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Abstract. Nephrotic syndrome (NS) is associated with a high risk of thromboembolic
complications and activation of inflammatory and profibrotic pathways. The optimal
anticoagulation strategy in NS remains uncertain.

Objective. To compare the efficacy and safety of apixaban versus warfarin in patients with
NS and to explore their effects on inflammatory, profibrotic, and coagulation biomarkers.
Methods. In this prospective observational cohort study, 67 adults with biopsy-proven
primary glomerulonephritis and newly diagnosed NS were followed for 6 months. Patients
received either warfarin (n=33) or apixaban (n=34) for thromboprophylaxis. Primary
endpoints were thromboembolic and bleeding events. Secondary endpoints included
longitudinal changes in serum and urinary IL-6, TNF-a., TGF-B,, thrombin, proteinuria,
and estimated glomerular filtration rate (eGFR).

Results. No thromboembolic events occurred in either group. Bleeding events were more
frequent with warfarin (33.3%) than with apixaban (8.7%) (OR 5.17, 95% CI 1.28—20.9;
p=0.021); all were minor. Both treatments were associated with reductions in inflammatory
and profibrotic markers; however, apixaban demonstrated earlier and more pronounced
decreases in serum and urinary IL-6, TNF-a, TGF-f,, and urinary thrombin (all p<0.05
at 6 months vs warfarin). Proteinuria declined in both groups but was significantly lower
in the apixaban group at 6 months (p=0.026). Decline in eGFR was less pronounced with
apixaban (p=0.035 between groups).

Conclusions. Apixaban provided effective thromboprophylaxis with fewer bleeding events
than warfarin and was associated with greater reductions in inflammatory and profibrotic
biomarkers, alongside more favorable changes in proteinuria and eGFR. These findings
suggest potential beneficial pleiotropic effects for apixaban requiring confirmation in
randomized studies.
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Anikca0aH nopiBHSAHO 3 Bap(apuHOM NALIEHTIB 3 HE(PPOTUIHUM CHHIPOMOM:
TPOoMO0eMO0TiuHi Moii, pU3MK KpoBOTEY Ta 3MiHM NMPODiOPOTHIHHX i
3anaJbHUX UTOKIHIB
IBaHo-®paHKiBCHKMI HalLliOHAIBHUN MeTVUYHMI YHiBepcuTeT, IBano-PpaHKiBChK, YKpaiHa

Pestome. Hegpomuunuii cunopom (HC) acouitoemocs 3 UCOKUM PUSUKOM MPOMO0eMOOATUHUX YCKAAOHEHb Md
akmueauyiero 3anarvrux i npogiopomuunux wasnxie. Onmumanvha cmpameeis anmukoaeyaaumuoi mepanii npu HC 3a-
AUUAEMBCS HEGUZHAYEHOIO.

Mema. Ilopiensmu epekmusnicme i 6e3nexy anixcabany ma eapgapuny y nayicumie iz HC, a makoosc docaiou-
mu ix 6nAuU6 Ha 3ananvhi, NpogiopomuuHi ma Koazyaauilini biomapkepu.

Mamepianu i memoodu. Y npocnexmueromy o6cepsayiiinomy Ko2opmuomy 0ocaioxncenti 67 0opocaux nayicHmis
i3 bionciiiHo nidmeepocenum nepeuHHUM 2nomepyroHedpumom i enepuie diaenocmosarnum HC cnocmepieanu npomseom
6 micsayis. Ilauienmu ompumysanu eapgpapun (n=233) abo anikcaban (n=234) ors mpombonpogpinakmuru. I[lepeunnumu
KiHuesumu moukamu 6yau mpomboemobosiuni nodii ma kposomeui. BmopuHHti Kinyegi mouku 6Ka04a1U OUHAMIKY Pi6HIG
IL-6, TNF-a, TGF-B,, mpombiny 6 cuposamui Kpoei ma ce4i, a maxodic 3sminu npomeinypii ma po3paxynkoeoi weuoxo-
cmi kaybouxoeoi ginempauii (pLIIKD).

Pezyaomamu. Y sicodniii i3 epyn He 3apeecmposano mpomboemoosiunux nodiii. Kposomeui wacmiwie eunuxaiu y
epyni eapgpapuny (33,3%) nopisnsno 3 anixcabarnom (8,7%) (OR 5,17; 95% J1 1,28—20,9; p=0,021); yci eunadku byau
Hesnaunumu. Qbudea npenapamu cnpusU 3HUICEHHIO DIBHIE 3aNANbHUX [ NPOYIOPOMUUHUX MApKepie,; 00HAK anikcaban
3abe3neuysae binvu parne ma supaxcene smenuenna IL-6, TNF-o, TGF-,; y cuposamui ma ceui, a maxodc mpomoiny
6 ceui (yci p<0,05 uepes 6 micauie nopieHsano 3 éapgapurnom). Ilpomeinypis smenutysanacs 6 060x epynax, ase yepes 6
Mmicauie 6yaa docmogipro Huxcuor y epyni anikcabany (p=0,026). Suuncenus pIIIKD 6ynr0 menw supasxicenum y epyni
anikcabany (p=0,035 mixc epynamu,).

Bucnosxu. Anikcaban 3a6e3neuysae egpekmushy mpomoonpo@iraKmukKy 3 MEHWUM PUSUKOM KPOBomeY Nopie-
HAHO 3 8appapuHom i Acoyitoeascs 3 OiNbUL BUPAICCHUM 3HUNCEHHIM 3AndibHUX ma npogiopomuunux Oiomapkepis, a
Makoxic 3 NOKpaeHHsImM nokasnukie npomeinypii ma pIIIK®. Ompumani daui céiduame npo nomernuyiiiHi nietiomponHi

nepesaeu anikcabany, aKi nompeoyroms niomeepolceHHs y paH0oMi308aHUX 00CAIONCEHHSX.
Kmouosi ciioBa: wegppomuunuii cundpom, anixcaban, eapgapun, mpombonpogiraxmura, 3anaivHi ma npogi-

OpOMUYHI UUMOKIHU.

Introduction. Patients with nephrotic syndrome
(NS) are known to have a markedly increased risk of
thromboembolic complications due to a complex im-
balance between procoagulant and anticoagulant fac-
tors [1—3]. Venous thromboembolism, encompassing
deep vein thrombosis, pulmonary embolism, and renal
vein thrombosis, constitutes one of the most clinically
significant complications of NS [2].

The heightened thrombotic risk in these patients is
indicative of a multifactorial process, characterized by
the urinary loss of natural anticoagululants, including
antithrombin III and protein C, increased production
of procoagulant factors, platelet activation, and endo-
thelial dysfunction [2, 3]. Severe hypoalbuminemia is
widely recognized as a key determinant of thrombotic
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risk [1 ,4]. Current guidelines advocate for anticoagu-
lation in specific high-risk patients; however, the most
effective strategy for thromboprophylaxis in NS is still
unclear and remains a topic of ongoing debate [3, 5].

Although warfarin and other vitamin K antago-
nists have long been used in this setting, their use is
constrained by a limited therapeutic range, frequent
monitoring requirements, and numerous drug and di-
etary interactions [6]. Changes in pharmacokinetics as-
sociated with hypoalbuminemia may exacerbate these
restrictions in NS patients, potentially raising the risk
of bleeding [5]. Additionally, low-molecular-weight
heparins have significant disadvantages, particularly in
patients with decreased antithrombin III levels and im-
paired renal function [3, 7].

Direct oral anticoagulants (DOACs) have gained
popularity as a substitute for traditional treatment in
recent years [8]. Patients with NS seem to find apixa-
ban, a direct factor Xa inhibitor with comparatively low
renal clearance, especially appealing. However, there
is still a lack of clinical experience in this population,
and it is unclear how heavy proteinuria and hypoalbu-
minemia affect medication disposition and clinical out-
comes [7, 9].
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Factor Xa inhibitors may affect fibrotic and in-
flammatory processes in addition to their anticoagulant
effects. According to experimental data, protease-acti-
vated receptors (PAR-1 and PAR-2) can be activated
by both factor Xa and thrombin, resulting in intracel-
lular pathways that stimulate the expression of adhesion
molecules, profibrotic mediators, and pro-inflamma-
tory cytokines [10, 11]. In preclinical models, inhibi-
tion of these pathways has been linked to a reduction
in renal fibrosis and inflammation [12]. Nevertheless,
there is still little and mostly indirect clinical evidence
to support these effects in NS patients [13].

At the same time, most clinical studies of DOACs
in NS have primarily addressed safety and thromboem-
bolic outcomes, with considerably less attention given
to their potential effects on inflammatory, profibrotic,
and intrarenal coagulation pathways [1, 3, 9]. In par-
ticular, urinary thrombin, which may reflect intrarenal
activation of coagulation, has rarely been evaluated in
clinical studies. To our knowledge, this study is among
the first to simultaneously assess clinical outcomes to-
gether with systemic and intrarenal biomarkers, includ-
ing urinary thrombin, in patients with NS receiving an-
ticoagulant therapy.

Against this background, we conducted a pro-
spective observational study to compare apixaban and
warfarin for thromboprophylaxis in patients with NS.
In addition to clinical outcomes, we assessed changes
in inflammatory and profibrotic cytokines, as well as
thrombin levels in both serum and urine, in order to
better characterize potential pleiotropic effects of fac-
tor Xa inhibition and to explore intrarenal coagulation
activity in this patient population.

Materials and methods. Study design and setting.
This prospective longitudinal cohort study was carried
out at the Ivano-Frankivsk Regional Clinical Hospital
(Ukraine) from 2022 to 2024 and included 67 patients
with NS caused by biopsy-proven primary glomerulo-
nephritis. No formal sample size calculation was per-
formed, and the study size was determined based on
available patients meeting the inclusion criteria. The
study was conducted in accordance with international
ethical standards, including the World Medical Asso-
ciation’s Declaration of Helsinki and the UNESCO
Universal Declaration on Bioethics and Human Rights.
The study protocol was approved by the Ethics Com-
mittee of Ivano-Frankivsk National Medical Univer-
sity, and written informed consent was obtained from
all participants prior to enrollment.

Inclusion _and_exclusion criteria. Inclusion crite-
ria were as follows: age >18 years; newly diagnosed
NS (within the previous month) secondary to biopsy-
confirmed primary glomerulonephritis (GN); and an
estimated glomerular filtration rate (¢GFR) >60 mL/
min/1.73 m2.

Exclusion criteria included: age <18 years; refusal
to participate; presence of systemic connective tissue
diseases, systemic vasculitis, type 1 or type 2 diabe-
tes mellitus; history of cardiovascular events; chronic

heart failure classified as New York Heart Association
(NYHA) class III-1V; acute infections of any origin;
malignancies; hepatic failure (acute or chronic); and
psychiatric disorders.

The diagnoses of GN and NS were established
based on standard clinical criteria in accordance with
the KDIGO 2021 guidelines [4]. All patients underwent
a comprehensive clinical and laboratory assessment,
including relevant imaging and diagnostic procedures.
Renal biopsy was performed to confirm the diagnosis
and classify histological subtypes.

Treatment allocation and anticoagulation strategy.
Prophylactic anticoagulation was administered in accor-
dance with KDIGO recommendations and the decision-
making algorithm proposed by R. Lin et al., which inte-
grates serum albumin levels and bleeding risk assessment
based on the HAS-BLED score [4, 8]. Anticoagulant
therapy was initiated in patients with low to moderate
bleeding risk, as assessed by the HAS-BLED score, and
with a serum albumin concentration <25 g/L.

Patients were assigned to one of two treatment
groups according to the anticoagulant prescribed in
routine clinical practice: Warfarin group (n = 33): war-
farin with regular monitoring of the international nor-
malized ratio (INR) and dose adjustment to maintain
therapeutic range.

Apixaban group (n = 34): apixaban administered at
a standard dose of 5 mg twice daily. In patients weigh-
ing <60 kg, the dose was reduced to 2.5 mg twice daily
in accordance with approved dosing recommendations.

As this was an observational study reflecting real-
world clinical practice, treatment exposure was not
blinded, and no protocol-mandated allocation se-
quence was applied. Treatment decisions were based on
clinical judgment rather than random allocation; there-
fore, the potential for selection bias cannot be excluded.

The study was reported in accordance with the
STROBE (Strengthening the Reporting of Observa-
tional Studies in Epidemiology) checklist. The com-
pleted STROBE checklist is provided in the Supple-
mentary Materials (Supplementary Table S1).

Qutcomes. The primary endpoints of the study
were the incidence of thromboembolic events - includ-
ing deep vein thrombosis, pulmonary embolism, and
ischemic stroke - as well as the occurrence of clinically
significant bleeding, as defined by the International So-
ciety on Thrombosis and Haemostasis (ISTH) criteria
[6, 8].

Secondary endpoints included the longitudinal as-
sessment of inflammatory biomarkers (IL-6, TNF-a),
the profibrotic marker TGF-f,, and thrombin levels in
both serum and urine samples, along with evaluation of
renal function dynamics through changes in eGFR and
proteinuria during the follow-up period.

The duration of follow-up for both treatment
groups was six months from therapy initiation.

Remission of NS was defined according to KDIGO
2021 criteria. Complete remission was defined as pro-
teinuria <0.3 g/day with normalization of serum albumin
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levels, whereas partial remission was defined as a >50%
reduction in baseline proteinuria to a level <3.5 g/day
[4].

ELISA. Thrombin levels in serum and urine were
measured using a commercially available ELISA kit ac-
cording to the manufacturer’s instructions. Morning
urine samples were collected under standardized con-
ditions, centrifuged, and the supernatant was used for
analysis. All samples were aliquoted and stored at —20
°C until batch testing.

Inflammatory and profibrotic cytokines (IL-6,
TNF-a, and TGF-,) were measured using commercially
available sandwich ELISA Kkits according to the manufac-
turers’ protocols. All samples were analyzed in duplicate,
and mean values were used for statistical analysis.

A control group of 20 apparently healthy individu-
als was included to establish reference biomarker levels.
Controls were frequency-matched to patients by age
and sex. Individuals with kidney disease, cardiovascular
pathology, diabetes, inflammatory disorders, or active
infection were excluded.

Statistical analysis. Statistical analysis was con-
ducted using the Statistica 8 software package (StatSoft
Inc., license STA862D175437Q). Categorical variables
were reported as absolute numbers and percentages, ac-
companied by 95% confidence intervals (Cls). The dis-
tribution of continuous variables was assessed using the
Shapiro—Wilk test to determine normality. Data with

normal distribution were expressed as mean + standard
deviation (M = SD), while non-normally distributed
variables were presented as median and interquartile
range (median, IQR). Between-group comparisons
were carried out using Student’s t-test for normally dis-
tributed variables and the Mann—Whitney U test for
non-normally distributed variables. Categorical data
were compared using Fisher’s exact test. Time-to-event
analysis for bleeding outcomes was performed using
Kaplan—Meier survival curves, and differences between
groups were assessed using the log-rank test. A p-value
<0.05 was considered statistically significant. Addition-
ally, odds ratios (ORs) with corresponding 95% con-
fidence intervals were calculated to quantify between-
group differences.

Results. Baseline characteristics. The study includ-
ed 67 patients, 54 of whom were men (80.6% of the to-
tal). The study population had a median age of 47 years,
with an interquartile range (IQR) of 39 to 52 years. At
the beginning of the study, the renal and biochemical
characteristics of both therapy groups were similar. The
median eGFR was around 75 mL/min/1.73 m2, the
median proteinuria was about 6 g/day, and the median
serum albumin levels were about 20 g/L. Table 1 shows
the study population’s detailed clinical and laboratory
characteristics. There were no statistically significant
differences between the Warfarin and Apixaban groups
in terms of baseline demographic or clinical factors.

Table 1
Baseline demographic, clinical, and laboratory characteristics of the study groups (n = 67)
Warfarin (n = 33) Apixaban (n = 34) p-value
Age, years; median (IQR) 45 (37-49) 48 (39-54) 0378
Sex, male; % (95% Cl) 75.8 (59.0-872) 85.3 (69.9-93.6) 0.368
Serum albumin, g/L; median (IQR) 19 (17-24) 20 (18-25) 0.884
eGFR mL/min/1.73 m% median (IQR) 75 (63-102) 73 (62-98) 0.672
Proteinuria g / day; median (IQR) 5.6 (41-6.8) 61(4.8-73) 0.683
Urea, mmol/L; median (IQR) 73 (5.5-85) 72 (5.3-84) 0.839
Total cholesterol, mmol/L; median (IQR) 75(6.6-8.7) 73 (64-8.6) 0.658
D-dimer, mg/L; median (IQR) 128 (0.91-157) 141 (0.98-173) 0.387
Platelet Count (*10%/L); median (IQR) 226 (165283) 245 (189-315) 0.545
INR: median (IQR) 09 (0.8-1.0) 1.0 (09-11) 0.957
APTT (seconds); median (IQR) 45 (35-56) 42 (36-52) 0775
Prothrombin time (seconds); median (IQR) 12 (n-13) 12 (M-14) 0947
Fibrinogen (g/L); median (IQR) 55 (47-6.8) 64 (5.3-72) 0.647
Corticosteraids; % (95% CI) 29 879(76.8-99.0) 31912 (817-100) 0.709
Cyclophosphamide; % (95% Cl) 364 (20.0-52.8) 294 (141-447) 0.608
Cyclosporine; % (95% Cl) 121(1.0-23.2) 176 (4.8-304) 0.733
Mycophenolate mofetil; % (95% Cl) 18.2 (5.0-314) 235(9.3-377) 0.765
RAASI therapy: % (95% CI) 100 (894-100) 100 (89.7-100) 1.000
SGLT2i therapy; % (35% CI) 63.6 (451-79.6) 676 (49.5-82.6) 0.802
Note: CI — confidence interval, eGFR, estimated glomerular filtration rate; INR, international normalized ratio; APTT,

activated partial thromboplastin time; ICQ, interquartile range.
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Immunosuppressive medication was given based
on the histological subtype and includes corticoste-
roids, cyclophosphamide, cyclosporine, and myco-
phenolate mofetil. There were no significant variations
between the two treatment groups in how immunosup-
pressive regimens were given out. As clinically appro-
priate, treatment techniques also included inhibitors of
the renin—angiotensin—aldosterone system (RAAS).
Additionally, 44 patients (65.7%; 95% CI 53.7-76.0)
were administered sodium—glucose cotransporter-2
(SGLT?2) inhibitors as a component of their treatment
regimen.

Cause of glomerular disease. Figure 1 shows the per-
centage of different types of glomerulonephritis (GN)
in the two research groups. The predominant diagno-
sis was membranous glomerulonephritis (18 patients;
26.9%), followed by mesangioproliferative glomerulo-
nephritis, focal segmental glomerulosclerosis (FSGS),
minimal change disease (MCD), and membranopro-
liferative glomerulonephritis. Figure 1 shows that there
were no statistically significant differences between the
Warfarin and Apixaban groups in terms of the underly-
ing GN etiology (all p> 0.05).
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Fig. 1. Distribution of histological subtypes of primary glomerulonephritis in the warfarin (n = 33) and apixaban (n = 34) groups.
No statistically significant differences were observed between the groups. Statistical comparisons were performed using Fisher’s
exact test (membranous GN, p = 1.000; mesangioproliferative GN, p = 0.577; focal segmental glomerulosclerosis, p = 0.562;
minimal change disease, p = 0.515; membranoproliferative GN, p = 0.726).

Primary outcome: thromboem-
bolic event and bleeding. The dura-
tion of prophylactic anticoagulation
ranged from 1 to 6 months, depend-
ing on the time required to achieve
remission of nephrotic syndrome
(NS). The median treatment dura-
tion was 127 days (IQR 95—169)
in the Warfarin group and 123 days
(IQR 87—137) in the Apixaban
group, with no significant between-
group difference (p = 0.465).

Bleeding complications oc-
curred more frequently in the War-
farin group than in the Apixaban
group. Bleeding events were record-
ed in 11 of 33 patients (33.3%; 95%
CI 19.5-50.9) receiving warfarin
and in 3 of 34 patients (8.7%; 95%
CI 3.0—23.1) treated with apixaban,
corresponding to an odds ratio of
5.17 (95% CI11.28—20.9; p=0.021).

Time-to-event analysis using
Kaplan—Meier curves demonstrat-
ed significantly lower bleeding-free

survival in the Warfarin group compared with the Apixaban group (log-rank
p = 0.015), indicating a higher cumulative incidence of bleeding over time
among patients treated with warfarin (Fig. 2).

Kaplan-Meier curve for bleeding events
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Fig. 2. Kaplan—Meier curves for bleeding-free survival in the warfarin
and apixaban groups. The warfarin group showed a significantly higher cumulative
incidence of bleeding. Statistical comparison between groups was performed
using the log-rank test (p = 0.015).
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All bleeding events were classified as minor accord-
ing to the ISTH criteria and included epistaxis, gingival
bleeding, menorrhagia, and subcutaneous bruising. No
major bleeding events occurred. None of the bleeding
episodes required hospitalization, invasive interven-
tion, or permanent discontinuation of anticoagulant
therapy. No deaths were reported during the observa-
tion period.

Secondary outcome: changes in proteinuria _and
eGFR, and changes in pro-inflammatory and profibrotic
cytokines. A control group of 20 apparently healthy in-

dividuals was included to establish reference biomarker
levels. Controls were frequency-matched to patients
by age and sex. Compared to healthy controls, patients
with nephrotic syndrome in both treatment groups had
higher levels of inflammatory (IL-6, TNF-a), profi-
brotic (TGF-f,), and coagulation (thrombin) proteins
in serum and urine. At baseline, direct comparison
between the warfarin group and the apixaban group
showed no statistically significant differences for any
assessed serum or urinary biomarkers (all p; > 0.05)
(Table 2).

Table 2

Levels of pro-inflammatory and fibrotic markers and thrombin in serum and urine
of the studied groups at baseline

Control group (n=20)

Warfarin (n = 33) Apixaban (n = 34)

IL-6 in serum, pg/mL; median

84,6 (64.2-108.3) 957 (773-118.6)

231(18.3-29.6) ~ p=0.009
(IGR) p=0.013 p=0.686
IL-6 in urine, pg/mL; median 615 (36.2-834) 63,9 (44.6-883)
1) 83 (71-95) 0<0.001 p<0.001
' p=0842
TNFa in serum, pg/mL; median 1227 (984-1478) 194 (928-139.7]
(QR) 218 (25.3-297) 0<0.00 p<0.001
: p=0428
TNFa in urine, pg/mL; median : 43.8 (39.8-53.7) el [_41‘5_62‘5]
(IOR) 6.6 (151-19.3) 0=0,023 p=0.016
: p=0475
TGFB, in serum, pg/mL; median 2736 (2254-335.6) 2898 (268.3-3453]
684 (51.7-75.9) p<0.001
(1QR) p<0.001
p=0378

TGFB, in urine, pg/mL; median

6796 (128.9-8315) 7363 (4972-912.3)

35.8 (31.5-384) p<0.001
(IGR) p<0.001 p;=0.647

Thrombin in serum, ng/m; 0.97 (0.69-1.29) 1 [[}73_1'35]
median (IQR) 0.68 (046-0.89) 0=0167 p=0173
’ p,=0.562

N . 9.6 (6.2-14.7)
[T:gggm (3?2 ]urme, ng/ml; 038 (031-043) 9.8 16056;?.6] 0<0.001
p<t. p=0.562

Notes: p-statistical significance of the difference between the Warfarin group and Apixaban group in comparison with

the control group; p - statistical significance of the difference between the Apixaban group in comparison with the

Warfarin group

To explore the pleiotropic effects of apixaban, in-
flammatory and profibrotic biomarkers were evaluated
in both treatment groups at 1 and 6 months of follow-
up, alongside a longitudinal assessment of thrombin dy-
namics. The objective of this approach was to delineate
the potential non-anticoagulant effects of apixaban,
specifically its impact on factor Xa— and thrombin-me-

diated pathways associated with systemic inflammation
and tissue remodeling.

Table 3 shows that a longitudinal analysis showed
a steady decrease in inflammatory, profibrotic, and in-
trarenal coagulation markers in both groups over the
6-month follow-up period. However, patients taking
apixaban showed changes earlier and more clearly.
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Longitudinal changes in serum and urinary inflammatory, fibrotic biomarkers,

and thrombin levels at 1 and 6 months in both study groups

Table 3

Treatment group

Baseline

1 month

6 months

IL-6 in serum, pg/mL (median, IQR)

Warfarin 846 (64.2-108.3) 72.3 (56.8-981) 535 (417-75.3)
(n=33) p=0.254 p=0.036
p=0.032
Apixaban 957 (773-118.6) 472 (34.2-52.5) 247 (18.2-31.6)
(n=34) p=0.024 p=0.001
p=0.018
D,=0.012

IL-6 in urine, pg/mL (median, IQR)

Warfarin 615 (36.2-834) 117 (32.5-647) 297 (247-454)
(n=33) p=0.376 p=0.039
p,=0165
Apixaban 63.9 (44.6-88.3) 317 (224-49.3) 13.8(95-20.9)
(n=34) p=0.035 p=0.001
p,=0.037
p,=0.039

TNFo in serum, pg/mL (median, IQR]

Warfarin 1227 (984-1478) 85.5 (61.9-111.8) 548 (31.8-794)
(n=33) p=0.064 p=0.024
p;=0.039
Apixaban 1194 (92.8-1397) 63.2 (48.5-816) p=0.028 238 (178-36.2)
(n=34) p=0.001
p=0.024
p,=0.039

TNFou in urine, pg/mL (m

edian, IQR)

Warfarin 438 (39.8-53.7) 316 (25.8-48.9) 263 (22.6-34.6)
(n=33) p=0.278 p=0.045
p,=0134
Apixaban 48.9 [415-62.5) 275 (18.9-378) 18.2 (13.3-26.6)
(n=34) p=0.048 p=0.001
p,=0.042
p,=0.048

TGFP, in serum, pg/mL (median, IQR)

Warfarin 273.6 (2254-335.6) 192.5 (161.3-235.8) 115.9 (95.6-1394)
(n=33) p=0.038 p=0.001
p,=0.025
Apixaban 289.8 (268.3-345.8) 1267 (1034-152.7) 75.8 (56.7-98.5)
(n=34) p=0.031 p=0.001
p=0.013
p,=0.027

TGF, in urine, pg/mL (m

edian, IQR)

Warfarin 679.6 (428.9-8315) 426.6 (335.6-536.7) p=0.015 2248 (1824-275.8)
(n=33) p=0.001
p;=0.001
Apixaban 736.3 (4972-912.3) 3435 (291,6-489.2) p=0.001 156.9 (88.9-198.3)
(n=234) p=0.001
p;=0.001
p,~0.038
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Continuation of Table 3
Treatment group Baseline 1month 6 months
Thrombin in serum, ng/mL (median, IQR]
. 07(05-09)
R 09(06-12) P02 p-053
p=t. p,=0.342
05(0.3-0.8)
Apixaban 06 (05-09) p=0.046
(=3 11(07-13) 00347 020082
p,=0.067
Thrombin in urine, ng/mL (median, IQR)
. 48(35-59)
\[Ar:afg]'” 9.8 (65-156) 6‘7p[fb51;§‘5] p=0.045
’ p=0.067
16 (0.8-24)
Apixaban 3.8 (2.2-4.6) p=0.001
(n=34) 2o izt p=0.034 p,=0.042
p,=0.028
Note: p - statistical significance of the difference between indicators before treatment and 1 and 6 months after treatment;

D, - Statistical significance of the difference between indicators after 1 month and after 6 months after treatment;
D, - the statistical significance of the difference between indicators 6 months after treatment in the Apixaban group in

comparison with the Warfarin group.

In the Apixaban group, serum IL-6 levels consid-
erably dropped as early as 1 month (p = 0.024) and ex-
hibited an additional substantial reduction at 6 months
compared to baseline (p = 0.001). Conversely, in the
Warfarin cohort, a significant reduction was noted
solely after 6 months (p = 0.036). At the end of the
follow-up, the levels of IL-6 in the blood were much
lower in the Apixaban group than in the Warfarin group
(p, = 0.012). A comparable trend was noted for urinary
IL-6, exhibiting a significant decrease at 6 months in
the Apixaban group (p = 0.001) and a more pronounced
intergroup difference relative to the Warfarin group
(p, = 0.039).

In both groups, the levels of TNF-a in the blood
and urine went down over time, although they de-
creased to a greater extent in the Apixaban group. In
the Apixaban group, serum TNF-a fell significantly at
both 1 month (p = 0.028) and 6 months (p = 0.001). In
the Warfarin group, however, a significant decrease was
only seen at 6 months (p = 0.024). At month 6, TNF-a
concentrations in both serum and urine were markedly
decreased in the Apixaban group relative to the Warfa-
rin group (p, = 0.039 and p, = 0.048, respectively).

Analysis of fibrotic activity revealed a consistent
decline in TGF-B, concentrations during follow-up.
Both groups demonstrated significant reductions in se-
rum and urinary TGF-B, at 6 months (all p < 0.001);
however, the magnitude of decrease was greater in the

Apixaban group, resulting in significantly lower levels
compared with the Warfarin group (serum p, = 0.027;
urine p, = 0.038).

Regarding coagulation-related parameter, se-
rum thrombin levels did not change significantly over
time in either group (all p > 0.05). In contrast, urinary
thrombin concentrations decreased progressively dur-
ing follow-up. In the Apixaban group, urinary throm-
bin declined significantly at 1 month (p = 0.034) and
further at 6 months (p = 0.001), whereas in the Warfa-
rin group a significant reduction was observed only at
6 months (p = 0.046). At the end of follow-up, urinary
thrombin concentrations were significantly lower in
the Apixaban group compared with the Warfarin group
(p,= 0.028).

Overall, the data indicate that although both an-
ticoagulation strategies were associated with improve-
ments in inflammatory, profibrotic, and intrarenal co-
agulation markers, apixaban treatment was character-
ized by earlier and more pronounced biomarker reduc-
tions, suggesting the presence of potential pleiotropic
effects beyond anticoagulation.

These alterations were followed by positive chang-
es in kidney parameters in the Apixaban group. Protein-
uria decreased in both groups throughout follow-up;
the decline was more noticeable in the Apixaban group
at 6 months (Fig. 3).
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Fig. 3. Longitudinal changes in proteinuria levels in the Warfarin and Apixaban groups at baseline, 1 month, and 6 months of
follow-up. Statistical comparisons between groups were performed using the Mann—Whitney U test (1 month: p = 0.647; 6

months:

Similarly, whereas eGFR diminished with time
in both groups, the reduction was less dramatic in
patients administered apixaban, yielding a statisti-
cally significant difference between groups at month 6

90
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Fig. 4. Longitudinal changes in eGFR levels in the

p = 0.026).

(Fig. 4). These results indicate possible pleiotropic ben-
efits of apixaban beyond anticoagulation; nevertheless,
additional investigations are necessary to validate a di-
rect renoprotective impact.

72 (68-75)

70 (64-73)

T(587-7
0707 62 (52-69)

1 month 6 month

Apixaban group

Warfarin and Apixaban groups at baseline, 1 month,

and 6 months of follow-up. Statistical comparisons between groups were performed using the Mann—Whitney U test

(1 month: p = 0.068;

6 months: p = 0.035).
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Discussion. There were no thromboembolic events
in either cohort of NS patients treated with warfarin
or apixaban during the follow-up period. At the same
time, it became clear that the treatment strategies were
different in terms of safety and how biomarkers changed
over time. Patients administered apixaban exhibited
fewer bleeding incidents and exhibited more signifi-
cant reductions in pro-inflammatory and profibrotic
markers in comparison to those treated with warfarin.
These observations warrant cautious interpretation, as
they may indicate a more extensive biological influence
of factor Xa inhibition beyond its anticoagulant prop-
erties, especially regarding kidney injury. Preliminary
results of this work were reported previously [14]; the
present analysis extends those findings by providing a
more detailed assessment of both clinical outcomes and
biomarker changes.

From a safety point of view, the lower rate of bleed-
ing in the apixaban group is in line with data from other
studies that have been published. Van Meerhaeghe et al.
reported a favorable safety profile of apixaban in patients
with severe nephrotic syndrome, without an increase in
bleeding events despite marked hypoalbuminemia [15].
In our cohort, all bleeding incidents were minor and did
not necessitate the cessation of therapy. Significantly,
no thromboembolic events occurred in either group, re-
inforcing the overall efficacy of anticoagulation in this
high-risk population. The study’s small sample size and
short follow-up period made it hard to find differences
in thromboembolic outcomes. The lack of such events
in our cohort restricts the direct comparison of the effi-
cacy of the two anticoagulants. These findings indicate
that apixaban may provide a more advantageous equi-
librium between efficacy and safety in clinical practice.

The changes seen in inflammatory and profibrotic
markers provide additional insight into the potential
biological effects of anticoagulation. Patients who took
apixaban had bigger dropsin IL-6, TNF-a, and TGF-B,
in both serum and urine after 6 months. Both treatment
groups showed improvement over time, but the changes
seemed to be more noticeable in the apixaban group.
One possible explanation has to do with how factor Xa
and thrombin activate PAR-1 and PAR-2, which are
found on endothelial and renal cells. When these recep-
tors are activated, they start signaling pathways inside
cells that increase the production of pro-inflammatory
cytokines and profibrotic mediators. Blocking factor
Xa may slow down these processes, which would lower
inflammation and fibrogenesis in the kidney. This idea
is backed up by experimental data that show apixaban
can lower oxidative stress, improve endothelial func-
tion, and stop inflammatory signaling [10, 17]. In vitro
studies have also shown that factor Xa inhibition lowers
the expression of IL-6, TNF-a, VCAM-1, and ICAM-
1[11].

An important consideration is that the observed
changes in inflammatory and profibrotic biomarkers
may not be solely attributable to anticoagulant therapy.
All patients received immunosuppressive treatment,

which could have contributed to the improvement in
these parameters. Due to the limited sample size and
absence of multivariable analysis, the potential influ-
ence of confounding factors cannot be excluded.

These findings align with the expanding literature
regarding DOACs in NS. Most of the studies that are
available have looked at safety and pharmacokinetics.
These studies have shown that anticoagulant activity is
usually still present even when drug levels change [9].
At the same time, there isn’t much information about
inflammatory and profibrotic pathways. In this context,
our findings build upon prior research by demonstrat-
ing concurrent decreases in cytokine levels and urinary
thrombin, indicating that the biological effects of factor
Xa inhibition may be more intricate, especially in con-
ditions marked by active inflammation and intrarenal
coagulation. Notably, large cardiovascular trials like
ARISTOTLE found only small changes in circulating
inflammatory markers [18]. This could mean that the
size of these effects depends on the disease that is caus-
ing them.

One very important part of our study is measuring
thrombin in both serum and urine. Even though sys-
temic thrombin levels stayed about the same, urinary
thrombin levels went down a lot over time, especially
in patients who were taking apixaban. This pattern cor-
roborates the hypothesis that NS is linked to predomi-
nant intrarenal thrombin generation rather than sys-
temic coagulation activation [16]. Kelddal et al. have
documented similar results, demonstrating that, despite
diminished apixaban concentrations in the circulation
of NS patients, thrombin production markers were in-
hibited, indicating the preservation of anticoagulant
activity at the tissue level [9]. The more significant
decrease in urinary thrombin noted in our study may
indicate a more efficient regulation of intrarenal coagu-
lation mechanisms, although this interpretation should
be regarded as preliminary.

Changes in renal parameters followed a simi-
lar direction. Although proteinuria decreased in both
groups, the reduction was greater in patients receiving
apixaban, and the decline in eGFR appeared less pro-
nounced. These findings may suggest a possible benefi-
cial influence on renal function; however, they should
be interpreted with caution. The relatively short follow-
up period and the observational design of the study do
not allow definitive conclusions regarding long-term
nephroprotective effects.

Limitations. This study has several limitations that
should be taken into account when interpreting the re-
sults. It was done at only one place and with a small
number of patients, which may make it less applicable
to other situations. Also, because of the observational
design, we can’t draw any conclusions about cause and
effect, and there may still be some confounding factors.
The 6-month follow-up period may be insufficient to
evaluate long-term thromboembolic risk and sustained
renal outcomes. Lastly, biomarker measurements were
taken at set times, so they might not show how biologi-

YKPATHCBKUIN XXYPHOA HEPPOAOTT TO Aiaaidy N22 (90) 2026

OpUriHOABHI HOYKOBI POBOTU 29



Original Papers

Ukrainian Journal of Nephrology and Dialysis, 2 (90)’2026

cal processes change over time. Additional multicenter
studies with larger cohorts and extended follow-up are
required to validate these findings and elucidate their
clinical significance.

Conclusions. In conclusion, apixaban was associ-
ated with a lower incidence of bleeding compared with
warfarin while maintaining effective thromboprophy-
laxis in patients with NS. In addition, apixaban treat-
ment was linked to more pronounced reductions in
inflammatory, profibrotic, and intrarenal coagulation
biomarkers, including urinary thrombin. These findings
suggest potential pleiotropic effects of factor Xa inhi-
bition; however, they should be interpreted with cau-
tion given the observational design and relatively short
follow-up period. Their clinical significance and long-
term impact on renal outcomes require confirmation in
larger randomized studies.
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study protocol was reviewed and approved by the Eth-
ics Committee of Ivano-Frankivsk National Medical
University, Ivano-Frankivsk, Ukraine (Protocol No.
124/21, November 29, 2021). All participants provided
written informed consent prior to enrollment in the
study and for the collection and analysis of their clinical
and laboratory data.
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