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ABSTRACT

Background: Since glucocorticoids are used in low maintenance doses today, the relationship between
calcineurin inhibitors (CNI) and osteoporosis has become clinically significant in osteoporosis after solid
organ transplantation. However, there is evidence that the mammalian target of rapamycin inhibitors
(mTORIi) may be beneficial via osteoclast inhibition.

Objective: The bone mineral density (BMD) changes are investigated in renal transplant patients under
CNI or mTORi-based maintenance regimens during the first five-year post-transplant course.

Methods: This study consists of thirty-three renal allograft recipients with less than one year of dialysis
history. The exclusion criteria were: being older than 50 years old, history of bisphosphonate use, para-
thyroidectomy, CNI-mTORi switch after the post-transplant third month, diuretic use, and history of
malignancy. First and fifth-year BMD scores and simultaneous laboratory parameters were evaluated.

Results: CNI (n=21) and mTORIi group (n=12) had similar demographics, dialysis vintages, first and fifth-
year serum parathormone, calcium, phosphate, magnesium, alkaline phosphatase, and 25-OH-vitamin D
levels. The femur neck scores of the CNI group decreased from -0.82 (£0.96) to -1.52 (£0.92) (p=0.020).
We observed a significant decrease in the CNI group compared to the mTORi group [-0.70 (£0.68) and
0.30 (£0.36), respectively; p<0.01] when the BMD score changes were evaluated among years. The mean
femur neck score of the mTORIi group increased insignificantly from -1.13 (£0.65) to -0.82 (£0.56) at the
fifth-year DXA scan (p=0.230). Similar trends were also observed in L1-4 scores.

Conclusion: Our study suggests that CNI-based treatment is associated with decreased femur neck BMD
scores, and mTORi-based treatment tends to be beneficial in the post-transplant five-year follow-up.

Keywords: calcineurin inhibitors; mammalian target of rapamycin inhibitors; bone mineral density; renal
transplantation

INTRODUCTION

Osteopenia and osteoporosis are highly as they carry high or low bone turnover disease

prevalent complications after solid organ trans-
plantation (SOT) due to the immunosuppressive
(IS) agents used [1]. Renal allograft recipients
are the most susceptible group to bone diseases,

inherited from the chronic kidney disease course
[2]. In addition, up to 15% of renal transplantation
patients are reported to develop osteoporosis in
the post-transplant first year [3, 4].
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Among the IS medications used after SOT,
glucocorticoids are the best-known agents which
adversely affect bone microarchitecture [5, 6].
However, we now have more alternatives to ef-
fective IS drugs such as calcineurin inhibitors
(CNI) and mammalian target of rapamycin in-
hibitors (mTOR1) for the management of SOT.
Glucocorticoids are currently used in mainte-
nance therapy at very low doses [7, 8]. CNIs also
negatively affect bone health. CNIs are shown to
increase the parathormone levels, reduce magne-
sium levels, and increase osteoclast and osteo-
blast activity. Such effects cause a net bone mass
reduction [6, 9]. In contrast, nTORi agents have
been shown to have an antiresorptive effect on
bones by reducing osteoclastic activity in vitro
[10-13]. Limited studies on renal transplanta-
tion patients also reported that using sirolimus
is associated with lower bone resorption markers
compared to cyclosporine A (CsA) and tacrolim-
us [10, 14]. No studies yet compare these agents’
long-term effects on bone health.

This study investigated the bone mineral
density (BMD) changes in a selected renal trans-
plant patient group under CNI or mTORi-based
maintenance treatment regimens during the first
five-year post-transplant course.

MATERIAL AND METHODS

Ethics approval

The Research Institute’s Committee on
Human Research approved the study protocol.

Study design and participants

This retrospective observational study con-
sists of renal allograft recipients with less than
one year of dialysis history and at least five years
of follow-up after renal transplantation at our in-
stitute. Patients older than 50 years old, those re-
ceiving CNI and mTORi combination regimens,
patients with estimated glomerular filtration
rates (€GFR) (calculated by the Chronic Kidney
Disease Epidemiology Collaboration formula
less than 30 ml/min/1.73mz2), history of bisphos-
phonate treatment and parathyroidectomy were
excluded. Women undergoing menopause were
also excluded. Other exclusion criteria were:
CNI to mTORi switch or vice versa after the
post-transplant third month, hypo- or hyperthy-
roidism, diuretic use, and history of malignancy.

In our clinic, serum drug levels are closely
followed, and necessary interventions are active-
ly carried out. Higher levels are targeted in the
first three months of post-transplantation: after
the third month, the tacrolimus level is main-
tained at 3-7 ng/ml, cyclosporine 12-hour trough
(CO) level at 50-150 ng/ml, everolimus level at
3-8 ng/ml, and sirolimus level at 8-12 ng/ml.

Patients’ demographic features, primary
renal disease, and dialysis vintage were evaluat-
ed. In addition, the lifetime cumulative glucocor-
ticoid dose was calculated for each subject. This
was calculated simultaneously with the first-year
and fifth-year dual-energy X-ray absorptiometry
(DXA) scan time, including the pre-transplanta-
tion period.

Materials and Measurements

Patients’ laboratory parameters of the
pre-transplantation period, first-year, and fifth-
year post-transplantation simultaneous with the
DXA scan time were evaluated retrospectively.

DXA scan results were scored with the unit
of g/cm2 to examine BMD of the posteroanterior
position of left proximal femoral neck and lumbar
vertebrae L.1-4 (DXA Horizon; Hologic Inc., Marl-
borough, Massachusetts, USA). Since postmeno-
pausal women and patients over 50 years were
excluded, Z scores were evaluated in the analyses.

Statistical methods

The study’s numeric values were shown with
mean and standard deviation (SD), or medians
with ranges, categorical data, frequency, and per-
centage. For data normally disturbed, the Unpaired
Student’s T-Test was used to compare two groups.
The Kruskal-Wallis test was performed for abnor-
mally distributed data. A p-value of less than 0.05
was considered statistically significant. The statis-
tical analyses were performed using the Statistical
Package for Social Science (SPSS, Chicago, IL,
USA) for personal computers, version 21.0.

RESULTS

Patient characteristics

The CNI and mTORi groups had similar
demographics and dialysis vintages (Table 1).
No diabetic patients existed in either group, and
the lipid profiles were similar. The cumulative
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Table 1. Baseline characteristics of the patients with CNI and mTORi-based regimens

CNI (n=21) mTORi (n=12) p-value
Age mean (£SD) 38.1 (£6.3) 36.3 (£6.8) 0.443
Sex F/M (n) 5/16 4/8 0.569
BMI mean, kg/m?(SD) 22.9 (£3.3) 24.1 (+4.0) 0.368

Unknown: 8 Unknown: 4
Kidney Disease (n) gnMA:/?)sc: 4 (D}HM/Y?)SC: 2 0.725

Others: 9 Others: 6
Dialysis time (mo) median (min-max) 0 (0-11) 0 (0-10) 0.319
Albumin mean, g/dl (£SD) 4.4 (£0.4) 4.5 (£0.6) 0.375
LDL mean, mmol/l (+SD) 2.74 (+0.78) 3.86 (£1.08) 0.539
Triglyceride mean, mmol/l (+SD) 1.59 (£0.36) 1.68 (£0.81) 0.622
Cum Gc 1*'year mean, mg (£SD) 3422.3 (+442.6) 3199.3 (+810.7) 0.313
Cum Gc 5" year mean, mg (+SD) 3645.2 (+478.6) 3379.5 (£863.9) 0.262
Pre Tx iPTH mean, ng/l (£SD) 449.3 (£246.9) 452.9 (£202.1) 0.966

Deceased: 0 Deceased: 0

Living: 21 Living: 12
Donor type (n) ) g?l;f.nt: 'lé) ’ Is’gé?nt: .53

ibling: ibling: 0621

*  Spouse: 5
e Unrelated: 0

Tac: 17

Medication (n) CsA: 4

*  Spouse: 4
e Unrelated: 0

Eve: 8
Siro: 4

CNI: calcineurin inhibitor, mTORi: mammalian target of rapamycin inhibitor, BMI: body mass index, Gn/
Vasc: Glomerulonephritis or systemic vasculitis, DM: Diabetes mellitus, mo: months, LDL: low-density
lipoprotein, Cum Ge: cumulative glucocorticoid dose, Pre Tx iPTH: pre-transplantation intact parathormone,
Tac: tacrolimus, CsA: cyclosporine A, Eve: everolimus, Siro: sirolimus

glucocorticoid doses were calculated until the
patients' post-transplant first and fifth-year DXA
scans. Doses were similar between the groups.
The groups each had similar pre-transplantation
median iPTH levels. All patients had living do-
nors. The donor type distribution was also simi-
lar between groups, as shown in Table 1.

Bone health-related laboratory parame-
ters of the patients

The bone health-related laboratory values
of the patients are simultaneous to the dates of the
post-transplant first and fifth-year DXA scan. Re-
sults are shown in Table 2. The groups had similar
mean eGFR values, mean iPTH, ALP, total cal-
cium, serum phosphorus, magnesium levels. The

groups had similar mean 25-OH-Vitamin D levels
at the post-transplant first year and fifth year.

Bone mineral density scores of the groups

Table 3 and Figure 1 show the BMD scores
and comparisons within and between the groups.
The mean femur neck score of the CNI group sig-
nificantly decreased from -0.82 (+0.96) to -1.52
(£0.92) at the fifth-year DXA scan (p=0.020). An
insignificant decrease existed from -0.78 (£1.57)
to -0.99 (£1.33) in the mean lumbar L.1-L4 score
of the CNI group (p=0.643).

The mean femur neck score of the mTO-
Ri group insignificantly increased from -1.13
(£0.65) to -0.82 (£0.56) at the fifth-year DXA
scan (p=0.230). The mean lumbar L1-L4 score of
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Table 2. Bone health-related laboratory parameters of the patients

e¢GFR mean, ml/min/1.73m? (SD)
HCO," mean, mmol/l (SD)

iPTH mean, ng/l (SD)

ALP mean, pkat/l (SD)

Ca mean, mmol/l (SD)

P mean, mmol/l (SD)

Mg mean, mmol/l (SD)
25-OH-VitD mean, nmol/l (SD)

Post-transplant1* year

CNI

72.1 (+23.0)
232 (£2.4)
66.4 (£29.4)
1.40 (£0.64)
2.40 (£0.12)
1.04 (£0.20)
0.65 (20.07)
66.6 (+26.2)

mTORi

72.3 (£18.6)
22.9 (£1.9)
63.7 (+26.4)
1.32 (+0.50)
2.35 (£0.13)
1.20 (+0.48)
0.66 (£0.12)
63.9 (+20.7)

Post-transplant 5" year

p-value CNI
0982  74.8 (¥23.4)
0.644  22.4(£2.1)
0.794  62.6 (£25.0)
0.705  1.37(£0.58)
0416  2.38(x0.14)
0.143  1.06 (+0.13)
0.464  0.72 (£0.08)
0.740  67.4 (x16.7)

mTORi

70.7 (£15.4)
22.4 (£2.3)
67.0 (429.9)
1.27 (+0.43)
2.36 (£0.14)
1.01 (£0.19)
0.74 (£0.08)
62.4 (£16.4)

p-value

0.592
0.989
0.658
0.598
0.930
0.335
0.305
0.730

CNI: calcineurin inhibitors, mTORi: mammalian target of rapamycin inhibitors, eGFR: estimated glomerular
filtration rate, HCO,": serum bicarbonate, iPTH: intact parathormone, ALP: alkaline phosphatase, Ca: total
calcium, P: phosphate, Mg: magnesium, 25-OH-VitD:25 hydroxyvitamin D

Table 3. Bone mineral densities of patients and comparison of changes in the scores over years

Post-transplant

IMyear

Femur Neck CNI -0.82 (+£0.96)
mean, g/cm?
SD i
(SD) mTORL ;1 13 (+0.65)
Lumbar L1- CNI -0.78 (£1.57)
L4 mean, g/

2(SD i
cm? (SD) mTORI 89 (£1.15)

Post-transplant

Sthyear
-1.52 (20.92)
-0.82 (+0.56)
20.99 (+1.33)

-0.60 (£1.09)

p-value ABMD score p-value
0.020 -0.70 (+£0.68)
<0.001
0.230 0.30 (+0.36)
0.643 -0.20 (£1.45)
0.269
0.532 0.29 (£0.64)

CNI: calcineurin inhibitors, mTORi: mammalian target of rapamycin inhibitors, BMD: bone mineral density

Femur Neck Scores (g/cm?)
-0,6
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~N

1,4

-1,6

-1,8
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')< e . X .
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CNI: calcineurin inhibitors, mTORAi:
mammalian target of rapamycin inhibitors

CNI: calcineurin inhibitors, mTORi:
mammalian target of rapamycin inhibitors

Figure 1. Changes in the post-transplantation bone mineral density scores
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the mTORIi group also insignificantly increased
from -0.89 (£1.15) to -0.60 (+1.09) (p=0.532).

We observed a significant decrease in the
CNI group compared to the mTOR1 group [-0.70
(£0.68) and 0.30 (£0.36), respectively; p <0.01]
when the BMD score differences (A BMD score)
of the femoral neck and lumbar L.1-L4 values be-
tween the first and fifth years of the post-trans-
plant patients were evaluated. No difference was
observed in the lumbar L1-L4 score differences
(A BMD score) [-0.20 (£1.45) and 0.29 (+0.64),
respectively; p=0.269].

DISCUSSION

Our study results suggest a significant de-
crease in femur neck BMD scores during the
post-transplant five-year in patients receiving a
CNI-based treatment compared to mTORi-based
treatment. The BMD scores did not decrease,
and even a slight improvement was observed
in the patients receiving an mTORi-based treat-
ment. When the first-year and fifth-year BMD
score changes were calculated, a significant dif-
ference was discovered between groups favoring
the mTORi group.

The animal models reveal that CsA increas-
es bone formation and resorption rates, causing
a high-turnover bone disease. Tacrolimus also
causes bone loss without changing the turnover
rate [15]. Despite the existence of controversy,
the relationship between the CNIs and osteopo-
rosis was reported in human studies [16-19]. In
contrast, preclinical studies demonstrated a bone
protective effect of mTOR pathway inhibition.
mTORI inhibits bone resorption, increases os-
teoclast apoptosis, and promotes in vitro osteo-
blast survival rate [11-13, 20].

Campistol et al.’s study is the first to com-
pare the effects of CNI and mTOR! in renal al-
lograft recipients as the secondary end-point of
two phase-2 trials comparing CsA and sirolimus.
After a one-year follow-up, they found that the
urinary N-telopeptides and serum osteocalcin
were consistently and significantly higher in the
CsA treatment group than the sirolimus treatment
group [14]. As suggested in the preclinical stud-
ies, the authors concluded that sirolimus might
be related to less bone turnover and resorption.
Secondly, the cross-sectional study of Westen-
feld et al. revealed significantly higher bone re-

sorption markers osteoclast-specific TRAP iso-
form 5b and soluble receptor activator of nuclear
factor kappa-B ligand (sSRANKL), and similar
osteoprotegerin levels existed in the CNI-based
treatment group when compared to the sirolim-
us-based treatment group [10]. They also inves-
tigated osteoclast precursor proliferation in a cell
culture sample treated with tacrolimus, sirolim-
us, and mycophenolate mofetil (MMF). Siroli-
mus reduced the number of osteoclasts, but tac-
rolimus and MMF had no effect. Although few
clinical studies support the preclinical findings,
to date, there is no study evaluating the long-
term effects of CNI and mTORIi on bone health
in renal transplantation patients.

Our study’s broad exclusion criteria fa-
cilitated the study groups’ comparison of bone
disease, a highly complex subject among this
population. For example, patients over 50 years
old or who have undergone renal transplantation
after several years of dialysis treatment make it
difficult to distinguish between the impact of the
IS medications’ side effects and the age or ill-
ness-induced effects. However, the width of our
exclusion criteria resulted in a relatively small
sample size. We may have underestimated the
findings in the mTORi group, which did not pro-
vide statistical significance, but they did show
slight BMD score improvements over time. This
finding is consistent with those in the in vitro and
animal models. Further studies with broad sam-
ples may support this positive trend on the BMD
scores of mTORi-based treatment we observed
in the long-term follow-up.

Other limitations of our study are its retro-
spective design and the use of BMD data as the
indicator of bone health. Although its practical
use is quite limited, it is clear that bone biopsy
is the best indicator of bone health in individuals
with a history of chronic kidney disease. How-
ever, since our study is the first in the literature
to test a hypothesis based on the data of previous
preclinical studies, we have obtained data that
will inspire prospective studies with bone biopsy
and other bone resorption markers.

According to the results of our study, CNI-
based treatment is associated with decreased fe-
mur neck BMD scores, and mTORi-based treat-
ment tends to be beneficial in terms of mineral
bone disease in the five-year follow-up of renal
transplantation patients. Therefore, more studies
with broad samples are necessary to confirm our
results.
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Pe3ume

E®EKTUTE HA PEXKUMUTE 3ACHOBAHHN HA CNI 1 MTORI
BP3 MUHEPAJIHATA I'YCTUHA HA KOCKHUTE IO BYBPEKHA TPAHCIIJIAHTALINJA

Bepgy Kopyny, Xacan Jerep, I'anun I'y3

Memuuuncku dakyarer Ha YauBep3ureTot ['a3u, Karenpa 3a nedponoruja, Aukapa, Typuuja

Hcropujar: brujejku IyKOKOPTUKOUINTE JICHEC CE KOPUCTAT BO HUCKH JIO3H Ha OJIPKYBabe, BpcKaTa
Mmery uaxuouTopute Ha KanuuHeyput (CNI) u ocTeonopo3ara craHa KJIMHUYKH 3Ha4ajHa Kaj 0CTEOnopo-
3aTta 10 TpaHCIUIaHTallKja Ha 1BpcTU opranu. Cemnak, ocTojar JoKas3M JieKa 1e/ITa Ha HHXUOUTOPUTE Ha
pamamunuH kaj nunaunte (MTOR1) moxe n1a Ouae kopucHa MpeKy HHXUOHIIMja Ha OCTEOKIIaCTUTE.

Hex: [IpomenuTe Bo kockeHara MuHepaiHa ryctuna (BMD) ce ucniuryBaar kaj maeHTH co 0yopesk-
Ha TPaHCIUIAaHTAaLlKja MO PeXUMHU Ha opKyBame 6azupanu Ha CNI unn mTORI Bo TekoT Ha mpBUTE TIET
TOJIMHHM TIO TpaHCIJIaHTaIMjaTa.

Metoau: OBaa cTynuja ce COCTOH O TPHECET U TPojlia Npumarenu Ha OyopeskeH anorpadr co mo-
MaJIKy O] €/JHa TOJIMHA HCTOpH]ja Ha aujanu3a. KpurepuymuTte Ha HCKITydyBambe Oea: 1a ce Ouie nocrap ox
50 ronunuM, ucTopuja Ha ynnotpeda Ha oudocdonaru, naparupougekromuja, CNI-mTORI npedpiyBame o
TPETUOT MECeLl O/ TPaHCIUIaHTalHjara, yrnoTpeda Ha IMypeTULIM U UCTOpHUja Ha MaurHuTeT. bea eBanyunpa-
HU pe3ynrarute Ha BMD o npBata u o nerrara ronyHa 1 HICTOBPEMEHUTE J1Ja0OPAaTOPUCKH ITAPAMETPH.

Pesyararu: CNI (n=21) u mTORI rpynute (n = 12) nmaa cnuaHa geMorpaduja, HUBOa Ha JiHjan3a,
CEpPYMCKH MapaTOpPMOH O] ITPBAaTa 1 OJf ITeTTa ToInHa, KanunyMm, Gocdar, Marae3nym, ankaiHa ¢pocgaraza
n HuBOA Ha 25-OH-Butamun J|. Pesynrarute Ha BpaToT Ha OepeHaTa kocka Ha rpymara CNI ce Hamanuja
on -0,82 (£ 0,96) Ha -1,52 (+ 0,92) (p = 0,020). 3abenexaBMe 3HAYUTEITHO HaMayBame BO rpymara CNI
BO criopenda co rpynara mTORi [-0,70 (£ 0,68) u 0,30 (£ 0,36), coonBetHo; p < 0,01], kora mpomeHuTe
BO pesynTtaror Ha BMD 0Oea eBamynpanu Hu3 ronuauTte. [IpocedHroOT pe3ynTar Ha BparoT Ha OelpeHara
kocka Ha rpynata mTORi He3HaunTenHo ce 3rojemu ox -1,13 (+ 0,65) ra -0,82 (+ 0,56) Ha METTOAUTITHOTO
DXA cxenupame (p = 0,230). Cmmunu TpeHIOBH Oca 3a0enexaHu U Bo orieHuTe L1-4.

Bakuyuok: Hamara ctynuja cyrepupa neka TpermManot 3acHoBad Ha CNI e moBp3aH co HamaneHn
pesynratu Ha BMD Ha BpaTtoT Ha OenpeHara Kocka, a TpetMaHoT 6a3upad Ha mTORI uma TeHneHmja 1a
OuJie KOPHCEH BO TMETTOJHUIITHOTO CIECHE 110 TPaHCIUTAHTAIIN]aTa.

Knyunu 300poBu: MTHXHOUTOPH Ha KaJILWHEYPUH, 1Ie] HAa MHXMOUTOPUTE HA parlaMULIMH Kaj Lula-
4yKTe, MUHEpaJHa IYCTHHA Ha KOCKUTe, OyOpe)kHa TpaHCIUIaHTallja





