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ABSTRACT

Aim: Data on the use of novel anticoagulant drugs (NOACc) in renal transplant recipients is scarce. The
aim of our study was to investigate the safety and efficacy of NOAC:s in renal transplant recipients.

Materials and Methods: In a single-centre retrospective cohort study we assessed adverse reactions,
thromboembolic events, and interactions of calcineurin inhibitors in patients treated with NOACs.

Results: Twenty-three renal transplant recipients were treated with NOACs (70% male), mean age of 65.8
+ 1.8 years. Fourteen (61%) patients were treated with rivaroxaban, apixaban was given to 8 (35%) of our
patients, and dabigatran to one patient (4%). The main indications for NOAC therapy was atrial fibrillation
in 61% and deep venous thrombosis in 23% of patients. Bleeding occurred in 2 patients (1 treated with
rivaroxaban and 1 with dabigatran). None of our patients developed thrombosis while treated with NOAC.
During the median follow-up of 24 months graft function, as well as hematological parameters, remained
stable in patients that were treated with rivaroxaban and apixaban, while dabigatran was ceased after a
month of therapy due to a bleeding event.

Conclusion: Our results show that both rivaroxaban and apixaban are safe and efficient oral anticoagulant

drugs in renal transplant patients. Additional studies are needed to prove these results.
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INTRODUCTION

For decades, vitamin K inhibitors were the cor-
nerstone of the oral anticoagulant therapy, requiring
frequent monitoring to maintain adequate drug lev-
els. Novel oral anticoagulant drugs (NOACs) were
developed to surmount these limitations. They are
recommended in patients with atrial fibrillation (AF)
at high risk of stroke [1]. Data on the use of NOACs
in renal transplant recipients (RTR) is scarce. Despite

the lack of evidence-based recommendations, they
are increasingly used in these patients. Since renal
transplant recipients present a unique and vulnerable
population with specific cardiovascular risk factors,
a caution with introduction of any novel therapy is
mandatory. Additional problems are renal clearance
of NOACs and possible interactions with immu-
nosuppressive drugs [2]. Aim of the present study
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is to assess safety and efficacy of NOACs in renal
transplant population.

PATIENTS AND METHODS

Charts and medical records of adult RTR
transplanted between December 1999 and Decem-
ber 2019 were investigated to discover patients with
NOAUC in therapeutic regiment. Patients received
triple immunosuppressive regimen (tacrolimus
or cyclosporine, azathioprine or mycophenolate
mofetil and steroids). Universal induction therapy
with basiliximab was used since 2009. Sensitized
patients or recipient of the second or third renal allo-
graft received antithymocyte globulin for induction.
Since 2011, patients received universal valganciclo-
vir and trimetoprim-sulphometoxasole prophylaxis.

Age, gender, dialysis vintage, time of trans-
plantation, immunosuppressive protocol, donor type,
episodes of acute graft rejection, were noted. Indi-
cation for NOAC, type of drug, graft function and
complications were recorded.

The study was approved by the Ethics Com-
mittee of University hospital centre Zagreb and con-
ducted according to the Helsinki Declaration.

RESULTS

Patients’ characteristics

From August 2007 to December 2019, 1374
patients received kidney allograft at our institution.
Novel anticoagulant drug was used in 23 patients
(1.67%). Fourteen (61%) patients were treated
with rivaroxaban, apixaban was given to 8 (35%),
and dabigatran to one patient (4%). There were 16
male patients and 7 female patients, their average
age was 65.8 + 1.8 years, and the therapy was start-
ed at the average of 8 years after transplantation
(range 35 days — 13 years). The main indications
for NOAC therapy were AF (61% of patients) and
deep venous thrombosis (23%) (Table 1).

There was no difference between the groups in
the HAS-BLED or CHA2DS2-VASc score (Table 2).

Number / Total

Rivaroxaban Apixaban Dabigatran Ukupno p*

Gender

Female 5/14 2/8 0 7/23

Male 9/14 6/8 1/1 16/23 >0,99
Cyclosporine A 10/14 2/8 0 12723 0,05
Azathioprine 1/14 0/8 0/1 1723 >0,99
Tacrolimus 2/14 6/8 /1 9/23 0,007
Mycophenolate 12/14 8/8 171 21/23 0,56
Everolimus 2/14 0/8 0/1 2/23 0,56
Primary kidney disease

Nephroagiosclerosis 2/14 0 0 2/23

Diabetic nephropathy 1/14 3/8 0 4/23

ADPKD 4/14 1/8 1/1 6/23

Glomerulonephritis 1/14 2/8 0 3/23 038

Pyelonephritis 1/14 1/8 0 2/23

Other 5/14 1/8 0 6/23
Posttransplant diabetes

No 11/14 5/8 1/1 17/23

Yes 3/14 3/8 0 6/23 0,72
Indication

Atrial fibrillation (AF) 10/14 3/8 1/1 14/23

Deep venous 3/14 2/8 0 5/23

B Ebotlsm 1/14 1/8 0 2/23 0.50

%QDVT 0 1/8 0 1/23

DVT + PE 0 1/8 0 1/23

Table 1. Patients' characteristics. ADPKD, autosomal dominant polycystic kidney disease; AF, atrial
fibrillation;, DVT, deep venous thrombosis, PE pulmonary embolism. *Fisher's exact test
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Number/total
Rivaroxaban Apixaban Dabigatran Ukupno p*
(n=14) (n=8) (n=1)
HAS-BLED
0 2/14 2/8 0 4/23
1 5/14 5/8 171 11/23 0,61
2 6/14 1/8 0 7/23
3 1/14 0 0 1/23
Total 14/14 ]/8 /1 23/235
CHA,DS,-VASc
2 4/14 1/8 0 5/23
3 4/14 3/8 1/1 8/23
4 2/14 1/8 0 3/23 0,95
5 2/14 1/8 0 3/23
6 2/14 1/8 0 3/23
8 0 1/8 0 1/23
Total 14/14 ]/8 /1 23723
Table 2. Bleeding risk and risk of thromboembolic events.
*Fishers' exact test
Influence of NOACs on renal allograft function
We further investigated allograft function af-
ter introduction of NOACs (Table 3).
= g
2 £ i
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B - B 28
GFR
Initial 39,5 (29,8-54) 41,5 (37-44) 68 0,79
1 month 41 (36,5-51,5) 41 (39-46,8) 58 >0,99
3 months 41,5 (33,8-52,5) |5 42(40-44) o 0,77
6 months 45(35,5-53,8) 39 (35-45) 0,26
1 year 44 (26,3-54) 43 (30-46,5) 0,56
2 years 59 (50-59,5) 41 (22-44) 0,05

Table 3. Changes in glomerular filtration rate after introduction of novel anticoagulant drugs. GFR,
glomerular filtration rate. *Friedman test; 1+ Mann Whitney U test

Glomerular filtration rates increased over the
observed period in patients treated with rivaroxaban
(not statistically significant), but when compared
with GFR of patients from the apixaban group who
maintained their allograft function, this change
reached statistically significant difference (59 vs. 41
ml/min/1.73m2, p=0.05, respectively).

There was no influence of NOACs on devel-
opment of proteinuria.

Side effects of NOACs

Over the median follow-up period of 2 years,
1 patient died (4.34%). Bleeding occurred in 2 pa-
tients, one treated with rivoroxaban and one with
dabigatran, which in the latter required treatment
cessation and switch to warfarin. There were no
thromboembolic events during the treatment with
NOAC:s (Table 4).
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Number / Total

Rivaroxaban Apixaban Dabigatran Total p*
Bleeding 1/14 0/8 /1 2/23 0,09
Thrombosis 0/14 078 0/1 0723 _

Table 4. Complications in patients treated with different novel oral anticoagulants.

*Fisher exact test

We further looked for changes in serum he-
moglobin and platelet counts under the NOAC
treatment (Table 5).

Rivaroxaban P* Apixaban P* Dabigatran P¥

(n=1) (between

Rivar i Api)

Hemoglobin )
Initial 125 (102,8-141,8) 133 (123-140,8) 142 0.45
1 month 133 (108,5-142,5) 133,5 (126,3-147) 153 0.63
3 months 132(116,3-143) ) (o 137 (131-157) ) ¢ 0.31
6 months 134 (109,5-145) 134 (128-156) 0.56
1 year 131,5 (120,3-144) 131 (116-153) 0.88
2 years 140 (131,5-158) 134 (125-136) 0.18

Platelets

Initial 226 (202-283) 239,5 (168,5-263,5) 263 0.56
1 month 221 (195,3-301,5) 205 (187,3-252) 289 0.46
3 months 230 (172-300) ) ¢s 243 (183-257) 5 0.56
6 months 214,5 (184-355) 254 (163-270) ° 0.56
1 year 248,5 (182,8-380,5) 236 (169-252,5) 0.46
2 years 287 (199,5-391) 188 (154-214) 0.10

Table 5. Changes in serum hemoglobin concentrations and platelet count after introduction of novel

anticoagulants
*Friedman test; T Mann Whitney U test

Patients from the rivoroxaban group in-
creased serum hemoglobin from the initial 125 g/LL
to 140 g/L (p = 0.06), without changes in platelet
counts. Patients treated with apixaban or dabigatran
had stable blood cells counts during the treatment.

There was no influence of NOACs on the liv-
er chemistries or serum electrolites.

Interactions between NOACs and immuno-
suppressive drugs

Cyclosporine trough levels were stable after
the introduction of NOAC:s in the treatment regimen
(Table 6).

There was no correlation of cyclosporine
trough levels with other parameters.

Time Rivaroxaban P* Apixaban P* Pt
0 95.5 (75.8-105.8) 94.5 (57.8-99.5) 0.75
1 month 100 (75-111.8)  0.74 84 (54.8-86.8)  0.14 0.39
12 months 101.5 (61.5-104.3) 0.52

81 (54-83)

Table 6. Cyclosporine trough level before, at one month and 12 months after the introduction of NOACs.

*Friedman test; TMann Whitney U test
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Tacrolimus trough levels decreased in both
rivaroxaban and apixaban group, with decrease in
the latter group being statistically significant (from
6.7 to 4.4 ng/mL, p = 0.02). To the contrast, patient

treated with dabigatran increased tacrolimus trough
level from 6.7 to 12.2 ng/mL) (Table 7). After the
first year, tacrolimus trough levels remained stable
in both groups.

Ti Rivaroxaban pP* Apixaban (n=0) P* Dabigatran P* P (Rivaro
ime . — :
(n=2) n=]1) vs. Apix)
0 7.5 (4.8-6,5) 6.7 (5.3-8.2) 6.7 - 0.74
1 month 7.6 (5.3-6,0) 0.22 52(3.9-7) 0.02 12.2 0.09
12 months 5.3 (3.84.1) 4.4 (4.03-5.8) - 0.50

Table 7. Tacrolimus trough levels before, at one month and 12 months after the introduction of NOACs.

*Friedman test; TMann Whitney U test

A positive correlation was found between
the tacrolimus trough level before the introduction
of the NOACs and serum creatinine at one month
(Spearman Rho 0,762, p = 0.02). There was no sig-
nificant correlation for other parameters.

DISCUSSION

The ESC guidelines recommend the use of
CHAZ2-DS2-VASc and HAS-BLED scores to de-
termine the risk of ischemic stroke and of major
bleeding when indicating the use of thrombopro-
phylaxis in an individual patient [1]. Novel oral
anticoagulant drugs present an innovative thera-
peutic approach for treatment of patients with AF
for ischaemic stroke and systemic thromboembo-
lism prevention [1]. Risk of intracranial bleeding
is found to be significantly lower with NOACs
compared with warfarin [3, 4]. The prescription of
NOAC should be guided by the estimated glomer-
ular filtration rate but also by the potential phar-
macokinetic interactions with immunosuppressive
drugs. Renal transplant recipients are from this
point a specific group of patients. Most of them
have stage 3 CKD, but may as well have stage 1, 2
or stage 4 CKD, with possible changes of allograft
function with time in an individual patient. Major
problem is renal clearance of NOACs: dabigatran
is eliminated 80%, rivaroxaban 35%, apixaban
27% and edoxaban 50% with renal clearance [2].
For this reason, graft function should be monitored
frequently with the according NOACs dose adjust-
ments. Additionally, the potential interactions with
immunosuppressive therapy is possible. There is a
limited data on the effect of NOACs on immuno-
suppressive medications, but the fact that NOACs
and the calcineurin inhibitors share some of the
metabolic pathways increase concerns over the

potential drug interactions [5, 6]. It is clear that
pharmacokinetic effects of accompanying drugs
should be considered when prescribing NOAC:s.
Fourteen of our patients received rivaroxaban,
8 apixaban and dabigatran was given to one pa-
tient. Rivaroxaban was the first drug used in our
transplant population. This group more frequent-
ly used cyclosporine, while patients treated with
apixaban more frequently received tacrolimus.
There was no significant change in cyclosporine
trough levels after the introduction of the NOAC:s.
Tacrolimus trough level was not influenced by the
rivaroxaban, but was significantly decreased by
the apixaban (from 6.7 to 4.4 ng/mL, p = 0.02),
and increased in a patient treated with dabigatran
(from 6.7 to 12.2 ng/mL). Based on the limit-
ed published experience, it was recommended
to avoid use of dabigatran with cyclosporine or
tacrolimus [2]. Our case supports this recommen-
dation. Dabigatran was introduced in only one
patient, induced doubling of tacrolimus trough
level and was stopped after one month due to the
major bleeding episode. For other NOACs Heid-
buchel et al. reported that calcineurin inhibitors
increased the concentration of edoxaban by 73%,
with no data for apixaban and rivaroxaban [2]. In
a single-centre retrospective analysis including 39
organ recipients treated with the combination of a
CNI and rivaroxaban (n =29) or apixaban (n= 10),
a limited (<20%) increase in CNI trough concen-
tration was recorded (5). In a study which included
42 stable renal transplant recipients, there were
no significant changes in serum tacrolimus level
three days after the initiation of NOACs among
patients treated with tacrolimus [7].

The sparsity of data exists on the side effects
of NOAC:s in renal transplant recipients. For ex-
ample, dabigatran was suspected to induce hyper-
kalaemia in a renal transplant recipient by induc-
ing hyporeninaemic hypoaldosteronism [§]. In a
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rat model, dabigatran was found to induce antico-
agulant-related nephropathy partially mediated by
the protease-activated receptor 1 [9]. In our cohort,
use of NOACs was complicated with the bleeding
in two patients (8.6%): one from the rivaroxaban
and one from the dabigatran group which did not
correlate with the HAS-BLED score. Bukhari et
al. recorded 3 (7.1%) bleeding events—one in a
patient treated with rivaroxaban and 2 in patients
who received apixaban [7].

In 52 renal transplant recipients treated
by NOACs at Necker Hospital, no thrombotic
complications were reported with the median fol-
low-up of 14.1 months. The bleeding rate under
NOACs was significantly lower (11.5 versus 22.9
per 100 patient-years, p = 0.037) compared to
patients treated with warfarin. There were no sig-
nificant changes in kidney function [10]. Gradual
increase in GFR was observed in the rivoroxaban
group from our cohort and was probably associ-
ated with lower tacrolimus trough levels at fol-
low-up, without changes in other groups. In the
study of Bukhari et al, after one-year of treatment
with NOACs there were no significant changes in
allograft function [7].

There are some limitations of our study
which should be mentioned. A low number of
patients received NOACs. Data were collected ret-
rospectively and some complications may be un-
derreported. However, we believe that this study
provides valuable information on use of NOACs
in renal transplant population. It is a single centre
study, with uniform attitude to the patients, per-
formed in a tertiary centre with available diagnos-
tic modalities and adequate support.

In conclusion, our results demonstrated
that rivaroxaban and apixaban may be safely and
effectively used in renal transplant population.
However, close monitoring of the graft function,
adjustment of the doses and monitoring of the
immunosuppressive drugs trough levels are man-
datory.
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HOBHU OPAJTHU AHTUKOAT'YJIAHCHU KAJ JINIOA
CO INTIPECAJEHU BYBPE3U: PETPOCIIEKTUBHA KOXOPT CTYIUJA

Hukoauna bamuk-Jykuk, Becna ®@ypuk-Uynko, UBana Jypuk

Onnen 3a Hedposoruja, apTepucka XUNepTeH3uja, Jujaan3a U TpaHCIUIaHTalKja, YHUBEP3UTCTCKU
OosHMuKHM 1ieHTap 3arped, MenunuHcku GakynTeT, YHUBEp3UTeT BO 3arpe0, 3arped, XpBarcka

Hea: [TogaTouute 3a ynorpedara Ha HOBU aHTHKoarysiancu Ha jexkoBu (NOAS) kaj nuiara co
npecaaeHu 0yopesu ce petku. Llenra Ha HamaTa ctyauja Oemre na ce ucnura 6e30enHoCTa U eduKac-
Hocra Ha NOAC kaj nunara co npecajeHu oyopesu.

Marepujann u MeToau: Bo peTpocnekTHBHA KOXOPTHA CTyAMja Ha €IeH LEeHTap NPOLECHUBME
HECaKaHW peakluu, TPOMOOEMOOINYHN HACTAHU U MHTEPAKIIMU Ha MHXUOUTOPHU Ha KaIIUHEYPHUH Kaj
nauueHT Tpetupanu co NOAC.

Pesynraru: /[Baecer u Tpu nuua co npecajnenu 0yopesu Ouie Tperupanu co NOAC (70%
MallIKH1), CO CpeiHa Bo3pacT of 65,8 + 1,8 rogunu. Yerupunaecer (61%) nauuentn ouiie TpeTUpaHu
co puBapokcaban, anukcaban O6wi najeH Ha 8 (35%) on HamuTe MAlMEHTH, a Ja0UTaTpaH Ha eIcH
nauueHT (4%). [maBuute nanukauuu 3a repanuja co NOAC Oea arpujanna pubdpunauuja xaj 61% u
I1aboka BeHCKa TpoM0Oo3a kaj 23% ox nanuentute. KpBaBemeTo ce cirydn Kaj aBajia mamueHT (1
TpETUpaH co puBapokcadban u 1 co gaburarpan). Huty eaen o HamuTe naqueHTH HE pa3Bu TpoMOo3a
noneka Oeme tpetupan co NOAC. 3a BpeMe Ha CpeHOTO cielewne Ha 24-MeceuHarta QyHKLIHja Ha
rpadT, Kako U XeMaTOJIOIIKUTE MapaMeTpH, Oelle cTaduiIHa cocTojOara Kaj MaluMeHTUTe WTOo Ouie
TPETUPaHHU cO puBapokcabaH W anukcadaH, AoAeKa AabUraTpaHoT Oelle MPeKUHAT IO €eH Mecell
Tepanuja nopaju KpBaBeme.

3akayuok: Hamute pe3yararu nokaxyBaaT JeKa U puBapokcadaH u anukcalbaH ce 6e30e1Hn
1 e(pMKaCHU OpaJIHU AHTUKOATyJaHTHH JICKOBH Kaj MALMEHTUTE co npecaneHu 0yopesu. Ilotpebuu ce
JOTIOJTHUTENIHU CTY/AMHU 3a J1a C€ JOKa)XkaT OBUE Pe3yITaTH.

Kiayuynu 3060poBH: HOBM aHTHKOAryJlaHTHHU JIEKOBH, pHBapokcabaH, amukcabaH, maburarpas,
TpaHCIUIaHTalMja Ha OyOpesu


https://www.ncbi.nlm.nih.gov/pubmed/20010625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lauten M%5BAuthor%5D&cauthor=true&cauthor_uid=22271901
https://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%B6ricke A%5BAuthor%5D&cauthor=true&cauthor_uid=22271901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beier R%5BAuthor%5D&cauthor=true&cauthor_uid=22271901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prediction+of+outcome+by+early+bone+marrow+response+in+childhood+acute+lymphoblastic+leukemia+treated+in+the+ALL-BFM+95+trial%3A+differential+effects+in+precursor+B-cell+and+T-cell+leukemia
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prediction+of+outcome+by+early+bone+marrow+response+in+childhood+acute+lymphoblastic+leukemia+treated+in+the+ALL-BFM+95+trial%3A+differential+effects+in+precursor+B-cell+and+T-cell+leukemia
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gaynon PS%5BAuthor%5D&cauthor=true&cauthor_uid=20016531
https://www.ncbi.nlm.nih.gov/pubmed/?term=Angiolillo AL%5BAuthor%5D&cauthor=true&cauthor_uid=20016531
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carroll WL%5BAuthor%5D&cauthor=true&cauthor_uid=20016531
https://www.ncbi.nlm.nih.gov/pubmed/20016531/

