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ABSTRACT

BACKGROUNBD: Chronic cardiac failure belongs to the most threatening and delayed manifestations of
cardiotoxicity in oncology patients receiving the treatment with antitumor medicines. As of today, only two
groups of drugs were proven to have significant cardioprotective effects in these categories of patients:
angiotensin-converting enzyme inhibitors/angiotensin receptor blockers and beta-adrenergic blockers.
Recently, the first data were published on the successful use of sodium-glucose cotransporter type 2
inhibitors in patients with chronic cardiac failure, receiving anthracycline therapy. AIM: optimization of
cardioprotective therapy in the treatment of chronic cardiac failure in oncology patients receiving cardiotoxic
chemotherapy. METHODS: A prospective observational open-label research was carried out with an
enrollment of 116 oncology patients with verified chronic cardiac failure, which were receiving cardiotoxic
chemotherapy, of which 60 patients of the control group were receiving double cardioprotective therapy
(angiotensin-converting enzyme inhibitors/angiotensin receptor blockers) and the 56 patients of the test
group were receiving similar therapy with an addition of Dapagliflozin at a dosage of 10 mg once daily in the
morning. The controls of the results were conducted in 6 months by means of laboratory and instrumental
examinations, as well as by using additional methods of controlling the results. RESULTS: The groups
compared did not differ by the combined primary clinical endpoint (the rate of hospitalizations due to
cardio-vascular reasons, the refusal to undergo chemotherapy for the reason of chronic cardiac failure
progression and the safety of using the drug products: the presence of urinary tract infections and sepsis),
but they differed by the surrogate clinical endpoints that included the dynamic trend of the levels of the
groups compared did not differ by the combined primary clinical endpoint (the rate of hospitalizations
due to cardio-vascular reasons, the refusal to undergo chemotherapy for the reason of chronic cardiac
failure progression and the safety of using the drug products: the presence of urinary tract infections and
sepsis), but they differed by the surrogate clinical endpoints that included the dynamic trend of the levels
of N-terminal prohormone of brain natriuretic peptide (NT-proBNP) and the global longitudinal strain (GLS)
of the left ventricle, determined within the timeframes established for the research — before the initiation
of chemotherapy and in 6 months. The patients that have passed all the control tests (n=47), after the end
of the 6 months period, underwent a comparison of the levels of troponin T, left ventricle ejection fraction
(LVEF), NT-proBNP and GLS. It was found that the dynamic changes of troponin T levels in both groups did
not significantly differ (p=0,260), as well as the LVEF indicator (p=0.340), while the NT-proBNP level was
significantly decreasing in the test group — by 7.8% comparing to the control group (p=0.006). Comparable
data were obtained for the GLS (the decrease in the test group by 6.5% in relative values) comparing to
the control group (p=0.008). In 22/47 (46,8%) patients, chronic cardiac failure was diagnosed before the
initiation of chemotherapy, in 25/47 (53,2%), chronic cardiac failure was developing during the antitumor
medication therapy. In both groups, a total of 17 (16%) fatal outcomes were registered, none of which was
caused by the cardiac failure. CONCLUSION: We suppose that the decrease in the levels of the cardiac
failure marker and the less intensive impairment of the left ventricle longitudinal strain with a background
of adding sodium-glucose cotransporter type 2 inhibitors to baseline therapy for chronic cardiac failure in
oncology patients receiving cardiotoxic chemotherapy, reflects their cardioprotective potential. Thus, the
sodium-glucose cotransporter type 2 inhibitor Dapagliflozin slows down the progression of chronic cardiac
failure in oncology patients receiving cardiotoxic chemotherapy.
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OPUTUHAJIbHOE NCC/TIEAOBAHUE

NMPUMEHEHUE NHTUBUTOPOB HATPUU-TJIIOKO3HOIO
KOTPAHCIMOPTEPA 2-TO TUMNA C LUEJNIbIO IEYMEHUNA
XPOHUYECKOW CEPAEYHOWN HEAOCTATOYHOCTU

Y OHKOJIOTMYECKUX BOJIbHbIX, MOJIYYAIOLWNX
KAPANOTOKCUYHYIO XMMUOTEPATNMUIO:
NMPEABAPUTEJIbHDIE PE3YJIbTATbI

A.K. NMepecapa, A.MN. AyHaya, A.l. Keagposa, U.H. OneniHukoBa, A.B. CanumoBa
CDenepaanbllh Hay‘-lHO-KJ'IMHW-IeCKVIVI LIeHTP crneunann3npoBaHHbIX BUOOB Me,EWILI,I/IHCKOVI oMol n MeguUnNHCKNX TeXHOJ‘IOFI/IVI,
Mockgea, Poccus

AHHOTALMUA

O60ocHoBaHue. XpoHN4eckasi cepgeqHas HeoCTaTO4HOCTbL OTHOCUTCS K HamboJsiee rpo3HbIM v no34-
HUM MPOSIBICHUSIM KapANOTOKCUYHOCTU Y OHKOBOJIbHbIX MPY IEYEHU MPOTUBOOMYX0/IEBLIMU rpernapa-
Tamu. Ha cerogHsWwHWA feHb nlib 4Be rpynbl npenaparoB JoKasaam 3Ha4uMble KapAuorpoTeKTUB-
Hble 3¢DPEKTbI Yy 3TON KaTeropuy nauneHToB: UHrIMONTOPbI aHMMOTEH3UHITPEBPALLaloLLEro hepmeHTa/
6/10KkaTopb! PeLernTopoB aHrMOTEH3UHa 1 beTa-aapeHob10KaTopbl. HeaaBHO NosiBUANCH NePBbIe AaH-
Hble 006 yCreLHOM MPUMEHEHNN NHIMOUTOPOB HaTPUI-r/IOKO3HOIro KOTpaHcrnopTepa 2-ro tvna y na-
LMEHTOB C XPOHUHYECKOW CEPAEYHON HELOCTATOYHOCTbIO, KOTOPbIE HaxO4saTCsl Ha Teparnuy aHTpauuK-
nmHamy. Lenb nccnegoBaHmnsi — oUeHUTb 3hHEKTUBHOCTE ganar/ingio3vHa B KOMIIEKCHOM Kapamno-
MPOTEKTUBHOW Tepanuy XPOHUYECKON CephedyHON HeELOCTATOYHOCTU Y OHKOJIOMMYECKNX BOJIbHbIX, M0-
JlyHarLmnx KapanoTOKCUYHYIO xumuoTepanuio. Merogbl. [TpocrnekTnBHoe HabogaTe/lbHOe OTKPbLITOE
uccnenoBaHue, BKIoYMBLUEE 116 OHKOIOrMYECKUX MaUMeHTOB C BepUpULMNPOBAHHON XPOHUYECKOM
cepAeyHoN He[oOCTaTOYHOCTbIO, KOTOPbLIE MOJyYan Kap[UOTOKCUYHYIO XUMUOTepanuio, n3 Hux 60 na-
LMEHTOB KOHTPOJIbHOW rPyrrbi M0JyYanu JBOVIHYIO KapAuOnpOTEKTUBHYIO Tepanuto (MHrmbuTopb! aH-
rMoTeH3nHNpeBpaLyarLero hepmeHTa/b10KaTopbl peLernTopoB aHrMoTeH3nHa, 56 nayneHToB rpynmnsi
nccne[oBaHns — aHaJIorMyHyro Tepanumio ¢ gobassieHnem ganarnngaosvHa B gose 10 mr 1 pas yTpom.
KoHTpoib pe3ynbTaTtoB npoBoanIcs Yepesd 6 MecsiLeB C MOMOLLYbHO /1a60PaTOPHbIX M UHCTPYMEHTa/IbHbIX
METOA0B UCC/Ie[0BaHUs, a TakXXe [OrMOJIHUTE IbHbIX METOAO0B KOHTPOJI5. Pe3ynbtartbl. [pyrinbl cpaBHe-
HUSI HE Pas/in4yaanch Mo KOMOUHMPOBAHHOM NEPBUYHON K/IMHNYECKON TOYKE (YacToTa rocnutannsaymm
o cephevyHo-CcoCy[nCTbIM MNPUYMHaM, OTKa3 OT XUMMOTepanuu o rpuYuHe rnporpPeccupoBaHns Xpo-
HUYECKOU CcepaevYHoOr He4OCTaTOYHOCTH, 6BE30MacHOCTh NMPUMEHEHUS ripernapara: Haan4me NH@GeKUun
MOUYErosIoBbIX MyTeN v Cercuca), Ho pas/im4yasance Mo CypporaTHbiM KIMHUYECKUM TOYKaM, AUHaMyKe
YPOBHEN MO3roBoro rpegcepgHoro Hatpuiypetndeckoro nentuga (NT-proBNP) n npogosisHoi gegop-
mauum muokapaa n1esoro xenygodka (GLS), onpenensieMbix B perfiaMeHTUpOBaHHbIE UCC/Ie40BaHNEM
CPOKW — riepes HavyasaoM xumuoTtepanuy v Yyepes 6 mecsiyes. lNayneHTam, npoLueaLLInM BCe KOHTPO/Ib-
Hble mcceaenoBaHus (n=47), no ncrevyeHun 6 MecsiLieB rnpoBEe[EHO CPAaBHEHMNE YPOBHEN TPOMOHUHA T,
paxkymm Bbibpoca nesoro xenygoyka (@B JIXK), NT-proBNP n GLS. OTme4deHo, 4TO guHammka Tporio-
HuHa B 0beux rpyrnnax 3Ha4mmo He otimyanacsk (p=0,260), Takxe kak n nokasaresib OB JI)K (p=0,340),
a yposeHb NT-proBNP 3Ha4uMoO CHvXKaJsICs B rpyrnne uccaegoBaHuns Ha 7,8% B CpaBHEHUMN C KOHTPO/Ib-
Howi rpynnod (p=0,006). Cornoctasumbie faHHbIe Gblv noay4eHsl u no GLS (CHukeHue B rpyrnmne nc-
caefoBaHus Ha 6,5% B OTHOCUTE/IbHbIX 3HAYEHUSIX) 10 CPABHEHWIO C KOHTPOJIbHOM rpyrnno (p=0,008).
Y 22/47 (46,8%) naymeHTOB bbiia XPOHNYECKasi CepheYHasi He4OCTaTO4YHOCTb 40O Havasia rnpoBefeHus
xumuoTtepanuu, y 25/47 (53,2%) xpoHn4deckas cepaevHasi HeOCTaTO4YHOCTb BO3HUKIIA B rpoLecce npo-
TUBOOIYXOJ1IEBO IEKapPCTBEHHON Teparun. B obenx rpyrnnax 3apernctpmposBaHo 17 (16%) netanbHbix
ncxo[oB, U3 HUX HU OFHOMO MO MPUYYHE CEepAeYHOUN He[OCTaToYHOCTH. 3akrodeHune. Mbi nonaraem,
4YTO CHWXKEHUE MapKepa CepAeqHON HE4OCTAaTOYHOCTY U MEHEE BbIPaXKeHHOE HapyLUEHUE MPO[0bLHOM
Aecopmaumm 1eBoro Xxesygodka Ha ¢oHe [obaBIeHNss MHMMOUTOPa HaTpPUKi-riItoKO3HOro KOTPaHCop-
Tepa 2-ro tuna ganarsmgio3uHa K 6as3vcHON Teparnnm XPOHUYECKOW CephedyHON He[oCTaTO4YHOCTU
Y OHKOJIOrMHYECKUX 60JIbHbIX, M0J1y4aroLLnNX KapanOTOKCUHECKYH XUMUOTEParui, OTPaxaeT ux Kapamo-
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MPOTEKTUBHLIV roTeHuman. Takum obpasom, AobaBfeHne K Tepanum uHrmeuTopa HaTpui-riitoKO3HOro
KOTpaHcrnopTepa 2-ro Turna MOXeT 3aMefIsiTb MPOrpecCcupoBaHmne XpOHNYECKON Cepae4yHoN HeqocTa-
TOYHOCTU Y OHKOJIOrNM4eCKNX 60/7beIX, rnosny4yaroLymnx KapagnoToOKCNYeCKyro XumMmnoTteparur.

Knro4deBble cnoBa: KapaNoOHKOJIOMs; KapANOTOKCUYHOCTb, KapANOonpOTEKLMS; XPOHUYECKas cepaey-
Hasi HeOCTaTOYHOCTb,; MHIMONTOPbLI HATPUIA-ITIIOKO3HOIO KOTpaHcrnopTepa 2-ro tvna.

Ana yntupoBaHus:

Mepecapa A.K., OyHaya .M., Kegposa A.Il., OnenHukoBa W.H., Canumoa A.B. lNpumeHeHne nHrmouTo-
POB HATPUIA-TIIOKO3HOIO KOTpaHcnopTepa 2-ro TUNa ¢ LeNbto Ie4YeHNss XPOHNYECKOW cepaeYvyHon Hepo-
CTaTOYHOCTN Y OHKOJIOMMYECKIUX BOMBHbIX, MOJTyHaOLLNX KAPOUOTOKCUYHYH XUMUOTEepPanuio: Npeasapu-

TesNbHble pe3ynbrathbl. KimHnyeckas rnpakTuka. 2024;15(3):7-16.

doi: https://doi.org/10.17816/clinpract629938
MocTynuna 03.04.2024

MpuHsaTa 07.08.2024

Ony6nnkosaHa online 23.09.2024

BACKGROUND

Chemotherapy is successfully used for the
treatment of malignant neoplasms, at the same time,
a number of medicines induce toxic effects in the
cardiac muscle, resulting in the death of cardiomyocytes,
decreased contractility and cardiac rhythm disorders,
which leads to developing various diseases of the
cardiovascular system [1].

Chronic heart failure belongs to the most threatful
and delayed manifestations of cardiotoxicity in the
treatment of antitumor medicines. Chronic heart
failure, in case of its development or progression, not
only significantly affects the quality of life of the patient,
even in cases of successful treatment of malignant
neoplasms, but also deteriorates the expected lifetime
of the patient [2], and, in a number of cases, compels
to interrupt the chemotherapy cycle or to slow it down
significantly.

At the present moment, in cancer patients receiving
cardiotoxic chemotherapy, only two classes of agents
have proven their efficiency in the treatment and
prevention of chronic cardiac failure — inhibitors of
angiotensin-converting enzyme/angiotensin receptor
blockers and beta-adrenergic blockers [3] or their
combinations [4]. Gradually, the data is being
accumulated on the successful use of the combination
of neprilysin receptor inhibitor and of the angiotensin
receptor blocker (Sacubitril/Valsartan) in cancer
patients with chronic cardiac failure [5, 6]. First data
were also obtained on the successful use of inhibitors
of sodium-glucose cotransporter type 2 in cancer
patients with diabetes mellitus receiving therapy with
anthracyclines [7].

Research aim — optimization of the cardioprotective
therapy in the treatment of chronic cardiac
failure in cancer patients, receiving cardiotoxic
chemotherapy.

METHODS

Research design

A prospective observational open-label research
was conducted, involving 60 cancer patients with
verified chronic cardiac failure, which were receiving
cardiotoxic chemotherapy and double cardioprotective
therapy: Bisoprolol at a dosage of 1.25 mg once
daily in the morning and Perindopril at a dosage of
2.5 mg once daily in the morning (Control group, the
dosages were adjusted, if necessary, depending
on the blood pressure and heart rate values), along
with 56 cancer patients, which were receiving similar
therapy with an addition of Dapagliflozin at a dosage
of 10 mg once daily in the morning (test group). The
controls of the obtained results were arranged after
6 months due to the fact that the patients had a high
comorbidity background, and the majority of patients
had stage IV of the oncology disease and, as a result,
they had a small life expectancy. During the course
of the research, 3 patients were excluded. Failure to
timely undergo control check-ups (established by the
research protocol) was reported for 9 patients. In the
control group, after a 6 months period, 24 patients
have completely passed all the research controls,
while in the test group the number was 23 patients. The
patients were distributed using block randomization at
a ratio of 1:1. Statins were not included into the therapy
scheme due to the absence of proven evidences of
their efficiency to the moment of enroliment into the
research.

The research design is provided in Fig. 1.

Conformity criteria

Inclusion criteria: consent obtained from the patient
for the participation in the research; patients aged from
18 to 85 years; any stage of the oncological disease;
presence of chronic cardiac failure class |-V according
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Patients with verified chronic cardiac failure, receiving chemotherapy medications

Control group (n=60):
angiotensin-converting enzyme inhibitor /
sartane + B-blocker

Test group (n=56):
angiotensin-converting enzyme inhibitors /
sartane+ B-blocker + inhibitor of sodium-glucose
cotransporter type 2

up to the time point of 6 months

1/60 excluded, 5/60 did not pass the controls;
n=54, of which expecting control results — 20;
fatal outcome — 10

2/56 excluded, 4/56 did not pass the controls;
n=50, of which expecting control results — 20;
fatal outcome — 7

after 6 months

Fig. 1. Study design.

to the classification issued by the New York Heart
Association (NYHA), which was defined as an elevation
of the levels of N-terminal fragment of cerebral natriuretic
peptide (N-terminal prohormone of brain natriuretic
peptide, NT-proBNP) >300 pg/ml in the absence of
atrial fibrillations or >900 pg/ml in case of having atrial
fibrillations in the individuals aged under 75 years old,
for the patients older than 75 years — >450 pg/ml,
as well as the presence of clinical-instrumental data,
which includes the analysis of the functional status of
the patient, echocardiography data and clinical signs
(including shortness of breath, the noncardiac origin
of which has been ruled out); estimated glomerular
filtration rate calculated using the CKD-EPI formula —
>30 ml/1.73 m? per minute; blood pressure above the
levels of 100/60 mm. Hg.; patients with diabetes mellitus
type 2 and or without diabetes. It should be noted that,
during the initial stage of the research, there were no
indications for prescribing Dapagliflozin in patients with
chronic cardiac failure without diabetes mellitus and the
patients that had no diabetes mellitus were included
already during the on-going research. The patients were
enlisted into the research during the first chemotherapy
cycle or during further chemotherapy cycles upon the
verification of chronic cardiac failure already during the
course of therapy.

Exclusion criteria: refusal of the patient to participate
in the research; patients aged less than 18 years and
more than 85 years; absence of chronic class I-IV
cardiac failure acc. to NYHA classification; acute heart
failure at the decompensation stage, requiring the

n=23

intravenous administration of diuretics, vasodilating
agents, inotropic agents or mechanical support of
circulation within the 1st hospitalization week; acute
myocardial infarction, major cardiac surgeries, as well
as transitory ischemic attack or stroke episode during
the last 3 months; glomerular filtration rate (calculated
using the CKD-EPI formula) values of <30 ml/1.73 m?
per minute; arterial hypotension (blood pressure below
the levels of 100/60 mm. Hg.); acute infectious diseases;
autoimmune diseases.

Research facilities

The treatment and follow-up procedures were
carried out within the premises of the Federal
State Budgetary Institution “Federal Scientific and
Clinical Center for Specialized Types of Medical
Care and Medical Technologies” of the Federal
Medical-Biological Agency of Russia (FSBI FSCC of
the FMBA).

The patients were selected from two departments —
the Oncology Department No. 1 and the Department of
Antitumor Medication Therapy.

The procedures of controling the compliance
(passing all the control points) were carried out at the
Federal State Budgetary Institution FSCC of the FMBA
and remotely within the medical institutions at the place
of residence.

Research duration
The recruitment of patients was conducted during
the time period from December 2021 until December
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2023 (inclusive). The data provided includes the
patients with a status description compiled to the date
of 01.08.2023.

Medical procedure description

After receiving an informed consent, the patients
were enlisted to participate in the research and
underwent long-term follow-up procedures. The
whole spectrum or required tests was divided into the
laboratory and the instrumental ones. As the primary
documentation, the medical records of the patients
were analyzed: initial examination, examinations by
dedicated specialists, laboratory and instrumental
findings. Then followed the additional examination
within the framework of the claimed protocol of
collecting all the necessary data.

Laboratory tests. All the patients (before the
initiation of chemotherapy) had their blood samples
collected for performing the following laboratory
tests: clinical hematology panel, blood biochemistry
panel, coagulation panel, determination of the levels of
troponin T and NT-proBNP in blood plasma, the last
one was the clinical urinalysis. The NT-proBNP levels
were determined before the initiation of chemotherapy
and after 6 months. The troponin T blood tests were
carried out before each chemotherapy cycle.

Instrumental examinations. All the patients
underwent two-dimensional echocardiography with
an estimation of the left ventricle ejection fraction
using the Simpson’s method and with the obligatory
measurement of the global longitudinal strain of
the myocardium (GLS) using the General Electric
Vivid 7 equipment. These parameters were also
tracked before the initiation of chemotherapy and after
6 months. The routine measurements in all the patients
included the electrocardiogram readings with using
12 leads before each chemotherapy cycle. Besides,
for the purpose of evaluating the treatment efficiency
and for the objectivization of symptoms, at the end of
the 6 months period, all the patients had filled in the
modified Kansas City Cardiomyopathy Questionnaire
(KCCQ), which allows for objectifying the presence of
symptoms of chronic cardiac failure, its severity and
dynamic changes during the whole follow-up period.
All the patients have also underwent a Six Minute Walk
Test for the purpose of defining the functional class of
chronic cardiac failure.

Research outcomes
During the course of the research, the following
primary (combined) endpoint was evaluated:

hospitalization due to cardio-vascular reasons,
cessation of chemotherapy for the reason of progressive
chronic cardiac failure, safety of using the therapeutic
agent: the presence of urinary tract infection or sepsis.
Secondary endpoint: total clinical index, which is
defined as the functional status of the patient and
the sum of factors, determining the quality of life and
social restraint. The surrogate endpoints (evaluation
of dynamic changes in the levels of NT-proBNP,
troponin T, left ventricle ejection fraction and GLS)
were measured within the timeframes established for
the research — before the initiation of chemotherapy
and after 6 months.

Ethical review

The procedures were carried out within the
framework of the research named “The use of
sodium-glucose cotransporter type 2 inhibitors
for the purpose of treating the chronic cardiac
failure in oncology patients receiving cardiotoxic
chemotherapy”, approved by the local Ethics Committee
of the Federal State Budgetary Institution FSCC of the
FMBA, which was established and which is acting in
accordance with the Declaration of Helsinki of the World
Medical Association (WMA), with the ICH GCP and with
the Law of the Russian Federation on Circulation of
Medicines (protocol No. 5, issued on 14.06.2022).

Statistical analysis

The procedures of collecting the data for statistical
analysis were carried out manually by systematizing
them in the Excel table with further processing them
using the SPSS Software. Quantitative variables were
presented as a median with adding the interquartile
range (Me [Q1; Q3]). The sample size was not analyzed,
for the research included only the patients that met
the inclusion criteria. The obtained differences were
considered statistically significant at the p level of <0.05
(95% confidence).

RESULTS

Research sample (participants)

A total of 104 patients participated in the research,
of which 63 (61%) were females and 41 (39%) were
males (table 1). The mean age was 68 years. More than
14 various locations of the oncological diseases were
presented: 8 (7.69%) patients had several locations of
the oncological process; lung cancer was diagnosed
in 12 (11.5%) patients, mammary gland cancer —
in 14 (13.4%), gastric cancer — in 11 (10.2%), colorectal
cancer — in 18 (17.3%), ovarian cancer — in 12 (11.5%),
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Characteristics of the studied patient groups

Parameter

Gender:

°* male

e female

Age, years, Me [Q1; Q3]
Location of the oncological process:
mammary gland
stomach

lungs

colorectal cancer
ovaries

pancreatic gland
other locations

Monochemotherapy

Combined therapy:

e fluoropyrimidines

e taxanes and platinum-based drugs
e anthracyclines

e other schemes

Stages of oncological diseases:
e |
o |l
e |l
o |V

Lethal outcomes
Hypotension

pancreatic cancer — in 5 (4.8%). Other malignant
tumors were found in 39 (37.5%) cases. Combined
chemotherapy was prescribed to 88 (85%) patients.
Monochemotherapy was used in 16 (15%) patients.
Combined chemotherapy with fluoropyrimidines was
used in 40 patients (38.4%), taxanes and platinum-
based drugs — 19 (18.2%), anthracyclines — 9 (8.6%),
other schemes were used in 34 (32.6%) cases. A total of
56 (53%) patients were diagnosed with stage IV of the
oncological diseases, another 31 (29.8%) had stage llI,
while 14 (13.4%) and 8 (7.6%) had stages Il and |,
respectively. The registered number of fatal outcomes
was 17 (16%), however, fatal outcomes due to cardiac
failure were not reported in any of the two groups.

Table 1
Control group Test group

n=54 (%) n=50 (%)
20 (34.07) 21 (42)
34 (62.96) 29 (58)
66 [43-84] 72 [48-84]
9 (16.67) 5(10)

6 (11.11) 5 (10)

5 (9.26) 8 (16)
8 (14.81) 10 (10)

8 (14.81) 4(8)

1 (1.85) 4(8)
21 (38.89) 18 (36)
9 (16.67) 7 (12.96)
45 (83.33) 43 (86)
18 (33.33) 22 (44)
12 (22.22) 7(14)

4 (7.41) 5 (10)
18 (33.33) 16 (32)

5 (9.26) 3(6)

6 (11.11) 8 (16)
15 (27.78) 16 (32)
29 (53.7) 27 (54)
10 (18.52) 7 (14)

23.7) 1(2)

The patients had a complicated comorbidity
background, which has increased their total cardio-
vascular risk (table 2): arterial hypertension was
reported in 77 (74%) patients, atrial fibrillation —
in 11 (11.5%), ischemic heart disease — in 32 (31%),
diabetes mellitus — in 26 (25%), increased body mass
index or obesity — in 16 (15%).

The patients that have passed all the control
examinations (n=47), after 6 months from the initiation
of the research, underwent a comparison of the levels
of troponin T, NT-proBNP, GLS and the left ventricle
ejection fraction. The patients were distributed based
on the inclusion criteria with using block randomization
at a ratio of 1:1. Eventually, 24 patients were selected

Data on the distribution of comorbid nosologies by study groups

Nosology

Arterial hypertension

Atrial fibrillations

Ischemic heart disease
Diabetes mellitus type 2
Body mass index, or obesity

12

Table 2
Control group Test group

n=54 (°/o) n=50 (°/o)
37 (68.52) 40 (82)

4 (7.41) 7 (14)
17 (31.48) 15 (30)

8 (14.81) 18 (36)

7 (12.96) 9 (18)
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to represent the control group and 23 were enrolled
into the test group. As a result, it was found, that the
dynamic changes of troponin T levels in both groups
did not significantly differ (p=0.26), while the levels
of NT-proBNP had significantly decreased in the test
group — by 7.8% comparing to the control group
(p=0.006). Comparable data were also found for the
GLS levels (a decrease in the test group by 6.5%
comparing to the control group; p=0.008). The values
of the left ventricle ejection fraction, upon dynamic
assessment, practically did not change (p=0.340).

A total of 22 (46.8%) patients had chronic heart
failure before the initiation of chemotherapy, while
25 (53.2%) had the disorder developing during the
course of antitumor medication therapy.

Main research outcomes

At the end of the 6 months period, all the patients
with chronic cardiac failure had filled in the modified
Kansas City Cardiomyopathy Questionnaire.

In the control group, 10 (41.67%) patients had
the total clinical index value (calculated with taking
into consideration the functional status and the sum
of factors, determining the quality of life and social
restraint) of 50-69%, which corresponds to moderate
quality of life and the presence of moderate restraint
regarding the physical aspects of life; 13 (54%) patients
had a total clinical index of 70-89% (good quality of
life, some restrictions regarding the physical activity or
other aspects of life), while only in 1 (4.17%) patient this
index was 30-49% (low quality of life, serious restraint
of physical functions and other aspects of life). In the
test group, 8 (34.78%) patients had a total clinical index
of 50-69%, 14 (60.87%) patients had the same index at
the level of 70-89%, while 1 (4.35%) patient had a total
clinical index of 30-49%. As a result, it was found, that
the dynamic changes of the total clinical index values
in both groups did not differ (p=0.343).

Two cases of hospitalization were registered as
related to the cardio-vascular reasons (one in each
group): paroxysm of atrial fibrillations and acute
myocardial infarction. Death caused by sepsis caused
by developing pneumonia was reported for 5 patients
(8 in the control group and 2 in the test group). No
cases of urinary tract infections and refusal to undergo
chemotherapy for the reason of progressing chronic
cardiac failure were registered. No significant statistical
differences were reported regarding the combined
primary endpoint (p=0.317).

In the control group, 10 (41.67%) patients died
comparing to 7 patients (30.43%) in the test group.

The details of the fatal outcomes are the following:
5 patients had succumbed due to sepsis caused by
developing pneumonia; 6 patients have passed away
due to the progression of the oncological process,
1 patient has deceased after an episode of COVID-19
infection, while in 5 patients the cause of death remained
unknown. The statistics of fatal outcomes shows that
a little less than 1/5 of the total number of patients,
which is 17 (16%) patients, have deceased before
the end of 6 months period. Six (5.7%) patients had
a fatal outcome resulting from the progression of the
main disease. This indicates the small life expectancy
in oncology patients. It should also be noted that no
significant role of cardiovascular system disorders
was found in the thanatogenesis. Fatal outcomes
caused by cardiac failure were not observed in any
of the two groups.

Undesirable phenomena

When analyzing the data for both groups during the
whole follow-up period, a total of 3 hypotension episodes
with a background of taking basic cardioprotective
therapy were reported. One of the patients was
taking the research medication (Dapagliflozin), which,
according to the Instructions for use and according to
the results of the latest multi-center randomized clinical
researches, is practically not capable of affecting
the blood pressure levels (a decrease by a maximum
of 3 mm. Hg. was noted) [8]. There were no cases of
significant hypoglycemia, requiring a consultation by
the Endocrinologist, as well as no cases of urogenital
infections, requiring a consultation by the Urologist.

DISCUSSION

The possibility of cardioprotection in cancer
patients, receiving cardiotoxic chemotherapy, has
been studied for quite a long time. Sufficient data were
obtained for the effects caused by various groups
of antitumor agents in terms of the cardio-vascular
system, resulting in the development of cardiac
failure, atrial fibrillations, arterial thromboses, acute
coronary syndrome along with the spasms of the
vessels and venous thromboembolism [9, 10]. There
are also successful results obtained for large samples
within the framework of secondary prevention of
chronic cardiac failure, for example, combination
of angiotensin-converting enzyme inhibitors and
beta-adrenergic blockers [11]. The main parameter
defining the contractile function of the heart is
considered the left ventricle ejection fraction [12],
however, the decrease in the said parameter is an
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indicator of already existing myocardial dysfunctions,
which is why it is important not to let it develop.
The research of cardiotoxicity markers has a major
importance in preventing myocardial dysfunctions [1].

A comparison was carried out for the onset of the
outcomes by the combined primary endpoint (the
rate of hospitalizations caused by cardio-vascular
reasons, refusals to continue chemotherapy due to
the progression of chronic cardiac failure, infections
of the urinary tracts and sepsis). The infections of the
urinary tracts were defined as subfebrile fever (>37°C),
leukocytosis found in the clinical hematology panel
(WBC count >11.0x10%1) and proteinuria (>0.5 g/day).
The results happened to be comparable in both groups
and did not statistically differ. This is probably related
to the sample size and to the short duration of following
up the patients.

According to our data, when analyzing the
troponin T levels, a positive trend was found in the
test drug group, however, the result was statistically
insignificant. Troponin T is the earliest marker of
myocardial damage in response to various effects,
hence, it cannot be considered as strictly specific for
the processes of developing chronic cardiac failure
induced by antitumor therapy.

When comparing the dynamic changes in the levels
of the left ventricle ejection fraction, no significant and
strong inter-relation was detected, which is probably
affected by the time factor and the high number of
patients with intact left ventricle ejection fraction,
included in the research.

Upon the evaluation of the NT-proBNP levels,
a clear significant positive dynamic trend was found
in a group of patients taking Dapagliflozin. Taking into
consideration the specificity of NT-proBNP in terms of
diagnostics and further progression of chronic cardiac
failure, the prognostic and clinical significance can be
supposed for the intake of the said medicinal product
for the purpose of treating the chronic cardiac failure at
the early stage (within the timeframe of up to 6 months).

The analysis of the GLS levels show the presence
of clear significant positive dynamic trend in a group
of patients taking Dapagliflozin. The trend is similar
to the one observed for the natriuretic propeptides,
which, probably, indicates the commonness of the
pathomorphological processes taking place in the
myocardium under the effects of chemotherapy, also
indicting the changes in the cardiac muscle in response
to the given effects.

The high significance factor for cancer patients with
chronic cardiac failure is the physical activity. If the
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Six Minute Walk Test defines only the functional class
of cardiac failure, which did not significantly change
under the effects of chemotherapy, the results of using
the Kansas City Cardiomyopathy Questionnaire have
demonstrated an insignificant positive tendency in
patients taking the study drug, however, the difference
was statistically insignificant. This is probably related
to the fact of the research including predominantly
patients with intact ejection fraction of the left
ventricle (93%). Similar results were demonstrated in
a complementary research [13]. Nevertheless, even the
small positive dynamic trend in such a comorbid cohort
of patients, the functional activity of which can be
restrained by the effects of chemotherapeutic agents
or by complications developing upon the progression
of the main disease, gives ground for proposing the
improvement of the motor activity and the increase in
the quality of the patients’ life.

The important fact was the relatively favorable
safety profile of Dapagliflozin. Oftentimes cancer
patients receive strong immunosuppressive therapy,
which increases the risk of developing inflammatory
and infectious diseases. No substantial adverse effects
of taking the test drug were observed to the present
moment.

Data on the primary, the secondary and the
surrogate endpoints is described in Table 3.

We suppose that the observed positive trends
occur under the influence of taking Dapagliflozin and
can indicate its role in the prevention and treatment of
chronic cardiac failure.

Thus, according to our research, no differences were
observed in terms of the primary endpoint between
the research groups, which is related to small sample
size and does not allow for judging on the effects of
sodium-glucose cotransporter type 2 inhibitors in
terms of clinical outcomes in cancer patients, receiving
cardiotoxic chemotherapy. Along with this, the
NT-proBNP and GLS levels had significantly decreased
with a background of study drug therapy, which can
indicate its protective role in the prevention of cardiac
failure. The preliminary data raises the hopes, though,
evidently, the sample is rather small, which is why larger
scale research works are necessary along with further
monitoring the patients, including the participation of
the multidisciplinary team of specialists.

Research limitations

The research limitations include the design
(prospective observational open-label) and the
research facilities (in a single medical center, though
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Data on primary, secondary and surrogate endpoints

Parameter

Primary endpoint, n (%)

Combined (death caused by cardio-vascular diseases,
refusal to undergo chemotherapy, presence of urinary
system infections or sepsis)

Secondary endpoint, Me [Q1; Q3]

Total clinical index (%)

Surrogate endpoints, Me [Q1; Q3]

Troponin T

Brain (atrial) natriuretic peptide (NT-proBNP)

Left ventricle ejection fraction

Global longitudinal strain of the myocardium (GLS)

the grouping was done using the random sample
method). We did not analyze the outcomes separately
in patients with diabetes mellitus or without diabetes,
for the reason that, during the initial stage, there
were no indications for prescribing Dapagliflozin in
patients with chronic cardiac failure without diabetes
mellitus, and the patients without diabetes mellitus
were enrolled into the research already at the stage
of its execution after registering the corresponding
indications.

CONCLUSION

The addition of the sodium-glucose cotransporter
type 2 inhibitor Dapagliflozin to basic therapy for
chronic cardiac failure in cancer patients, receiving
chemotherapy, did not statistically affect the rate of
hospitalization caused by cardio-vascular reasons,
the rates of refusing to undergo chemotherapy due to
the progression of the chronic cardiac failure or the
rates of developing urinary tract infections and sepsis.
At the same time, the addition of Dapagliflozin to
baseline therapy for chronic cardiac failure in cancer
patients, receiving cardiotoxic chemotherapy, resulted
in a significant decrease in the NT-proBNP levels and
to a less prominent decrease of the longitudinal strain
of the left ventricle myocardium.

We suppose that the decrease in the levels of the
cardiac failure marker and the less intensive impairment
of the longitudinal strain of the left ventricle with
a background of adding sodium-glucose cotransporter
type 2 inhibitor to baseline therapy for chronic cardiac
failure in cancer patients, receiving cardiotoxic
chemotherapy, reflects the cardioprotective potential
of the study drug and it can slow down the progression
of chronic cardiac failure.

Table 3
Control group Test group
n=54 n=50 =

4 (6.67%) 3 (5.36%) 0.317
65.22 [37-83] 66.46 [34-86] 0.343
20.14 [3.37-48.80] 18.67 [3.35-59.81] 0.260
608 [56-9345] 511 [60-3163] 0.006
56.2 [51-60] 55.9 [48-63] 0.340
-17.6 [-22.6; -16.3] -18.8 [-22.8; -14.3] 0.008
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