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Yet Another Vitamin D Analogue for the
Management of Secondary Hyperparathyroidism:

A Triton among the Minnows?

Yoshitsugu Obi Kamyar Kalantar-Zadeh

Division of Nephrology and Hypertension, Harold Simmons Center for Kidney Disease Research and Epidemiology,

University of California Irvine, Orange, Calif.,, USA

In patients with advanced chronic kidney disease
(CKD) and particularly in those undergoing maintenance
dialysis, an elevated blood level of parathyroid hormone
(PTH) is common, which is referred to as secondary hy-
perparathyroidism (SHPT). The expression and release
of fibroblast growth factor-23 (FGF23) from osteocytes is
increased as a consequence of phosphorus retention in
the setting of decreased glomerular filtration rate [1]. El-
evated FGF23 inhibits la-hydroxylase expression in re-
nal proximal tubular cells. Together with tubular dam-
age, a marked reduction in la,25-dihydroxyvitamin D
(1a,25(0OH),D), the active form of vitamin D, ensues.
Given the decline in gastrointestinal (GI) absorption of
calcium as a result of inadequate activation of vitamin D
receptors (VDR) in the GI tract, progressive hypocalce-
mia ensues. Suboptimal activation of the VDR in the
parathyroid glands lead to higher expression and release
of PTH, which is aggravated through signal pathways via
calcium-sensing receptors (CaSR) in the parathyroid
gland cells and also involves Klotho receptors. These pro-
cesses can lead to compensatory proliferation of the para-
thyroid gland cells, leading to less responsive SHPT [2, 3].
A clinically important consequence of untreated SHPT is
loss of minerals from the bone, which leads to what is
known as renal osteodystrophy.

Given the distorted la-hydroxylase system in CKD
patients, administration of precursors of vitamin D such
as cholecalciferol (D3) or ergocalciferol (D2), also known
as nutritional vitamin D agents, is often ineffective.
Hence, active vitamin D analogues including synthetic
calcitriol and alfacalcidol (which increase the circulating
levels of 1a,25(OH),D) or vitamin D mimetics including
paricalcitol and maxacalcitol (which decrease the circu-
lating level of intrinsic 1a,25(OH),D) have been used to
correct SHPT [4]. However, if not managed well, parathy-
roid glands develop progressive monoclonal and nodular
hyperplasia and are rendered less responsive to medical
treatment due to reduced expression of VDR and CaSR.
In this case, administration of even higher doses of active
vitamin D analogs or D-mimetics may be necessary to
lower PTH levels. Such aggressive treatment often causes
or worsens hypercalcemia and hyperphosphatemia by
enhancing intestinal absorption of calcium and phospho-
rus. Use of calcimimetics may be more effective under
such circumstances, but profound hypocalcemia and - in
CKD patients with residual kidney function — worsening

Comments on ‘Use of 2MD, a Novel Oral Calcitriol Analog, in Hemodi-
alysis Patients with Secondary Hyperparathyroidism’.

© 2016 S. Karger AG, Basel
0250-8095/16/0433-0221$39.50/0

KARGER

E-Mail karger@karger.com
www.karger.com/ajn

Kamyar Kalantar-Zadeh, MD, MPH, PhD

Harold Simmons Center for Kidney Disease Research and Epidemiology
University of California Irvine, 101 The City Drive South, City Tower
Suite 400 - ZOT 4088, Orange, CA 92868 (USA)

E-Mail kkz @ uci.edu



Calcifediol
[25-hydroxyvitamin D3]

Cholecalciferol
[vitamin D3]

Doxercalciferol
[Ta(OH)D2]

Ergocalciferol
[vitamin D3]

HO™"

2MD

Calcitriol [2-methylene-19-nor-
[10,25(0H)2D3] (20S)-10,25(0H)2D3]
Side chain

Maxacalcitol
[22-0xa-10a,25(0OH)>D3]

Paricalcitol
[19-nor-1a,25(0H)2D3]

Fig. 1. Chemical structure of vitamin D compounds including doxercalciferol, paricalcitol, maxacalcitol and 2MD.

hyperphosphatemia may ensue, reflecting medical para-
thyroidectomy and hungry bone syndrome [5].

There have been many attempts to develop less calce-
mic and less phosphatemic versions of active vitamin D
analogs or mimetics with acceptable efficacy by modify-
ing the structure of vitamin D [3]. These agents have dif-
ferent biological properties based on chemical modifica-
tions in the A-ring, seco-B ring, central CD-ring or side
chains (fig. 1). With a ‘trial and error’ approach, several
modifications including 19-nor and 22-oxa were found to
have such favorable characteristics for the management
of SHPT while the latter analogues indeed lower the cir-
culating level of intrinsic calcitriol; hence, they are re-
ferred to as D-mimetics to distinguish them from true
vitamin D analogues that are converted to calcitriol [4, 6].
Although the mechanisms and different properties of
these agents are not fully understood, differences in phar-
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macokinetics due to lower affinity to vitamin D-binding
protein (DBP) may explain - at least in part — the less cal-
cemic effect and different potency of these medications;
their free (unbound) levels quickly reach peak levels in
the target tissues followed by speedy disappearance, the
rate of which is based on differences in CYP21A1-associ-
ated metabolism of vitamin D and the affinity to VDR.
In this issue of American Journal of Nephrology, Pandy
et al. [7] reported the first clinical study of 2-methylene-
19-nor-(20S)-1a,25(0OH),D3, also known as 2MD, in di-
alysis patients. Although 2MD molecule exhibits certain
similarities in its structure to paricalcitol, that is, 19-nor-
1a,25(OH),D,, it binds to VDR with a similar affinity as
calcitriol and paricalcitol but its interaction with DBP is
exceedingly weaker than paricalcitol. A previous animal
study of uremic rat model has demonstrated that intra-
peritoneal administration of 2MD, compared to parical-

Obi/Kalantar-Zadeh

Color version available online



citol, more effectively attenuated the development of
SHPT at equivalent calcemic doses. In the current study
by Pandy et al. [7], 24 hemodialysis patients completed
the 4-week, thrice-weekly oral 2MD treatment at doses
ranging from 110 to 550 ng (n = 5-8 in each group). There
was a dose-dependent efficacy of 2MD on PTH suppres-
sion; serum intact PTH concentrations decreased by
>30% among half of patients in the 440 and 550 ng group
at week 4. No patients experienced hypercalcemia de-
fined by a serum calcium level >10.6 mg/dLl.

There are several distinctions to be acknowledged in
addition to the limited statistical power due to the small
sample size. First, patients had relatively low serum cal-
cium concentrations at baseline (overall mean <9.0 mg/
dl) compared to the definition of hypercalcemia (>10.6
mg/dl). Additionally, this study did not have a control
group, and serum calcium concentrations decreased by
0.5 + 0.7 mg/dl in the 110 ng per treatment group and
increased by 0.4 + 0.4 mg/dl even in the 330 ng per treat-
ment group during the study period, suggesting an al-
most 1.0 mg/dl net difference between the 2 groups after
4 weeks of treatment. The dose-dependent increase in
serum calcium concentrations by 2MD was also shown
in a previous randomized controlled trial in postmeno-
pausal women [8]. Therefore, it remains to be deter-
mined whether 2MD has less calcemic property with
retained suppressive effects on PTH in hemodialysis pa-
tients when compared to other active vitamin D ana-
logs.

These data remind us of the developmental history of
paricalcitol. The debut of paricalcitol stood out then as it
was suggested to be less calcemic and less phosphatemic
than calcitriol in both uremic rats and hemodialysis pa-
tients [9, 10]. Paricalcitol was the dominant medication
for management of SHPT in US hemodialysis patients in
mid-to-late 2000s, but its use declined substantially in late
2010 and early 2014, in that it decreased from >80 to
~40% and then to ~10%, respectively, with a concomi-
tant increase in the use of doxercalciferol, that is, 1a(OH)
D, [11]. Doxercalciferol is as effective as calcitriol [11],
but there are no large head-to-head clinical trials that
compared paricalcitol with doxercalciferol, although
paricalcitol has been compared to other vitamin D agents
[12, 13]. Nevertheless, no meaningful changes have been
observed in serum concentrations of calcium and phos-
phorus overtime in US dialysis patients despite these sub-
stantial changes in practice pattern, suggesting that the
difference in the calcemic and phosphatemic effects
among available active vitamin D analogs may be much
smaller in the real world scenario than in the randomized
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clinical trials of paricalcitol reported in 2003 [10]. Indeed,
in the latter study, serum phosphorus was controlled sole-
ly with the use of calcium-containing phosphorus bind-
ers, and dialysate calcium concentration was set at 2.5
mEq/l according to the protocol [10]. The increased use
of non-calcium-containing phosphorus binders, cinacal-
cet and lower calcium bath may explain these apparently
conflicting phenomena.

It should be noted that in the study of 2MD by Pandy
et al. [7], cinacalcet was discontinued during the screen-
ing phase. Although dose adjustment of phosphorus
binders was allowed during the study, it was not described
in greater details. The reason for the replacement of pari-
calcitol with doxercalciferol in recent years in the USA is
not quite clear but it may be related to the fiscal prefer-
ences of the dialysis industry, given the approximate
2-fold higher cost of paricalcitol compared to doxercal-
ciferol. Evaluating the cost-effectiveness of 2MD may be
an important area of interest for future studies if 2MD is
to gain acceptance among patients and providers.

In conclusion, Pandy et al. [7] showed promising re-
sults for 2MD, a new active vitamin D analog, for the
management of SHPT. Well-designed and better pow-
ered future studies with active control groups are neces-
sary to evaluate relative long-term efficacy of 2MD on
SHPT and calcium and phosphorus status in patients
with CKD. Cost-effectiveness of the EMD administration
needs to be examined as well.
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