undergo invasive intervention). Coronary stenosis > 50%
was considered hemodynamically significant [S, 6] and
was detected in 75% of patients (n=66). Coronary stenting
was performed in 70% of patients (n=62): all had normal
coronary flow (TIMI-3) at the area of intervention.

The structure of cancers in patients with ACS (n=34)
was heterogeneous: lung cancer (n=8), hematological
diseases (n=7), breast cancer (n=5), prostate cancer (n=4),
uterine cancer (n=3), gastrointestinal cancer (n=3), other
(n=4). The structure of cancers in our patients with ACS
corresponded to the literature data [3], including the
multicenter studies [1, 4].

According to the TNM classification of malignant tumors,
50% of patients had ascore of T, ,, while 27% of patients had
T3-4 (23% of patients were not classified (hematological
diseases, glioblastoma)). At the time of hospitalization
for ACS, 59% of patients (n=20) were undergoing
cancer treatment, in the rest (n=14) had undergone anti-
tumor therapy from 2 to 8 years before the onset of ACS
(mean 4+£1.8 years). The following therapies were carried
out: surgical interventions in 62% of patients (n=21);
chemotherapy in 41% of patients (n=14); radiation therapy
in 18% of patients (n=6).

Statistical processing of the data obtained was performed
using Statistica 12.0 (StatSoft, USA) and MedCalc
version 19.1.7. (MedCalc Software, Belgium). The type of
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distribution was determined using the Shapiro-Wilk test.
Quantitative data are expressed as the mean and standard
deviation (M£SD) in the case of the normal distribution
and as the median (Me) and quartile interval (Q,5; Q) in
the case of non-normal distribution. Qualitative variables
are presented as the absolute values and percentages (%).
Quantitative indicators were compared using the Mann-
Whitney test, while categorical indicators were compared
using the two-tailed Pearson’s y* test. The correlation power
was evaluated using Spearman’s rank correlation coefhicient
(R). Logistic regression analysis was performed to identify
the parameters associated with the development of adverse
events (cardiovascular events in the hospital period).
Alogistic regression equation for predicting the object’s state
was constructed using the formula:

Y=a+BIXX1+P2XX2+...
+pBnxXn [16],

where Y - response variable; a — constant; X1, X2, Xn -
predictor variables; f1, f2, fn - coeflicients of the correspon-
ding predictor variables. In order to determine an optimal
ratio of the sensitivity and specificity of the model, ROC
analysis was performed, the characteristic ROC curve (ROC-
curve) was plotted, and the area under the curve (AUC) was
calculated. Kaplan—Meier survival curves were constructed
for estimating the effect of the examined parameters on
the survival of patients with ACS. The Gehan - Wilcoxon
test was applied to assess the differences between empirical
functions of survival in the study groups. Differences were
statistically significant when p was less than 0.05.

Results and Discussion

Table 1 provides the characteristics of ACS patients with
cancer (n=34) and without cancer (n=54) on day 1 of hospital
treatment.

As shown in Table 1, ACS patients with cancer significantly
more often complained of dyspnea and asthenia and had a
higher incidence of coronary artery disease and a history of MI
at admission than ACS patients without cancer. However, the
groups were comparable in terms of age and the presence of
concomitant diseases.

It was established that ACS patients with cancer had a
statistically significantly higher respiratory rate and prevalence
of acute heart failure (AHF) Killip III-1V, as well as lower
mean levels of hemoglobin (Hb), prothrombin ratio (PR),
and left ventricular ejection fraction (LVEF), as compared
with those in ACS patients without cancer (Table 1); this
was also consistent with the literature data. Luboyatnikova et
al. (2018) showed that STEMI patients with cancer (n=45),
as compared with STEMI patients without cancer (n=90),
had lower Hb (115.56+23.07 g/L and 133.70+16.4S g/l,
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Table 1. Comparative characteristics of groups
of patients with ACS with and without cancer

ACS with ACS without

Parameter cancer (n=34)  cancer (n=54) p
Complaints at admission
dclgfzg’gi‘t/ o (%) 25 (74) 44 (82) 0.5
Dyspnea, n (%) 16 (47) 14 (26) 0.04
Weakness, n (%) 17 (50) 15(30) 0.03
History
Age, years? 66.7£7.8 64.1£9.6 0.2
History of ML, n (%) 24 (65) 25 (46) 0.03
History of ML, n (%) 12 (35) 9(17) 0.045
PCL n (%) 7(21) 8 (15) 0.5
}l?}sri)eer;tleﬂsion, n (%) 32(94) 48 (89) 0.6
DM, n (%) 8 (24) 17 (32) 0.6
Physical examination data
SBP, mm Hg? 1312222 13824224 02
RR, brpm? 18,9+2,5 17,8t1,6 0,04
HR, bpm? 80,4+13,3 793+12,7 0,6
325&?111\? (%) 10 (29) 4(7) 0,01
Laboratory and clinical findings
Troponin, ng/mL! | [0.0008.51;61.865] [0.00?52;22.015] 06
;‘;flﬂlc/li‘fle“eml’ 49[42;58]  5.1[42;62] 06
Creatinine, ymol/L? 109.5+36.8 96.8+£23.6 0.14
an% 5(;1;21331)1), mL/ g st19.8 6744201  0.07
Urea, mmol/L! 6.8[5.3;9.4] 6[4.6;82]  0.09
Hemoglobin, g/L? 125.6£27.9 141£16.6 0.003
PR, %? 76.4£15.2 84.9+17.6 0.003
LVEF, %? 47.7+6.1 50.7+£7.2 0.02
PAP, mm Hg! 36.5[32;42]  35[30;39] 0.1

The data are expressed as ' - Me [Q,-Q,;], 2 - M+SD.

CAD - coronary artery disease; MI — myocardial infarction;

PCI - percutaneous coronary intervention; DM - diabetes mellitus;
SBP - systolic blood pressure; RR - respiratory rate; HR — heart rate;
AHF - acute heart failure; GFR - glomerular filtration rate;

PR - prothrombin ratio; LVEF - left ventricular ejection fraction;
PAP - pulmonary artery pressure.

Table 2. Median biomarker (GDF-15, NT-proBNP,
hs-CRP) levels in ACS patients with and without cancer

Parameter ACS with cancer ACS without
(n=34) cancer (n=54) P
GDF-15, ng/mL 1.95[1.3;2.8] 1.45[1.2;2.0] 0.03
NT-proBNP, 947.3 491.1 .
pg/mL [517.8;1598.2]  [85.1;1069.1] :
hs-CRP, mg/L 14.1[8.15; 36.75] 7.8 [4.4;16.2] 0.01

The data are expressed as Me [Q,; Q5]

ISSN 0022-9040. Kardiologiia. 2021;61(10). DOI: 10.18087/cardio.2021.10.n1765

respectively, p<0.001), as well as lower mean LVEF; however,
the differences were not statistically significant (47.76+10.68%
and 49.55£10.04%, respectively, p > 0.05) [17].

At the same time, the higher prevalence of AHF ma-
nifestations in ACS patients with cancer are probably
indicative of existing LV dysfunction. According to the
literature data, it cannot be excluded that ACS was associated
with undiagnosed LV dysfunction in these patients, including
as a result of cardiotoxicity of antitumor therapy following its
completion [1-3].

It should be noted that the groups were comparable in
terms of the GRACE scores (mean score was 131+34.2 and
132429.7, respectively, p=0.8).

The median biomarker (GDF-15, NT-proBNP, hs-CRP)
levels in ACS patients both with and without cancer are
provided in Table 2.

As shown in Table 2, the median levels of all biomarkers of
interest were statistically significantly higher in ACS patients
with cancer than in the group of ACS patients without cancer.

At the time of hospitalization for ACS, 41% of patients
(n=14) from the ACS group with cancer had completed
chemotherapy. According to Putt et al. (2015), higher levels
of GDE-1S were associated with chemotherapy cardiotoxicity
[18]. At the same time, those levels remained elevated even
following the completion of anti-tumor therapy and recovery
of normal levels of other biomarkers, such as NT-proBNP.

The median level of NT-proBNP in the group of ACS
patients with cancer was almost two times higher than in the
group of ACS patients without cancer (Table 2); this was
possibly associated with myocardial damage during anti-tumor
therapy [19] and/or more frequent manifestations of AHF
Killip class III-IV.

The median level of hs-CRP was more than 1.5 times higher
in the group of ACS with cancer compared to ACS patients
without cancer (Table 2). According to Shitara et al. (2019),
increased levels of hs-CRP are prognostic of cardiovascular
events in patients with ACS after PCI [20].

Thus, on the one hand, higher median levels of the
biomarkers of interest in the group of ACS with cancer,
compared to ACS patients without cancer, may be indicative
of the presence and persistence of LV myocardial damage
following anti-tumor treatment [19], while on the other hand,
they can also be significant predictors of adverse outcomes in
the future [13-15,20].

The correlation analysis established a statistically significant
relationship between the presence of cancer in ACS patients
and the levels of GDF-15 (R=0.24; p=0.026), NT-proBNP
(R=0.3; p=0.005), hs-CRP (R=0.7; p=0.01). It should
be noted that the group of ACS patients with cancer was
heterogeneous with respect to the type of cancer, the age at
which diagnosis was confirmed, and the duration of anti-tumor
therapy.
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During the period of hospitalization, cardiovascular events
developed in 53% of patients (n=47), of which more than half
were emergencies (n=26). The most frequent conventional
cardiovascular events were high-grade ventricular beats
(according to Lown; n=17), atrial fibrillation (n=12), early
postinfarction angina (n=7), while the most frequent
cardiovascular emergencies were pulmonary edema (n=14),
cardiogenic shock (n=4), VF (n=3). Cardiovascular events
were registered more frequently in the group of ACS patients
with cancer than in the group of ACS patients without cancer
(719% and 43%, respectively, p=0.01), including cardiovascular
(56% and 13%, respectively, p<0.001).
Correlation analysis showed that the presence of cancer was

emergencies

statistically significantly associated with cardiovascular events
(R=0.27, p=0.01), including cardiovascular emergencies
(R=0.35, p<0.0001).

There were four fatal outcomes in the hospital period in the
ACS group (n=88), including two patients with cancer (chronic
and acute leukemia; ACS onset during chemotherapy). Fatal
outcomes were reported on day 2 (n=2) and day 11 (n=2)
day of hospital stay. Postmortem examinations confirmed that
these patients (n=4) had myocardial infarction. The causes
of fatal outcomes were cardiogenic shock (n=1), pulmonary
edema (n=1), ventricular fibrillation (n=1), myocardial
rupture followed by hemopericardium (n=1). The mean
GRACE score was 176+41 in patients with fatal outcomes in
the hospital period.

The follow-up of 84 patients with ACS continued for
6 months. Different endpoints were reported in 42% of
patients with ACS (n=3S, of whom 18 had cancer). The
most common endpoints were re-hospitalization with ACS
(n=14), cardiovascular death (n=8), PCI or CABG (n=7). The
correlation analysis showed that the long-term endpoints were
statistically significantly correlated with the presence of cancer
(R=0.44; p<0.0001).

A fatal outcome was reported in 8 patients, whose mean
GRACE score was 158.6£31.1. The ROC analysis established
that the GRACE score was prognostically significant in our
sample of ACS patients (n=88) for the risk of death and/or
recurrent ML, both in the hospital period (AUC=0.830;
95% CI: 0.735-0.902, p=0.008) and the long-term period
(AUC=0.823,95% CI: 0.725-0.898; p=0.002).

In the follow-up period (hospital period and 6 months
after discharge), fatal outcomes were reported in 12 patients,
including 8 patients with cancer. The Kaplan-Meier curves
were constructed to assess the survival rates of ACS patients
depending on the presence of cancer (Figure 1).

As seen in Figure 1, the presence of cancer statistically
significantly increased the likelihood of fatal outcomes in
ACS patients during 6 months of the follow-up, which was
consistent with the literature data [3, 4]. As can be seen, the
curves constructed for the groups of ACS patients with and

8

Figure 1. Kaplan—Meier curves for assessing the survival
of ACS patients depending on the presence of cancer
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without cancer began to diverge in the hospital period with
statistically significant differences achieved 1 month after
discharge; for this reason, it is essential to follow-up ACS
patients with cancer over the long-term period.

Thus, in our sample of ACS patients the presence of cancer
was directly associated with the development of cardiovascular
events in the hospital period and endpoints in the long-term
period, increasing the likelihood of fatal outcome within the
6-month follow-up.

An attempt was made to predict the development of
adverse outcomes (cardiovascular events, as well as fatal
outcomes and/or recurrent) using an expanded system of
indicators to optimize the management of ACS patients with
cancer. First, the ROC analysis was performed to assess the
significance of the GRACE scores concerning cardiovascular
events, including separately cardiovascular emergencies, as
well as fatal outcomes and/ or recurrent MI, ACS patients with
cancer, n=34 (Figure 2 A, B).

Although the GRACE scores were not found to be statis-
tically significant for predicting any of the cardiovascular events
in the sample of ACS patients with cancer (AUC=0.660;
95% CI:0.478-0.813; p=0.089), this metric had statistical
significance as a predictor of cardiovascular emergencies only
(AUC=0.789; 95% CI: 0.616-0.910; p<0.001).

Therefore, in order to provide a comprehensive assessment
of the correlation between various parameters and their roles
in predicting the development of all cardiovascular events
(Y1), cardiovascular emergencies (Y2), and the endpoints
(Y3) in ACS patients with cancer, the next step comprised a
logistic regression analysis. The latter included quantitative
indicators [NT-proBNP (pg/mL), hs-CRP (mg/L), GDF-
15 (ng/mL), K* (mmol/L), Na* (mmol/L), urea (mmol/L),
creatinine (mmol/L), glomerular filtration rate (CKD-EPI)
(GFRCKD-EPL; mL/min/1.73 m?), PR (%), Hb (g/L),
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Table 3. Significant parameters of logistic regression for predicting

cardiovascular disease in the hospital period of ACS in cancer patients (n=34)

Variable B o P Odds ratio 95% CI
NT-proBNP 0.0043693 0.0018958 0.0212* 1.0044 1.0007-1.0081
hs-CRP 0.036855 0.017697 0.0373* 0.9638 0.9310-0.9978
GFR (CKD-EP1) -0.13162 0.063116 0.0370* 0.8767 0.7747-0.9921
Constant 7.16535 - = - =

The percentage of correctly classified cases is 88.24%; AUC=0.949; 95% CI: 0.814 - 0.995, p<0.0001.
GFR - glomerular filtration rate calculated using the CKD-EPI formula, mL/min/1.73m?.

Figure 2. ROC curve for the GRACE score
concerning the prognosis of all cardiovascular
events (A) and separate cardiovascular emergencies
(B) in ACS patients with cancer (n=34)

100

80
= 60
=
9] 40
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LVEF (%), GRACE score] and qualitative indicators (a history
of MI).

The Y1 response variable was coded: ‘0" — without
cardiovascular events (n=10), ‘1’ — with cardiovascular events
(n=24). Three significant variables were obtained for the
prognosis of cardiovascular events in ACS patients with cancer:
NT-proBNP, hs-CRP, GFRCKD-EPI (Table 3). When the
obtained variables (Table 3) were incorporated in the formula

ISSN 0022-9040. Kardiologiia. 2021;61(10). DOI: 10.18087/cardio.2021.10.n1765

[16], an equation was obtained for the prediction of cardio-
vascular events in ACS patients with cancer:

Y1=7.16535 + (0.0043693 x
cNT-proBNP) + (0.036855 X hs-CRP) +
(-0.13162 X GFR xp 5py)-

The resulting integral indicator “Y1” was named ‘Cancer.
NT-proBNP - hs-CRP — GFRCKD-EPT.

To assess the predictive value of the model, the resulting
indicator was included in the ROC analysis (Figure 3).

It was found that when ‘Cancer. NT-proBNP - hs- CRP -
GFRCKD-EPT” was > 0.980S, a cardiovascular event was
highly likely to develop in cancer patients during the ACS
hospitalization period (AUC=0.949; 95% CI: 0.814-
0.995; p<0.0001). The predictive sensitivity of the obtained
indicator was 82.61% (95% CI: 61.2-95.0), while specificity
was 90.91% (95% CI: 58.7-99.8).

The role of the above parameters was then assessed
in relation to the development of only cardiovascular
emergencies in ACS patients with cancer (n=34). The Y2
response variable was coded: ‘0’ — without cardiovascular
emergencies (n=15); ‘1’ — with cardiovascular emergencies
(n=19).

As aresult, two significant variables were obtained for the
prognosis of cardiovascular emergencies in ACS patients
with cancer: the GRACE score and NT-proBNP (Table 4).

To predict the development of cardiovascular emer-
gencies in ACS patients with cancer, we used the formula
[16], into which the obtained significant variables from
Table 4 were incorporated:

Y2=-8.87992 + (0.048438 x GRACE score) +
(0.0031794 x NT-proBNP).

The resulting integral indicator Y2’ was named ‘Cancer.
GRACE - NT-proBNP’ In order to assess the predictive
value of the model, the resulting indicator was included in
the ROC analysis (Figure 4).

It was found that when ‘Cancer. GRACE — NT-proBNP’
was >-0.1667, a cardiovascular emergency was highly

9
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Table 4. Significant parameters of logistic regression for predicting

cardiovascular emergencies in the hospital period of ACS in cancer patients (n=34)

Variable Coefficient Iy P Odds ratio 95% CI
GRACE 0.048438 0.024534 0.0483* 1.0496 1.0004-1.1013
NT-proBNP 0.0031794 0.0012571 0.0114* 1.0032 1.0007-1.0057
Constant -8.87992 - - - -

The percentage of correctly classified cases is 85.29%; AUC=0.951; 95% CI: 0.817-0.996, p<0.0001.

Figure 3. ROC curve for the parameter acquired
‘Cancer. NT-proBNP - hs-CRP - GFRCKD-EPI’
in predicting cardiovascular event in the hospital
period of ACS in cancer patients (n=34)
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Figure 4. ROC curve for the parameter acquired ‘Cancer.
GRACE- NT-proBNP’ in predicting cardiovascular emergencies
in the hospital period of ACS in cancer patients (n=34)
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likely (AUC=0.951; 95% CI: 0.817-0.996; p<0.0001). The
predictive sensitivity of ‘Cancer. GRACE — NT-proBNP’ was
94.74% (95% CI: 74-99.9); specificity was 86.67% (95%
CI: 59.5-98.3). The developed prognostic method obtained
a Russian Federation patent on invention No. 2741195
dated January 22,2021 [21].

In relation to the development of cardiovascular emer-
gencies in the hospital period of ACS in patients with cancer,

10

itisimportant to note that the prognostic value of the integral
indicator ‘Cancer. GRACE —~ NT-proBNP’ (Figure 4) in our
sample was 20.4% higher as compared to using only the
GRACE score (Figure 2B) (p=0.027).

Thus, the obtained integral indicator ‘Cancer. GRACE -
NT-proBNP’ can be used to predict with a high sensitivity of
94.74% and specificity of 86.67% not only the risk of death
and/or recurrent MI, but also the risk of developing
cardiovascular emergencies in ACS patients with cancer
during the hospital stay.

In the long-term period, different endpoints were
reported in 56% of patients (n=18) in the ACS group with
cancer (n=32), among which re-hospitalization for ACS
(n=8) and fatal outcomes (n=6) prevailed.

The Y3 response variable was coded: ‘0’ — without end-
points (n=16), ‘1’ — with endpoints (n=18). The logistic
regression analysis (with the above parameters) showed that
NT-proBNP, which was included in the ROC-analysis, was
the only significant variable in terms of the development
of endpoints in the long-term period in ACS patients with
cancer (n=32). At the same time, it was found in our sample
that, when NT-proBNP was >524.5 pg/mL, the likelihood
of developing endpoints in the long-term period in ACS
patients with cancer increased (AUC=0.808; 95% CI: 0.631-
0.925; p=0.001). The predictive sensitivity of NT- proBNP
was 84.0% (95% CI: 68.3-98.8), while specificity was 72.7%
(95% CI: 34.9-90.1).

The proposed prognostic models can be relatively
easily implemented in clinical practice and used in hospi-
tals in ACS patients with cancer. It should be noted that
all the developed models include NT-proBNP, which
was proposed in the 2020 guidelines as a prognostic
biomarker in the management of ACS without
persistent St-segment elevation [22]. At the same time,
NT-proBNP is essential in ACS patients with cancer,
whose myocardium may have been compromised by
previous anti-tumor therapy.

Limitations
The limitations to this study include the small sample
of ACS patients with cancer, heterogeneity in cancer
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cpenc UMTOCTATUYECKME W MMYHOCYTIDECCHBHbIE CPE/ICTBa, KOPTHKOCTEpOWAbI (IpH CUCTEMHOM.
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KaHanos, 6bio oTMeyeHo o6patimoe cHmKeHIIe NOABIKHOCTH (nepMamsaunaB BAVAHVE HA CNOCOBHOCTD YNPABAIATH TPAHCOPTHBIMM CPEACTBAMM, MEXAHU3MAMI*.

©AMHCTBEHHOI GYHKUMOHMPYIOLLE NOYK Ha GOHe Tepanwin nKr6uTopamu AT B03pacTaeT PHCK pa3BUTHA apTepHaNbHOIi TUIOTEH3UM N NOYEUHOIi HEAOCTaTOUHOCTH.

[MYPETHKOB MOXET ObiTb 0MONHUTENbHbIM GaKTOPOM PHCKa. YXyALIEHYE GYHKLMM NOYEK MOXeT yxe npu M3MEHeHI KpeaTuHitHa
B CbIBOPOTKE KPOBH, /I ) MaLMEHTOB C OHOCTOPOHHIM CTeHO30M N0YeuHoM apTepui. nauyieHT
JIOMKeH HabnioaaTbes, NoKa NpUsHakM orexa He 1CYE3HYT NONHOCTBI0. i 0TeK, OTeKOM FOpTaHH, MOXeT npuaemq K ﬂeTaIIblmM)’ vn:xony
Cogmecmroe sancapmay + B (BA3M C DHCKOM pasBATHA
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TTIOTEH3A W CUMTTOMB, CBA33HHBIE C3THM, KaLLelb, ObILLKA, G0Mb B XKNBOTe, 3aI0p, AaPEs, AUCTENCiA, TOWHOTa, PBOTa, U3MEHEHIE PUTMA AeeKaUuk, KOKHBII 3yA, KOXHaA
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B [1a3a¥, TaX/KapWA, HapyLieHua PUTMa cepaua (8 Tom uncie BacKyT, no:osoe
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1] * in: Bp D nepen pedko: annacryeckas aHemus, aHemus, nypnypa,

adepe3a. [emoouanu3: enatenbHo MCNONb30BaTb MeMBPaHy Apyroro TUNa WM NPUMEHATb. CPeLCTBO ApYroit YIiNbL. [lepeudHeili  TMNEPTAMKeMiA, TMnepKaNbLMemNA, NapocMus, TMEPTOHYC, NepUOEPUECkan HEHpONATHS, WHCYIBT, BO3MOXHO, BUIEACTBIE YPE3MEPHOTO CHIDKeHWA Al Y MauveHTos u3
¥ NalMeHToB ‘TaK Kak OHH, KaK IpaBINo, He BOCTIpUMMUMBbI K aHTUTUNEDTEH3UBHbIM  TPYNMbl BbICOKOTO PUCKa, MUTDeHb, anaTiis, aXWTauts, aTaKcus, aMHe3iis, CTeHoKapaus, UHOApKT MUOKapAQ, BO3MOXHO, BCNEACT!

npenapatam, fieiicTeie KOTOPbIX OCHOBAHO Ha pe il CHCTeMbI. : aTUTh W Ha3HauuTt TPYNNbI BbICOKOTO PUCKa, Pa3BUTYIE AN YCyTy6neHie TeueHinA XpOHIUECKoii cepAeUHOit HEAOCTaTOHHOCTH, OPTOCTATHYeCKaR MNOTeH3NA, 03MHOGUNbHAA NHEBMOHUA, mnepnna»

THNOTeH3WBHYlo Tepanuio. (yxoi Kauwens. M C OCTOPOXHOCTbIO NaLVieHTaM
C 06CTPYKUMEIl BLIHOCALLETO TPaKTa NEBOTO XenyaouKa. IMHuUYeckue pasauyus; MeHee BbIPAKEHHOE rUNOTEH3WBHOE AICTBIE Y NAUMEHTOB HErpOUAHOI Pacbl N0 CPABHEHMI
cTBa.

314 leCeH, NaHKpeaTuT, racTpur, BNWIONEBPDWI'IE(KHM oTek KHIIJE'IHHKE, renatuT, Xonecratiyeckas Xentyxa, Hapy ‘ u 3puUTeMa, CUHAPOM
CTuBeHCa-IXOHCOHa, SKCOOTMATUBHbIi 1EPMATHT, TOKCHYECKii NUTEPMATsHbit HEKpOTIS, KCEPOTEpMI, XOTOZHbI 0T, OCTaA MO4edHaA HEOCTATOUHOCTb, CHIDKEHHE

€ npexc ApYTMX pac. Xup) aHecme3us: IPEKPATUTb NpyeM 32 OfIHN CyTKH 0
2UNepmeH3U: NedeHIe HaunHaTo 8 YCIOBHAK CTaUHOHaPa C HMZKIX f03 M IOCTORHHOM KOHTPONE COCTORHMA M10YeK 1 YPOBHA KaJIA B KpOBH. AMepocK/iepos: y aiieHTOB CHLLe k-
CKoil Gone3Hblo cepaua u HEAOCTATO4HOCTbIO MO3T0B0r0 KpoBOOGpaLLEHNA Neveme HAMHATD C HISKINX 703 npenapam INepundonpun/usdanamua. lIpenapame! umus: opHoBpe-
MeHHoe NpuMeHeHHe He etitie 1GHCa: HanWdile VICXOAHOIA TMNOHATPYEMMH CBA3AHO C PUCKOM.
BHE3aMNHOTO PA3BITYIA ApTEPHANbHOM TUMOTEH3 MM (0CO6EHHO Y NaLMEHTOB CO CTEHO30M MOYEYHOIi apTepuk): pe 11a3mbl Kposi. Mocre
BoccraHosnenua OLIK u A)f B0306HOBHTb Tepanyiio, CMOb3YA HU3KKE /103bl NM60 KOMMOHEHTbI npenapata B pemwle MDHQTEpa"MVI [TunoHampuemus: 6onee yacTblii KOHTPONb
BO3PACTa W AUMEHTOB C UPPO3OM NeyeHi. [1auueHmsi C Caxapibiv UaGemoM: y NaUEHTOB C CaXapHbIM AuaBETOM 1Tuina nievene
HauwHaTb ¢ Gonee HU3KNX uuz W 11071 MEAIMUMHCKIM KOHTpONeM. B Teuenue nepsoro MecAua Tepanun pe POBY, 0COGEHHO Npu

TemornobuHa u Yacmoma CHiKeHMe KawA W passuTyie r 0C0BeHHO xuaummoe nnx NAUWEHTOB, OTHOCALLUXCA K Tpynne
PICKa, SKCTPANMPAMHTHbIE HAPYLIGHUA, MUOMWA, HEYETKOCTb 3peHN, i BbinoT, KapAWA TN <IMPY3T> (BO3MOXHO, CO
CMePTeAIbHbIM UCXOAOM), CUHPOM PeiiHo, BO3MOXHO pasBuThe B Ulyuae Henocvatoquonm snxmoxno 060CTpeHHe e UMeloLelica
iCTeMHOIi KpacHOii BOMYaHKI, yATMHeHvie wiTepBana QT Ha KT, nogiluenie oueiTpaL Ma\lesnm KACTOTb & KPOEH. Cyal BOSHUKHOEEHNA CAHAPOMA HEaZeKEaTHO
CeKpeUM aHTUANYPETHYECKOTO TOpMOHa Gbin OTMeueHb Npy Apyrw) CHHApoM Cekpeun TOpMOHa No

4acToTe BO3HNUKHOBEHUA OTHOCUTCA K 04eHb PeAKUM, HO Tepanweln ANO, BKntoyas MEPEN03POB-
KA" OAPMAKO/IOTMYECKUE CBOWCTBA*. Meputonpun — uru6utop depmenta, i s Il (uru6uop AMO). MHaanammua oTHocuTcA
b KObLIOM 1 M GNU30K K THa3HAHbIM -

, npol 3aanuuenumnp
nm MANHA. NePexoA WOHOB Kanbuus B Kapnuomuoumm W TNaAKOMbILEYHbIE KNeTKH COCYANCTOMR creskw. OOPMA BBITYCKA.

YNIADHBIM KOHTR(
Hanuunm : C06MioaTb Mepbl NPEAOCTOPOXHOCTH. PeAKo Ha jote npuema
Xonectatideckas xentyxa. Mpu ) HeKDO3 NeyeHH, MHOTA C NeTanbHbIM UCX0AOM. [IpM NOABAEHMM XKENTYX WNH 3HaYUTeNb-
unro NOBbILLIEHWA AKTVBHOCTH MEUEHOUHbIX ¢epMemoB NpeKkpaTUTL Npiem. Aunabunun/unbanauub/nepunbanpuﬂ Hapyuieiuie @yHKYUU NOYeK: y HEKOTOPbIX NalHeHTOB
i 6e3 npeec JAHOTO HapyLLIEHHA QyHKLWM TOHEK MOTyT NORBHTLG TI0euHOM HeAoCTaTOuHO-
cm Jleenme npekpatutb. Bo306HOBHTL Tepaniio, UCNONIb3yA HU3KMe A03bl, MO WCNONb30BATL KOMNOHEHTbI NpenapaTa B pexiMe MoHoTepanuit. TakuM nauenTam
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locations, age of cancer diagnosis, type of anti-tumor therapy,
and the impossibility of accurately assessing the toxic effect
of chemotherapeutic drugs on atherosclerotic plaques, co-
ronary arteries, and the myocardium.

Conclusion

Given the established clinical picture and the blood
levels of biomarkers in ACS patients with cancer, it is
reasonable to distinguish such patients as a separate group.
This is necessary to improve their management regardless of
duration and type of anti-tumor treatment. The use of the

proposed models, in addition to the standard risk assessment
(GRACE), will allow personalizing the management
of such patients to prevent complications and improve the
immediate and long-term (6 months) prognosis.
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