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Introduction. Arterial hypertension (AH) is the
most common comorbid condition, occurring in
approximately 40.0 % of all cancer patients [8]. Changes
in blood pressure (BP) in oncology may be due to the
type, localization, and stage of cancer, as well as its
therapy [2, 5].

Doxorubicin and epirubicin, which belong to the group
of anthracyclines, are recommended for the treatment of
many types of cancer, in particular breast cancer (BC)
[3]. It has been established that anthracyclines, in addition
to their antitumor effect, cause cardiac and vascular dys-
function [5, 7].

Anthracyclines are effective cytostatics, but their cy-
totoxicity leads to an increase in BP due to endothelial
dysfunction, oxidative stress and kidney damage [3, 7].
On the other hand, it is known that in patients receiving
anthracyclines, AH is a moderate risk factor for cardio-
vascular toxicity [6, 8]. Elevated baseline BP is recognized
as a significant risk factor for cardiotoxicity, as it creates
additional stress on the heart, making it more vulnerable
to the effects of chemotherapy [7]. Given this, current
national and international guidelines for the management
of patients with breast cancer recommend that all patients
monitor BP before chemotherapy, especially anthracycline
therapy, and that treatment should not be initiated or
should be postponed if BP exceeds 180/120 mm Hg
[6,7]. Researchers believe [11] that special attention
should be paid to patients with elevated BP (systolic
pressure: 120-139 mm Hg or diastolic pressure:
80-89 mm Hg), since this category is often overlooked
by physicians, although it has an increased risk of car-
diovascular complications.

Despite existing literature, a significant gap persists
in understanding the impact of complex therapeutic regi-
mens involving anthracyclines combined with cyclophos-
phamide on blood pressure (BP) regulation. This know-
ledge deficit provided the primary justification for the
present investigation.
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The aim of the study. The principal objective of this
research was to investigate fluctuations in blood pressure
levels during multi-agent chemotherapy incorporating
anthracyclines, cyclophosphamide, and paclitaxel in in-
dividuals diagnosed with mammary carcinoma.

Materials and methods. This investigation employed
a prospective observational design, carried out between
2024 and 2025. The study was conducted within the out-
patient chemotherapy department of the consultative
polyclinic, affiliated with the Center for Reconstructive
and Restorative Medicine (University Clinic), Odesa
National Medical University (ONMedU). All procedures
adhered to the ethical principles outlined in the Declara-
tion of Helsinki. The study protocol received official
endorsement from the Ethics Committee of ONMedU,
operating under the purview of the Ministry of Health of
Ukraine. Voluntary informed consent was secured from
every participant prior to enrollment.

The study comprised (included) 86 female, ranging in
age from 46 to 71 years, who had been diagnosed with
mammary carcinoma, specifically stages T2-3-4, NO-1,
MO. These participants were undergoing either neoadjuvant
or adjuvant multi-agent chemotherapy - polychemothe-
rapy (PCT). Diagnosis of mammary carcinoma was con-
firmed in accordance with established medical care guide-
lines. Standard of Medical Care - "Breast Cancer" [4].

Inclusion criteria for the study. Participants must meet
the following criteria to be eligible for the study. Indi-
viduals aged between 35 and 74 years, inclusive. Con-
firmed diagnosis of specific breast cancer subtypes: lu-
minal B (HER2-negative), HER2-positive, or
triple-negative, with documented disease staging of T2-4,
NO-1, MO. Presence of elevated systolic blood pressure
(SBP) ranging from 120.0 to 130.0 mm Hg and/or dia-
stolic blood pressure (DBP) ranging from 80.0 to 89.0
mm Hg. Absence of any conditions specified in the exclu-
sion criteria. Voluntary provision of written informed
consent. Capacity to adequately comply with study pro-
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cedures and requirements. Exclusion criteria for the study:.
Individuals will be ineligible for participation if they
present with any of the following conditions. Diagnosis of
primary hypertension (Stages I-11I). Presence of secondary
or malignant forms of hypertension. A history of signifi-
cant cardiovascular or cerebrovascular events, including
myocardial infarction, invasive or non-invasive cardiac
interventions, or cerebrovascular disorders. Clinically
significant cardiac dysrhythmias. Heart failure with re-
duced ejection fraction, categorized as NYHA functional
class III or I'V. Stable ischemic heart disease. History of
pulmonary embolism. Chronic renal failure beyond Stage
III severity. Decompensated hepatic dysfunction. Signi-
ficant mental or psychiatric disorders that could impair
study participation. Current pregnancy or lactation. Docu-
mented hypersensitivity or allergic reaction to any com-
ponents of the study therapy. Concurrent participation in
other clinical research trials.

According to the Standard of Medical Care "Breast
Cancer" [4], medical history was collected from all pa-
tients, body weight and height were measured, body mass
index (BMI) was calculated, an objective examination
was performed, and office blood pressure and heart rate
were measured. All patients underwent general clinical
blood and urine tests and a biochemical blood test. During
the biochemical blood test, liver enzymes (aspartate ami-
notransferase - AST, alanine aminotransferase-ALT, crea-
tine phosphokinase - CPK) and creatinine levels were
determined, followed by calculation of glomerular filtra-
tion rate (GFR) using the CKD-EPI formula. Serum elec-
trolytes (potassium, sodium, calcium, magnesium), fas-
ting glucose levels, and serum lipid metabolism were
assessed. Instrumental studies included electrocardiog-
raphy (ECQ) and transthoracic echocardiography (TTE)
[4]. Blood pressure was measured using an Omron M10
device (Japan) before the start of intravenous drug ad-
ministration and immediately after completion of the
chemotherapy procedure. SBP and DBP were recorded
on the same arm in a sitting position three times at 1-2-mi-
nute intervals, and the average value of the last two measu-
rements was calculated [9].

Depending on the anthracycline used, the patients were
divided into 2 groups. The first group (44 patients), ac-
cording to the standard for the treatment of breast cancer
[4], received neoadjuvant PCT with doxorubicin (60.0 mg/
m?) and cyclophosphamide (600.0 mg/m?) administered
intravenously every 3 weeks. The second group (42 pa-
tients) received neoadjuvant PCT with epirubicin
(90.0 mg/m?) and cyclophosphamide (600.0 mg/m?)
administered intravenously every 3 weeks. After 4 cour-
ses according to the "anthracycline + cyclophosphamide"
protocol, patients continued chemotherapy with paclitaxel
(80.0 mg/m?) weekly for 12 weeks. All patients found to
have increased blood pressure after CT procedures were
recommended to follow non-drug measures for hyper-
tension prevention in accordance with national and in-
ternational guidelines [2, 9, 11].

According to the main clinical characteristics, age, and
sex, patients in both groups were comparable (Table 1).
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Table 1
Characteristics of patients included in the study
M £m,n,p)
Indicator 8 riuf 41) glrozu]ig p

Females, n 44 42

Age, M +m, years 51.5+3.9 54.0+4.8 | >0.05
Office SBP, M +m, mm Hg| 123.3+2.3 | 125.1+2.6 | >0.05
Office DBP, M + m,mm Hg| 81.3 + 1.4 82.7+1.1 >0.05
BMI (kg/m?) 28.0+3.5 273+2.8 | >0.05

Notes: Quantitative data are presented as (M + m) - mean
value + standard deviation of the mean. Blood pressure;
DBP - diastolic blood pressure; BMI - body mass index;
SBP - systolic blood pressure.

Statistical processing of the obtained data was carried
out using Microsoft Excel (Microsoft Corporation, USA,
2016) and Statistica 12.5 (StatSoft, version 12.5.192.7).
The Fisher criterion was used to assess the normal dis-
tribution of groups of patients. With normal distribution,
parametric methods of statistical processing of the obtained
data were applied. The average values were denoted as
M, and the standard error as m. Indicators are presented
as mean + standard error of the mean (M + m). The pro-
bability of the differences in relative indicators was cal-
culated using the y’test and the Student’s t-test for nor-
mally distributed values. Differences were considered
statistically significant at p - 0.05 [1, 10].

Results and discussion. As shown in Table 1, before
treatment initiation, the average values of systolic and
diastolic blood pressure met the criteria for elevated blood
pressure [9], i. e. were within 120-130/80-89 mm Hg.

Monitoring of blood pressure during chemotherapy
showed that most patients experienced an increase in
blood pressure during parenteral drug administration,
which was reflected in significant changes in mean
valuesin both the doxorubicin and epirubicin groups

(Table 2).
Table 2
Changes in blood pressure in patients with breast cancer
during polychemotherapy with doxorubicin, epirubicin
and cyclophosphamide (M + m mm Hg, n)

BP indicators
Indicators Doxorubicin + Epirubicin+
cyclophosphamide, | cyclophosphamide,
n =44 n=42
ophmm e 123.1+ 1.8 122.7+2.7
. . 1323 +2.4 135.6 +2.3
after infusion
p 0.001 0.002
oppmm e 823413 81.9+1.7
. . 86.7+1.5 857+ 1.8
after infusion
p 0.04 0.13

Notes: BP - blood pressure; DBP - diastolic blood pressure;
SBP - systolic blood pressure. The significance of the difference
between the indicators between the 1st and 2nd visits is indicated

by p.
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As shown in Table 2, the subjects had a significant
increase in mean systolic blood pressure after infusion
of doxorubicin (p <0.001) and epirubicin (p = 0.002).
In the vast majority of patients (88.9 %) after infusion
of doxorubicin combined with cyclophosphamide, and
in 83.3 % after infusion of epirubicin combined with
cyclophosphamide, systolic blood pressure increased.
In most cases, the systolic blood pressure after the pro-
cedure increased from 122.5 to 141.5 mm Hg. Only one
patient had a systolic blood pressure of 150 mm Hg
after doxorubicin infusion. In 2 (4.6 %) patients recei-
ving doxorubicin-based therapy, SBP decreased insig-
nificantly, on average from 120.5 to 119.5 mm Hg. In
complex epirubicin-based therapy, SBP did not change
in 4 (9.5 %) patients, and decreased in three (7.1 %)
patients by an average of 1.33 mm Hg.

Mean DBP values after the procedures also increased
in patients of both groups (Table 2). On average, DBP
increased by 4.4 mm Hg (95.0% CI: 0.5-15.1 mm Hg)
in the doxorubicin group and by 3.8 mm Hg (95.0% CI:
1.8-12.4 mm Hg) in the epirubicin group. DBP remained
unchanged in 4 (9.0 %) patients in the first group and 5
(11.9 %) patients in the second group. According to the
protocol, after 4 courses of anthracycline and cyclophos-
phamide therapy, patients continued weekly paclitaxel
chemotherapy for 12 weeks. During paclitaxel therapy,
post-infusion blood pressure increases were less pro-

nounced (Table 3).
Table 3
Changes in blood pressure in patients with breast cancer
during paclitaxel therapy (M = m mm Hg, n)

BP indicators
Indicators
Group ,n=44 | GroupIl,n=42
SBP, mm Hg: before 124.8+2.5 126.7+2.7
infusion after infusion 131.9+2.7 133.1+2.2
p 0.06 0.07
DBP, mm Hg: before 80.7+ 1.6 83.1+1.4
infusion after infusion 83.3+1.7 86.7+ 1.6
P 0.28 0.11

Notes: BP - blood pressure; DBP - diastolic blood pressure;
SBP - systolic blood pressure. The significance of the difference
between the indicators between the 1st and 2nd visits is indicated by p.

Table 3 shows that during paclitaxel chemotherapy,
patients in the first group tended to have increased sys-
tolic blood pressure (p = 0.06), while the increase in
mean DBP was not statistically significant (p = 0.28).
Similar changes were observed in patients in the second
group - there was also a tendency toward increased
systolic blood pressure (p = 0.07), with no significant
change in DBP (p =0.11). Analysis showed that an in-
crease in blood pressure (> 5 mm Hg) during procedures
at the beginning of paclitaxel treatment in the first group
was observed in 37 (84.1 %) patients; by the end of
treatment, this proportion decreased by 18.2 % to 29
(65.9 %) women (%*=0.049, p > 0.05).In the second
group, it was observed in 34 (80.9 %) patients initially
and in 22 (52.4 %) patients at the end of treatment
(x* = 0.0006, p < 0.05).This may indicate, firstly, that
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paclitaxel infusions do not have as pronounced effect
on hemodynamic parameters in patients with elevated
blood pressure compared to anthracycline and cyclo-
phosphamide therapy. Secondly, non-pharmacological
measures in accordance with the National and Interna-
tional Guidelines [2, 9,12], recommended to all patients
with elevated BP at the beginning of PCT. In a quarter
of patients in the first group and a third of the second
group, hemodynamic reactivity was reduced by the end
of PCT. Thus, doxorubicin is characterized by an increase
in blood pressure in most patients with PAD, but it rare-
ly exceeds 11.0 % compared to baseline levels. It should
be noted that in no case of PCT did the BP increase
persist for a prolonged period, lead to clinical deterio-
ration, or require discontinuation of therapy.

Non-pharmacological measures included lifestyle
modification, moderate physical activity, adherence to
dietary recommendations, and smoking cessation and
were recommended for patients with high cardiovascular
risk (> 10.0 %) [2, 9, 12].

High cardiovascular risk according to SCORE 2 and
SCORE 20P (> 10.0 %) before chemotherapy was found
in 26 (59.1 %) patients in the first group and in 23
(54.8 %) in the second group.

Non-pharmacological measures and lifestyle behaviour
factors were highly variable and were mostly self-repor-
ted. Physical activity was assessed by self-reported amount
of time spent on different levels of intensity of activities
per day, week, or month. Daily food intake according to
the eight-component Dietary Approaches to Stop Hyperten-
sion (DASH) pattern, including high intake of fruits,
vegetables, nuts and legumes, whole grains, low-fat dairy
products, and low intake of sodium, red and processed
meats, and sweetened beverages [12]. Self-reports showed
that dietary recommendations were followed by 35 (79.5 %)
patients in the first group and 32 (76.2 %) in the second,
and physical activity was increased by 15 (34.1 %) and
10 (23.8 %) patients, respectively.

The empirical data collected indicate that within the context
of polychemotherapy (PCT) regimens incorporating anthra-
cyclines and cyclophosphamide, a substantial proportion of
patients presenting with pre-existing elevated blood pressure,
yet without a documented history of hypertension, consistently
exhibit elevations in both systolic and diastolic arterial pressure.
These findings corroborate the perspective articulated by
L.J. Philip etal. [11], underscoring the imperative for diligent
blood pressure surveillance in individuals undergoing anthra-
cycline-based therapeutic interventions and emphasizing the
necessity of timely antihypertensive interventions aimed at
mitigating the risk of chemotherapy-associated cardiotoxicity.

Conclusions. During complex multi-agent chemothera-
peutic regimens involving anthracyclines and cyclophospha-
mide, a significant proportion of patients exhibiting baseline
elevated blood pressure consistently manifest increased
systolic and diastolic arterial pressures. Conversely, the
sequential administration of paclitaxel, succeeding
anthracycline-centric polychemotherapy, was not associated
with a statistically significant augmentation of blood
pressure parameters across the cohorts investigated.
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Changes in Blood Pressure in Patients with Breast Cancer
during Polychemotherapy with Anthracyclines

S. Busel, O. Voloshyna, M. Abrahamovych, O. Kuznetsova, S. Aliieva

Introduction. Elevated blood pressure (BP) during treatment with anthracyclines, which include doxorubicin

and epirubicin, may be a factor in polychemotherapy (PCT)-related cardiotoxicity, which necessitates monitoring
and adjustment of BP in these patients.

28



Original Research

The aim of the study. The principal objective of this research was to investigate fluctuations in blood pressure
levels during multi-agent chemotherapy incorporating anthracyclines, cyclophosphamide, and paclitaxel in individuals
diagnosed with mammary carcinoma.

Materials and methods. The investigation enrolled 86 female patients diagnosed with breast cancer (T2-4,
NO-1, MO). These individuals were subsequently randomized and underwent a neoadjuvant PCT. The treatment
involved the administration of anthracyclines in conjunction with cyclophosphamide, delivered 3-weekly for 4
cycles. Upon the conclusion of this twelve-week anthracycline-based therapeutic course, participants proceeded to
receive weekly infusions of paclitaxel.

Results. Blood pressure monitoring during PCT showed that the subjects had a significant increase in mean
systolic blood pressure after infusions in the doxorubicin group (from 123.1 + 1.8 to132.3 + 2.4 mm Hg, p <0.001)
and the epirubicin group (from122.7 + 2.7 t0135.6 + 2.3 mm Hg, p = 0.002). Diastolic blood pressure in the doxo-
rubicin group increased by an average of 4.4 mm Hg (95.0 % CI: 0.5-15.1 mm Hg) and by 3.8 mm Hg (95.0 % CI:
1.8-12.4 mm Hg) in the epirubicin group. Paclitaxel treatment procedures did not lead to a significant increase in
blood pressure in patients in either group. Non-pharmacological measures did not significantly affect changes in
blood pressure during PCT with anthracyclines in combination with cyclophosphamide and paclitaxel in the majori-
ty of patients.

Conclusions. The administration of combination chemotherapy, specifically involving anthracyclines and
cyclophosphamide, is associated with a substantial post-procedural elevation in mean blood pressure. Paclitaxel
infusions were not accompanied by significant changes in mean blood pressure during procedures.

Keywords: breast cancer, elevated blood pressure, anthracyclines, paclitaxel, chemotherapy.

3MiHM MiIBHIIIEHOT0 APTEPIHOI0 THCKY Y XBOPUX HA PaK MOJIOYHOI 32J103H
nia gi€ro noJiximierepanii aHTpaUKJIiHAMHA

C. B. byceu, O. b. Bosomuna, M. O. Adoparamouy, O. B. Ky3nenona, C. O. AnieBa

Beryn. [ligsumenwii aprepiiauit Trick (A'T) 111 gac JTiKyBaHHS aHTPAITUKITIHAMHE, JTO SIKFX BITHOCSTH TOKCOPYOIITHH
1 emipyOIuH, MOKe OyTH YMHHHKOM KapIioTOKCHIHOCTH moiiximiereparii (IIXT), mo 3ymoBitoe HeoOXiTHICTh
MOHITOpYBaHHs 1 KopuryBanus AT.

MerTa. [locmianTy 3MiHA TABUIIICHOTO apTEPIHHOTO THCKY ITiJT Yac JTIKyBaHHS aHTPAIUKIIHAMHA Y KOMIUTEKCHIH
Teparii 3 TuKI0hochaMioM 1 MMAKITITAKCETIOM y XBOPHX Ha PaK MOJIOYHOI 3aJI03H.

Marepisiiu i MeToau. Y IOCTIHKCHHI 00CTEKEHO W paHAOMi30BaHO 86 XKiHOK BikoM 46—71 pik i3 TiATHO30M
pak MotouHoi 3am03u 12-3-4, NO-1, MO, skux TiKyBaiu Heoa 1 ToBaHTHO!O a00 ax ' toBanTHOO [1X T anTparukminamMu
(moxcopybimuH abo emipyOiuH) y moeaHaHH1 3 muKIodochamizoM KOKHUX TPU THKHI, YJOTHPH MIPOIETyPH Ha
kypc. [licis 3aBepuIeHHs KypCy JIIKYBaHHS aHTPAIUKIIIHAME YIIPOIOBXK 12 TIDKHIB MAIIEHTKH MIOTHXHS OTPUMY-
Bay iH(Y3ii makTiTakceny.

Pesyabtatu. Monitopunar AT mix gac [IXT mokasas, 1m0 y HMami€HTOK CIIOCTEPITANIH TOCTOBIPHE T ABUIIICHHS
CepemHbOro MoKa3Huka cuctonianoro AT micis iHby3iit y rpyni nokcopyoinuny (31 123,1 + 1,8 7o 132,3 + 2,4 mm
pT. cT. p < 0,001) Ta enipyoimuny (31 122,7 + 2,7 no 135,6 + 2,3 MM pt. cT., p = 0,002). [loka3HUKH TiSICTOIITHOTO
AT B rpy1Ii TOKCOpyOIITMHY 3pOCii B cepenHboMy Ha 4,4 MM pT. cT. (i3 82,3 + 1,3 mo 86,7 + 1,5 MM pr. cT., p =0,04)
iHa 3,8 MM pT. cT. (13 81,9 + 1,7 n0 85,7 + 1,8 MM pT. cT., p =0,13) — B rpyIi emipyOirtunHy. JIikyBaHHS MaKTiTAKCEIIOM
HE TIPU3BOAIIIO 10 HocToBipHOTO TiaBuIeHHS AT y mamieHTok 000X rpymn. HemennkameHTHI 3aX01 CYTTEBO HE
BrotuBam Ha 3MiHu AT mig wac [TXT arTpanmmxirinaMu B KOMIUTEKCI 3 THKI0o(ochaMinoM y OLTBIIOCTH 0OCTEKEHUX.

BucnoBku. [lomiximiereparris aHTparMKIiHAMA Y TIO€AHAHHI 3 TUKI0(0ochaMinoM CyTpoBOIKYETHCS TOCTOBIPHAM
T ABHUIICHHSM CEPEIHIX TIOKA3HUKIB apTEePiHHOTO TUCKY ITICIIA ITporiemyp. [Hdy3ii makiitakcery He CypOBOKYBaJIHCh
JIOCTOBIPHUMH 3MiHAMH CEPeIHIX MOKa3HUKIB apTePIHHOTO TUCKY IIiT Yac Iporeayp. HemenmkaMeHTHUX 3aX0IiB
3aMaJIo TS KOPEKIIii MiABUIEHOTO apTePiifHOTO TUCKY ITiJT Yac MOMiXiMieTepii y OiIbITIOCTH MaIli€HTOK.

Kuro4uoBi cjioBa: pak MOJIOYHOT 3aJI03H, TMIABUINCHUH apTepiiHUN THCK, aHTPAITUKIIIHH, ITaKIITaKCcell, XiMie-
Teparisi.
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