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SUMMARY

In stable renal transplant recipients with hyperparathyroidism, previous
studies have indicated that vitamin D agonist treatment might have anti-
proteinuric effects. Animal studies indicate possible anti-fibrotic and anti-
inflammatory effects. Early introduction of paricalcitol in de novo renal
transplant recipients might reduce proteinuria and prevent progressive
allograft fibrosis. We performed a single-center, prospective, randomized,
open-label trial investigating effects of paricalcitol 2 lg/day added to stan-
dard care. Participants were included 8 weeks after engraftment and fol-
lowed for 44 weeks. Primary end point was change in spot urine albumin/
creatinine ratio. Exploratory microarray analyses of kidney biopsies at
study end investigated potential effects on gene expression. Secondary end
points included change in glomerular filtration rate (GFR), pulse wave
velocity (PWV), and endothelial function measured by peripheral arterial
tonometry as reactive hyperemia index (RHI). Seventy-seven de novo
transplanted kidney allograft recipients were included, 37 receiving parical-
citol. Paricalcitol treatment lowered PTH levels (P = 0.01) but did not sig-
nificantly reduce albuminuria (P = 0.76), change vascular parameters
(PWV; P = 0.98, RHI; P = 0.33), or influence GFR (P = 0.57). Allograft
gene expression was not influenced. To summarize, in newly transplanted
renal allograft recipients, paricalcitol reduced PTH and was well tolerated
without negatively affecting kidney function. Paricalcitol did not signifi-
cantly reduce/prevent albuminuria, improve parameters of vascular health,
or influence allograft gene expression.
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Introduction

Proteinuria, present in up till 45% of renal transplant

recipients at 1 year after transplantation [1,2], is an

independent risk factor for graft loss [3,4]. Persistent

derangements in hormone and mineral balance after the

immediate post-transplant period may also predict infe-

rior long-term outcome [5–8].
Vitamin D deficiency is a risk factor for persistent

hyperparathyroidism [9], and epidemiological studies

have shown associations between low 25-hydroxyvita-

min D (25(OH)D) and proteinuria [10], as well as

increased interstitial fibrosis and tubular atrophy

(IFTA) in kidney grafts [11]. There is evidence to

suggest that low levels of vitamin D contribute to a

lack of suppression of the renin–angiotensin–aldos-
terone system (RAAS) [12,13]. Consequently, drugs

with vitamin D agonist properties have been

launched as possible renoprotective agents. Paricalci-

tol (19-nor-1,25-dihydroxyvitamin D2) is a synthetic,

selective third-generation vitamin D receptor agonist

(VDRA) associated with low risk of hypercalcemia

[14,15]. In CKD, paricalcitol effectively and safely

suppresses PTH [16,17] and may reduce proteinuria

[18–21]. Similar effects, although less established,

have been suggested in renal transplant recipients

[22–24].
Calcineurin inhibitors (CNIs: Cyclosporin A

(CsA)/tacrolimus (tac)) may be detrimental to long-

term graft survival [25,26], although the histological

lesions once considered hallmarks of CNI nephrotox-

icity may in fact be rather nonspecific signs of injury

[27,28]. CNIs activate the intrarenal RAAS [29,30],

and the resulting increased levels of angiotensin exert

proinflammatory and fibrogenic effects mediated by

transforming growth factor beta (TGF-b) signaling

[31,32].

Vitamin D agonists downregulate RAAS and lower

blood pressure [33]. Experimental data have indicated

that paricalcitol may be renoprotective through effects

on inflammatory and fibrotic pathways [34–37]. Reduc-
tions in renal allograft fibrosis have been suggested in a

recent intervention trial in transplant patients [22], and

in a rat model, inhibition of TGF-b signaling by parical-

citol seemed to attenuate cyclosporine-induced kidney

injury [38].

We hypothesized that treatment with VDRA from an

early time point after transplantation might reduce or

prevent albuminuria, improve parameters of vascular

health, and modify the expression of genes related to

pathways of fibrosis or inflammation.

Patients and methods

Inclusion of participants

All study participants were recruited from the National

Transplant Centre at Oslo University Hospital, Rikshospi-

talet, Oslo, Norway. Renal transplant recipients are rou-

tinely followed for 8–10 weeks after engraftment and

return for a routine one-year surveillance follow-up. Stan-

dard maintenance immunosuppressive regimen consists of

a CNI (usually tacrolimus), mycophenolate mofetil, and

steroids. Patients aged 18 years or more, who had received

a kidney transplant or a combined kidney–pancreas trans-
plant, were eligible for randomization 7–8 weeks after

transplantation, a time point chosen for practical reasons as

it coincided with a scheduled thorough clinical and labora-

tory evaluation before discharge from Rikshospitalet. CNI

treatment, estimated GFR >30 ml/min, and plasma calcium

level 2.0–2.6 mmol/l were our inclusion criteria. Exclusion

criteria included previous total parathyroidectomy, ongoing

(or immediate intent to embark on) treatment with vita-

min D, VDRA or calcimimetic drugs, severe osteoporosis

in the axial skeleton, a history of allergic reactions or signif-

icant sensitivity to paricalcitol or similar drugs, ongoing

pregnancy, or donor age >75 years. The study conformed

to the principle of the Declaration of Helsinki and the Dec-

laration of Istanbul. The study protocol was approved by

the Regional Ethics Committee and the hospital0s Research
Administration. The Department of Organ Transplanta-

tion, Oslo University Hospital, Rikshospitalet, was respon-

sible for the coordination and conduction of the trial, while

monitoring was provided by Smerud Medical Consulting

A/S. The study has been registered as NCT01694160 (2012/

107D) on www.clinicaltrials.gov.

Treatment, randomization, study schedule, and

monitoring

Patients who fulfilled the eligibility criteria and gave

their written informed consent were randomized 7–
8 weeks after transplantation to receive either open-label

treatment with oral paricalcitol (Zemplar; Abbvie, North

Chicago, IL, USA) 2 lg/day in addition to standard care

(paricalcitol group, n = 37) or standard care alone (con-

trol group, n = 40). The random allocation sequence

was generated by an independent statistician at the mon-

itoring facility, using computer-generated block-rando-

mization with nonfixed block size. The principal

investigator (PI) performed the opening of sealed envel-

opes and informed the participants of their group

assignment. Treatment allocation remained undisclosed
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to the staff performing laboratory measurements and the

pathologists scoring transplant biopsies. At discharge

from the Transplant Centre around 8 weeks after trans-

plantation, a letter was sent to the local hospitals,

informing them of the patients0 participation in the trial.

Laboratory values, including plasma mineral levels,

should be reported to the PI every third month. In the

time between the baseline investigation and the final fol-

low-up visit, participants were followed by local

nephrologists according to national guidelines recom-

mending a frequency of 2–4 visits a month until

4 months after transplantation, thereafter once a month

for the first post-transplant year. If at any time point

serum calcium exceeded 2.75 mmol/l, paricalcitol dosage

was reduced to 2 lg three times a week, and if patients

remained hypercalcemic after dose reduction, the study

drug was permanently withdrawn. Study and treatment

duration was 44 � 2 weeks, and the final study visit was

coordinated with the one-year standard comprehensive

clinical and laboratory evaluation. Adherence was moni-

tored by counting of empty blister packs.

Primary and secondary outcomes

The primary outcome was change in albuminuria (ex-

pressed as albumin/creatinine ratio in spot urine) from

time of inclusion to end of study. The most important

secondary outcomes were gene expression profiles and

histopathological changes reflecting inflammation or

fibrosis in protocol biopsies at 1 year after transplanta-

tion. Other predefined secondary study outcomes

included change in proteinuria expressed as fraction of

excreted protein (FEPR) [39], and changes in plasma

levels of parathyroid hormone (PTH), creatinine, C-

reactive protein (CRP), low-density lipoprotein (LDL)

cholesterol, alkaline phosphatases, calcium, and phos-

phate. Endothelial function measured as RHI by periph-

eral arterial tonometry (PAT), arterial stiffness reflected

by pulse wave velocity (PWV) measured by applanation

tonometry, as well as glomerular filtration rate mea-

sured by iohexol clearance (mGFR) were also selected as

prespecified secondary end points. As a supplementary

analysis, we also measured change in serum levels of 25

(OH)D, as knowledge about calcidiol levels in both

study groups was considered relevant for the interpreta-

tion of a possible treatment effect of paricalcitol.

Baseline and final visit evaluations

Blood samples were drawn in the morning after an over-

night fast. Spot albumin/creatinine ratio and FEPR were

measured in the first morning urine sample. Intact PTH

(1–84) was measured by the Roche Modular E170 PTH

immunoassay (Roche Diagnostics, Indianapolis, IN,

USA). PWV was calculated by applanation tonometry

using “SphygmocorTM” (Actor Medical, Sidney, Aus-

tralia), detailed technique described elsewhere [40].

Endothelial function was assessed by peripheral arterial

tone signal technology (“EndoPAT”; ITAMAR Medical

Ltd, Franklin, MA, USA), a noninvasive plethysmo-

graphic method based on measuring pulsatile volume

changes, in the digital bed prior to and during reactive

hyperemia [41]. RHI was measured in agreement with

current recommendations [42], avoiding the exposure to

caffeine and smoking prior to testing. Routine baseline

(8 week) and one-year kidney allograft protocol biopsies

were scored according to the updated Banff criteria [43]

by experienced transplant pathologists. Interstitial fibro-

sis was evaluated in Masson Trichrome stained sections

by assessing percentage area affected by fibrosis in con-

secutive high power fields/HPFs (409 objective). The

values from all HPFs were added and subsequently

divided by the number of HPFs. Chronic allograft dam-

age index (CADI score) consisting of vascular intimal

sclerosis, tubular atrophy, interstitial fibrosis, interstitial

inflammation, mesangial matrix, and glomerulosclerosis

was calculated for each biopsy [44,45]. Each parameter

was evaluated with a score from 0 to 3, rendering a pos-

sible range of total scores between 0 and 18.

Patients0 mGFR was determined by iohexol clearance

(OmnipaqueTM, 300 mg iodine/ml; GE Healthcare, Chi-

cago, IL, USA) with blood sampling 2 and 5–8 h after the

iohexol injection (depending on eGFR) Serum samples

were analyzed by a high-performance liquid chromatogra-

phy (HPLC) system and calculated according to the

Br€ochner Mortensen method as previously described [46].

Gene expression analysis

One part of the retrieved biopsy tissue was stored in

RNAlater� solution (AMBION Inc., Austin, TX, USA)

and kept frozen at �80 °C until the end of study. Seventy

available one-year biopsies were thawed, and its ribonu-

cleic acid (RNA) extracted with the RNeasy kit (QIAGEN,

Germantown, MD, USA), according to manufacturer0s
instructions. Samples were delivered to the Norwegian

Genomics Consortium in Oslo and kept at 80 °C until

use. Concentration and purity of the RNA samples were

measured using the Nano Drop 2000 Spectrophotometer

(Thermo Fisher Scientific, Wilmington, DE, USA). The

quality (RNA integrity) of the samples was assessed using

the Agilent 2100 Bioanalyzer (Agilent Technologies,
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Waldbronn, Germany). Sixty samples, equally divided

between study groups, were found to have sufficient qual-

ity to continue with amplification and labeling. For each

sample, 500 ng of total RNA was amplified and labeled.

The quantity of the labeled complementary RNA (cRNA)

was measured using the NanoDrop Spectrophotometer,

and the quality and size distribution of the labeled cRNA

assessed using the 2100 Bioanalyzer. This procedure

enabled hybridization of equal amounts of successfully

labeled cRNA to the arrays. For each sample, 750 ng of

biotin labeled cRNA was hybridized to the Illumina’s

HumanHT-12 v4 Expression BeadChip (Illumina Inc.,

San Diego, CA, USA). Quant normalization and missing

value imputation were applied on the raw microarray

data (~47 323 genes). Genes with less expression varia-

tion across the samples were removed (i.e., maximum

intensity of a gene is less than 1.5-fold the minimum

intensity in 60 samples) before log transforming and con-

verting the normalized intensities to Z-scores. In this

way, ~12 754 genes remained for further data analysis,

where Z-scores were used to identify differentially

expressed genes between paricalcitol group and controls.

For each gene, a relative ratio of the mean Z-scores

between the two groups was computed, and the statistical

significance of relative ratios (P-value) was estimated by

Gaussian distribution. A detailed description of the

method has previously been published [47]. In a supple-

mentary analysis, pairwise Fishers’ linear discriminant

[48] was used to identify differentially expressed genes

between samples showing evidence of immunological

activity and the remainder.

Sample size estimation

From clinical experience with our transplant patients, a

low baseline mean albumin/creatinine ratio of 15.0 mg/

mmol was suggested for the calculations of sample size.

Allowing a type 1 error rate of 5% and a type 2 error

rate of 20%, and regarding as clinically relevant a 5.2

(SD 10.0) mg/mmol difference between treatment arms

in D albumin/creatinine ratio from baseline to end of

study, the estimated number of patients in each arm

should be 30. Accounting for possible early dropouts,

the study group decided that additional participants

should be included to ensure a total number of at least

70 randomized patients.

Statistical methods

The intention-to-treat population consisted of all ran-

domized participants who received at least one dose of

study drug (applicable to the treatment group), irre-

spective of any violations to the study protocol. The

per-protocol population consisted of all participants ful-

filling the protocol in terms of eligibility, intervention,

and outcome assessment. When expressed as individual

absolute change from baseline to the final study visit, the

selected primary and secondary study outcomes showed

only negligible deviations from the normal distribution

and were therefore analyzed by t-test for independent

observations. Sensitivity analyses were performed using

ANCOVA investigating potential group differences in out-

comes at study end with adjustments for baseline values

of each outcome. Non-normally distributed variables

were log-transformed. Histological scores were highly

non-normally distributed, even after attempt of loga-

rithmic transformation; hence, ANCOVA was not per-

formed for these parameters. For categorical data,

Fisher’s exact test was applied. A two-tailed P-value

≤0.05 was considered to represent statistical significance.

General statistical analyses were performed by SPSS ver-

sion 21 and GRAPHPADPRISM 7. Gene expression analyses

were based on the results from the Illumina microarray,

and statistical tests for identifying differentially

expressed genes were performed using MATLAB toolbox.

The array dataset has been made public in the NCBIs

Gene Expression Omnibus (GSE83486).

Results

Study population

From January 2013 to February 2014, a total of 208

patients were screened for participation in the study, as

shown in the Consort Diagram (Fig. 1). Forty-three

patients did not meet selection criteria, and 38 were not

included due to practical reasons. Thirty-three did not

want to participate, and 17 patients were excluded due

to complex comorbidities. The remaining 77 patients

were included in the study and randomized. No patient

withdrew consent or was lost to follow-up. Adherence

in the treatment group was excellent (92–108% of the

prescribed dose). Two patients in the treatment group

were withdrawn from the study due to persistent hyper-

calcemia refractory to reductions in paricalcitol doses,

while six patients completed the study using 2 lg pari-

calcitol three times a week. No patient in the treatment

group was given native vitamin D to correct 25(OH)D

insufficiency, but six patients in the control group were

treated with cholecalciferol prescribed by local physi-

cians and two controls started treatment with calcitriol

during follow-up. Hence, the per-protocol population
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consisted of 70 patients. All participants completed end

of study investigations 1 year after transplant, including

those who had to withdraw, rendering 77 patients avail-

able for subsequent intention-to-treat analyses.

Baseline demographics

Demographic, clinical, and biochemical characteristics

did not differ significantly between the two study

groups (Table 1). In particular, the 32.5% lower median

albumin/creatinine ratio in the treatment group at base-

line did not reach statistical significance (P = 0.635 by

Mann–Whitney U-test). The control group had slightly

more hypertension and was more often treated with

drugs blocking the RAAS. Mean Banff score for intersti-

tial fibrosis in baseline protocol biopsies was somewhat

higher in the treatment group than in controls (0.57 vs.

0.38). There were more men among controls, and they

had slightly lower GFR and lower baseline vitamin D

levels. Baseline 25(OH)D levels ranged between 17 and

107 nmol/l. Ninety-two percent of patients had levels

<75 nmol/l, while 64% had levels <50 nmol/l.

Primary end point analyses

Table 2 summarizes the results of comparisons between

patients treated with paricalcitol and the control group

with respect to the primary and secondary study out-

comes. We did not detect significant differences between

the groups regarding change in urinary albumin/crea-

tinine ratio from baseline to study end (P = 0.76), and

the result was identical if the variable was

logarithmically transformed (P = 0.43, not shown in

table) or if FEPR was used in the calculations

(P = 0.75). Absolute levels of albuminuria and FEPR at

study end were not different between groups either. AN-

COVA sensitivity analyses with adjustment for baseline

values of each variable rendered essentially the same

results as the t-test. Restricting analyses to the per-pro-

tocol population did not change the results (P = 0.70

for primary end point, data not shown). Among

patients with baseline 25(OH)D values <50 nmol/l,

there was slightly higher reductions in albumin/crea-

tinine ratio with paricalcitol (�3.9 nmol/l) than no

treatment (�1.5 nmol/l), but results were still non-

significant (P = 0.62). Exclusion of patients who experi-

enced relapse of glomerulonephritis or clinical or

borderline biopsy proven rejection from the analyses

did not affect results (data not shown).

Histopathological changes and gene expression

analysis

There were no significant group differences in develop-

ment of fibrosis or chronic allograft damage index

(CADI) from baseline to end of follow-up (Table 2).

Neither were there any differences in C4d positivity in

protocol biopsies, or in development of circulating

donor-specific antibodies at 1 year (Table 3). Per-proto-

col analyses yielded equivalent results. Not shown in

table, the proportion of patients with moderate-to-severe

interstitial fibrosis at 1 year (ci ≥ 2), was also similar

between study arms (two patients in the treatment group

versus three patients in the control group, P = 1.00).

Figure 1 Consort diagram of

screening process and patient flow

through the trial. * Vitamin D

deficiency here defined as s-25-OH-

vitamin D levels <25 nmol/L
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Thirty patients from each treatment group were com-

pared for differential gene expression in renal allograft

biopsy tissue by genome-wide gene expression microar-

ray analysis. Due to financial restrictions, only one-year

biopsy samples were analyzed. The top 82 significantly

differentially expressed genes (P < 0.05 after Bonfer-

roni’s correction) between treated and untreated patients

are illustrated in a heat map (Fig. 2), where the red and

blue color scales represent the positive and negative Z-

scores, respectively. By visual inspection, the figure

Table 1. Baseline characteristics of the study population.

Variables Paricalcitol (n = 37) Control (n = 40)

Age, years 55.6 (13.3) 55.1 (12.6)
Male gender 27 (73.0%) 34 (85.0%)
Caucasian ethnicity 35 (94.6%) 38 (95.0%)
Phys.exercise. >1/week 22 (59.4%) 19 (47.5%)
BMI, kg/m2 26.1 (3.2) 25.4 (3.9)
Current smoking 5 (13.5%) 5 (12.5%)
Living donor 10 (27.0%) 13 (32.5%)
Cold ischemia time, h 10.5 (6.3) 9.9 (5.8)
Predialytic 13 (35.1%) 13 (32.5%)
HLA mismatches, number 3.1 (1.3) 3.0 (1.4)
CMV neg recipient 12 (32.4%) 12 (30.0%)
Acute rejection <8 weeks post tx, % 1 (2.7%) 2 (5.0%)
Interst.fibr.(ci) at baseline biopsy 0.57 (0.56) 0.38 (0.54)
% Sclerotic glomeruli, baseline biopsy* 0 (10) 2 (10)
Hypertension 31 (83.8%) 37 (92.5%)
Chronic heart disease 11 (29.7%) 13 (32.5%)
Pre-tx diabetes mellitus 7 (18.9%) 6 (15.0%)
PTDM by OGTT at 8 weeks, % 2 (5.4%) 3 (7.5%)
Systolic blood pressure, mmHg 145 (21) 142 (22)
Diastolic blood pressure, mmHg 83 (10) 84 (11)
Resting heart rate, bpm 69 (9) 67 (9)
RHI at baseline (EndoPAT) 2.49 (0.79) 2.34 (0.72)
P-Cholesterol, mmol/l 5.8 (1.1) 5.9 (0.9)
P-HDL cholesterol, mmol/l 1.6 (0.5) 1.6 (0.4)
P-LDL cholesterol, mmol/l 3.8 (1.0) 3.9 (0.9)
P-Triglycerides, mmol/l* 1.3 (1.0) 1.4 (0.5)
P-Creatinine, lmol/l 114 (25) 121 (30)
Measured GFR, ml/min 52.9 (14.0) 48.7 (15.2)
B-Hemoglobin, g/l 12.5 (1.2) 12.3 (1.2)
P-C-reactive protein, mg/l*,† 0.83 (2.40) 1.00 (1.20)
P-Calcium total, mmol/l 2.39 (0.09) 2.37 (0.11)
P-Phosphate, mmol/l* 0.9 (0.3) 0.8 (0.4)
P-Albumin, g/l 42.4 (2.4) 41.7 (2.5)
P-PTH, pmol/l* 10.1 (7.8) 10.1 (5.5)
S-25-OH-vitamin D, nmol/l 50.6 (18.0) 44.9 (17.0)
S-1,25-OH-vitamin D, nmol/l 101.5 (35.3) 96.3 (37.2)
P-Alkaline phosphatase, U/l 61.4 (21.7) 69.2 (28.3)
U-Albumin/creat ratio, mg/mmol* 2.7 (6.9) 4.0 (7.8)
Treatment with ACEi/ARB, % 9 (24.3%) 15 (37.5%)

BMI, body mass index; HLA, human leukocyte antigen; PTDM, post-transplant diabetes mellitus; OGTT, oral glucose tolerance
test; RHI, reactive hyperemia index; PAT, peripheral arterial tonometry; HDL, high-density lipoprotein; LDL, low-density lipopro-
tein; GFR, glomerular filtration rate; PTH, parathyroid hormone; ACEi, angiotensin converting enzyme inhibitor; ARB, angioten-
sin receptor blocker.

Categorical data expressed as number (percentage frequency).

Continuous data expressed as mean (standard deviation) or *median (interquartile range).

†Values <0.60 mg/l (laboratory detection cutoff) are all given the value 0.30. Values >15 mg/l are rounded down to this value.
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indicated no significant difference in gene expression

levels between study groups, and the relative ratio of the

mean Z-scores in the two groups did not reach signifi-

cance level for any gene. The upregulation of ACTA1

(actin, alpha 1, skeletal muscle) and ENO3 (enolase 3)

in a few samples in both groups probably relates to con-

tamination of extrarenal skeletal muscle tissue in the

biopsy. Subsequently, a principal component analysis

(PCA) was applied on the 12 754 genes, and the 60

patients were plotted in three two-dimentional figures

based on the first three principal components of gene

expression variations (Fig. 3). There was lack of separa-

tion between groups, and we failed to detect clear differ-

ences between treated and untreated patients.

However, the PCA plots revealed “outlier” samples

which were found to share a common feature of

immunological activity in the biopsy: borderline

changes suspicious of T-cell-mediated rejection, chronic

antibody-mediated rejection or polyoma virus-asso-

ciated nephropathy (Fig. S1). These “outliers” were

grouped together with two additional samples (located

in the main cluster) showing borderline histological

changes and samples with upregulation of immunoglob-

ulin kappa variable 3D-20 and 1D-33, as immunoglobu-

lin light chains will be upregulated upon inflammation

[49]. We then compared gene expression profiles

between this new group and the remaining samples.

Fig. S2 presents the 21 top differentially expressed genes,

where an upregulation of genes related to inflammation

such as IFN-c inducible genes CXCL9 and CXCL10,

IRF-1 (interferon regulating factor), CCL5 (RANTES),

granzyme A and K, ITGB2 was confirmed.

Other secondary end points

Consistent with available knowledge of paricalcitol, we

found a significant reduction in serum PTH (P = 0.01) in

the treatment group, compared with controls (Table 2).

Treatment did not influence change in serum calcium

(P = 0.49) or phosphate (P = 0.90) on a group basis.

Measured glomerular filtration rate was not significantly

affected by paricalcitol treatment (P = 0.57), nor was

serum creatinine (P = 0.54). There were no significant

differences in C-reactive protein (CRP) or measures of

arterial stiffness or endothelial function between the

groups. Restricting analyses to the per-protocol popula-

tion did not change results (data not shown).

Safety

The study drug was generally well tolerated. Eight

patients in the paricalcitol group developed hypercal-

cemia (serum Ca ≥2.75 mmol/l on repeated

measurements). Dose reduction lead to acceptable s-Ca

values in six of these patients, while two patients had

to permanently stop the treatment. Four patients in the

treatment group, of whom three experienced mild

hypercalcemia during follow-up, developed focal

calcifications in their one-year graft biopsy. Focal calci-

fications were not seen among controls. Five patients in

the paricalcitol group and one patient in the control

group were hospitalized for serious infectious disease

(septicemia/upper UTI/pneumonia). Other registered

adverse events (AE) such as viral reactivation, rejection

episodes, post-transplant diabetes mellitus (PTDM),

and malignancy were evenly distributed between

treatment groups (Table 4). No patients died during

follow-up.

Discussion

To the best of our knowledge, this is the first study

evaluating the effect of vitamin D agonist treatment on

allograft gene expression in transplantation. In this ran-

domized clinical trial, paricalcitol had no effect on albu-

minuria or transcriptome profiles at 1 year after

transplantation. As might be anticipated, PTH was sig-

nificantly reduced. Treatment was safe and not associ-

ated with negative impacts on renal function.

A few previous studies in transplant patients have

indicated reductions in proteinuria with vitamin D ago-

nist treatment [23,24]. Trillini et al. [24] demonstrated

that paricalcitol treatment in selected renal allograft

recipients with known HPT, transplanted >5 years prior

Table 3. Markers of antibody-mediated allograft damage, by intention-to-treat principles.

Markers of ABMR at 1 year Paricalcitol (%) Controls (%) P

Donor-specific antibodies 3 (9) 6 (15) 0.69
C4d positivity 0 (0) 1 (3) 0.17

ABMR, antibody mediated rejection; P-values calculated by Fisher’s exact test.
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to study participation, lowered proteinuria. A similar

observation was recorded in a recent study performed

in recipients with secondary HPT transplanted on aver-

age 6 years prior to study participation [23]. Despite

having conducted a trial of comparable size, we could

not corroborate these findings. Importantly, these stud-

ies included patients at a later time point after trans-

plant, all participants had HPT, and baseline level of

proteinuria was generally higher than in de novo trans-

plant recipients. Our results are more in line with those

of Amer et al. [22], who also studied de novo transplant

recipients irrespective of PTH-levels, not finding a per-

sistent anti-proteinuric effect. In another study of 110

renal transplant recipients with vitamin D levels in the

lower range, oral calcidiol did not reduce proteinuria

[50]. The complexity of what may occur to renal allo-

grafts during the early phase after transplant, combined

with very modest baseline levels of albuminuria is likely

to mask potential anti-proteinuric effects of VDRA

treatment in de novo allograft recipients. Events like

acute rejection or urinary tract infection may transiently

increase proteinuria. Moreover, as early as 8 weeks after

transplantation, some protein leakage from native kid-

neys may also be present. Furthermore, our sample size

was most likely too limited to demonstrate an effect on

the primary end point, given that 22% of patients in

the paricalcitol group had to reduce or stop treatment,

and 13% of patients in the control group were

Figure 2 Heat map comparison

between study groups across the 86

most differentially expressed genes.

Gene names on the Y-axis and

individual RNA samples on the X-axis,

grouped by treatment received. Red

and blue color scales represent

positive and negative Z-scores,

respectively.
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prescribed drugs with vitamin D agonist effects by clini-

cians outside the study, possibly leading to a dilution

effect.

The proteinuria lowering effect of ergocalciferol in

CKD patients with vitamin D deficiency was recently

demonstrated [51]. Based on our subgroup analyses,

one might speculate that in a more Vitamin D-sufficient

population, there be little room for additional

anti-proteinuric effects exerted by VRDA. The fact that

the control group experienced an increase in mean 25-

OH-vitamin D serum levels at study end, notably larger

than patients in the treatment group, suggests these

protocol violations be relevant for the interpretation of

negative results. Patients in the control group admitting

to having used drugs with VDRA agonist effects during

the study were, however, excluded from the per-proto-

col analyses, without results being significantly different.

About one-third of our patients were treated with drugs

inhibiting the RAAS, and such treatment was more fre-

quent among controls than in the paricalcitol group.

However, no patients stopped or started these drugs

over the course of the trial; hence, large influences on

Figure 3 Principal component analysis (PCA, two-dimensional) of gene expression profiles of all 60 samples. Red dots represent patients

treated with paricalcitol, and green dots represent the control group.

Table 4. Adverse events registered during follow-up.

Adverse events (AE) Total (n) Paricalcitol (n) Control (n)

Total 45 27 18
Serious AE 14 9 5
Sepsis/febrile neutropenia 3 2 1
Upper urinary tract infection 3 3 0
Lower respiratory tract inf. 1 1 0
Invasive CMV disease 1 0 1
Hospitalization for rejection 4 2 2
Hospitalization for syncope 1 0 1
Malignancy (nonskin) 1 1 0

Minor AE 31 18 13
Hypercalcemia 9 8 1
Viral reactivation 9 4 5
PTDM 3 2 1
Recurring GN 2 0 2
Malignancy skin 1 0 1
Minor bacterial infections 3 2 1
Surgical complication 2 1 1
Arrytmia (cardioversion) 1 0 1
Venous thromboembolism 1 1 0

CMV, cytomegalovirus; GN, glomerulonephritis; PTDM, post-transplant diabetes mellitus.
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change in albuminuria or GFR would be unlikely. All of

the above-mentioned aspects should be acknowledged

when interpreting the nonconfirmatory results regarding

anti-proteinuric effects of paricalcitol.

Early histological signs of chronic injury to the allo-

graft are independently associated with late graft loss

[52,53]. Gene expression analysis of allograft tissue

may suggest injury before damage can be detected in

histological samples [54]. In a recent microarray anal-

ysis of kidney biopsies from 53 patients with CKD,

Nakagawa et al. [55] identified a set of upregulated

genes showing a significant correlation with histologi-

cal tubular cell damage and tubulointerstitial fibrosis.

Slattery et al. [56] identified 128 genes which were dif-

ferentially expressed in renal tubular cells after treat-

ment with CsA, including established profibrotic

factors, oncogenes, and transcriptional regulators. In

mice, significantly increased mRNA levels of the

fibroblast markers FSP-1 and a-SMA were detected

after 4 weeks of treatment with CsA [57]. From a

more general viewpoint, gene expression data have

also proven valuable for the prediction of renal func-

tion [58] and graft survival [59] in transplant patients,

and genes reflecting tissue injury, dedifferentiation of

the epithelium, and tissue remodeling showed the

highest predictive ability.

Our study aimed to investigate whether paricalcitol

might modify allograft expression of genes related to

fibrotic or inflammatory processes. However, in this

genome-wide survey of mRNA transcripts in 60 kidney

biopsies, we were not able to demonstrate differentially

expressed genes related to pathways of fibrosis or

inflammation between study groups. Neither did

pathologist scoring of the biopsies according to the

Banff criteria reveal significant group differences. This

is in contrast with the study of Amer et al. [22], who

found significantly more moderate-to-severe interstitial

fibrosis (ci ≥ 2) at 1 year in the control group. How-

ever, the total number of individuals with this degree

of fibrosis was low (n = 4), as was the case in our

study (n = 5); hence, results should be interpreted with

caution. There may be several possible reasons for lack

of treatment effects: First, several study patients experi-

enced adverse events during follow-up; clinical (n = 4)

or subclinical (n = 7) rejections, viral reactivation

(n = 9), relapse of primary glomerulonephritis (n = 2),

which might influence histological patterns and gene

expression profiles more profoundly than what would

be expected from treatment with paricalcitol (Figs S1

and S2), thus reducing the power to detect a signifi-

cant treatment effect. Second, while Amer et al.

reported 19.5% of participants with some degree of

IFTA (ci > 0 and/or ct > 0) at baseline, corresponding

IFTA was present in 72% of our baseline biopsies. This

difference likely reflects that their cohort consisted

mainly of recipients receiving a kidney from a living

donor, while there were 30% LD recipients in our

study. Variable distribution of pre-existing fibrotic

changes throughout deceased donor kidneys may to

some extent obscure the evaluation of development of

new fibrotic lesions. Lastly, there were group differ-

ences with regard to IFTA at baseline, and microarray

results would be less affected by interindividual differ-

ences if transcriptome profiles at study end were ana-

lyzed in conjunction with gene expression profiles

prior to paricalcitol treatment.

General anti-inflammatory effects of paricalcitol have

been suggested in pilot studies on patients with varying

degrees of renal dysfunction [60–63]. However, like in

several of the smaller clinical studies in patients with

CKD [21,64–66], we were not able to demonstrate ame-

liorating effects of paricalcitol on systemic inflammation

as measured by serum levels of C-reactive protein

(CRP).

Persistent derangements in bone and mineral health

after renal transplantation are frequent [67], and hyper-

parathyroidism may be a contributing factor [68]. In

addition to increasing the risk of fractures in renal

transplant recipients [68], persistent hyperparathy-

roidism may negatively affect graft function [5,6]. In

concert with two recent clinical trials in transplant

patients [22,24], we found significantly lowered PTH

levels in the treatment group.

Preclinical and clinical studies have suggested vitamin

D activation to be essential in the prevention of arterial

aging [65,69,70]. We were not able to demonstrate dif-

ferences in endothelial function between allocation

groups. Given that endothelial function is shown to

improve after renal transplantation [71], a potential

additional effect of treatment with a vitamin D agonist

might prove more difficult to establish in this setting.

The finding that paricalcitol did not affect arterial stiff-

ness as measured by PWV is in line with an RCT in

type 1 diabetic patients with nephropathy [72].

There has been some concern about VDRA treatment

causing modest reductions in renal function [24,73].

Using measured GFR, we found no significant differ-

ences between treatment groups with respect to change

in renal function from baseline to end of study. Parical-

citol does not seem to have any detrimental effect on

renal function in kidney allograft recipients, a finding

which should be reassuring in the planning of further
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studies on vitamin D agonists in renal transplantation.

Future studies should, however, address the possible

association between paricalcitol treatment and focal cal-

cium deposits in the allograft, which might be related

to even mild hypercalcemia.

The study has some limitations which should be

acknowledged. There is a risk of introducing investiga-

tional bias in open-label trials, but for administrative

reasons, placebo drugs were unfortunately not avail-

able. Also, albumin/creatinine ratio was measured only

once each visit. Urinary calcium measurements are

lacking, which would have been valuable in the evalua-

tion of safety regarding paricalcitol treatment.

Although serum calcium and phosphate were included

as secondary study outcomes, changes in serum min-

eral levels during follow-up were not reported system-

atically from local nephrologists. Our findings may be

valid for those with a fair to excellent allograft func-

tion, but little can be concluded for transplant patients

with more advanced CKD. Ninety-five percent of par-

ticipants were Caucasian; hence, results should be

interpreted as valid for a white European population.

Major strengths of this trial include a high level of

adherence to treatment in the paricalcitol group and

no patient-initiated withdrawals. Another advantage is

evaluation of graft function by measured GFR. Also,

we present a thorough evaluation of surveillance biop-

sies including transcriptome profiling as well as histo-

logical scoring.

Conclusions

In this randomized controlled clinical trial in de novo

transplanted kidney allograft recipients, we found pari-

calcitol therapy to significantly reduce PTH. No signifi-

cant effects on albuminuria, systemic inflammation,

vascular health, or allograft gene expression profiles

were detected. There was no evidence of paricalcitol

negatively affecting GFR.
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Figure S1. Principal component analysis (PCA, 2

dimensional) of gene expression profiles where red dots

represent samples with signs of immunological activa-

tion*, green dots represent samples without such signs.

Figure S2. Top differentially expressed genes between

15 samples showing signs of immunological activation

and the remaining 45 samples.
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