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Abstract

Background 2-Methylene-19-nor-(20S)-1a,25-dihydrox-
yvitamin D3 (DP001 or 2MD) is a novel, potent 1a-hy-
droxylated vitamin D analog that binds to the vitamin D

receptor and suppresses parathyroid hormone synthesis and

secretion with potential for an improved safety profile

compared to existing active vitamin D analogs. The pur-

pose of this study was to evaluate the pharmacokinetics of

DP001 given orally after hemodialysis.

Methods DP001 (550 ng) was given orally to 11

hemodialysis patients with secondary hyperparathyroidism

after each dialysis session (3 times/week) for 4 weeks.

Pharmacokinetic analyses were performed after the first

and final dose.

Results After the first and final dose, the half-life of DP001

was similar (55.8 ± 13.0 and 50.8 ± 8.2 h, respectively).

At 4 weeks, the time to maximum plasma concentration

was 4.0 ± 0.8 h, with a concentration maximum of

3.4 ± 0.3 pg/mL. The area under the curve (0 to infinity)

after the final dose was 204.3 ± 23.9 pg h/mL, and

apparent volume of distribution was 2.03 ± 0.22 L/kg. At

week 4, mean intact parathyroid hormone was suppressed

33% from the baseline (pre-dose) value (313 ± 52 vs

462 ± 39 pg/mL, respectively). No clinically significant

changes from baseline values were found for vital signs,

electrocardiogram measurements, or other laboratory

parameters, including serum calcium and phosphorus.

Conclusions In hemodialysis patients, DP001 has a longer

half-life than existing vitamin D therapies and enables

control of parathyroid hormone when administered every

2–3 days on the day of dialysis. It is effective at a lower

concentration maximum and area under the curve than

other clinically available vitamin D compounds. DP001

may represent a therapeutic improvement over existing

compounds due to rapid and extensive distribution to its

target and its long half-life enabling sustained parathyroid

hormone suppression. These studies support further eval-

uation of DP001 in longer-term treatment of secondary

hyperparathyroidism.

Key Points

The elimination half-life of DP001 given orally to

end-stage renal disease patients on hemodialysis is

51 h and is much longer than the clinically available

vitamin D receptor agonists.

Compared to baseline, after 4 weeks of DP001, mean

intact parathyroid hormone (iPTH) post-dose was

suppressed 33% and no clinically significant changes

in serum calcium, phosphorus, or calcium X

phosphorus product were observed.

DP001 is a novel and potent vitamin D receptor

analog that may represent a therapeutic improvement

in the control of PTH suppression in hemodialysis

patients due to its long half-life and tissue

distribution.
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1 Introduction

Secondary hyperparathyroidism (SHPT) is a common

complication of progressive chronic kidney disease. Ele-

vated intact parathyroid hormone (iPTH) levels can be

found early in the course of the disease, i.e., when

glomerular filtration rate declines to about 60 mL/min or

sometimes even earlier [1]. This rise in iPTH level is

multifactorial, and is contributed to by decreased concen-

tration of 1a,25-dihydroxyvitamin D3 and phosphorus

retention. SHPT leads to osteitis fibrosa, which is a high

bone turnover state resulting in disordered bone formation.

Chronically elevated iPTH levels also promote efflux of

calcium and phosphorus from bones, and may promote

vascular calcification.

Nearly 75% of dialysis patients receive vitamin D

receptor (VDR) agonists for the treatment of SHPT.

Commercially available synthetic calcitriol (1a,25-dihy-
droxyvitamin D3) is an effective treatment for SHPT, but

often leads to hypercalcemia because of its effect on

increasing intestinal calcium and phosphorus absorption

along with increasing bone calcium mobilization [2–4].

Frequent hypercalcemia and hyperphosphatemia limit

continuation and/or dose escalation of calcitriol. Vitamin D

analogs such as paricalcitol (19-nor-1a,25-dihydroxyvita-
min D2) and doxercalciferol (1a-hydroxyvitamin D2) have

been useful in such patients, as they continue to have an

iPTH-suppressing action with reportedly less calcemic and

phosphatemic side effects [5, 6, 7]. However, even with

these improved analogs, the ability to reach a clinically

effective dose may be limited by hypercalcemia [8]. Thus,

in some cases a calcimimetic is added to help suppress

iPTH; however, this drug class carries with it the risk of

producing hypocalcemia and other gastrointestinal side

effects [2, 8, 9].

DP001 (2-methylene-19-nor-(20S)-1a,25-dihydroxyvi-
tamin D3, also known as 2MD) is a new VDR activator

(VDRA) with high selectivity for bone and parathyroid

gland [10–13]. DP001 produces potent suppression of

serum iPTH levels both in humans and animal models of

renal failure. DP001 has less calcemic activity at effective

doses than paricalcitol in the uremic rat model of SHPT

and has been shown to lower iPTH levels in osteopenic

women [11]. In two phase 2 studies in patients with end-

stage renal disease (ESRD), DP001 was shown to be

effective in managing SHPT in patients on hemodialysis,

including those previously treated with both pharmaceuti-

cal vitamin D and a calcimimetic [14, 15]. In a double-

blind phase 2b trial, approximately 80% of those admin-

istered DP001 achieved the primary endpoint (two con-

secutive C30% decreases in iPTH from baseline), whereas

only 5% of the placebo group responded. DP001 reduced

iPTH levels by at least 30% by week 4, and this reduction

was maintained throughout the remainder of the 12-week

study. Clinical studies to date indicate that DP001 is effi-

cacious and has an excellent safety profile.

The pharmacokinetics of DP001 in dialysis patients has

not been studied. Thus, the present study was conducted in

order to understand the lifetime of the drug in the blood, as

well as to explore the relationship of plasma concentration

to therapeutic effect. We report the results of a pharma-

cokinetic study of this new agent in stage 5 hemodialysis

patients after the first dose and after 4 weeks of therapy.

The pharmacodynamic change in iPTH and safety analyses

are also presented.

2 Methods

2.1 Study Design and Objectives

2.1.1 Study Location and Objective

This phase 2a, open label study (Fig. 1) was conducted at

two dialysis centers in the USA (Washington University

School of Medicine, St Louis, MO, and Orange County

Research Center, Tustin, CA). The institutional review

board at each site approved this study. The specific

objective of this study was to evaluate the pharmacoki-

netics of oral DP001 in ESRD patients on hemodialysis

after the first and last dose (4 weeks) of drug.

2.1.2 Study Participants

The eligible study population consisted of men and women

at least 18 years of age who were diagnosed with ESRD

and SHPT. Eligible patients were receiving hemodialysis 3

times per week and a VDRA (calcitrol or paricalcitol) or

prodrug (doxercalciferol) for the treatment of SHPT for at

least 3 months prior to screening. The main exclusion

criteria were concomitant use of medications known to

interfere with vitamin D metabolism, aluminum-based

phosphorus binders, recent surgery, active malignancy, or

determination by the investigator that the patient was an

unsuitable candidate.

During the screening phase, patients underwent a

washout of active vitamin D and cinacalcet (if applicable)

for a minimum of 2 weeks. After washout, the serum

laboratory values required to enroll in the study and pro-

ceed to the treatment phase were iPTH C300 pg/mL, cor-

rected calcium B9.8 mg/dL {corrected for albumin using

the equation [0.8 9 (4 - patient’s albumin;

g/dL)] ? serum Ca level; mg/dL}, and phosphorus

B6.5 mg/dL.

598 R. Pandey et al.



2.1.3 Study Treatment Phase

Baseline measurements were collected prior to the

dialysis session and prior to the administration of study

drug. The treatment phase started with the first dose of

study drug. Drug product was in the form of softgel

capsules. A dose of 550 ng of DP001 was administered

orally by study personnel at the end of each dialysis

session (3 times per week) for 4 weeks. This dose was

chosen based on a prior dose-finding study in which the

majority of patients receiving the 550-ng dose responded

with iPTH reduction (C30%) without safety concerns

[14].

2.2 Sample Collection for Chemistry Panel

and Intact Parathyroid Hormone (iPTH)

Blood samples for the evaluation of iPTH and other

chemistry parameters were collected prior to dialysis at

screening visits and the pre-baseline, baseline, week 2 and

week 4 visits. Blood was collected into serum separator

tubes and allowed to clot undisturbed for 30–60 min.

Within 60 min of collection, the tubes were centrifuged for

10–15 min at 1800g until clot and serum were separated by

a well-formed polymer barrier. Approximately 2 mL of red

cell-free serum was transferred to a cryovial for measure-

ment of iPTH, and a second 2-mL aliquot was prepared for

the chemistry panel. Serum aliquots were frozen and sent

on dry ice to a central laboratory (LabConnect, LLC) for

analysis. The iPTH assay utilized was Beckman Coulter

Access�.

Blood samples for hematology were collected into

potassium EDTA tubes, inverted to mix, then shipped in

the primary collection vial under ambient conditions to the

central laboratory for analysis.

2.3 Sample Collection for Pharmacokinetic Studies

Blood samples for plasma concentration–time profiles of

DP001 were collected at two times during the study. The

first collection was made after the first dose of study drug at

1, 2, 4, 8, 24 and 40–48 h following the dose, with the

40–48 h collection immediately preceding the next

scheduled dose. The final collection of pharmacokinetic

blood samples took place at week 4: pre-dose and 1, 2, 4, 8,

24, 40–48, 64–72 and 88–96 h following the final dose of

study drug. Blood samples were collected into sodium

heparin tubes, immediately stored in an ice/water bath

(*5 �C) for up to 45 min, followed by separation by

centrifugation (*2000g 9 15 min at *5 �C). Within

90 min of blood collection, plasma aliquots were layered

with argon gas, frozen on dry ice, then shipped to the

central laboratory for storage at -70 �C until analyzed.

In addition to plasma collected for the pharmacokinetic

analysis of DP001, additional serum samples were col-

lected at 4, 24 and 48 h after the final dose of DP001 at

week 4 to evaluate the relationship of study drug concen-

tration to iPTH, albumin-corrected calcium, and phospho-

rus levels in blood.

2.4 Bioanalysis of DP001

DP001 concentrations were measured in plasma samples

using a previously described method [11]. This method

combines the use of extraction, high pressure liquid chro-

matography (HPLC) separation and a cell reporter bioassay

to determine the amount of DP001 (\5 pg/mL) that is

present in plasma after the oral dose. Briefly, plasma

samples (0.25–1.5 mL) were subjected to solid phase

extraction to remove basic compounds by cation exchange.

Sample clean up by solid phase extraction was followed by

Fig. 1 General schematic of the PK study. Eligible patients who met

the criteria set for SV1 proceeded to SV2 and discontinued their

active vitamin D and cinacalcet, if applicable, and underwent a drug

washout period. Subjects entered the treatment phase if serum values

at SV3 were as follows: iPTH C300 pg/mL, albumin-corrected serum

calcium B9.8 mg/dL and phosphorus B6.5 mg/dL. PK plasma

samples were collected after the first dose and before the last dose

and at various times after that dose. The treatment period lasted

4 weeks, with the first and final visits scheduled to occur on the same

day of the week. Additional blood samples were collected at 4, 12 and

48 h after the final dose for analysis of iPTH, corrected calcium, and

phosphorus. iPTH intact parathyroid hormone, PK pharmacokinetic,

SV screening visit, VDRA vitamin D receptor activator, wk week
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concentration and application to a C18 HPLC column and

collection of DP001-containing fractions. The fractions

collected for the measurement of DP001 were selected

based on the elution position of radiolabeled DP001 in

parallel samples. This HPLC method separates DP001

from other endogenous forms of vitamin D. The DP001-

containing fractions were taken to dryness, re-suspended in

cell culture medium, and applied to ROS17/2.8 cells stably

transfected with a luciferase reporter gene under the control

of the 25-hydroxyvitamin D3 24-hydroxylase promoter

[16]. The assay for DP001 has a lower limit of quantitation

of 0.15 pg/mL plasma and an upper limit of quantitation of

4.49 pg/mL plasma.

2.5 Statistical Methods

Pharmacokinetic analyses were performed using Phoenix

WinNonlin Version 6.4 (Centara USA, Princeton, NJ). The

pharmacokinetic parameters analyzed were maximum

plasma concentration (Cmax), time of Cmax (Tmax), area

under the plasma concentration–time curve from time zero

to 48 h post-dose (AUC0–48), area under the plasma con-

centration–time curve from time zero extrapolated to

infinity (AUC0–inf), apparent clearance (CL/F) per kg body

weight (kgBW), terminal phase rate constant (lambdaz),

elimination half-life (t�), and apparent volume of distri-

bution (Vz/F) per kgBW assuming complete absorption.

AUC values were calculated using the linear trapezoidal

rule. The exponential rate constant of the terminal phase

(lambda) was estimated by linear regression of the log

concentration versus time for the data associated with the

terminal phase of the plasma concentration–time profile.

The number of data points included in the regression were

determined by visual inspection, with a minimum of three

data points used, excluding Cmax. The difference between

means of pharmacokinetic parameters after the first and

final (multiple) dose was analyzed using a paired t test and

SAS 9.4 software using a 95% confidence interval

(P B 0.05). Descriptive statistics are presented for other

study variables. For continuous variables, these descriptive

statistics include number, mean, standard error of the mean,

minimum, median, and maximum. For categorical vari-

ables, counts and percentages are presented.

Efficacy and pharmacokinetic analyses are presented for

the per protocol set (PPS), defined as all subjects who

enrolled, completed the treatment phase of the study

without any major protocol violations, were compliant with

study visits (100% of all scheduled study visits completed

within an allowed ±3 day window and not more than one

dose of study medication missed or more than 14 doses

taken), and had sufficient plasma concentration data for the

estimation of at least one pharmacokinetic parameter.

Safety analyses were performed on the safety set (de-

fined as all subjects who enrolled and received at least one

dose of study drug), which was the same as the full analysis

set (FAS). Safety was assessed by adverse events, vital

signs and electrocardiogram (ECG) results, changes in

serum calcium and serum phosphorus from baseline, and

other clinical laboratory values. The following three labo-

ratory values were used as safety thresholds: two consec-

utive iPTH values of \150 pg/mL, two consecutive

albumin-corrected total serum calcium values of

[10.6 mg/dL, and two consecutive albumin-corrected total

serum calcium 9 serum phosphorus product values of

[62 mg2/dL2. Treatment emergent adverse events

(TEAEs) were defined as adverse events that occurred after

study drug administration began at baseline through

30 days after the last study visit.

3 Results

The general study outline and patient disposition are shown

in Figs. 1 and 2, respectively. A total of 26 patients were

screened and 11 were enrolled, completed the study, and

constitute the FAS (see Fig. 2 for study patient disposi-

tion). One enrolled patient was excluded from the PPS and

pharmacokinetic analysis because of a major protocol

deviation, consisting of non-compliance with the schedule

of required study visits (the treatment period extended

longer than the specified 4 weeks). Thus, ten of the 11

enrolled subjects constituted the PPS.

Patient demographic characteristics at baseline for the

FAS are described in Table 1. All patients were receiving

active vitamin D (VDRA or prodrug) prior to screening,

and one was also receiving a calcimimetic (cinacalcet).

Mean iPTH levels at baseline (after washout) were about 5

times the upper limit of normal of the assay (88 pg/mL).

3.1 Pharmacokinetic Analysis

The mean DP001 plasma concentration over time curves

after the first and final doses are displayed in Fig. 3, and the

pharmacokinetic parameters are shown in Table 2. The

calculated half-lives (t�) of DP001 after the first and final

dose were similar (55.8 ± 13.0 and 50.8 ± 8.2 h, respec-

tively). At 4 weeks, 9 of 10 subjects had a t� between 30

and 61 h. Given a t� of approximately 2 days, steady-state

levels of DP001 would be reached by 2 weeks of dosing.

As expected, the AUC0–48 increased after 4 weeks of

dosing compared to values after one dose. The accumula-

tion index for a drug with a half-life of 2 days given every

2–3 days should be approximately 2, in agreement with the

1.9-fold increase in AUC0–48 observed after the first dose
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compared to that after 4 weeks of dosing. After 4 weeks of

dosing, the AUC0–inf was 204.3 ± 23.9 pg h/mL. DP001

and vitamin D analog bioavailability is known to be high

based on oral bioavailability studies conducted in rats with

tritiated DP001 (unpublished) and from studies of the

structurally related 19-nor vitamin D analog paricalcitol

(72–86%); for this reason, the dose of DP001 administered

was used to calculate the volume of distribution [17].

DP001 showed a large volume of distribution, indicating

that only a small fraction of the dose remained in the

plasma and the drug was highly distributed into tissue.

3.2 iPTH, Calcium and Phosphorus Levels

Serum levels of iPTH, calcium, and phosphorus were

measured prior to the first dose (baseline), and at several

points surrounding the week 4 evaluation (pre-dose and at

4, 24 and 48 h post-dose, see Table 3). At week 4, 50% of

the study subjects achieved at least a 30% reduction in

serum iPTH. There were no changes in corrected calcium,

phosphorus or their product from baseline to the week 4

pre-dose value, and these serum chemistry measures

remained unchanged 4, 24 and 48 h after the final dose.

3.3 Changes in iPTH in Relation to Drug

Concentration

We performed several exploratory analyses of the rela-

tionship of DP001 levels to PTH responsiveness. Patients

who achieved a C30% decrease in their iPTH level from

baseline to week 4 at predialysis (five of ten in the PPS)

were classified as responders, and the remaining patients

were considered non-responders. When AUC0–inf was

examined in relationship to iPTH response in a waterfall

analysis, 3 out of 5 responders had an AUC0–inf between

Fig. 2 Patient disposition. Of the 26 patients screened, 11 completed

the study (FAS), and one of these patients was excluded due to a

protocol deviation (PPS = 10). Fifteen patients failed screening for

the following reasons: iPTH level not within the specified range

(n = 8), withdrew consent (n = 3), inappropriate pharmaceutical

vitamin D (active vitamin D) history (n = 2), unacceptable serum

calcium levels (n = 1), and not having hemodialysis 3 times per week

(n = 1). FAS full analysis set, iPTH intact parathyroid hormone, PPS

per protocol set

Table 1 Baseline

demographics
Characteristic or parameter Full analysis set (n = 11) Per protocol set (n = 10)

Median age, years (range) 51 (39–68) 50 (39–68)

Male, n (%) 6 (55%) 5 (50%)

Median BMI, kg/m2 (range)a 35.3 (18.9–54.1) 36.5 (18.9–54.1)

African American, n (%) 6 (55%) 6 (60%)

Caucasian, n (%) 5 (45%) 4 (40%)

aBody mass index (BMI) kg/m2 = [weight at baseline (kg)]/[height at baseline (m)2]

Fig. 3 DP001 plasma concentration in relation to time (PPS). Blood

was collected at multiple times after the first oral dose of DP001 and

prior to and after the final oral dose at week 4. Values shown are

mean ± standard error of the mean. PPS per protocol set, wk week

Pharmacokinetics of a New Oral Vitamin D Analog, DP001 601



272 and 313 pg h/mL, whereas 4 of the 5 non-responders

had lower values, between 124 and 162 pg h/mL (Fig. 4a).

There appeared to be no relationship between Cmax and

response (Fig. 4b). The serum level of iPTH in the

responders was suppressed in a sustained fashion when

measured 4, 24 and 48 h after the final dose (-47, -47 and

-58% from baseline, respectively), whereas the levels of

DP001 rose from the predose level (1.31 pg/mL at 0 h) to a

level of 3.03 pg/mL at 4 h, followed by a gradual decline

by 24 h and 48 h to 2.22 and 1.45 pg/mL, respectively. The

mean DP001 blood value 4 h after the dose in the non-

responders (2.90 pg/mL) was similar to that in the

responders, whereas iPTH was ?5, -18 and ?10% of

baseline at 4, 24 and 48 h after the dose. The inability to

define a discrete blood level or range as predictive of

response may be due to the fact that DP001 distributes

extensively from blood into the tissue, as evidenced by the

large volume of distribution (approximately five times the

volume of body water at week 4).

In summary, the pharmacodynamic assessment at week

4 showed iPTH remains suppressed throughout a 48-h

period during the time when drug levels in the blood are

changing. Further, drug levels in the blood are not pre-

dictive of iPTH response.

Table 2 Pharmacokinetic

parameters after the first dose

(baseline) and final dose (week

4) (per protocol set)

Parameter (units) Statistic First dose (n = 8–10)a Final dose (n = 10)

Cmax (pg/mL) Mean ± SEM 2.5 ± 0.4 3.4 ± 0.3

Median (min, max) 2.0 (1.4, 5.0) 3.8 (2.0, 4.4)

Tmax (h) Mean ± SEM 2.1 ± 0.4 4.0 ± 0.8

Median (min, max) 1.5 (1.0, 4.0) 4.0 (1.0, 8.0)

AUC0–48 (pg h/mL) Mean ± SEM 50.6 ± 5.9b 97.5 ± 8.3b

Median (min, max) 49.9 (10.0, 82.3) 87.6 (74.1, 146.9)

t� (h) Mean ± SEM 55.8 ± 13.0 50.8 ± 8.2

Median (min, max) 40.6 (26.1, 131.2) 44.6 (30.3, 116.7)

(CL/F)/kg [(mL/h)/kg] Mean ± SEM 50.2 ± 11.0 32.8 ± 5.6

Median (min, max) 58.0 (3.5, 87.5) 31.6 (12.4, 68.2)

(Vz/F)/kg (L/kg) Mean ± SEM 3.53 ± 0.41b 2.03 ± 0.22b

Median (min, max) 3.15 (2.60, 6.09) 1.90 (1.16, 3.32)

AUC0–48 area under the plasma concentration–time curve from time zero to 48 h post-dose, (CL/F)/kg

apparent clearance per kg body weight, Cmax maximum plasma concentration, SEM standard error of the

mean, t� elimination half-life, Tmax time of Cmax, (Vz/F)/kg apparent volume of distribution per kg body

weight
aSome parameters could not be derived for two subjects at baseline. For one subject, the terminal phase had

not been reached, and for the other, there were not three observable values after Cmax

bFirst dose and final dose values differ significantly, P B 0.05

Table 3 Serum biochemical parameters at baseline and week 4a (per protocol set)

First dose (baseline) pre-doseb Final dose (week 4)

Pre-doseb 4 hc 24 hc 48 hc

iPTH (pg/mL) 462 ± 39d 313 ± 52 386 ± 83 311 ± 45 336 ± 57

Corrected calcium (mg/dL) 9.0 ± 0.1 9.2 ± 0.2 9.0 ± 0.1 9.3 ± 0.2 9.3 ± 0.1

Phosphorus (mg/dL) 4.7 ± 0.5 4.9 ± 0.3 3.7 ± 0.2 4.6 ± 0.4 5.1 ± 0.3

Corrected calcium 9 phosphorus product (mg2/dL2) 42.3 ± 5.4 45.9 ± 3.6 33.8 ± 2.3 43.4 ± 4.0 47.5 ± 3.3

aValues are mean ± standard error of the mean (n = 10 with the exception of one missing sample for corrected calcium, phosphorus, and the

product of the two at baseline)
bPre-dose = pre-dialysis determination
cMeasurements at 4, 24 and 48 h are times after the final dose administered at the end of hemodialysis
dIntact parathyroid hormone (iPTH) prior to the first dose (baseline) = average of the pre-baseline iPTH value and the baseline iPTH value
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3.4 Safety

None of the patients in the 4-week pharmacokinetic study

of DP001 withdrew from the trial, none were discontinued,

and no TEAEs were reported. Only one patient had two

consecutive iPTH values below 150 pg/mL during the

study drug treatment period. DP001 had no effect on other

clinical laboratory or hematology values, vital signs or

ECG results. No subjects reached or exceeded the safety

threshold for albumin-corrected total serum calcium or

albumin-corrected total serum calcium 9 serum phospho-

rus product, and serum calcium and phosphorus levels

remained within acceptable limits after 4 weeks of therapy

with DP001, as shown in Table 3.

4 Discussion

SHPT is a common complication of progressive chronic

kidney disease. Although the pathogenesis of SHPT is

complex, deficiency of calcitriol is a central issue. Treat-

ment of SHPT is centered on treatment with calcitriol or its

analogs to suppress PTH production and improve bone

turnover.

Calcitriol, although effective in suppressing PTH,

results in hypercalcemia and hyperphosphatemia by

enhancing intestinal calcium and phosphorus absorption

and increasing bone resorption [18]. Calcitriol analogs

were developed to reduce hypercalcemia. Paricalcitol is

three times less potent than calcitriol for PTH suppression,

but also ten times less calcemic [19]. In an animal model of

renal failure, DP001 suppressed iPTH at a dose 300-fold

less than that of paricalcitol, and unlike paricalcitol, DP001

produced no increase in serum calcium at that dose [11].

This improvement in therapeutic window may be related to

the selective localization of DP001 to the parathyroid and

more favorable pharmacokinetics.

This report describes the first pharmacokinetic data

available to understand the clinical benefits of DP001 in

dialysis patients. The present study indicates that the

pharmacokinetics of DP001 differ markedly from those of

other VDRAs such as calcitriol and paricalcitol in

hemodialysis patients [17, 20]. The Cmax and AUC of

DP001 are much lower, and the volume of distribution is

larger than the values for oral calcitriol and paricalcitol in

hemodialysis patients, even after adjusting for dose dif-

ferences. DP001’s interaction with serum vitamin D bind-

ing protein is very weak (unpublished data) and may

contribute to its low Cmax and AUC, and large volume of

distribution. Thus, it appears that little DP001 remains in

the blood; rather, it may be rapidly distributed to peripheral

targets such as the parathyroid, where it can act. Studies

in vivo in the rat show that DP001 localizes to the greatest

extent in the thyroid/parathyroid glands [11]. Perhaps the

most dramatic finding in the present pharmacokinetic study

is that the elimination half-life of DP001 in dialysis

patients is much longer than that of the other agents (51 h

for DP001 vs 20 h for paricalcitol [17] and 27 h for cal-

citriol [20]).

Studies in vitro and in vivo demonstrate DP001 is a

highly potent vitamin D analog [10, 12, 21]. Consistent

with this, a 550 ng dose of DP001 administered orally

3 times weekly to dialysis patients led to suppression of

iPTH over 4 weeks, and half of the treated patients

responded to this dose with at least a 30% reduction in

iPTH. The DP001 Cmax was similar for responders and

non-responders, suggesting that the drug concentration in

blood is not a good predictor of response. When levels of

DP001 were examined at 4, 24 and 48 h in responders at

4 weeks, the value was highest at the 4-h time point and

declined thereafter, whereas, iPTH was effectively sup-

pressed to a similar extent at all these times. Therefore,

DP001 effectively suppresses iPTH in a prolonged fashion

when given every 2–3 days. In the case of the non-re-

sponders, it is possible the concentration of DP001 needed

to suppress iPTH was not achieved at the parathyroid

gland, and higher doses or longer duration of treatment is

necessary. Additional studies in larger numbers of patients

Fig. 4 Waterfall plot of iPTH responders and non-responders at week

4 in the PPS in relation to DP001 AUC0–inf (a) and Cmax (b). AUC0–inf

area under the plasma concentration–time curve from time zero

extrapolated to infinity, Cmax maximum plasma concentration, iPTH

intact parathyroid hormone, PPS per protocol set
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at higher doses and/or for longer time periods are needed to

address this question.

Among dialysis patients, endogenous calcitriol levels

are usually quite low, and correlate with increased mor-

tality [22]. Conversely, supplementation with active or

pharmaceutical vitamin D has been shown to improve

survival compared to untreated patients [23]. Additionally,

use of paricalcitol, a vitamin D analog, is associated with

improved survival compared to calcitriol in hemodialysis

patients [24]. The ability of DP001 to suppress iPTH

without adversely affecting serum calcium and phosphorus,

and to maintain such suppression between doses may also

offer clinical benefits beyond control of SHPT in dialysis

patients. In addition, studies in vitro and in vivo demon-

strate DP001 has significant anabolic actions on bone

[10, 12].

In conclusion, DP001 has a long half-life and effectively

suppresses iPTH without increasing serum calcium or

phosphorus. Further studies of this novel VDRA are needed

to determine the optimal dose range and time needed to

control SHPT in dialysis patients.
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